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Executive Summary 

Although law enforcement jurisdictions have numerous functions, one of the most important 
is to respond to crimes tha t become known to them through citizen reports or through their 
own investigation. Because these "offenses known to the police" constitute a demand for law 
enforcement resources, it would be useful to predict the degree of this demand in the future. 
There have been studies that attempted to model and predict the number of criminal oHenses in 
the nation or by region, but when the Predictability of Crime Project began there was no sys
tematic analysis of the degree to which crime is predictable for specific crime types and 
specific jurisdictions, nor an analysis of the best methods to use to predict crime. The Predic
tability Project was designed to address these questions . 

The Predictability Project was composed of two parts. In the first part, the question "Is 
crime predictable?" for individual jurisdictions and for four types 01 crime was explored. In the 
second part of the study, the results of the first part were used to analyze the effect of a 1983 
change in the administration of recordkeeping in Chicago on the number of officially recorded 
robberies and aggravated assaults. 

Is Crime Predictable? 

The ·primary purpose of the first part 01 the study was to discover whether it Is possible to 
predict, one month ahead or one year ahead, the number of Index robberietS, aggravated as
saults, burglaries, or larceny/thefts known to the police in specific law enforcement jurisdic
tions in Illinois. Since the same statistical methods that generate accurate forecasts for other 
kinds of data may not generate as accurate predictions for crime data, a second purpose was 
to determine whether or not a standard method of forecasting (called ARIMA) could be suc
cessfully app.lied to local-level criminal justice data. 

To test the effectiveness of ARIMA projection methods with crime data, tile project 
analyzed the statistical adequacy of the models and the degree to which each model accurate
ly predicted the number of crimes In each jurisdiction. This was done over a three-year period, 
from 1981 through i 983. ARIMA was used to model the pattern of monthly Index robberies, 
aggravated assaults, burglaries, and larceny/thefts known to the police in each of 14 selected 
Illinois jurisdictions. With these models, the project predicted the number of crimes known to 
the poiice in each month of 1982 and 1983,1 and compared these predictions with the crime 
figures reported by the jurisdictions during those months. This way, the degree of accuracy of 
the predictions from jurisdiction to jurisdiction and crime type to crime type could be analyzed. 

Thus, the first part of the project was designed to answer two questions, the substantive 
question, "Is crime predictable?" and the methodological question. "What is the best method to 
use to predict crimes known to the police? In addition, three goals of the project were: 

1) to determine if the quality 01 available data is sufficient to conduct monthly time series 
analysis for the selected jurisdictions and crimes, 

lin cases where a serendipitous intervention, an unpredicted sharp change in the level of crime, was suspected, 

predictions were calculated for 1981, and sometimes for 1980 as well. 
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2) to determine whether the types of statistical models commonly used for other kinds of 
data can be used for crime data, and 

3) to evaluate the resources required for accurate predictions of local-level offenses and 
to weigh the co.sts against the benefits of such predictions to local law enforcement 
agencies. 

The most irnportant results of this part of the Predictability Project were the following: 

.-

• 
• Using a standard time series analysis methodology, it was Possible to predict the number of • 

criminal offenses in some jurisdictions, and for some crime types. However, crime was much 
more predictable in certain jurisdictions than in others, regardless of the type of crime. 

• The analysis required for accurate predictions is difficult and time-consuming. The iden
tification of a statistical model that will generate accurate predictions for a particular set of 
data is neither an automatic nor a particularly objective process, but requires an expert who 
has had extensive experience in model identification. 

• Serendipitous interventions, or unexpected sharp increases or decreases in the level of 
crime, occurred repeatedly. In a few jurisdictions, such an intervention occurred for every 
type of crime analyzed; in burglary, the majority of jurisdictions had a serendipitous interven
tion. The presence 01 serendipitous interventions challenges the assumption that officially 
recorded crime patterns can be analyzed over time within a jurisdiction. Analysis should not 
assume that an increase or -decrease in offenses known to the police always reflect a 
change in the actual number of crimes. 

• The analysis indicated that the degree of predictability may be related to the quality of data 
collection and recordkeeping. In certain jurisdictions, predictive accuracy was usually good 
for every type of crime, while in other jurisdictions, predictive accuracy was usually poor for 
every type of crime. Moreover, some jurisdictions experienced a sudd-en 'l"I"orovement in 
predictive accuracy that coincided with a serendipitous intervention. 

• Index larceny/theft was, by far, the most predictable type of::rime examined. The number 
of offenses was predicted within 10 percent for at least one year in 11 citieS, and in four 
cities both 1982 and 1983 were predicted within 10 percent. For example, the model for Ar-
1ington Heights larceny/theft (see Figure 1) predicted 1982 within 1 percent and 1983 within 
3 percent, using the intervention prediction method. 2 

• Of the 14 cities in which Index burglary was analyzed, only three models generated success
fUl predictions, two jurisdictions could not be successfully modeled at all, and in the remain
ing nine the analysis discovered a serendipitous intervention. In Eigin (see Figure 2), pre die -
tions for Index burglary were relatively accurate for both the total year (within 1 percent) 
and the average month (within 15 percent) In 1982, but the 1983 prediction was 10 percent 
too high, using the intervention prediction method. 

2Two prediction methods were used In this study: the year-ahead method and the intervention·method_ The 

purpose of each of these methods is descnbed In this report. 
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Figure 1. Predictions for Arlington Heights Index Larceny/Theft, 1978-1984 
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Figure 2. Predictions for Elgin Index Burglary, 1978-1984 

Actual Versus Predicted Monthly Totals 
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Figure 3. Predictions for Evanston Index Aggravated Assault, 1978-1984 

Actual Versus Predicted Monthly Totals 
Predicted Monthly 

Tota I! 
Actual Monthly 

Total! 

60r~~m=b~6r~o~t~C~ri~~~e5~~~o~w~n~t~0~t~h~a~p~0~1~ic~e ________ ~------~------~------_, 

I 
, I 

48 - ---L._ --l-L i 
I I: I I 
i I" 

381-----! --lL -AJ-'~.----'-!..----+-------l t 1\ I , I 

24 

12 

0 

'I I, , \ 
1------+-~1-+4---~-~~~-~--~-+-~-4------; 

tl , 
\1 

I ~ 

1978 

Source: 

" , ~ 
,-J 

19l1l 

~onths. January 1979 through Oacaabar 1994 
Illinoi! Criminal Justice Intor~.tlon Authority Version at r-UCR Oata 

Figure 4. Predictions for Peoria Index Robbery, 1978-1984 . . 
Actual Versus Predicted Monthly Totals 
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• The predictive accuracy for Index aggravated assault ranged from very accurate to 
completely, unpredictable. depending on the jurisdiction. In Evanston (see Figure 3). the 
predictions tor 1 982 and 1983 were within 2 percent (Intervention method). The average 
monthly predictions were 27 percent and 21 percent Inaccurate. 

• Overall, predictability for Index robbery was more successful in Jurisdictions with more rob
beries per month. However. jurisdictions with fewer than 30 but more than 10 robberies per 
month could otten meet the total year predictability criterion. if not the criterion for the 
average month. 3 Peoria (see Figure 4), for example, had more robbery offenses per month 
than any other jurisdiction. and it was the only jurisdiction in which both the monthly and 
yearly accuracy criteria were met for two years for Index robbery. Robbery' offenses in 
Peoria dropped in 1983. relative to previous years. 1982 was predicted within 1 percent 
and 1981 within 10 percent. Because the 1983 prediction was 56 percent too high. and the 
prediction for the average 1983 month was 69 percent wrong, we suspected a seren
dipitous intervention had occurred in Peoria In 1983. 

• In all 14 jurisdictions. there was some consistency from jurisdiction to jurisdiction in the 
best -fitting type of ARIMA model for a certain type of crime. This Inform a tlon may make 
model identification in the future somewhat easier than it was in this project. 

• Similarly. the seasonal patterns identified by the project showed some consistency. For ex
ample. in Index robbery, the degree of seasonality seemed to be related to the number of of
fenses in the average month. Index larceny/theft was strongly seasonal In every jurisdiction 
analyzed. 

An Application: The Chicago Intervention Analysis 

The primary purpose of the second part of the Predictability ProJect. the Chicago Interven
tion Analysis, was to demonstrate the utility of the prediction methods that had been explored 
in the first part of the project. One of the most important practical applications of time series 
analysis is to determine whether or not a change occurred in a time series. For example. a 
police department might want to know if a burglary prevention program had any effect on the 
number of burglaries. An intervention analysis of the number of burglaries known to the pollee 
before and after the program began might give some Indication of Its success. The Chicago In
tervention Analys!s was conducted for Chicago Index robbery and aggravated assault. by 
weapon type. 

In addition to demonstrating time series methods with the Chicago Intervention Analysis. we 
attempted to answer two practical questions: 

1) Old the change In data collection and recording practices in Chicago In 1983 affect the 
number of crimes officially recorded. or were the changes in the number of crimes due to 
actual Increases In crimes known to the police? and 

3The criteria used to determine predictive accuracy in this project were accuracy within 30 percent for the 

average month predictions, and accuracy within 20 percent for the total year predictions (year -ahead method). If an ARIMA 

model did not meet these criteria for at least two years. it was rejected and the analysis continued to test other alternative 

ARIMA models. In some cases, however. no model could meet theo;e generous criteria. For details. see "Project Design and 

Methods." 
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2) How much of the increase in the number of each type of recorded crime was due to 
recordkeeping, and how much to actual changes in crime occurrences? 

The most important results of this part of the Predictability Project were the following: 

• The amount of Increase in Index robbery, due to the changes in data recording, depended on 
the seriousness of the offense. The number of firearm robberies did not change at all, the 
number of knife robberies increased about 10 percent, the number of other-weapon rob
beries increased about 20 percent, and the number of strongarm robberies increased about 
40 percent. 

• Since firearm robbery is a serious crime, it always had been accurately and completely 
recorded, even before the administrative changes in recording practices. As can be seen in 
Figure 5, the number of Chicago firearm robberies did not change in 1983. The predictive 
accuracy of firearm robbery in Chicago in 1983 was better than the accuracy in 1981 or 
1982. Also, the predictive accuracy in Chicago in 1983 was better than the accuracy in to
tal Illinois (non-Chicago) in 1983.4 Thus, the reform in Chicago data recording practices had 
no effect on the number of firearm robbery offenses in official records. 

• There were indications that the level of Chicago knife robbery offenses changed in 1983 
(see Figure 6). The prediction for every month from May through December 1983 was too 
low, by an average of 26 percent. In contrast, there was no change in the number of knife 
robberies in total Illinois (non-Chicago) in 1983. Therefore, the number of officially recorded 
Index knife robbery offenses in 1983 in Chicago was apparently affected by the change in 
recording practices. 

• The number of Index a0gravated assaults in Chicago generally increased more, due to the 
change in recording practices, than the number of Index robberies. Firearm assaults In
creased about 20 percent. knife assaults increased about 40 percent, and other-weapon 
assaults increased about 30 percent. ' 

• There is some indication that the number of Index assaults with the body as a weapon (for 
example, a karate attack) was underrecorded both before and aftt.~r the change in recording 
practices. 

• There was a serendipitous intervention--a precipitous decline--in the number of knife as
saults and other-weapon assaults in Chicago that occurred early in 1981, and this unusually 
low level continued through most 01 1982. 

• The time series experiment design of the Chicago Intervention Analysis produced estimates 
of the amount of 1982-1983 change in officially recore/ed Chicago robbery and aggravated 
assault tl1at was due to the changes in crime recordirlg practices. From this, we can es
tImate the amount 01 change, for each type 01 crime., that was due to an actual change in 
crime, as reflected In crimes known to the police. The analysis estimated that, while some 
types of crime (fIrearm robbery, knife robbery, and other-weapon assault) did increase, 
some (other-weapon robbery and body -as-weapon assault) stayed the same, and others 
(strongarm robbery, firearm assault, and knife assault) actually declined. 

4The aggregate total of offenses In Illinois, excluding Chicago, was used as a control group for the analYSIS of 

change in the level of offenses in Chicago. 
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Figure 5. Predictions for Chicago Index Firearm Robbery. 1980-1983 
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• The FBI. which also estimated the amount of change in actual offenses from 1982 to 1983, 
concluded that total Index robbery offenses decreased about 8 percent, and total Index ag
gravated assault offenses declined by about 2 percent. Thus, the more painstaking and 
detailed methods of the Chicago Intervention Analysis produce very different conclusions 
from the imputa tion methods of the FBI. 

• The detailea Chicago Intervention Analysis concluded that, overall. the actual number of !n
dex robberies known to the pOlice in Chicago did not change from 1982 to 1983, and that 
firearm and knife robbery increased at least 8 percent, other -weapon robbery did not 
change, and strongarm robbery declined about 7 percent. For Index aggravated assault, the 
analysis concluded that the actual number, overall, decreased slightly, just as' the FBI as
timate concluded. However, firearm assault and knife assault declined about 12 percent, 
other-weapon assault increased at least 18 percent, and body-as-weapon assault probably 
did not change. 
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Introduction 

The intelligent allocation of resources in the administration of justice depends upon the 
ability of criminal justice officials to anticipate, with some degree of accuracy, the demand for 
those resources. Although law enforcement jurisdictions (police departments and sheriffs' of
fices) have numerous functions, one of the most important is to respond to crimes that become 
known to them through citizen reports or through their own investigation. These "offenses 
known to the police" thus constitute a demand for law enforcement resources, and it would be 
useful to predict the degree of this demand in the future. 

The primary purpose of the Predictability of Crime Project was, therefore, to discover 
whether it is possible to predict, one month ahead or one year ahead, the number of Index rob
beries, aggravated assaults, burglaries, or larceny/thefts known to the police in specific Illinois 
law enforcement jurisdictions.S Since the same statistical methods that generate accurate 
forecasts for other kinds of data may not be as successful for crime data, the second purpose 
of the project was to determine whether or not a standard method of forecasting called 
ARIMA could be successfully applied to local-level criminal justice data.6 

Predictive Accuracy, by Crime Type and Jurisdiction 

The 'Predictability Project was designed to model and forecast criminal offenses in specific 
Illinois jurisdictions, because most law enforcement decisions are made at the .,., 11 level. This 
design had two advantages: 1) local predictions could provide useful inforl .. ",(lon for local 
decisions, and 2) local predictions would allow the analysis to take intd account jurisdictional 
differences in crime patterns or crime recording practices. Such jurisdictional differences are 
likely, because reported offenses not only vary with the nature of criminal activity, but ~.Iso 
vary with the way in which crime Is recorded (MCCleary, et a/ .• 1982). However, it Is only 
recently that sufficient data have existed to permit the statistical forecasting of offenses. Only 
since 1972 has jurisdlctlon-level time series data on offenses known to the police been avail
able in IIl1nois.7 With these data. it Is now possible to determine whether or not the number of 
offenses follow some predictable pattern over time, or whether they occur randomly. 

The degree to which crime Is predictable may vary not only by jurisdiction but also by 
crime. For example, the best model to describe and predict the number of robbery offenses 
may not be the same as the best model for assault offenses. Both may differ from the best 
model for burglary offenses. If robbery and assault follow different patterns over time, a model 
of the two kinds of offenses added together, as in total Index violent crime, Is likely to produce 
misleading results or incorrect forecasts. Because it may be misleading to attempt to model 

SThe Crime Index is a group of eight serious crimes that together give some indication of the level of criminal 

activity In a jurisdiction. The FB~ created the Crime Index in the 1930s. The bureau selected the crimes (murder, rape. robbery, 
aggravated assault, burglary, theft, motor vehicle theft, and arson) to be included in the Index on the basis of their seriousness, 

frequency of occurrence, consistency of definition across jurisdictions, pervasiveness in all geographical parts of the country. and 

likelihood of being reported to the police. See Miller and Block (1985). 

6For a definition of ARIMA, see "Predictive Modeling Methods," page 11. 
7The number of offenses known to the police equals the total number of reported offenses minus those that were 

unfounded or referred to another jurisdiction. 
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total Index crime or even total violent or total property Index crime, the Predictability Project 
was designed to model and forecast individual Index crimes--robbery, aggravated assault, 
burglary and larceny Itheft. 8 Thus, the results of the study are not only specific to jurisdictions, 
but are also specific to types of crime 

Models of individual crimes are not only more accurate than models of total aggtegate crime 
categories, but they are also more useful to law enforcement managers. For example, the best 
managerial response to an increase in larceny is not necessarily the same as the best 
response to an increase in robbery. 

In addition, models of offenses known to the police could be useful to prosecutorial, court, 
or correctional managers and administrators. The progression of criminal justice through ar
rest. court case tiling, conviction, and prison commitment begins with the offense. Thus, the law 
enforcement statistic--offenses known to the police-- could be considered to be the starting 
point from which all other criminal justice system statistics flow. As a result, the successful 
prediction of offense data could be useful for law enforcement resource management decisions 
and could also serve as input for models to project court caseload or prison population. 

In summary, the Predictability Project was designed to answer the question, "Is crime pre
dictab�e?" for each of four types of crime and for individual Illinois jurisdictions. The project 
modeled the pattern of monthly crimes known to the police in each selected jurisdiction for the 
period 1972-1981, using a standard forecasting technique called ARIMA. With these models, 
the project then predicted the number of crimes known to the police in each month of 1982 and 
1983, adjusted the prediction models when necessary, and then predicted the number of crimes 
in each month of 1984. Finally, ·the project compared the degree of accuracy of these predic
tions from jurisdiction to jurisdiction and crime type to crime type. 

Methodological Goals of the Predictability Project 

The Predicability Project attempted to answer not only the substantive question, "Is crime 
predictable?" but also the methodological question, "What is the best ARIMA model to use to 
predict crimes known to the pollee?" Specifically, the project had the following four 
methodological goals: 

1) to determine if the quality of available data Is sufficient to conduct monthly time series 
analysis for the selected jurisdictions and crimes. 

2) to determine whether the types of statistlcai models commonly used for other kinds of 
data will successfully model crime data, 

3) to evaluate the resources required for accurate predictions of local-level offenses and 
to weigh the costs against the benefits of such predictions to local law enforcement 
agencies, and 

4) to demonstrate the usefulness of these prediction methods in a practical situation, an 
analysis of the etfect of a 1983 change in recordkeeping practices in Chicago. 

8Note that each of these Index crimes includes attempts. See Miller and Block (1985). For a discussion of the 

choice of these particular Index crimes for analysis. see "Sample," page 15. 
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Time Series Data Quality Assessment 

While the latter three of the methodological goals listed above address the applicability of 
various statistical methods for conducting time series analYSis with crime data, the first 
methodological goal addresses the availability of data that are appropriate for these statistical 
methods to be used. 

In the initial stages of the Predictability Project, it became clear that an unexpected 
methodological goal would be accomplished--the determination of the quality and availability of 
Illinois offense data a t the jurisdictional and crime -specific level for conducting time series 
analysis. Even though relatively long monthly time series, beginning in 1972 in most cases, 
were available on the books for almost every Index crime and jurisdiction, when the actual 
monthly series were first examined for this project, a surprisingly high proportion contained at 
least one missing or obviously erroneous monthly offense total. This situation had not been 
noticed earlier, because previous analysis had used aggregate groups of months, jurisdictions, 
and crime types. It is difficult to detect errors in aggregate data (Coldren, 1980). 

In addition, by comparing the degree of predictability in one data set against another, the 
Predictability Project examined the extent to which aspects of the data other than complete
ness or accuracy might affect time series analysis. Three aspects were particularly important: 
the length of the series, the average number of offenses per month, and whether or not the 
series contained extreme values or a large discontinuous increase or decrease. 

Predictive Modeling Methods 

The self-projecting approach to time series forecasting is based on an examination of the 
historical behavior of the phenomenon to be predlcted--in this case selected types of Index of
fenses known to tht) pOlice each month in selected Jurlsdlctlons. It is called self-projecting be
cause it derives projections solely on the basis 01 past ciime trends, without including other 
types of data. The self-prOjecting method used in this study was ARIMA. AAIMA stands for 
AutoRegressive, Integrated, Moving Average. The ARIMA method will no't be explained in detail 
here, because previous reports from the Statistical Analysis Center of the Illinois Criminal Jus
tice Information Authority (see Block, 1984b) and other references (e.g., Hoff, 1983) offer 
Simple but adequate explanations. However, the section "Method Cjf Choosing the Best ARIMA 
Model" (page 22) and Appendix 1 do provide a quick overview of ARIMA concepts and the 
statistical tests used in the Predictability Project. 

An ARIMA model describes change over time In a variable by describing the relationship be
tween each occurrence and the occurrence one, two, or more time periods previously. The 
particular type of ARIMA model makes an assumption about these rei a tionshlps from one time 
period to the next. To choose the appropriate ARIMA model type, It Is necessary to diagnose 
the rala tlonshlps from month to month In the time series. 

ARIMA was developed for use with economic data. Whether or not it works with crime data 
is a relatively unexplored question. Therefore, the project was designed to examine the par
ticular categories of ARIMA model that work best with crime data. There are many possible 
types of ARIMA model. The wrong choice of ARIMA model type for a series of data will prob
ably generate inaccurate forecasts. Moreover, previous Authority analysis suggests that types 
of ARIMA model that commonly fit economic data do not necessarily fit crime data. For ex
ample, the X-11/ARIMA computer package (see Appendix 1) attempts to fit three standard 
types 01 ARIMA model--types that fit a high percentage of economic series. Out of nearly 100 
crime seiies for which the X-11/ARIMA program has been used at the Authority, these stan
dard ARIMA types succeeded in fitting only one or two series. 
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Thus; the methodological goal of the Predictability Project was twofold: 

1) to determine whether any type of ARIMA model would successfully fit crime series, and 

2) to determine whether certain types of model would tend to fit certain kinds of crime. or 
crime in certain jurisdictions. 

Resources Necessary for Prediction 

Two universal concerns of any governmental agency, includH'lg law enforcement agencies, 
are the degree to which timely answers are important and the degree to which resources to 
obtain these answers are limited. While it may be useful for a law enforcement agency to be 
able to predict offenses known to the police if the predictions are available in a few days and 
with a small expenditure of resources, it may not be useful if the answer is not timely and the 
cost Is great. 

In the Predictability Project, therefore, we attempted to determine the degree of difficulty in 
producing accurate (or the best possible) predictions of four crime types in 14 illinois jurisdic
tions. The question was this: In order to produce accurate predictions, is it necessary tor an 
expert in time series analysis to spend days in the effort, or can accurate predictions of of
fenses be calculated by knowledgeable crime analysts in a relatively short time? 

A second concern wa-s to try, to quantify the expert skills and experience necessary to 
produce accurate predictions of crime data. As part of this effort, we attempted to discover 
Whether or not certain types of model were so common with particular types of crime that an 
analyst might try these model types as a standard shortcut to the involved process of model 
identification. In addition, because prediction is an art, not a science, a record of the necessary 
steps and deciSions required to identify a well-fitting and accurate model, was kept and in
cluded in this report. By identifying these steps, we hoped to make crime predictIon less of an 
art and more of a science, less subjective and more objective, and less the "',.J'view of the 
statistical expert and more accessible to those who are expert in local-level conditions. 

Time Series Intervention Analysis 

In practical situations, one of the most important applications of time series analysis Is to 
deterrnine whether or not a change cccurred in the series. For example, a police department 
might want to know if a burglary prevention program had any effect on the number of 
burglaries, Such an analysis Is called an intervention analysis of the number of burglaries 
known to the police before and atter the program, or intervention, began, and is intended to 
give some indication of the program's success. Another intervention analysis might be design
ed to determine the extent to which a change in early release polley made a difference in the 
prison population. Any new law, change In policy or practice, or new crime prevention program 
might constitute an intervention. 

Although the results of time series Intervention analyses have obvious practical uses, such 
studies must be carefully conducted. The effect of an intervention can take many forms 
(MCCleary and Hay, 19,80). A change may occur gradually or suddenly after the intervention, 
In fact, It can even occur before the intervention, in anticipation of a I~w, for example, These 
and other problems make the design of a good time series intervention analysis difficult. One 
solution to this problem Is the time series experiment (Campbell and Stanley, 1966). The 
Predictability Project included such a formally designed time series experiment of an interven
tion occurring in Chicago. This intervention involved the improvement of the administration of 
data collect!er.,,·ar.d,4he main~enance of criminal offense data. Following investigation by a local 
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television station, which accused the Chicago Police Department of "killing crime" by failing to 
make an official record of some crimes reported to the department, and following an internal 
audit supervised by the FBI (Chicago Police Department, 1983), the Chicago POlice Department 
instituted mechanisms to improve the accuracy and completeness of crime recording. 

The purpose of these administrative mechanisms was to ensure that those crimes that 
previously had been underrecorded would now be recorded completely and accurately. After 
the department began to react to the investigation and audit early in 1983, the total number of 
officially recorded offenses did, in fact, increase. However, this increase may not have been 
due to the change in administrative practices, but due instead (or in addition) to a real increase 
in crime. In the first place, it cannot be assumed that an across-the-board increase occurred 
in the recording of every type of crime. The greatest Increase probably occurred in those 
kinds of crime tha t had previously been underrecorded the most. AllSO, the publicity surrounding 
the investigation may have changed the tendency ,:;f victims to report particular kinds of crime 
to the pOlice. Thus, how can it be determined wnether actual Chicago crime occurrences in
creased, decreased, or stayed at the same level before and after the investigation and audit? 

Intervention analysis for a particular crime type permits analysts to estimate the number of 
offenses that would have been recorded in 1983 if the previous recording practices had been 
in effect. 11 the numbers actually recorded in 1983 were highftr (or lower) than this estimated 
range, or if the form of the ARIMA model changed in 1983, we would suspect that the new ad
ministrative mechanisms accounted for the change. On the other hand, if the number of crimes 
actually recorded in 1983 was within the estimated range and if the ARIMA model for previous 
years still appeared to fit 1983, we would suspect that the new mechanisms did not affect the 
recording of that type of crime. We hypothesized, for example, that no change would occur in 
those types of crime, in particular serious offenses such as firearm robbery, that had not been 
undercounted prior to the 1983 changes. 9 (For the detailed design of the time series experi
ment, see "Chicago Intervention Analysis Methods," page 24.) 

In summary, the final methodological goal of the Predictability Project was to conduct a field 
test of descriptive time series intervention analysis methods. The prediction methods that had 
been systematically tested in the first part a" the project were used in a formally designed time 
series experiment --the Chicago Intervention Analysis--in order to answer a practical question 
about a change in the recording practices of Chicago crime data. 

9This hypothesis is based on the findings of Block and Block (1 9BO, 1 984), which show that more serious 

victimizations, specifically robbery with a firearm, are more likely to be reported to the police by the victim and, when reported, 

are more likely to become official statistics . 
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Project Design and Methods 

Sample 

The jurisdictions and crimes selected for this study were not chosen randomly. The Predic
tability Project was designed to see how well a method of analysis (ARIMA modeling) worked in 
a variety of situations involving different jurisdictions and different crimes. The purpose of the 
Predictability Project was make accurate predictions for as many types of jurisdictions and 
crimes as possible. not to generalize findings to a universe of all jurisdictions and all crime 
types. 

The four crimes used in this study--Index robbery. aggravated assault. burglary. and 
larceny/theft--were chosen because data collection for Index crimes may be more uniform 
across jurisdictions than for non -Index crimes (FBI, 1983: 1). Two other Index crimes, murder 
and forcible rap'!, were not analyzed, because too few 01 these crimes occur in most jurisdic
tions to permit time series analysis (fewer than five per month). Index, arson was not analyzed, 
because statewide data are available only since 1983. Index motor vehicle theft was not 
analyzed due to time constraints in the project. 

The goal of the Predictability Project was to analyze crime patterns in as many illinois juris
dictions outside of Chicago as possible. within the limits of our time and resources. The sample 
included 15 illinois .jurisdictions other than Chicago (see Table A). Seven 01 the jurisdictions in 
the sample are in the Chicago metropolitan area. and the others are scattered throughout the 
state.' Berwyn was later eliminated because of data quality problems. 1o Quincy was included in 
the analysis because the Authority had done a previous study 01 crime prediction with Quincy 
data; thus the Predictability Project was a basis for comparison with past analyses (Cooprider, 
1984). Although Chica.go was not part 01 the main study, Chicago aggravated assault and rob
bery, as well as total Illinois (non-Chicago) aggravated assault and robbery. were analyzed in 
the Chicago Intervention Analysis. 

In each jurisdiction except Chicago, all four Index crimes were analyzed If enough crimes 
occurred monthly to permit ARIMA analysis. The criterion for "enough crimes" was a mean of 
five occurrences per month over the entire 1972-1983 time period (see Table B). ,All of the 
jurisdictions had enough larceny Ithefts and burglaries to permit analysis. However, four juris
dictions did not have enough robberies and three did not have enough aggravated assaults.11 

As might be expected In a group of jurisdictions that vary In population, the crime rate per 
100,000 population and the number of crimes in a typical month also vary widely (see Table B). 
The highest crime rates and crime numbers generally occur in the most populous jurisdictions, 
but this Is not always true. As Miller, Block, and Dykstra (1982) pointed out In their analysis of 

10Data for JUnE) 1979 are missing, and figures for September, October, and November 1978 are extremely high 

(twice as high as any other month in the 1972-1983 time period). 
11 Des Plaines and Skokie had an average of more than five aggravated assaults per month over the entire 

1972-1983 period, but had five or fewer 'per month, on the average in recent years. Therefore, they were not analyzed. 

illinois Criminal Justice Information Authority 

Page 15 
\1" 



T2Ible A. Population Characteristics of Jurisdictions in the Sample, 1980 

1980a 

Jurisdiction popylation 

Quincy 42,554 
BerwynC 46,849 
Rock Island 47,036 
Des Plaines 53,568 
Skokie 60,278 
Cicero 61,232 
Elgin 63,798 
Arlington Heights 66,116 
Evanston 73,706 
Joliet 77,956 
Aurora 81,293 
Decatur 94,081 
Springfield 99,637 
Peoria 124,160 
Rockford 139,712 
Chicago 3,005,072 

Coyntll 

Adams 
Cook 
Rock Island 
Cook 
Cook 
Cook 
Kane 
Cook 
Cook 
Will 
Kane 
Macon 
Sangamon 
Peoria 
Winnebago 
Cook 

SMSAb 
Central City 

Not in an SMSA 
Chicago 
Davenport, Iowa 
Chicago 
Chicago 
Chicago 
Chicago 
Chicago 
Chicago 
Chicago 
Chicago 
Decatur 
Springfield 
Peoria 
Rockford 
Chicago 

aSource: Gene-ral Population Characteristics- -Illinois: 1980 Census of Population, Part 15, Table 14 (August 
1 9S2). Bureau of the Census. ' 

b"The general conce~t of a 'Standard Metropolitan Statistical Area' (SMSA) is one of a large population nucleus, together with 

adjacent communrties which have a high degree of economic and social integration with that nucleus." General Population 
Charitcteristics- -Illinois: 1980 Cen:;us of Population, Appendix A (August 19S2). Bureau of the Census. 

CBerwyn was not analyzed due to data quality problems. For each Index crime, the figures for September, October, and 

• 
• 
• 
• 
• 
• 
• 
• 

November 1978 are extremely high, and the June 1979 figure is zero. Because the original pOlice dCita files are no longer avail- .-

able, the problem could not be resolved. 

Illinois county data, crime rates are not necessarily higher for larger jurisdictions or lower for 
smaller jurisdictions. They are low in some jurisdictions (Arlington Heights) and high elsewhere 
(Rock Island, Cicero robbery) compared to other jurisdictions of similar population. 12 

It would be a mistaKe to conclude that differences in crime rates from jurisdiction to jurls
dictiqn reflect only differences In the actual incidence of these crimes (see Miller and Block, 
1985; Block and Block, 1984). -Official rates of crimes known to the pOlice reflect not only the 
occurrence of crlm~, but also the deciSions made by both citizens and the police that affect 
whether an inCident is defined as a crime and also whether a crime ever becomes an official 
statistic. Therefore, we would expect differences from jurisdiction to jurisdiction, even if the 
actual likelihood of crime occurrence were the same. On the other hand, if data recording in 
each jurisdiction did no't change over time, then differences over time would be attributed to 
real differences in crime occurrence within tha t jurisdiction. 

12Note that the jurisdictions in Table B are arranged in order of population size. 
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However, administrative practices regarding the collection and maintenance of crime data 
were known to have changed in Chicago. This is the subject of the Chicago Intervention 
Analysis part of the Predictability Study. In addition, the analysis of other jurisdictions frequent-
1y discovered sharp changes in the number of offenses, which this report calls serend i",i tou s 
interventions. These changes may have been due to administrative changes in crime record
ing. Thus, the Predictability Project tests the assumption that crime patterns can be analyzed 
over time in a jurisdiction beca~se recording practices seldom change within one jurisdiction 
over time. 

Table B. Index Crime Char'acterlstlcs of Jurisdictions In the Samplea 

Aggravated 
Robbllry Assault Burglary Larceny/Theft 

Ju risdiction 
in order of 1980 It per 1980 It per 1980 It per 1980 It per 
Popylation Bilti! ~1M1h BUi! M!2Dtb B.l.tL, f:!I~Hltb Baa M!2o tJl 

Quincy 42 3- 202 6 1,643 51 4,096 134 
Berwyn 83 b 45 b 1,244 b 1,528 b 

Rock Island 330 12 527 15 2,979 99 5,341 185 
Des Plaines 78 3- 119 7-- 1,092 46 2,978 126 
Skokie 63 3- 154 6-- 1,279 55 2,963 161 
Cicero 286 12 263 11 1,594 60 2,059 88 
Elgin 160 7 252 12 2,389 97 3,874 183 
Arlington Heights 27 1- 74 4- 982 54 2,367 150 
Evanston 260 16 308 16 2,614 118 4,814 291 
Joliet 394 :22 670 46 2,666 145 5,157 292 
Aurora 2~4 15 419 23 1,837 114 4,417 267 
Decatur 168 10 231 17 1,780 109 4,686 310 
Springf ield 343 :23 513 30 3,169 218 5,112 371 
Peoria 284 :30 812 89 2,785 253 5,509 506 
Rockford 352 :28 522 42 2,997 265 4,845 502 
ChicagoC 541 1,5:36 340 896 1 ,141 3,092 3,423 8,178 

alndex offenses known to the police in '1980 per 100,000 population in 1980 (see Table A). Source: Crime in lJIinois 
(1980). Springfield, Illinois: Illinois Department clf Law Enforcement. Mean number per month, 1972 through 1983. 

bNot calculated because of data quality problems (see Table A). 
cFor robbery and aggravated assault, melln number per month, 1974 through 1983. The mean number for each weapon type 

was firearm robbery (613), knife robbery (1 (51), other -weapon robbery (184). strongarm robbery (588), firearm assault (248), 

knife assault (341), other-weapon assault (242), body-as-weapon assault (65), For burglary and larceny/theft, mean number 

per month, 1981 through 1983. 
·Not analyzed because mean number of crimes per month was less than five. 
uOes Plaines and Skokie had an average of more than five aggravated assaults over the entire time period 1972-1983, but 

an average of five or less per month in recent years. Therefore, they were not analyzed. 
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Analysis Method for Each Series 

The following is ~. concise description of the standard method followed tor the analysis of 
each time series. For a more detailed technical discuSSion 01 each step in the analysis, see 
Appendix 1 

Time Series Pattern Description 

Because basic description is a necessary prelude to time series analysis, the first step in 
the Predictability Project was to describe the pattern of change over time in each series. This 
was done by searching for the best time series pattern descrif,)tion. A time series pattern 
description is a graph showing the original data with a superimposed line segment fit (see 
Figure 7). 

A line segment fit is a series of straight line segments connected to each other: it is calcu
lated by spline regression (Block, 1983). The best line segment fit chosen for a. time series 
could be one straight line, a two-segment line, a three-segment line (as in the Rock Island 
burglary example, Figure 7), or a four-or-more-segment line. A computer program calculates a 
package 01 line segment fit alternatives, and the user chooses a fit that is simple yet 
accurate. 13 For mare detail about time series pattern description, see Appendix 1, Grant 
(1985), and Block (1983). 

For some series, pattern description analysis revealed possible data quality problems. 
These problems were resolved or corrected at this early stage of analysis. 

Description of Seasonality 

A complete description of patterns over time includes an answer to the question, "Is this 
series seasonal?" This question is not easily answered with a simple yes or no, but depends 
upon the working definition of seasonality.14 At this descriptive stage of analysis, Kallek's 
(1978: 15) simple and straightforward definition of seasonality was used: 

Seasonality refers to regular periodic fluctuations which recur every year with about the 
same timing and with the same in'tensity and which. most importantly, can be measured and 
removed from the time series under review. 

To determine whether a series was seasonal according to thIs definition, the project used 
the diagnostic tests available in a standard seasonal adjustment computer package, the X-11 
(see Appendix 1 and Block, 1984b). This analysis not only told us whether or not the series 
contained seasonal fluctuation by the above definition, but also provided, in cases in which the 
serres was seasonal. estimates of the pattern of seasonal fluctuatlon--wI1ich months were high 
or low and the degree to which they were high or low. 

13The criterion for accuracy in the spline regression (line segment fit) program that is used at the Authority, like 

the criterion generally used in regression, is a minimum sum of squared residuals. See Block (1983) for more detail. 
14For a complete discussion of alternative conceptual and operational definitions of seasonality, see Block 

(19S4b). 
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Figure 7. Patterns of Change Over Time In Rock Island Index Burglary, 1972 -1983 
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Mudel Identification 

An ARIMA model describes change over time In a variable by describing the .,. tfonshlp be
tween each occurrence and the occurrence one, two. or more time periods prevIously. This is 
known as a description of the stochastic relationships In a time series. Each type of ARIMA 
model makes a different assumption about the stochastic relationships from one time period to 
the next. 

Identifying the most appropriate ARIMA model to calculate future predictions of crime Invol
ves several stages ot analysis. First, a series ot tests are used to diagnose the relationships 
from month to month In a time series. Given the results of this diagnosis, the stochastic pat
terns In the time series are further explored with the Durbln-ARIMA method of analysis. Next, a 
model that seems appropriate according to the diagnostic tests and the Durbln-ARIMA analysis 
Is fit to the data, or estimated, using the Box and Jenkins method. If the model Is not an 
adequate fit, the analyses are repeated. (See "Method ot Choosing the Best ARIMA Mode!," 
page 22, and Appendix 1 tor the specific tests used to diagnose the relationships from month 
to month In a time series.) 

Durbin -AAIMA Analysis 

Given an ARIMA m.odel type, the mathematical calculation of· the best fit Is relatively 
straightforward (see Appendix 2). However, two or more ARIMA models that seem appropriate 
according to the Initial diagnostic tests may produce entirely different projections (Pierce, 
1980: 130; Block, 1984b), and It Is difficult to distinguish between the models. Therefore, In this 
analysis, we added a second diagnostic. step: the Durbln-ARIMA analysis.. As suggested by 
Roberts (1984" Durbln-ARIMA analysis is a method for exploring the stochastic patterns In a 
time series so that the most appropriate type of ARIMA model can be chosen . 
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Model Estimation: Box/ Jenkins Fits 

The most appropriate ARIMA model, given the model Identification process and the Durbin
ARIMA analysis, was estimated using an iterative method developed by Box and Jenkins 
(1970). After the model is estimated, it is subjected to statistical tests of adequacy. The 
residuals of each model (the difference between the modeled estimates and the actual figures) 
are also subjected to statistical tests. (For details of these tests, see Appendix 1.) Those 
models that passed the statistical tests were used to calc.Jlate future predictions. 

Analysis of Predictive Accuracy 

Each model was developed with data through 1981, and was used to calculate predictions 
for each month of 1982. Actual 1982 figures were then compared to the predicted figures for 
each month, and two summary statistics were calculated--the percent error for the average 
month and the percent error for the year 1982 (the sum of all 1982 predictions compared to 
the total number actually occurring in 1982). If the model failed to predict within 30 percent for 
the average month or within 20 percent for the total year, the model was rejected and a 
search for a better one was conducted. 

The 20 percent and 30 percent criteria were chosen as the maximum amount of error for 
which any definition of accuracy seems reasonable. The purpose was to eliminate those 
predictions that were the most inaccurate. Although predictive accuracy studies with economic 
da ta (for example, Dagum, 1979) usoaffy use much stricter criteria for accuracy, previous 
Authority analyses indicate that accuracy with crime data may not be as great. In order to ex
plore the variation of predictive accuracy from crime type to crime type and from jurisdiction 
to jurisdiction, a high maximum criterion for accuracy was chosen. 

If the model pre~icted 1982 adequa tely, t.he model was then recalculated using data through 
1982, and the months of 1983 were predicted. Again, these predictions were compared to the 
real figures, and the same criteria were used for accuracy--30 percent for the average month 
and 20 percent for the total year. If this prediction was not adequate, the search for a better 
model for the total series was conducted again, through 1983. Even though the model had 
been adequate tor predicting 1982, the succesl" of the model may have been a coincidence. In 
several cases, by reanalyzing the series at this pOint, not only was 1983 predicted more ac
curately with the revised model, but 1982 was also predicted more accurately. The reasons 
for this are twofold: 1) the identification of the best ARIMA model is not an entirely objective 
process (see Appendix 2); and 2) the series through 1982 was shorter than the series through 
1983. 

If the ARIMA model predicted 1982 successfully, but not 1983, the possibility that an inter
vention had occurred in 1"983 was considered. In other words, there may have been some 
change in 1983, such as a crime prevention program, a sudden crime wave, or a change in 
recordkeeping, that resulted In a sharp increase or decrease in the number of offenses known 
to the police. Such an Intervention is called a, serendipitous intervention, because it was 
not hypothesized at the beginning of the Predictability Project, but was discovered in the 
process of analysis. The analysis of each serendipitous intervention situation was a unique 
problem, and each is discussed in detail in the results. In these situations, the criteria for iden
tifying the best model were that the model must meet statistical and predictive accuracy stan
dards in at least two years. If, for example, a serendipitous intervention apparently occurred in 
1983, and the criteria were therefore not met for 1983, then criteria had to be met for 1981 
and 1982. In a number of time series, 1980 and other years were also analyzed. 
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1984 Predictions 

Finally. if the ARIMA model through 1981 successfully predicted 1982 and the model through 
1982 successfully predicte<;.i 1983. the model was then calculated using all data through 1983. 
This model was again subjected to the tests of model adequacy (see Appendix 1). If the model 
was not adequate. the entire process started again. At this paint, any changes that were made 
were slight. If the model through 1983 was accurate. however. it was used to predict each 
month 01 1984. 15 (At the completion of the analysis. actual 1984 data were not yet available 
to check the accuracy of 1984 predictions.) 

Method of Measuring Predictive Accuracy 

Two alternative methods were used to measure degree of predictive accuracy --the year
ahead method and the intervention method. Both are equally sound. but they answer dif
ferent questions about predictive accuracy. The year-ahead method. as its name implies. 
predicts each month one year ahead. For example. a model based on the time period 
1972-1982 might be used to predict each month of 1983. The year-ahead method would be 
used in most ordinary prediction situations, because usually we are interested In pr''!'.ilctlons 
that are farther in the future than the next month. The intervention method predicts only one 
month ahead and therefore would not be used to answer the question. "Is crime predictable?" 
The intervention method is useful as a diagnostic tool in the analysis of prediction error. There
fore. in research such as this. in which we are looking for the causes of error in predictions. the 
intervention method and the year-ahead method both provide necessary. though -different. in
formation. 

The year -ahead method assumes that the underlying month -to -month pattern of the series. 
the ARIMA model. does not change. and that the analyst does not know the actual number of 
offenses that occurred in any month of the year being predicted. For example. using actual 
monthly data through December. a model was identified and used to predict crimes that would 
occur each month for the next 12 months. Thus. a year-ahead prediction for January. based 
on a model estimated on data through the previous December, benefits from knowledge of the 
number of offenses that actually occurred in December. However. in calculating a prediction 
for February. the year-ahead method uses the estimated. not the actual. January observation. 
By the time the following December i's' predicted. information on actual offenses is 12 months 
old. 16 

The Intervention method (Roberts. 1984) is the same as the year- ahead method In that 'the 
monthly data in the ~'ear being predicted are not used to estimate the ARIMA model. However. 
the two methods differ In that the Intervention method prediction uses actual data. not es
timated data. For example, each month of 1983 Is predicted with a model (an ARIMA. equation) 
that was estimated on the time period 1972-1982. The ARIMA equation stays the same for 
each prediction, but the observation used with the ARIMA equation to pred~ct each month is the 
actual observation, not an estimate. In a prediction of October. the intervention method as
sumes that the number of actual offenses in each month through September is known. 
However, the AAIMA equation, describing the relationship between each month and the 
preceeding months, is t~e same for the October prediction as it was for the January prediction. 

15These 1 £0:84 predictions are too voluminous to include here, but are available on request from the Authority. 

16This example assumes. of course, that the model in question describes each observation a~ related to the 

preceeding observation--these models are called first order models. In other types of ARIMA model, called second 
order models, the information to predict January would be taken from November (two months ago). For details, seo:! Appendix 

1, and "Method of Choosing the Best ARIMA Model." page 22. 
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Thus, like the year-ahead method, the intervention method assumes that the ARIMA model does 
not change. But in contrast to the year-ahead method, the intervention method assumes that 
the analyst knows the actual number of offenses that occurred in the previous month. 

With the year-ahead method, a large prediction error could have at least two causes. The 
ARIMA model (description of the relationship between each observation and the next) could 
ha ve changed or the level of the series (the number of crimes in a typical month) could have 
changed. The best ARIMA model eQuid change without an actual change in crime level. Con
verse�y the relationships from month to month in 1983 could be the same as the pattern of 
relationships in previous years, but the numbers could be all higher or lower in 1983. If 1983 
observations are much higher than all previous observations, for example, the level of the 
series has increased, and predictions based on a 1972-1982 model probably would be too low. 
The intervention method helps determine whether the prediction error found with the year
ahead method was due to a change in model, a change in the level of the series, or both. 

The cause of a large prediction error with the intervention method is likely to be a change in 
ARIMA model, not a change' in the level of the series. If the level of offenses increased in 1983 
but the ARIMA model did not change, for example, the 1972-1982 model would be too low in 
predicting January 1983. However, the February intervention -method prediction would be es
timated using actual January data (but the same 1972-1982 equation). Since the ARIMA model 
relates each month to the next month, the February prediction will be corrected for the actual 
level of January.17 Therefore, errors in prediction with the intervention method can be as
sumed to indicate a change in the model, not a change in the level. 

Method of Choosing the Best ARIMA Model 

The Predictability Study found the best possible ARIMA model for the followi!")g crime types 
and jurisdictions: 18 

1) each of four types of Index crime in 14 Illinois law enforcement jurisdictions, 

2) each of four weapon types of Index robbery In Chicago and in total Illinois (non
Chicago), and 

3) each of four weapon types of Index aggravated assault in Chicago and In total illinoiS 
(non-Chicago). 

To understand ARIMA models as they are discussed in this report, tht3 following section 
provides a quick overview of ARIMA modeling and definitions of a few important terms. There 
are other sources available for a complete treatment of ARIMA models,19 and more detailed in
formation can also be found in Appendix 1. 

1 7 Again, this assumes a first order model, but the same logic could apply to a second order or 12th order model. 
18For some types oi crime in some jurisdictions. the identification of an ARIMA model was not possible because 
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the number of offenses in a typical month was five or fewer (see Table B). For Index robbery, these jurisdictions were Arlington .-
Heights, Des Plaines, Quincy, and Skokie. For Index aggravated assault, only Arlington Heights had fewer than five offenses per 
month over all years, but Des Plaines and Skokie had fewer than five offenses per month in the final y.ears of the series. 

, 9For an elementary review of the ARIMA method, see Hoff (1983) or Block (1 984b). .-
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An Overview of ARIMA 

ARIMA models are classified as (p,d,q)(Sp,Sd,Sq), where each term specifies the number of 
serial (month-to-month) or seasonal (every 12 months) autoregressive orders, degrees of dif
ferencing, or moving average orders Most models contain zero, one, or two orders of auto
regression (p) and zero, one. or two orders of moving average (q), and may require zero. one, 
or two degrees of differencing (d). In addition, an ARIMA model mayor may not be seasonal, 
requiring one or two orders of seasonal autoregression (Sp), one or two orders of seasonal 
moving average (Sq), or one or two degrees of seasonal differencing (Sd) in the model. There
fore, to understand what an ARIMA model means, it is necessary to understand the concepts of 
autoregressive processes, moving average processes, and differencing. 

In an autoregressive (AR) process, the current observation is a function of a past obser
vation. An AR( 1) autoregressive process means that the current observation is affected by the 
previous observation. An AR(2) autoregressive process means that the current observation is 
affected by the second previous observation. A seasonal autoregressive process, AR( 12), 
means that the current observation is affected by the observation one year ago. 

In a moving average (MA) process, the current observation is a function of a past error, 
not of the total observation. An error is a statistical term for the part of an obsf')rvation that is 
unpredictable and unmeasurable. An MAC 1) moving average process means that the current 
observation is affected by the error of the previous observation. An MA(2) moving average 
process means that the current observation Is affected by the error of the second previous 
observation. A seasonal moving average process, MA(12), means that the current observation 
Is affected by the error of the observation one year ago. 

Before it is possible to identify an ARIMA model, it may be necessary to transform a time 
series by differencing (see Appendix 1 for detail). ARIMA models cannot be calculated un
less there is no change over time in the level or the variance of the series. This condition is 
called stationarity. Most actual time series violate this condition. However, If they are trans
formed by differencing, the transformed data often can be modeled. In first differencing, each 
observation Is subtracted from the neighboring observation. In 12th differencing, each obser
vation is subtracted from the observation 12 months away. 

Thus, the letters (p,d,q) and (Sp,Sd,Sq) summarize the autoregressive, differencing, and 
moving average components of an ARIMA model; p and Sp refer to serial and seasonal auto
regressive processes, d and Sd refer to serial and seasonal degrees of differencing, and q and 
Sq refer to serial and seasonal moving average processes. For example, an ARIMA 
(2,1,0)( 1,0,0) model contains AR( 1), AR( 2), and AR( 12) processes, and required first (serial) dif
terenclng but not 12th (seasonal) differencing. 

In effect, the terms (p,d,q)(Sp,Sd,Sq) describe the class of ARIMA model type. If two time 
series can be described by the same class of ARIMA model, they follow the same statistical 
patterns over time. They are similar in the relationship each observation In the series has to 
previous observations and later observations. 

Criteria for ARIMA Model Identification 

In the Predictability Project, the decision as to the best ARIMA model type was based on the 
following criteria: 

1) Residuals of the model had to fluctuate randomly over time. 
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Residuals are the difference between the modeled figures and the actual figures. Thus. 
they are the month-la-month variation that the ARIMA model does not explain. See Ap
pendix 1 for specific tests for random fluctuation. 

2). The final model had to be simpler than alternative mOdels (known as parsimony). 

Of two ARIMA models. the model with any of the following characteristics was con
sidered to be the simpler: 

2) the model was autoregressive or moving average. but not both, and 

b) the model contained fewer AR or MA terms (for example. an AR( 1) model would be 
simpler than an AR( 2) model). 

3) The final model had to have better predictive accuracy for 1981. 1982. and 1983. year
ahead method. than alternative models. For the Chicago Intervention Analysis. the model 
had to have better predictive accuracy for 1981 and 1982. 

Note that each model chosen as best was a better predictor for that series than alternative 
models, but not necessarily an adequate predictor according to the 20 percent yearly and 30 
percent monthly criteria. 

In some cases that are discussed in detail below. a model would predict several years ac
curately, but not one year. For example. a model might predict 1980. 1981. and 1983 accurate
ly. but not 1982. In such a Situation. we considered the possibility that a serendipitous Interven
tion had taken place in the 9iven year. In other words. some unexpected event may have oc
curred (a change in crime prevention or enforcement or a change in recordkeeping) that 
caused a rapid increase or decrease in the number of offenses. The identification of the best 
ARIMA model (or models) was complex in such situations, and the analysis is discussed for 
each case as it arises. However, the general rule in identifying the best model in such a series 
was that the model should predict within the 20 percent yearly and 30 percent monthly criteria 
in at least two years. 

Chicago Intervention Analysis Method 

The purpose of the Chicago Intervention Analysis was to use the time series analysis 

• 
• 
• 

• 
• 
• 

• 
• 
• 
• 

methods of the first part of the Predictability Project to answer a practical question: What was • 
the effect of the change In crime recording practices in Chicago in 1983 on the number of of-
fenses known to the police? Two methods 01 analysis were used to answer this question, both 
of them essentially .. descrlptlve --time series pa Hern description (see page 18 and Appendix 1), 
and an analysis of predictive accuracy over several years, as measured by the year-ahead • 
method and the intervention method. 20 These analysis methods were part of a research design 
called an interrupted time series quasi-experiment with a nonequivalent no-treatment control 
group (Cool< and Campbell, 1979:214) that is intended to measure the effect of a change. or in- .. 
tervention. This was done for eight types of crime: Index robbery and Index aggravated as-
sault, by four weapon types. 

• 
20This project was limited to descriptive methods for analyzing an intervention because. at the time of the 

analysis. the exact specification of an ARIMA model to include the effect of an intervention (a transfer function) was very difficult 

to do with available Authority computer packages. • 

• 
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Because the reform in data collection and recording practices in Chicago in 1983 was 
intended to reduce the undercounting of crimes In official statistics, then it is reasonable to 
assume that the degree of change in the number of officially recorded crimes is related to the 
degree to which each crime had been previously under counted. The degree of undercounting 
was hypothesized to be related to the seriousness of the crime. In order to control for the 
possible effect of crime seriousness on the likelihood that a crime would become officially 
recorded, each Index crime was divided into the smallest categories for which data are avail
able in Chicago, that is, four weapon categories for each Index crime: firearm, knife, other 
weapon, and body-as-weapon (strongarm robbery and assault with hands, feet, etc.). 

Thus, the Chicago intervention analysis used eight types of crime: firearm robbery, knife 
robbery, robbery with another weapon, strongarm robbery, firearm aggravated assault, knife 
aggravated assault, aggravated assault with another weapon, and aggravated assault with 
hands or feet as a weapon (for example, a karate attack). Note that these are Index crimes. 
Therefore, each category of robbery includes attempted robbery, and each category of ag
gravated assault includes aggravated assault (threat), aggravated battery, and attempted mur
der.21 

The first step of the analysis was to find the best ~,RIMA model for the period 
1974-1982.22 To do this, the same analysis method was used for each series as in the first 
part of the Predictability Project. A model was Identified for the period 1974-1980, and 1981 
was predicted. If the 1981 prediction was accurate, the same type of ARIMA model was iden
tified for the period 1974-1981, and 1982 was predicted. If the 1982 prediction was accurate, 
the same type of ARIMA model was identified for the period 1974-1982, and 1983 was predic
ted. 23 

The analysis then compared the predicted values to the actual values for 1983. A.II things 
being equal, if the change in Chicago's recordkeeping practices did not affect the number of 
crimes, then the 1'983 prediction should be 'at least as accurate as the 1981 and 1982 predic
tions. Although it is never possible to be sure that all things are equal, the design of the 
Chicago Intervention Analysis used a control group to ensure that most things were equal. 
Specifically, to control for the possibility that some statewide change could have affected the 
number of offenses, the analysis used total Illinois (non-Chicago)24 as a control group. If the 
change in the number of recorded offenses in Chicago was due to the change in the administra
tion of recordkeeping that occurred at that time only in Chicago, then predictions for the total 
year and the average 1983 month In Chicago (year-ahead method) would be less accurate 
than predictions for 1983 for illinois (non-Chicago) for the same crime. Thus, the Chicago In
tervention Analysis had the usual design of a time series experiment (Cook and Campbell, 
1979). 

211t is impossible to differentiate between completed and attempted Index robberies, or between the three types 

of Index aggravated assault (attempted murder, aggravated battery, and aggravated assault/threat) in Chicago during the time 

period of the study. 
22Weapon-specific robbery data are not available before 1 974 in Chicago, or before 1975 in the rest of the 

state. Weapon-specific assault data are not available in Chicago or the rest of the state before 1974. In addition, for some 

types of robbery or assault, the analysis had to begin with 1975 or 1976, because pattern description analysis and model-building 

analysis showed that the initial year or two of the series was different from the later years. 

231n some cases, a serendipitous intervention was found in 1981. In these cases, a model for the period 

1 974-1979 was also Identified. Each of these analyses is discussed in detail later in the paper. 
24Totallilinois (non-Chicago) refers to the aggregate total of all crimes known to the police in Illinois outside of 

Chicago. 
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Patterns of Change Over Time 

Before any attempt to forecast the future, it is necessary to describe the past. Therefore, 
the analysis of each time series began with two descriptive analyses: time series pattern de
scription and descriptive seasonal analysis. The line segment graph, or spline regression line, 
produced by time series pattern description describes the overall patterns in the past, answer
ing the questions: 

• Did the number of offenses generally increase, decrease, or stay at the same level over 
the time period? 

• Did the number of offenses change direction, for example, from increasing to decreasing? 

• If the number of offenses did change direction, roughly when did that happen? 

A descriptive seasonal analysis answers the question: 

• Old the number of offenses fluctuate with the seasons, and if so, what was the pattern of 
this fluctuation? 

Time Series Pattern Description 

Time series pattern description served three purposes--a check for data quality, an ex
ploration of possible discontinuous breaks or extremes in the series, and an exploration of 
stationarity in the series. 25 Although space does not permit a discussion of every pattern de
scription here, this section . will review the more interestln9 findings. 

The line segment fits of a number Of crimes analyzed in the Predictability Project showed a 
discontinuity between the first two 'Years and the rest of the series. For some crimes, the 
number of offenses in the first year or two was much higher, and for other crimes the number 
was much lower, than In succeeding years. This was the case, for example, in Chicago Index 
firearm robbery (see Figure 8) and in Cicero Index burglary (see Figure 9). In both cases, the 
initial pattern description Indicated that the first year or two of the time series might not follow 
the same ARIMA pattern as the other years. It Is common knowledge among time series 
analysts that a new time series may produce different Information in the first year or two fol
lowing initial data collection than after data collection procedures become more familiar. A 
possible reason for this Is that data definitions may become clearer after they have been used 
in the field for a year or two. In Illinois, 1972 was the first year the Department of Law En
forcement (now the Department of State Police) collected statewide Uniform Crime Report 
data, and 1974 was the first year in which!ndex robbery and assault data were collected by 
weapon type. 

25Stationarity. a term used in ARIMA modeling, refers to the requirement of constant level and constant variance. 

For details, see Appendix 1 . 
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Figure 8. Patterns of Change Over Time In Chicago Index Firearm Robbery, 1974-1983 
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Figure 9. Patterns of Change Over Time In Cicero Index Burglary, 1972-1983 
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Exploratory time series pattern description also can help to Identify apparent changes in 
data defln!tion, either In a single month or between an earlier and a later time period. The 
existence of an outlier (an extremely high or low value) may be the first indication of a data 
def!nltlon problem that must be resolved before other analysis Is possible. For example, 111 
November 1977, the number of Index burglary offenses in Cicero (see Figure 9) dropped to 
zero--a situation highly unlikely considering previous monthly figures in Cicero. The pattern 
description of Cicero burglary also suggests a discontinuity (a sharp chzmge) between the high 
number of offenses in 1978 and the relatively low number In 1979. Both the extremely low 
number of offenses In November 1977 and an apparent change or discontinuity in 1978-1979 
are seen in every crime type analyzed in Cicero. 

In Elgin Index robbery (see Figure 10), there were several extreme values In 1974.26 This 
made it difficult to identify a good ARIMA model for the entire 1972-1983 period, but the period 
1975-1983 was successfully modeled. 

One of the decisions necessary for ARIMA modeling is whether the series is stationary (has 
a constant level and constant variance). 11 the series is not stationary, an ARIMA model is im
possible to calculate unless the series is transformed in some way, such as first or 12th dif
ferencing (see Appendix 1). A graph helps to detarmlne whether such a transformation is 
necessary. Figure 9 Is an example of a series that Is not stationary. 

A graph with a superimposed line segment fit may also focus the analyst's eye on variations 
from the general fit, such as seasonal 11uctuatlons or other cycles. It sometimes happens that a 
time series will fluctuate with the seasons during certain years, but not during other years. In 
the Cicero Index larceny/theft series for example (see Figure 11), a practiced eye might notice 
a cyclical pattern in 1978, 19i9, and 1980 that Is not apparent In earlier years. In fact. the 
ARIMA analysis for Cicero lndex larceny/theft found two separate models, one for the period 
1972-197'7 and a second (with much more seasonali1y) for the period 1978-1983. Such 
cases of changing seasonality Indicate that something baSic about the time series, perhaps the 
way in which the data were collected, has changed. 

As another example, a change In seasonal fluctuation In the time periods r;, .,.- .re and after 
1979, which is suggested in the line segment fit of Evanston Index burglary (see Figure 12) and 
was also apparent in the descriptive seasonal analysis results, was the first indication that two 
different ARIMA models would be needed to describe the time series .. Eventually, after con
siderable analysis, It was concluded that Evanston Index burglary followed one ARIMA pattern 
from 1972 to 1978 and another from 1979 to 1983 (see "Is Crime Predlctable?-- Index 
Burglary," page 63). 

26The line segment fit for Elgin robbery (see Figure 10) is an exception to the general rule (see Appendix 1) that 

no line segment should be shorter thilln 12 months. The extreme values in 1974 created a discontinuity between 1974 and 1975, 

and the line segment fit in the graph 'flas chosen so that this discontinuity would be described. The same thing happened in the 

line segment fit for Cicero burglary (~ee Figure 9). 
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Figure 10. ~atterns of Change Over Time in Elgin Index Roobery, 1972-1983 
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Figure· 11. Patterns of Change Over Time In Cicero Index Larceny/Theft, 1972-1983 
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Figure 12. Patterns of Change Over Time In Evanston Index Burglary, 1972-1983 
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Descriptive Seasonal Analysis 

This section presents the results of descriptive seasonal analysis using the component 
method. In this method, the time series data are divided into three components--the 
trend/cycle, the seasonal, and the irregular (error). Various statistics based on these com
ponents give the user an Idea of the proportion of variation over time In the serl~s that is due 
to the seasonal component, relative .to the other components. Specifically, "the statistics 
presented in the tables of this sectlon

h 

include the contributions of the seasonal component and 
the Irregular component to the month-to-month variation In the data (given as percents of the 
total month-to-month variation), and the stable seasonality F value. For details about these 
statistics, see Appendix 1 and Block (1984b). 

As an Indicator of the presence of seasonal fluctuation (at the descriptive stage 0' 
analysis), the Predictability Project used the Plewes rule of thumb (see Appendix 1), which re
lates the F of stable seasonality and the percent contribution of the Irregular component over a 
one-month span.27 The F value Is analogous to a measure of significance. 

In addlt!on, the Predictability Project usec.1 the percent contribution of the seasonal com
ponent, which Is analogous to a measure of a\ssoclatlon, Even If the Plewes criteria Indicated 
no stable seasonality, when the seasonal component contributed at least 40 percent of the 
variance from month to month. the likelihood 01 seasonal fluctuation had to be seriously con
sidered. 

27For a more complete discussion, see Appendix 1, Block (1984b), and the studies listed in the latter's annotated 

bibliography. 
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The following summarizes the descriptive seasonal analysis results. Two criteria were 

used: the Plewes rule of thumb and the percent contribution of the seasonal component. Each • 
descriptive seasonal analysis was conducted twice, once under the additive assumption of in
dependent cOrY1ponents, and once under the mUltiplicative assumption of dependent components 
(see Appendix 1).28 

A final, but important, piece of inform a tion in the descriptive seasonal analysis results in 
tables C through F is that those analyses with a significant F of moving seasonality are starred. 

'.-
When a significant F of moving seasonality occurs, the results of the seasonal analysis are not. 
trustworthy, and should be ignored. If the analysis under either the additive or multiplicative 
assumption, but not both, has a significant F of moving seasonality, use the results of the other 
analysis. 

~ndex Robbery 

None of the 10 illinois (non-Chicago) jurisdictions for which Index robbery could be 
analyzed (see Table C) had significant seasonal fluctuation according to the Plewes criteria. 2g 

In only one jurisdiction was the contribution of the seasonal component over 40 percent; in El
gin (multiplicative assumption) it was 47 percent. However, the F value for Elgin robbery was 
relatively low. In contrast, firearm robbery and strongarm robbery in total Illinois (non-Chicago) 
showed a high seasonal contribution and a relatively high F value. However, Index robbery with 
a knife or another weapon showed no evidence of seasonal fluctuation, either In total Illinois 
(non-Chicago) or in Chicago. 

Thus, robbery was not seasonal in any individual jurisdiction. according to the descriptive 
seasonal analysis. However. two types of robbery--firearm robbery and strong arm robbery-
showed signs of seasonal fluctuation in Illinois (non-Chicago). 

Index Aggravated Assault 

None of the 12 Illinois (non-Chicago) jurisdictions for which Index aggravated as~,ault could 
be analyzed (see Table D) contained a significant amount of seasonality according to the 
Plewes criteria. although Decatur, Peoria, and Springfield had seasonal contributions of at least 
40 percent. 30 In the Deca tur additive adjustment, the seasonal contribution was 40 percent. in 
the Peoria multiplicative adjustment, it was 44 percent. and In the Springfield multiplicative ad
justment, It was 40 percent. In addition, the stable seasonality F values for these three JurIsdic
t�ons were relatively high for aggravated assault, ranging from 8.3 In Decatur to 14.5 in 
Peoria,31 This suggests that these aggravated assault series may contain some seasonalfluc
tuation. 

28Under the additive assumption, the three components are assumed to be independent; under the multiplicative 

assumption, they are ass\lmed tel be dependent (see Siock, 19S4b). 
2gThe significant moving seasonality F for Rockford Index robbery and Chicago firearm robbery, additive 

adjustment, indicates that the results of the multiplicative adjustment (which does not have a significant moving seasonality F) 

should be used. 
30The significant moving seasonality F values for Cicero and Springfield, and non-Chicago firearm, knife, and 

other-weapon Index aggravated assault, additive adjustment, indicate that the additive results are not trustworthy and that, 

therefore, the multiplicative results should be used. Elgin had significant moving seasonality F values under both the additive and 

the multiplicative assumption. This suggests a problem with the data (see "Is Crime Predictable'?--Index Aggravated Assault," 

page 53). 
31Decatur had an F of 7.3 under the multiplicative assumption, but because the F was higher under the additive 

assumption, we assumed that the additive assumption was correct. Thus the best F for Decatur is 8.3. 
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In contrast. the aggregate total of all Illinois (non-Chicago) Index aggravated assault 
showed a high seasonal contribution for every weapon type--from 41 percent for assault with 
a knife (a.dditive adjustment). to 60 percent for other -weapon assault (additive adjustment). in 
fact. the total Illinois (non-Chicago) other weapon series comes close to meeting the Plewes 
criteria. In Chicago. the seasonal contributions are not as high. but again. the contribution for 
other-weapon assault is highest--52 percent in the multiplicative adjustment. 

Table C. Index Robbery Seasonality Analysis: 1972 -1983 

Additive Assumption Multiplicative AssumptIon 

Stable ~ ~gDt 1:1bUUgc Stable ~ ~2ct(ib!.lUgc 
Jurisdictioc F yalue Seasgn. Irl:e9. E yalui, Seasgc W..iA... 

Arlington Heightsa Zero Observations 
Aurora 2.6 21% 7S% 2.9 23% 75% 
Cicero 1.4 20 80 Zero Observations 
Decatur 2.8 20 80 2.S 8 92 
Des Plainesa Zero Observations 
Elgin 2.9 40 S9 3.1 47 53 
Evanston 2.0 26 73 1.6 22 77 
Joliet I.S 19 81 1.2 12 88 
Peoria 6.8 29 68 6.3 24 74 
Quincya Zero Observations 
Rockford 7.5- 28- 72- 6.8 27 73 
Rock !shnd 2.1 21 79 1.9 21 79 
Skokiea Zero Observations 
Springfield 6.6 32 66 7.1 32 67 

~b1~~92'" 
Firearm 9 .S- 34" 64- 11.6 31 68 
Knife 4.2 25 75 4.2 17 83 
Other Weapon 5.0 21 79 5.1 15 85 
Strongarm 6.0 21 79 6.0 19 81 

Ngc-Ch1cagc" 
Firearm 22.3 54 45 22.8 59 40 
Knife 2.3 23 77 2.3 26 74 
.Other Weapon 2.9 18 81 3.0 17 83 
Strongarm 15.6 40 59 17.1 42 58 

aNot analyzed because mean number of crimes per month was less than five (see Table B). 

OF value of moving seasonality greater than or equal to 2.41. indicating that this adjustment is not trustworthy. 

uYears 1975-1983 analyzed. 
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Index Burglary 

None of the i 4 Index burglary series (see Table E) was significantly seasonal according to 
the Plewes criteria. 32 The highest percent contribution of the seasonal component was in 
Rockford, with 46 or 47 percent. Since Rockford's stable seasonality F value was also tligh 
(21.6), Rockford burglary may fluctuate with the seasons. One other jurisdiction, Rock Island, 
had a high seasonal contribution (42 percent), but its stable seasonality F value was only 7.S. 
On the other hand, burglary in Peoria and Skokie had both relatively high seasonal contributions 
(38 and 34 percent, respectively) and relatively high F values (13.2 and 13.1, respectively), 
suggesting that some seasonal fluctuation was present.33 

Table E. Index Burglary Seasonality Analysis: 1972-1983 

Additive Assumption Multiplicative Assumption 

Stable ~ ~gDt e1buti2D Stable ~ ~QDt e1b!.lt120 
Jyr1sdicUQD E value SeasoD. Ieres, E value SeasQO. lreeS 

Arlington Heights 8.8 28% 71% 8.5 24% 76% 
Aurora 3.7- 23" 73'" 4.0" 21'" 76-
Cicero 1.0 16 83 1.3 2 98 
Decatur 3.4 22 77 3.0 21 77 
Des Plaines '6.1 29 70 6.2 29 70 
Elgin 2.6 30 67 3.0 30 66 
Evanston 6.2- 32- 66a 5.7 27 69 
Joliet 7.7 22 75 8.4 27 69 
Peoria 13.2 '38 60 12.9 39 60 
Quincy 2.5 24 72 2.3 24 72 
Rockford 21.6 46 51 19.0 47 51 
Rock Island 7.4- 33" 63" 7.6 42 55 
Skokie 13.1 34 64 13.1 32 66 
Springfield 1.5 20 80 1.2 19 77 

"Moving seasonal F value greater than or equal to 2.41. This indicates that the results of this adjustment are not trustworthy 

and should be ignored . 

32The significant moving seasonality F values for Evanston and Rock Island Index burglar:!, additive adjustment, 

indicate that the ad:titive results are not trustworthy and that the multiplicative results should be used. Aurora had significant 

moving seasonality F values under bom the additive and the multiplicative assumption. This indicates a problem with the data. 

33Secause the additive F value was higher (13.2), the additive assumption was used here for Peoria. With the 

additive assumption, the seasonal contribution is 38 percent. 
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Index larceny/Theft 

Index larceny/theft (see Table F) showed the most seasonal fluctuation of the fOLJr Index 
crimes analyzed In the descriptive seasonal analysis.34 The only larceny/theft series that 
showed no sign 01 seasonal fluctuation was Cicero 35 Although none of the 14 jurisdictions 
was significantly seasonal according to the Plewes criteria, nine had a seasonal contribution 
higher than 40 percent--Arlington Heights, Decatur, Des Plaines, Elgin, Evanston, Joliet, Peoria, 
Rockford, and Springfield. 36 The highest seasonal contribution was in Rockford, which had 67 
percent. All 01 the larceny/theft series except Cicero had a stable F higher than 10.0, and eight 
of the 14 had values higher than 20.0.37 

Table F. Index Larceny/Theft Seasonality Analysis: 1972-1983 

Additive Assumption Mult1p11cat1ve Assumpt10n 

Stable ~ C20tt1tBalU.2.n Stable ~ C!2ott1bUU120 
JydsdlctiQn F yalYli Season, lues. E ya,! us Season ltres 

Arlington Heights 24.2 50% 50% 24.S 42% 57% 
Aurora 49.2" 60· 3S- 42.7" 60· 3S" 
Cicero 3.7 19 78 2.6 9 gO 
Decatu r 43.S 52 46 46.3 52 47 
Des Plaines 43.3 44 56 23.6 43 57 
Elgin 19.4 53 46 20.1 53 46 
Evanston 20.6 52 48 20.7 60 40 
Joliet 16. 1 52 45 17.3 55 43 
Peoria 21.5 43 57 25.3 35 64 
Quincy 10.5 35 63 11.4 36 61 
Rockford 56.0 67 32 51.5 64 35 
Rock Island 11. I 27 71 11.7 34 64 
Skokie 14.9 37 62 14.1 35 65 
Springfield 34.2 SO 46 29.2'" 46- 50· 

• 

• 
• 
• 

:aMoving seasonal F value greater than or equal to 2.41. This indicates that the results of this adjustment are not trustworthy • 
and should be ignored. 

34This is consistent with the findings of Block (1 g84a:25-28). 

35ARIMA analysis indicates that Cicero Index larceny/theft was not seasonal before 1 978, but may have become 

seasonal in the later years (see Figure 11). 

36Aurora had significant F values for moving seasonality under both the additive and the multiplicative 
assumption. This indicates that the Aurora X -11 results cannot be trusted. Therefore, Aurora is not included in this list. Burglary 

in Aurora had the same problem; thus seasonal fluctuation of burglary and larceny/theft pussibly changed over time in Aurora. 

37Secause both of Aurora's adjustments had a signifiCant F of moving seasonality, neither can be used here. 
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Summary 

Not one of these offense series contains enough seasonal fluctuation so that it meets the 
Plewes criteria for seasonality. However, a number of them had high seasonal contributions 
and stable F values, so that the presence of some seasonal fluctuation was a reasonable con
clusion. This was especially true for Index larceny/theft, in which nine of the 14 jurisdictions 
had some indica tion of seasonality. 

There is considerable variation in seasonal fluctuation from jurisdiction to jurisdiction for the 
same type of crime. The F of stable seasonality for Index larceny/theft, for example, varies 
from 3.7 in Cicero to 56.0 in Rockford (see Table F). The other Index crimes also vary widely 
in their F values. The stable F value tor Index robbery (see Table C) varies from 1.4 (Cicero) 
to 22.8 (Illinois non-Chicago firearm); for Index aggravated assault (see Table D), it varies from 
1.3 (Quincy) to 54.8 (Illinois non-Chicago other weapon); for Index burglary (see Table E), it 
varies from 1.3 (Cicero) to 21.6 (Rockford). In general. crime in some jurisdictions tends to 
fluctuate with the seasons, regardless of the type of crime, while crime in other jurisdictions 
does not. 

This variation among jurisdictions in the amount of seasonal fluctuation in officially recorded 
criminal offenses may be evidence of variation from jurisdiction to jurisdiction in crime 
measurement. Block (1984a) argues that crime does not necessarily occur In seasonal pat
terns, but becomes officially known to the police in seasonal patterns. In other words, vic
tim reporting practices and police recording practices--In some jurisdictions but not all--have 
the unintended effect of being more Inclusive In some months (usually the summer) than in 
others. Thus, seasonality of crime within a jurisdiction may have more to do with the police 
department's data administration practices than with actual crime patterns. 

The descriptive seasonal analysis discussed in this section is based on a different definition 
of seasonality than the ARIMA modeling method. The Plewes criteria are relatively conserva
tive; they look for strong, consistent seasonal fluctuations. ARIMA models may sometimes in
clude very small seasonal relationships, If by Including them, the predictive accuracy is im
proved. Thus, even though none of these crimes was seasonal according to descriptive 
seasonal analysis, it is possible that the best ARIMA model may contain a seasonal term. 

Discussion 

This descriptive analysis of patterns of change over time was the basis of the unexpected 
assessment of time series data quality, which became a methodological goal of the Predic
tability Project. The simple description of each time series uncovered that some could not be 
analyzed (for example, Berwyn) and others could be analyzed only by some correction of the 
data (see footnotes to tables H, J, Land N). 

Another indicator of data quality Is that so many of these offense series contain significant 
moving seasonality. In previous analysis of numerous crime data series (Block, 1984a), the 
Authority found that moving seasonality was very unusual, and that, if moving seasonality did 
occur, it almost never occurred under both the additive and the multiplicative assumption, as 
happened with Aurora "Index burglary and larceny/theft and Elgin Index aggra,-:ated assault. 
Moving seasonality may Indicate some discontinuity or sudden change in data definition that 
violates the basiC assumptions of descriptive seasonal analysis, and also of ARIMA modeling. 

In addition to the discovery of missing or obviously Incorrect observations, the initial 
descriptive analysis also pOinted out characteristics of each time series that would affect later 
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ARIMA modeling. Discontinuities in the data were found. such as an increase or decrease after 
1973. or the obvious changes In Rock Island Index aggravated assault after 1981. Decatur • 
Index burglary after 1981. Evanston Index burglary after 1978. Rock Island Index burglary after 
1978. or Cicero Index larceny/theft after 1977. 
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Is Crime Predictable? 

Predictability by Type of Crime 

In this section, the question, "Is crime predictable?" Is answered. For each Index crime, we 
first discuss whether the crime was predictable by the yearly and the monthly criteria for ac
curacy in 1982 and 1983.38 Second, we discuss the most common types of ARIMA model for 
eJach Index crime. 

These analyses were done for four Index crimes and 14 jurisdictions, except in instances 
where there were too few offenses in the average month (five or fewer) for ARIMA analysis to 
be possible (see Table B). In addition, as part of the Chicago Intervention Analysis, 
predictability analyses were done for four types of robbery and four types of aggravated 
assault in Chicago and in total Illinois (non-Chicago). The total illinois (non-Chlcago) results 
are presented here, but not the Chicago results because 1983 was not expected to be 
predictable in Chicago. Predictability of Chicago Index robbery and Index aggravated assault 
will be discussed in the section, "Chicago Intervention Analysis" (page 115). 

Index Robbery 

The' list below summarizes the results of the analysis of predictability of Index robbery in 
each of the 10 jurisdictions that had enough offenses per month for analysis ~"i of the four 
weapon types of Index robbery In total illinois (non-Chicago).39 The list beh~ - ,ncludes, for 
each Index robbery series, the best-fitting type of ARIMA model (p,d,q)(Sp,Sd,Sq). 

Models Meeting Yearly but not Monthly Criteria 

(p,d,Q)(Sp,Sd,SQ) 

Aurora (2,1,0)(1,0,0) 
Cicero (1,0,0)(0,0,0) 
Elgin (1975-1983) (1,0,0)(1,0,0) 
Evanston (0,1,1)(0,0,0) 
Rockford (2,0,0)(0,1,1) 
Springfield (1,0,0)(1,0,0) 

38predictability for 1981 was also calculated. The results do not appear in the tables in this section, but are 

discussed in the narrative when applicable. 
39The Chica90 findings are not included here, but are discussed later in this report. 
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Serendipitous Intervention 

Deciltur (1982) 
Joliet (1982 & 1983) 
Peoria (1983) 
Rock Island (1982) 

co, t ,2){O,0.0) 
(0.0,2)(0,0,1) 
(l,O,O){O,I,1) 
(0,1,1)(0,0,0) 

Resylts for Total Illinois (non-Chicago) 

Syccessful predictions 

Knife 
Other Weapon 
Strongarm 

SerendipitS1(~S Interyention. 

Firearm (1983) 

(2,1,0)(1,0,0) 
(1,0,0)(0,0,0) 
(0,1,2)(0,1.1) 

(0,1,1)(0,1,1) 

The robbery series in this list are categorized according to their degree of predictability for 
the total year and the average month of 1982 and 1983 with the year-ahead method as given 
in Table G. The criteria for a successful predictive model Is very generous --accuracy within 
20 percent for the total year and 30 percent for the average month, for both years. In cases 
where serendipitous intervention was discovered In 1982 or 1983, ARIMA modeling and prediC
tion was done for 1981.40 For Joliet, ARIMA modeling and prediction were done for 1980 and 
1981. If a model did not successfully predict at least two years. it would have been 
ca tegorized as a poor predictive model here. 

Predictability 

None of the Index robbery local-level time series was predictable by both the yearly and 
monthly criteria in both 1982 and 1983. Robbery was predictable for the total years 1982 and 
1983. though not on a monthly basis, In six of the 10 jurisdictions (Aurora. Cicero, Elgin, 
Evanston. Rockford. and Springfield), In contrast. all four weapon types of total IllinoiS (non
Chicago) Index robbery were highly predictable (see Table G).41 

The ability to predict the year but not the months may be related to the number of observa
tions In each month. In the six local-level Index robbery time series in which both years were 
predictable but the average month was not. the number 01 Index robberies known to the police 
per month (see Table B) ranges from seven in Elgin to 23 In Springfield, Such a low number 01 
crimes means that a 30 percent error In any given month would be relatively likely. For ex
ample. Aurora averaged 15 Index robberies per month, so that an error of five either way 
would exceed the 30 percent criterion. In comparison, all the total illinois (non-Chicago) Index 
robbery time series contained higher numbers in the average month, and it was possible to 

400ecatur met yearly but not monthly criteria in 1981 and 1983, but also had a possible intervention in 1982. 

41 Firearm robbery in Illinois (non -Chicago) was highly predictable in 1981 and 1982, although the drop in 1983 

was not accurately predicted (see "Chicago Intervention Analysis," page 115), 
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predict the months more precisely. 42 

Support for the argument that predictive accuracy is related to the number of observations is 
found in a detailed look at the predictability of Index robbery in each jurisdiction in which the 
year was accurately predicted, but not the average month In the largest of these six 
jurisdictions--Springfield with 23 and Rockford with 28 Index robberie~ per month on the 
average (see Table B)-- the ARIMA model predicted the average month a.cGurately in three of 
the four possible comparisons. 43 In both Jurisdictions, the error of the 1982 prediction for the 
average month (year-ahead method) was only slightly over the criterion (31 percent in 
Rockford and 32 percent in Springfield) In contrast, Elgin, which averaged only seven Index 
robberies per month, did not reach the monthly predictability criterion in either year or by either 
method. Aurora, Cicero, and Evanston, with an intermediate number of Index robberies in the 
average month (15, 12, and 16, respectively), each met the monthly predictability criterion in 
two of the four possible comparisons. This may indicate that Index robbery is predictable both 
yearly and monthly in those jurisdictions where the number of occurrences in the average 
month exceeds 20 or 30, but predictable only yearly in those jurisdictions where the number 
per month is fewer. 

Because the total of all illinois (non-Chicago) robberies Is much higher per month than any in
dividual jurisdiction (see note 42), it might be expected that predictions would be more ac
curate. In fact, 1982 predictions were very accurate. For every weapon type, 1982 robberies 
were predicted within 10 percent with the year-ahead method. In 1983, however, only the 
prediction for strongarm robbery was within 10 percent. Actual firearm robbery offenses were 
23 percent higher than the prediction, and actual knife and other-weapon robbery offenses 
were respectively 10 percent and 17 percent lower than the predictions. For both 1982 and 
1983, all monthly predictions were within 30 percent. The worst monthly predictions, for 
other-weapon robbery, may reflect the relatively low numbers for that weapon type (34 per 
month). 

In the other four jurisdictions (Decatur, Joliet, Peoria. and RocK Island), and In total Illinois (non
Chicago) Index firearm robbery, robbery was predictable in 1981, 1982, or 1983, but not in all 
years. In each Jurisdiction, predictability results suggest that the level of Index robbery was 
unusually low in the year or years that could not be predicted successfully. At the same time, 
however, the total number of Index firearm robberies in Illinois (non-Chicago) increased in 
1983. Thus, the drop in total Index robbery in Decatur, Joliet, Peoria, and Rock Island seems to 
have been contrary to an Increase in one kind of robbery for the total state. 

42The mean number per month over the period 1975 to 1983 was 261 for firearm robbery, 62 for knife robbery, 

34 for other -weapon robbery, and 295 for strongarm robbery. 
43The four pOSSible comparisons in Table G are year-ahead 1982 and 1983 and intervention 1982 and 1983. 
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• 
Table G. Percent Error of Predictions: Robbery • 

Year-Ahead Method Intervention Method .--
1982 1983 1982 1983 1982 1983 1982 1983 

Total Total Avg. Avg. Total Total Avg. Avg. .-
Ju risdiction Y.w: Y.u..t t1Mlh MQ.n.t..b. Y.u..t Y.u..t MMlh t1Mlh 

Arlington Heightsa 
Aurora 6%" 10%" 23%" 54% 2%" 6%" 28%- 57% .-
Cicero 14" 6" 40 IS" 12" 6* 41 14' 
Decaturb 37 lS* 65 54 0" 13" 30" 37 
Des Plainesa .-
Elgin 14" 6" 47 34 11 " 4" 46 37 
Evanston 5" 12" 47 27- 7- 2" 41 29" 
JolietC 99 74 111 86 2" 6* 31 36 
Peoriad J* 56 26" 69 1* 35 27" 49 • 
Quincya 
Rock IslandEl 71 10" 111 23" 30 S" 72 22'" 
Rockford 11" 16" 3J 21" . 8" 6* 30" 16- • Skokie3 

Springfield 7" 5" 32 22" 4" 2" 27" 21" 

~bi!oiSQ • 
Firearm 17* 8- 26a 11* II'" 4* 24* 1-
Kni tef 9- 20- 29" 26" 1" 19'" '28" 26" 
Other Weapon 2" 38 20· 36 3· 28 18~ _ 28" • Strongarm 11- 42 18- 39 7" 27 20· 26" 

~QD-~bi!oi9Q .-
Firearm9 9" 23 13· 24- O· O· 11- 14" 
Knife 1- 10· 14· 14" 2* 2· lS- I" 
Other Weapon 4- 17- 29" 27" 3" 10· 22" 23-
Strongarm 7" I- 11- 12" 2" 3* 6- 12- • 

"Meets pr~djctability criteria: 20 percent for total year predictions, 30 percent for average month predictions. • aNot analyzed because average number of crimes per month was less than five (see Table 8), 

bpredictions for 1981 in Decatur, using the same ARIMA model (0,1,2)(0,0,0), were much better than in 1982--within 8 per-

cent for the year and 31 percent for the average month (year-ahead method). This suggests that 1982 was unusually low. .-cPredictions for 1981 In Joliet, using the same ARIMA model (0,0,2)(0,0,1), were much beUer--within 7 percent for the year-

ahead method and 12 percent for the intervention method. Year -ahead predictions for 1980 were within 14 percent for tne year 

and 27 percent 1(,r the average month. The bad predictions in 1982 and 1983 sU9gest interventions in both years. 
din Peoria, the same ARIMA model (1,0,0)(0,1,1) predicted 1981 within 10 percent and the average 1981 month within 18 • percent (year-ahead method). 

ePredfctions for 1981 in Rock Island, using the same ARIMA model (0.1,1)(0,0,0), were much better than predictions in 

1982--within 10 percent with the year -ahead method and within 4 percent with the intervention method. This suggests that • 1 982 was I1n exceptionally low year for Index robbery in Rock Island. 
tSased on an ARIMA model (0,0,0)( 1,0,0) (see Table H). 

9Predictions lor 1981 were 1.5 percent too high for the year and 10 percent wrong for the average month (year -ahead). 

• 
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Decatur 

Although the best pattern description for Decatur robbery (see Figure 13) shows that the 
typical number of offenses increased steadily from 1974 through 1983, the ARIMA analysis in
dica tes that the number declined from October 1981 to July 1982. All of the monthly predic
tions for this period were too high, and the total 1982 prediction (year-ahead method) was 37 
percent higher than the actual number. In contrast to the low number of robberies in these 10 
months. the number in the two following months, August and September 1982, was extremely 
high. However, even though the level of robbery appeared to fall in these 10 months, the best 
ARIMA model did not change. The same ARIMA model (0,1,2)(0,0,0) produced an almost perfect 
prediction of 1982, measured by the intervention method (see Table G). The 1983 prediction 
was within the 20 percent criterion, but was not particularly accurate (within 18 percent with 
the year-ahead method and 13 percent with the intervention method). This was partly due to 
another extreme month. In December, there were only five offenses, compared to the predic
tion of 18.2. Overall, the general impression of Decatur robbery in this analysis is that it con
tains a number of extremely high or low months, and is not very predictable. 

Rock /sianii 

The pattern of Rock Island Index robbery (see Figure 14) was also very erratic, especially 
in the years 1972 through 1981. An ARIMA model (0,1,1)( 0,0,0) was a good statistical fit for 
this period, but the predictions this model generated were usually poor. As can be seen in the 
graph, high or low extreme months were frequent from 1972 to 1981. For example, the predic
tion for the year 1980 was 41 percent too high. and the prediction for the average 1980 month 
was in error by 72 percent (year-ahead method). One of the monthly predictions In 1980 was 
357 percent wrong. In 1981, the prediction of the total year was much more accurate, within 
10 percent. but the average error for 1981 months was 49 percent. Although the extreme 
number 01 offenses in August 1981 accounted for part of this inaccuracy, the predictions for 
other 1981 months .were also in error, by as· much as 181 percent. These large predictive er
rors In 1980 and 1981 do not seem to be the result of an intervention (a change in level or 
ARIMA model), but simply the result of erratic change from month to month that was not ex
plained by the best model. In other words, Rock Island robbery seems to have been unpredict
able during this period. 

In contrast, the month-to-month pattern of Rock Island robbery seems to have become less 
erratic and more predictable in 1982 and 1983. There was a drop in 1982. which can be seen 
in Figure 14, and which was not predicted by the ARIMA model. However, in 1983 there was no 
extreme month. and the degree of predictability was very high. higher than in any other year 
analyzed. Thus, the years up to 1981 were erratic and therefore unpredictable, the year 1982 
was unusually low and was therefore not accurately predicted, but 1983 was accurately 
predicted. If such an orderly month-to-month fluctuation continues. Index robbery will be pre
dictable In Rock Island in the future. 
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Figure 13. Patterns of Change Over Time In Decatur Index Robbery, 1912-1983 
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Source: Illinois Criminal ,Justice Information :.uthority Version of I-UCR Data 

Figure 14. Patterns of Change Over Time In Rock Island Index Robbery, 1912-1983 
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Peoria 

The drop In 1983 In Peoria Index robbery was found In the pattern description graph (see 
Figure 15), as well as In the ARIMA analysis The ARIMA model fnr Peoria Index robbery predic
ted the year 1981 within 10 percent, the average 1981 month within 18 percent, the year 1982 
within 1 percent, and the average 1982 month within 26 percent (year-ahead method). Thus, it 
we were to consider only the years 1981 and 1982, Peoria would be the only individual juris
diction in which Index robbery met both the yearly and the monthly predictability criteria, One 
reason for this may be that, of all the jurisdictions other than Chicago, Peoria had the most In
dex robbery offenses in the average month (30) (see Table B). 

On the other hand, the 1983 prediction for Peoria Index robbery with the same ARIMA model 
(1,0,0)(0,1,1) was 56 percent too high, and the predi!;tion for the average 1983 month was 69 
percent wrong. Since the predictions calculated with the intervention method were also inac
curate for 1983 (see Table G), and since the ARIMA model Is statistically good by the tests in 
Appendix 1 for the 1972-1980, 1972-1981, and 1972-1982 time periods, but not as good for 
the 1972-1983 time period, it is possible that the best model for Index robbery may have 
changed in 1983.44 In any case, the level of robbery seems to have dropped in 1983 In Peoria. 

Tota/Illinois (non-Chicago) Firearm Robbery 

The number of Index firearm robbery offenses per month in total illinois (non-Chlc8g0) 
dropped steadily from a peak in 1979 to 1983 (see Figure 16). However, ARIMA analysis Indi
cates that this steep decline may have stopped in mld-1983. Monthly predictions for July to 
December 1983 are all too low, by as much as 47 percent. In total, the number of firearm rob
bery offenses In 1983 was 2,406, but the predicted number was only 1,842, which Is 23 per
cent too low. In contrast, the same model predicted the year 1981 within 2 percent and 1982 
within 9 percent (year-ahead method). Also, the Intervention method prediction for 1983 was 
very accurate, w~th an error of only 0.07· percent. Therefore, the ARIMA model appears to 
have remained the same, but the number of firearm robberies appears to have stopped declin
Ing, and leveled off, In the second half of 1983. 

Joliet 

In Joliet Index robbery (see Figure 17), the ARIMA analysis discovered drops In 1982 and In 
1983. Predictions for both 1982 and 1983 were much higher than the actual numbers, 99 per
cent in 1982 and 74 percent In 1983 (year-ahead method), The predictions of the average 
month were even worse (errors of 111 percent In 1982 and 86 percent In 1983). However, 
predictions of 1981, using the same ARIMA model, were very good. within 7 percent (year
ahead method) and 12 percent (Intervention method). Also, the 1980 prediction with the same 
model was accurate within 14 percent. The high degree of accuracy of the 1982 and 1983 
yearly predlctlona with the InterventIon method (2 percent high and 6 percent high, respective
ly) suggests that'the change In both years was a decrease In level, not a change In the best
fitting ARIMA model. Thls'decrease In 1982 and 1983 can be seen In the pattern description 
graph of Joliet Index robbery, which shows a peak at the beginning 01 1981 followed by a rapid 
decline. 

44There is conflicting evider,ce about a change in the ARIMA model for Peoria Index robbery. An ARIMA 

(2,0,0)(0,1,1) model is a better fit statistically for the period 1972-1983 than the ARIMA model (1,0,0)(0,1,1) in Table H. 

However, the (2,0,0)(0,1,1) model does not generate 1983 predictions (either method) that are any more accurate than 

(1,0,0)(0,1,1). 
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Figure 15. Patterns of Change Over Time In Peoria Index Robbery, 1972-1983 
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Figure 1'8. Patterns of Change Over Time In illinois (non-Chicago) Index Firearm Robbery, 
1975-1983 
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Figure 17. ~atterns of Change Over Time In Joliet Index Robbery, 197,",-1983 
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Thus. In four Illinois jurisdictions, the ARIMA predictions offer some evidence that a 
precipitous drop In the number of Index robberies known to the pollee occurred In 1982 or 
1983. In other words. an intervention of some kind may have occurred In Index robbery in 
these four jurlsdlctlons.45 This is not. of course, experimental evidence of a time series inter
vention, becau~e no Intervention had been hypothesized In advance. The lack of predictive ac
curacy In one or two years does not. tell us, In itself, whether there was an actual change In 
level or ARIMA model In that year. or whether robbery in that jurisdiction Is simply unpredict
able. The preponderance 01 evidence from both ARIMA analysis and pattern description sug
gests that "robbery In Decatur was unpredictable. On the other hand. Rock Island robbery ap
pears to have dropped In 1982. Peoria robbery to have dropped In 1983. and Joliet robbery to 
have dropped In 1982 and remained low In 1983. In contrast. the steady drop In total Illinois 
(non-Chlcago) firearm robbery may have reversed at the end of 1983. 

45As discussed earlier, Elgin (see Figure 10) may also have experienced a change or intervention, but in 1974. 
For this reason, the Elgin ARIMA model (see Table H) is based on d2ta from 1975 to 1983. 
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Best ARIMA Models for Predicting Index Robbery 

Is there a particular class 01 ARIMA model that seems to provide a better fit for Index rob
bery than others? Table H lists the ARIMA model type for each Index robbery series, and in
cludes the parameters (estimated weights) for each term. For example, the Aurora model 
(2,1,0)( 1 ,0,0) contains a seasonal autoregressive term, which means that each observation is 
related to the observation 12 months ago. The best estimate of the strength of this relation
ship (see under "Seasonal Autoregressive Estimate" in Table H) is .15, the low estimate is -.03, 
and the high estimate is .32. This means that the strength of the AR( 12) effect is very small 
and may even be zero.46 Thus, the Aurora model may be compared to other models containing 
an AR( 12) term, such as Elgin, Springfield, and many of the Chicago and Illinois (non-Chicago) 
robbery series. 

What similarities are there among these Index robbery ARIMA models? Very few of the 
models are exactly the same, if we consider both the serial part of the model (p,d,q) and the 
seasonal part (Sp,Sd,Sq) simultaneously. However, there are some similarities if we consider 
the two parts separately. 

Serial Relationships 

The most common model for serial relationships (p,d,q) In the 10 illinois (non-Chicago) juris
dictions was ARIMA (1 ,0,0)(Sp,Sd,Sq), which described Cicero, Elgin, Peoria, and Springfleld.47 

• 

• 
• 
• 

ARIMA (1,O,O)(Sp,Sd,Sq) Is a very simple serial model that says that each observation is related .-
to the preceeding observation. In Cicero and Elgin, this relationship was small (.15 and .25, 
respectively), and each of the low estimates reach or approach zero. In contrast, the es
timated weight of the AR( 1) relationship in Peoria and Springfield was moderate (.43 In Peoria 
and .40 in Springfield). In addition, the model for Index robbery in Rockford, ARIMA .--
(2,Q,Q)(Sp,Sd,Sq), was similar, except that there were two autoregressive terms instead of only 
one. Both AR(1) and AR(2) weights were moderately high, indicating that Peoria, Springfield, 
and Rockford had similar serial terms in Index robbery ARIMA models. .-

. '. 
The models of Evanston and Rock Island, ARIMA (0,1,1)(0,0,0), were similar to each other In 

both serial and seasonal terms. Both models thus required first differencing and a moving 
average term. The weights of the moving average terms (,75 and .81) were close to each 
other, and in fact, the estimates plus and minus two standard errors overlap each other. This 
means that, from the standpoint of an ARIMA model, the patterns over time in Index robbery in 
Rock Island and Evanston were essentially the same. In addition, the Peoria and Rockford 
ARIMA models were very similar to each other. If the Peoria model were actually ARIMA 
(2,0,0)( 0, 1,1) as analysis suggested may be the case (see note 44), models for the two jurIs
dictions would be the same. 

The four total illinois (non-Chlcago) Index robbery series had models that were not unique, 
but similar to the best models In Individual jurisdictions. The serial model for other -weapon 
robbery was the same ARIMA model (1 ,0,O)(Sp,Sd,Sq) as in Cicero, Elgin, Peoria, and 
Springfield, and the serial model for firearm robbery was the same ARIMA model 
(0,1,1 )(Sp,Sd,Sq) as In Rock Island and Evanston. The ARIMA model (2.1,0)( 1,0,0) for total il
linois (non-Chlcago) knife robbery was the same as t~e model for Aurora robbery, and the 
serial model (O,1.2)(Sp,Sd,Sq) for total illinois (non-Chicago) strongarm robbery was the same 
as the model for Decatur. 

46Although one criterion tor model adequacy (see Appendix 1) was that the parameter estimate not cross zero 

plus or minus two standard errors, in this case, an ARIMA (2,1,0)( 1,0,0) model with a very small AR( 12) weight was better by 

other criteria than alternative models. 
47The phrase ARIMA (l,O,O)(Sp,Sd,Sq) means that the (p,d,q) serial part of the ARIMA model is (1,0,0), but that 

the (Sp,Sd,Sq) seasonal part of the model could be anything. 
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It is interesting that the serial term for Chicago strongarm robbery before the hypott1esized 
intervention in 1983 was similar to one of the two most common robbery models, 
(1,O,O)(Sp,Sd,Sq), and that the serial term after the intervention was similar to the other mos.t 
common model (O,1,1)(Sp,Sd,Sq). The ARIMA models for the other Chicago robbery series, 
however, were more similar to each other than to models for the other Illinois jurisdictions. 

Seasonal Relationships 

These Index robbery time series show relatively little seasonal fluctuation in their ARIMA 
models. Five series--Cicero, Decatur, Evanston, Rock Island, and total Illinois (non-Chicago) 
robbery with another weapon--had no seasonal term (Sp,Sd,Sq) at all; in other words, the 
seasonal part of the model was ARIMA (p,d,q)(O,O,O). This agrees with the findings of the 
descriptive seasonal analysis (see Table C), where the F of Stable Seasonality was less than 
3.0 in all cases. 

Each of the best ARIMA models for four other jurisdlctions--Aurora, Elgin, Joliet and 
Springfield--had an AR( 12) or MA( 12) seasonal term, but the estimated weights of these terms 
were smal1. 48 An ARIMA (p,d,q)( 1,0,0) model was also the best fit for total Illinois (non
Chicago) knife robbery, but in this case the estimated weight of the seasonal AR (12) term was 
higher (,41). 

In contrast, Peoria, Rockford, Chicago firearm robbery, total illinois (non-Chicago) firearm 
robbery, and total Illinois (non-Chicago) strongarm robbery contained more seasonal fluctua
tion. Their models, ARIMA (p,d,q)( 0,1,1), required seasonal differencing and an MA( 12) term. 
Peoria and Rockford are the most populous non-Chlcago jurisdictions in the study, and total il
linois (non-Chicago) firearm robbery and strongarm robbery had many more crimes per month 
than the other two robbery types (see note 42). It is possible, therefore, that a seasonal 
ARIMA term of (p,d,q)(O,1,n will appear only if the number of observations is large. On the 
other hand, even though each of the four Chicago Index robbery time series had many observa
tions per month (see Table B), only one--flrearm robbery--was mode''''''d by ARIMA 
(p,d,q)(O,1,1) for the seasonal term. Thus, a high number of observations may "., a necessary 
but not a sufficient condition for the (p,d ,q)( 0,1,1) model. 

The other three Chicago Index robbery time series, both before and after the hypothesized 
intervention in 1983, had the same seasonal term (p,d,q)( 1 ,0,0) in the best ARIMA model, al
though the weight of this AR( 12) term was usually very small. In addition, the best model for 
total Illinois (non-Chicago) knife robbery was also (p,d,q)( 1 ,0,0). The fact that every ARIMA 
model for Chicago Index robbery, whatever the weapon type or time period, contained a 
seasonal term indicates that Chicago robbery fluctuated with the seasons, at least slightly. 

Thus, the most common seasonal term in Illinois (non-Chicago) jurisdictions was no 
seasonal term, although a few jurisdictions had AR( 12) or MA( 12) models with very small es
timated weights tor the seasonal terms, and Peoria and Rockford had strong seasonal models. 
Also, the total illinois (non-Chlcago) type of robbery that had the fewest offenses in the 
average month--other-weapon robbery with 34 offenses per month--had no seasonal term in 
its best ARIMA model. In contrast, the best seasonal term in the two most populous jurisdic
tions and In the total Illinois (non-Chicago) robbery types with the most cases in the average 
month was either ARIMA (p,d,q)( 0,1,1) or ARIMA (p,d,q)( 1 ,0.0) with a large estimated AR(' 2) 
weight. In Chicago, the seasonal term was either ARIMA (p,d,q)( 0, 1,1) or ARIMA (p,d,q)( 1 ,0,0). 

48The estimated weights are AR( 1) = .15 for Aurora, AR( 1) = .20 for Elgin. MA( 1) = -.22 for Joliet, and AR( 1) = 
.20 for Springfield (see Table H). 
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Table H. index Robbery ARIMA Models. 1972-1983 ~, 

Seasonal Seasonal 
Autoregressive Moving Average Autoregressive Moving Average 

Estimate Estimate Estimate Estlmate 
Model 

Jurisdiction lo.d o)(So Sd.Sal Mtln Low Best High Low Best High Low Best High Low Best High 

Aurora (2,1,0)(1,0,0) -.78 -.62 -.45 -.03 .15 .32 
-.45 -.28 -.12 

Cicero n,O,O)(O,O,O) 11.9 -.02 . 15 .32 

Decatur (0,1,2)(0,0,0) .57 .73 .89 
.03 .20 .37 

Elgin (1,0,0)(1,0,0) 6.8 .06 .25 .44 .18 .20 .21 
1975-1983 

Evanston (0,1,1)(0,0,0) .64 .75 .86 

Joliet (0,0,2)(0,0,1) 21.5 -.51 -.35 -.18 -.39 - 22 -.05 
-.43 -.27 -.10 

Peoriaa (1,0,0)(0,1.1) .27 .43 .59 .84 89 .94 

Rockford {2,O,O)(O,l,n .14 .31 .48 .83 .88 .93 
.22 .39 .56 

Rock Island (0,1,1)(0,0,0) .71 81 .91 

Springf ield (1 ,0, 0 )( 1 ,0 , 0 ) 22.7 .24 .40 .56 .05 .20 .35 

Chicago (0,0,3)(0,1,1) zero .80 .87 .94 
FirearnP zero 

-.61 -.40 -.19 

Non-Chicago (0,1,1)(0,1,1) .47 .62 .78 .79 .87 .95 
Firearnf 

~ ~ ~ ~ • • • • • • , • I, • I • ~ • • • • , 
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Seasonal Seasonal 
Autoregressive Moving Average Autoregressive Moving Average 

Estimate Estimate Estimate Estimate 
Model 

Jurisdiction (D d.a)(SD Sd.Sa) f:1un. low Best High low Best High low Best High low Best High 

Chicago Knife 
1975-1S82 (0,0,0)(1,0,0) 145.0 -.01 . 11 .24 
1975-1983 (3,0,0)(1,0,0) 149.2 -.09 .10 .30 .14 .15 .15 

-.03 .17 .31 
.03 .24 .44 

Non-Chicago (2,1,0)(1,0,0) -.19 -.61 -.42 .23 .41 .59 
Knifec -.56 -.38 -.19 

Chicago (0,0,3)(1,0,0) 186.0 -.51 -.33 -.15 -.05 .14 .33 
Other-Weaponc - .51 -.33 -.15 

- .60 -.42 -.24 

Non-Chicago (1,0,0)(0,0,0) 34.3 .24 .42 .60 
Other-Weaponc 

Chicago 
Strongarm 
1915-1982 (1,0,0)(1,0,0) 539.1 . 1 ~ .33 .53 .02 . 11 .32 
1975-1983 (0,1,1 )(1,0,0) .41 .58 .74 .14 .34 .55 

Non-Chicago (0,1,2)(0,1,1) .31 .51 .71 .82 .89 .96 
Strongarnf .02 .22 .41 

30ata tor August 1979 are missing. and the figure for September 1979 was about twice as high as other Septembers. This is true for every Index crime. For this analysis. one 

half 01 the September figure was used for August and September. 

bModel based on 1976-1983 data. MA( 1) and MA(2) estimates crossed zero within two standard errors, and were set to zero in the final model. 

cModel based on 1975-1983 data. 



---- -----------------

Summary: Index Robbery 

The degree of accuracy of yearly predictions for Index robbery in the 10 jurisdictions 
analyzed was fairly good. In seven of them, predictions for at least one year were accurate 
within 10 percent (year- ahead method). Analysis in four of the 10 suggested that an Interven
tion may have occurred in 1982, 1983, or in both years. Even these four jurisdictions, 
however, had accurate predictions in other years. For example, the Peoria model predicted 
1981 within 10 percent and 1982 within 1 percent. Although Index robbery was not predictable 
in all years in those jurisdictions, the analysis did reveal some Interesting information--that 
robbery in certain years was much lower than its normal level. In contrast, total Illinois (non
Chicago) Index firearm robbery was slightly higher in 1983 than its normal level. 

In total Illinois (non-Chicago), the year-ahead predictions tor strongarm robbery were within 
10 percent in 1982 and 1983, and the predictions for firearm robbery were within 10 percent in 
1981 and 1982. Predictions for knife robbery and other-weapon robbery were not, in general, 
as accurate, though they were within the 20 percent yearly and 30 percent monthly criteria. 
This may reflect the relatively low number of offenses per month in these two weapon types. 

Predictive accuracy for the next year seems to be possible In Index robbery, but varies 
widely from jurisdiction to jurisdiction, and may also vary by weapon type. The most accurate 
1982 and 1983 predictions were in Aurora and Springfield. In addition, Peoria predictions were 
very accurate in 1981 and 1982, but the drop in 1983 was not accurately predicted, and Rock 
Island predictions were within 10 percent in 1981 and 1 983, but the drop In 1982 was not ac
curate�y predicted. No other jurisdiction had Index robbery predictions that came within at 
least 10 percent for at least two years. Thus, in general, Index robbery is predictable In the to
tal year. However, in jurisdictions having fewer than 20 or 30 robberies per month, Index rob
bery is not predictable in the average month. The one jurisdiction in which Index robbery 
predictions were accurate both yearly and monthly for two years (1981 and 1982) was Peoria, 
which had 30 offen$es per month. 

While there Is no single class of ARIMA model that fits every Index rob~ .... ; time series, 
some model classes seem to appear more often than others. The ser,,;!llerm, ARIMA 
(1,Q,0)(Sp,Sd,Sq), was the most common, and ARIMA (0,1,1)(Sp,Sd,Sq) was the second most 
common. In general, robbery time series had either no seasonality or a very slight degree of 
seasonality in their best ARIMA model. Jurisdictions and robbery typ',s with more Index rob
beries in the average month were more likely to have a seasonai term in the model than rob
bery time series with fewer observations on the average. 

In summary, the analysis found the following to be true for Index robbery: 

• The accuracy of Index robbery predictions varied widely from jurisdiction to jurisdiction. 

• In many jurisdictions. Index robbery was predictable for the next year, but not for the 
next month. 

• The predictability of Index robbery tended to be better in jurisdictions and robbery types 
with more offenses per month. 

I) Firearm robbery and strongarm robbery were the most predictable types of robbery in 
total Illinois (non-Chicago). 

• The best model for Index robbery depended on the number of offenses per month. For 
example, jurisdictions with more robberies were more likely to have a.seasonal model. 
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Index Aggravated Assault 

The list below summarizes the results of the analysis of predictability of Index aggravated 
assault in each 01 the jurisdictions that had enough offenses per month for analysis (11 of the 
14 jurisdictions) and of predictability in the four weapon types of Index aggravated assault in 
total illinois (non -Chicago) 49 Quincy, which did not have enough cases for the analysis of In
dex robbery, did have enough for the analysis of aggravated assault (six per month) (see 
Table 8). Cicero and Rock Island met yearly but not monthly criteria; they also had a possible 
intervention. Since poor predictability was expected in Index aggravated assault in Chicago in 
1983, the Chicago findings are not included here, but are discussed in the section, "Chicago In
tervention Analysis." The list below also includes, for each Index aggravated assault series, the 
best-fitting type of ARIMA model (p,d,q)(Sp,Sd,Sq). 

D). 

Successful Predictive Models 

Evanston 
Joliet 
Peoria 
Rockford 
Springfield 

(p,d,q)(Sp,Sd,Sq) 

(3,0,0)(0, I, I) 
(0, I, I )(0,0,0) 
(0,1,1)(2,0,0) 
(0,1,1)(0,1,1) 
(2,1,0)(2,0,0) 

Models Meeting Yearly byt not Monthly Criteria 

Aurora 
Elgin 

(0,1,1)(1,0,0) 
(0,0,2)(1,0,0) 

Serendipitous Interyention 

Cicero (1983) 
Quincy (1983) 
Rock Island (1972-1981) 

( 1972-1983) 

(0,1,1)(0,0,0) 
(3,0,0)(0,0,0) 
(0,1,1)(0,0,0) 
(0,1,1 )(0,0, 1) 

POQr predictive Model 

Decatur (0,1,1)(0,1,1) 

Results for Total Illinois (non-Chicago) 

Successful predictions 

Firearm 
Knife 
Other Weapon 

(3,0,0)(0,1,1) 
(1,0,0)(0,1,1) 
(1,0,0)(0,1,1) 

49Although this predictive accuracy analysiS was not done with Skokie, seasonality analysiS was done (see Table 
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Serendipitous Interyention 

Body-as-Weapon (1983) (1.1.0)(0.1.1) 

Predictability 

The exact degree of predictability tor each Index aggravated assault time series. for the to
tal year and the Qv~rage month of 1 982 and 1983. and for the year-ahead and intervention 
method. is given in Table I. and the overall results of the year .. ahead predictive accuracy 
analysis are summarized in the list above. The criteria in this list for a successful predictive 
model are very generOL!s--accuracy within 20 percent for the total year and 30 percent for 
the average month. for both years, One model, In Decatur. did not meet even these criteria. and 
is therefore categorized as a poor predictive modeL Two models. in Aurora and Elgin. met the 
yearly but not the monthly criterion. In cases of a serendipitous intervention being discovered 
in 1982 or 1983. ARIMA modeling and prediction was done for 1981. For Cicero. it was done 
for 1980 and for 1981.50 

Predictability was somewhat more successful In index aggravated assault than in Index 
robbery, perhaps because the average number of occurrences per month was higher in most 
jurisdictions. In five of the 11 Illinois (non-Chicago) jurisdictions In which ARIMA analysis could 
be done (Evanston. JOliet. Peoria. Rockford. and Springfield). Index assault was predictable with 
HIe year-ahead method for 1982 a.nd 1983. for the average month as well as the total year. In 
Evanston. JOliet. and Rockford. both yearly predictions were accurate within 10 percent (see 
Table I). These five jurisdictions had relatively high numbers of assaults per month. ranging 
from 16 in Evanston to 89 in Peoria. In three of the four Illinois (non-Chicago) Index ag
gravated assault time series, each of which had at least 250 offenses per month. the models 
also generated successful yearly and monthly predictions with the year-ahead method in both 
years. all within 10 percent for the year and 15 percent for the average month. 51 

Index assault in three jurisdlctlons--Aurora. Elgin. and Rock Island--was predictable in both 
1982 and 1983. but not always in the average month. Because Aurora had 23 Index assaults 
per month over the 1 2 years. and Elgin and Rock Island had 12 and 15. respectively. the lack of 
accuracy in monthly predictIons could be due to low numbers. Compared to Index robbery 
predictions, which were often based on even lower numbers. Index aggravated assault predic
tions were better. In Aurora. the 1983 average month was predicted within 38 percent. and in 
Elgin it was predicted within 31 percent.52 In Index robbery by comparison. the prediction for 
the average 1983 month was 54 percent wrong In Aurora and 34 percent wrong in Elgin. 53 

50Cicero and Rock Island met yearly but not monthly criteria for at least two years; they also had a possible 

intervention. 
51The average number of offenses per month from 1974 to 1983 was 317 for firearm assault. 294 for knife 

assault. 285 for othei -weapon _assault. and 396 for body -as -weapon assault. 
52Rock Island was unusual. in that a change in model type may have occurred. See the following sections for 

details. 
53The significant moving seasonality under both the additive and the multiplicative assumption for Index 

aggravated assault in Elgin indicates a possible data quality problem. See "Oescriptive Seasonal Analysis," page 31. Aurora 

burglary and larceny/theft, but not aggravated assault. had the same problem. 
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Table I. Percent Error of Predictions: Aggravated Assault 

Year-Ahead Method Intervention Method 

Jurisdiction 

Arlington Heightsa 
Aurora 
Cicerob 

DecaturC 

Des Plainesa 

Elgind 

Evanston 
JoUet 
Peoria 
Quincy 
Rock Islancte 
Rockford 
Skokiea 

Springfield 

ChicagQ 
Hrearm 
Knifef 

Other Weapon 
Hands, Feet; etc. 

Non-Chicago 
Firearm 
Knife 
Other Weapon 
Hands, Feet, etc.g 

1982 
Total 
Y..uJ: 

12%-
14-
50 

10· 
6· 
5· 

14· 
5" 

11-
2-

2-

16· 
lO
S-
1" 

1983 
Total 
Xu.r. 

13%* 
49 
12* 

17-
3· 
1· 
3* 

23 
15* 

8* 

35 
38 
45 
36 

9* 
5· 
8· 

29 

1982 
Avg. 

M2.o.ib. 

30%" 
44 
50 

19-
25· 
22" 
18* 
38 
29* 
22* 

14* 

18-
23-
16-
27* 

10· 
6-
9* 

16* 

1983 
Avg. 

M2.o.ib. 

38% 
47 
47 

31 
20· 
16-
14* 
31 
42 
23-

31 
37 
38 
34 

12* 
8· 

11-
36 

1982 
Total 
Xu.r. 

5"· 
3-

14* 

20· 
2· 
1* 
2* 
5· 
5'" 
o· 

2-

2-
12* 
o· 

12-

2-
7-
I'" 
3-

1983 
Total 
Xu.r. 

4%
s· 

12-

3" 
I
I-
4· 

13· 
8-
7-

8-
16-
17-
15· 

4-
2· 
3-
S* 

1982 
Avg. 

MM1h 

34% 
58 
20" 

23-
27· 
21* 
15* 
47 
29-
17-

13* 

17-
1.4* 
19* 
34 

"'Meets predictability criteria: 20 percent for total year predictions, 30 percent for average month predictions. 

1983 
Avg. 
~ 

36% 
36 
34 

25* 
21* 
IS· 
16-
30-
41 
22* 

19* 

16* 
17-
17-
20* 

8* 
7-

lI
t 3* 

aNot analyzed because average number of crimes per month was less than five (see Table B). In Des Plaines, the mean over

aU number from 1972 to 1983 was 7.3 per month, but the mean from 1975 to 1983 was 5.0 per month. In Skokie, the mean from 
1972 to 1981 was 6.3 per month, but the mean in 1982 and 1983 was 4.5 per month. 

bWith the same ARIMA model (0,1,1)(0,0,0), 1981 was predicted within 18 percent tor the year and 30 percent for the 
average month (year-ahead method). 

cThe 1982 predicted monthly values for November and December 1 982 were. negative. 

dAn ARIMA model (0,0,2)(0,0,1) yielded better forecasts for 1982 but worse forecasts for 1983 than an ARIMA model (0,0,2) 

(1,0,0) (see Table J). The model used in this table was (0,0,2) (0,0,1). 

eBased on an ARIMA model.(O,l, 1)(0,0.0) (see Table J). With this model, predictions for 1981 were within 3 percent (year
ahead) and 1 percent (intervention). 

tBased on an AAIMA model (0,1.1 )(0, 1,1> (see Table J). 
9The same AAIMA model (1,1.0)(0,1,1) predicted 1981 within 1 percent (year-ahead) and 0 percent (intervention). 
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The predictability analysis of Index aggravated assault, like the analysis of Index robbery, 
suggested that interventions may have taken place In some series. However, serendipitous in
terventions were not as common in aggravated assault as In robbery, and the presence of an 
intervention was not always so clear-cut. For example, the 1983 prediction in Quincy was 23 
percent too low, but this may reflect the extremely small number of offenses in Quincy (six in 
the average month). 

Total Illinois (non -Chicago) Index Aggravated Assault with Hands, Feet, etc. 

The 1983 prediction for Index aggravated assault with the body as a weapon in Illinois 
(non-Chicago) (see Figure 18) was 29 percent too high, even though 1981 was predicted 
within 1 percent and 1 982 within 1 6 percent. 54 Although the prediction for January 1983 was 
fairly accurate, every prediction after that was too high. The degree of error increased over 
time, until the prediction for December was too high by 107 percent. As Figure 18 shows, the 
number of body-as-weapon assaults in illinois (non-Chicago) dropped sharply in 1983, after 
having climbed steadily since 1977. 

Cicero 

In Cicero, the pattern of Index aggravated assault over time was very erratiC (see Figure 
19). Although an AAIMA model (0,1,1)(0,0,0) fits well statistically in every time period ex
amined, the predictive errors of this model are large in every time period. The model was 41 
percent too low in predicting 1978, 62 percent too low In predicting 1979, and 103 percent too 
low in predicting 1 9aO (year-ahead method), indicating that some change in Cicero aggravated 
assault took place in all three years. Predictions for 1981 and 1982, with the same model, 
were somewhat better, 18 percent too low and 14 percent too low, respectively. Because 
these predictions were within the 20 percent criterion, Cicero assault technically qualifies as 
predictable. although its predictability over the years 1978 to 1982 Is borderline at best. In 
1983. the same AAIMA model (0,1,1)(0,0,0) was 49 percent too low In predicting the 300 actual 
offenses, an average error of 47 percent In'each 1983 month. As the pattern description graph 
shows, there may actually have been a sharp Increase in 1983, over and above the general in
creasing pattern since 1976. However, given the conSistently poor performance of Cicero ag
gravated assault predictions in almost every previous year. it does not seem likely that this 
serendipitous intervention indicates an actual increase In offenses known to the pollee. 55 

54The degree of predictability decreases from 1981 to 1982 to 1983, but there is no indication that the ARIMA 

model changed for total Illinois (non -Chicago) Index assault with the body as a weapon. The AR( 1) and MA( 12) weights are 

almost the same for models of time periods 1972-1980. 1972-1981, 1972-1982, and 1972-1983. Also, the Box-Pierce 

statistic (see Appendix 1) indicates that the residuals are random for models of each time period. 
551n Cicero, because the number of Index aggravated assaults in the average month over the entire 1972-1983 

period was only 11, it is not surprising that monthly predictions do not meet the 30 percent criterion. 
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Figure 18. Patterns of Change Over Time In illinois (non-Chicago) Index Aggravated 
Assault with Hands, Feet, etc., 1974-1983 
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Figure 19. Patterns 01 Change Over Time In Cicero Index Aggravated Assault, 
1972-1983 
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Decatur 

The Decatur Index aggravated assault series was very difficult to model, and the best 
model generated very poor predictions. The best 1981 prediction was 70 percent too high, 
and the prediction of the average 1981 month was 134 percent wrong (year-ahead method). 
Although predictions for 1982 and 1983 were somewhat better than for 1981, they still did not 
meet the rather generous 20 percent and 30 percent criteria. The best model predicted 1982 
within 50 percent. the average 1982 month within 50 percent, 1983 within 12 percent, and the 
average 1983 month within 47 percent (year-ahead method) (see Table I). 

Two extreme values, in November and December 1981, affected the accuracy of both 1981 
and 1982 Decatur predictions. However, predictability was not improved by correcting the two 
extreme values. It is worth noting that the Decatur Index robbery series contained numerous 
high or low extreme months and was not really predictable, even though it did meet the 20 per
cent yearly criterion in two years. 

Best ARIMA Models for Predicting Index Aggravated Assault 

• 

.--

• 
Is there a particular class of model that tends to fit Index aggravated assault? Table J lists • 

the best ARIMA model for each Index aggravated assault time series. As with Index robbery, 
we will consider the two parts at the model separately, the serial (p,d,q) part and the seasonal 
(Sp,Sd,Sq) part. • 

Ssrial Relationships 

The serial term of the ARIMA model for aggravated assault In many jurisdictlons--Aurora, 
Cicero. Decatur, Joliet, Peoria, Rockford, and Rock Island--was best described by ARIMA 
(0,1,1 )(Sp,Sd,Sq). 56 The estimates of the MAC 1) weight in these models were all positive and 
relatively high, ranging from .46 in JOliet to .82 in Aurora. In addition, the same ARIMA serial 
term (0,1,1 )(Sp,Sd,Sq) was the best model for Chicago Index knife robbery in the later years. 
In general, if an Index assault series required first differencing, the best serial model was usually 
ARIMA (0, i ,1 )(Sp,Sd,Sq). 57 

Only two other types of ARIMA model were best for more than one aggravated assault time 
series. The best model in Springfield and Chicago firearm assault was ARIMA (2,1,O)(Sp,Sd.Sq); 
the related AAIMA (1,1 ,0)(Sp,Sd:Sq) 'was the best model In body-as-weapon Index assault in 
total illinois (non-Chlcago). The other model that appeared more than once was ARIMA 
(3,O,O)(Sp.Sd,Sq) in Evanston, Quincy, Chicago knife assault In the early years, and illinois (non
Chicago) firearm assault. 

Seasonal Rei at ionshi ps 

In Index aggravated assault models. there was less consistency In the seasonal term than In 
the serial term. Three jurlsdlctions--Clcero, Joliet. and aulncy--had no evidence of seasonal 
fluctuation, and In Rock Island, seasonal fluctuation was evident only in the final two years. All 

• 
• 
• 
• 
.-

the Chicago and the total illinois (non-Chicago) Index assault series, as well as eight of the 11 • 
Illinois (non-Chicago) jurisdictions, had some sort of seasonal ARIMA model. However, the form 
of this model differed. 

• 
56Since the Decatur model is not a good fit statistically. the reader should place little emphasis on Decatur 

results. 
57For a discussion of first differencing, see Appendix 1. 

.-
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The seasonal term In all four of the total Illinois (non-Chlcago) assault types, all four of the 
Chicago assault types, as well as Index assault In three other jurlsdlctlons--Decatur, Evanston, 
and Rockford--was ARIMA (p,d,q)(O,1, 1).58 Aurora, Elgin, Peoria, and Springfield had models: 
with one or two autoregressive soasonal terms, ARIMA (p,d,q)( 1 ,0,0) or ARIMA (p,d,q)(2,0,0). 
Thus, while most Index aggravated assault series had SOMe evidence of seasonality in the best 
ARIMA model, some had no seasonal term at all. Of the assault series with a seasonal term, 
some indicated a very slight amount 01 seasonality, such as Rock Island in the final two years, 
and others Indicated strong seasonal fluctuation, such as Peoria and Springfield. 

Model Change in Rock Is/and 

Even though 1982 and 1983 predictions for aggravated assault were within the 20 percent 
criterion In Rock Island, predictive accuracy with the year-ahead method decreased steadily 
from 3 percent in 1981 to 11 percent in 1982 to 15 percent In 1983. In addition, the best 
ARIMA model for the period 1972-1981 did not meet statistical tests after 1982 and then 1983 
were added to the series, as well as it did for the 1972-1981 period alone. Together, these 
facts suggest that Index aggravated assault in Rock Island, like Index robbery In Rock Island, 
changed in 1982 and 1983 relative to the pattern In earlier years. 

The early years in Rock Island show no evidence of seasonal fluctuation, but a seasonal 
term Improves the model in the final two years. The best model for the period 1972-1981 was 
ARIMA (0,1,1)(0,0,0), but the addition of a seasonal term, ARIMA (0,1,1)(0,0,1), produced a 
statistically better model for 1972-1983. Because an ARIMA model cannot be estimated with 
oniy two years of data, it was impossible to estimate a separate model for 1982 and 1983. 
However, the strength of the MA,('12) parameter appears to increase over time: 

Time Period 

1972-1981 
1972-1982 
1972-1983 

Estimates 
MA(1) MA(12) 

.74 

.73 

.71 

-.08 
-.10 
-.13 

Even though the MA( 12) weight Is still very small In the 1972-1983 model and could be es
timated to be zero (see Table J), the statistical diagnostics (Appendix 1) are good. If this pat
tern continues, the best model for Index aggravated assault In Rock Island will have an even 
stronger MAC 12) weight when 1984 and succeeding years are added to the data.59 

Predictive accuracy for 1982 and 1983 was better with the ARIMA model (0,1,1 )(0,0,1). 
The year 1982 was predicted within 1 percent. the average 1982 month within 35 percent, the 
year 1983 within 7 percent. and the average 1983 month within 35 percent (year-ahead 
method). Becau.e the number of Index aggravated assault offenses per month in Rock Island Is 
only 15 (see Table B). the low accuracy of monthly predictions Is not surprising. 

58The high MA( 12) estimates in these ARIMA (p,d,q)(O, 1 , 1) seasonal terms, which range from .86 for Chicago 

firearm assault to .92 for Illinois (non-Chicago), and Chicago other-weapon assault, may indicate that seasonal differencing was 

not necessary (see Appendix 1). 
59The model used to predict 1984 was ARIMA (0,1,1)(0,0,1). 
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TableJ. Index Aggravated Assault ARIMA Models, 1972-1983 

Seasonal Seasonal 
Autoregressive Moving Average Autoregressive Moving Average 

Estimate Estimate Estimate Estimate 
Model 

Ju r isdict ion CD.d.aU~Sd~ MUll Low Best High Low Best High Low Best Hjgh ~~est Hi~h 

,41JrOra (0,1,1)(1,0,0) .73 .82 .92 .03 .20 .37 

Ciceroa (0.1.1 )(0.0,0) .40 .54 .68 

Decatur (O,l,1)(O,l,n .61 .73 .85 .81 .87 .92 

Elgin (0,0,2)(1,0,0) 11.8 zerob .18 .32 .45 
-.45 -.28 -.12 

Evanston (3,0,0)(0,1,1) .03 .20 .38 .85 91 .97 
-.03 . 14 .32 

.03 .20 .31 

Joliet (Q,l,l)(O,O,O) .31 .46 .61 

Peoriac (0,1,1)(2,0,0) .50 .63 .76 .19 .33 .47 
.33 .48 .62 

Quincy (3,O,OHO,fl,G) 6.2 -.00 .16 .32 
zerob 

.13 .29 .45 

Rockford (0,1 ,J) (0,1,1) .59 .71 .85 .81 .87 .92 

Rock Isl,Uld 
1972-1981 (0,1,1)(0,0,0) .63 .76 .87 
1972-1983 (0,1,1)(0,0,1) .60 .71 .83 -.30 -.13 .05 

Sp r ingt iel(jd (2,1,0)(2,0,0) -.73 - .57 -.41 .04 .19 .34 
-.45 -.29 -.13 .34 .49 .65 

Chicago (2,1,0)(0,1,1) -.76 - .55 -.35 .76 .86 .96 () 

Firearm6 - .42 -.21 -.01 

• • • • • ., • • • • .. • I • • • .. .. .. 
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Seasonal 

~~~~ 
~- ~ 
- --

IIII~-_-

Selsond 
Autoregressive Moving Average Autoregressive Moving Average 

Estimate Estimate Estimate Estimate 
Model 

Ju r i sdic tion (0 d,Q)(So,Sd,Sg) Moo. Low Best High Low Best High low Best High low Blst J:U...ah 

Non-Chicago (3,0,0)(0,1,1) ,30 ,50 ,70 ,84 .90 ,97 
Firearmf , 14 ,35 ,56 

" 
;"\..- .... -.34 -,14 ,06 

Chicago(~~rli fe 
'::. ). ... ,. . 

1974-1980 (3,0,0)(0,1.1) zerob .73 .85 .96 
zerob 

.01 .24 .48 
1974-1983 (0,1.1)(0,1,0 .51 .66 .81 ,80 .86 .95 

Non-Chicago (1,0,0)(0,1,1) 15.3 .20 ,38 ,56 .81 ,87 ,93 
Knifef 

Chicago (2,O,OHO,1,1) .51 .69 ,88 ,87 .92 ,97 
Other-Weaponf ,07 .25 .44 

Non-Chicago (1,0,0)(0,1,1) 9'.4 .23 .41 ,59 ,86 .92 ,98 
Other-Weapon f 

Chicago Hands, (O,O,3)(O,I,n -,45 -,26 -.06 ,82 ,88 ,94 
Feet, etc. e -.45 -,25 -,05 

-.63 -.44 -.24 

Non-Chicago 0,1,0)(0,1,1) -.56 -.38 -.20 ,86 9J ,96 
Hands, Feetf 

aNovember 1979 is an extreme value, 41, The mean of all other Novembers is 6.6, 

bMA( 1) parameter crossed zero in Elgin, and MA( t} was set to zero in the final model, In Quincy, the same thing happened with the AR(2) parameter, 

CData for August 1979 are missing and the figure for September 1979 was about twice as high as other Septembers. This is true for every Index crime. For this analysis, one 

half 01 the September figure was used for August and September. Updated figures obtained from the Department of State Police. 

dUpdated figures obtained from the DSP, 
eModel based on 1975-1983 data. 

'Madel based on 1974-1983 data. 



Summary: Index Aggravated Assault 

Compared to Index robbery, Index aggravated assault was more often predictable for both 
years and for both the total year and the average month. However, this m~y have been due to 
the higher number of assault offenses per month in most jurisdictions. In Index robbery, all of 
the total Illinois (non-Chicago) models successfully predicted both the years and the months, 
and six of the 10 jurisdictions successfully predicted at least the years. In aggravated assault, 
three of the four Illinois (non -Chicago) models and five of the 11 jurisdiction models successful
ly predicted both the year and the average month in 1982 and 1983, and two additional juris
dictions successfully predicted at least the two years. 

In Index aggravated assault, as in Index robbery, the analysis in several jurisdictions dis
covered a serendipitous intervention in 1982 or 1983. However, there were fewer interven
tions discovered in aggravated assault than in robbery, and for most of these the existence of 
an actual change in the level of offenses was not clear. When an intervention is discovered 
through analysis and not hypothesized beforehand, the cause could be that the predictive ac·
curacy for the analysis of that series tends to be poor for every year. In Quincy, with only six 
offenses per month on the average, a predictive error of 23 percent should not be surprising in 
any year. In Cicero, predictive accuracy in most years was poor; it may be an accident that 
1981 and 1982 were predicted within the 20 percent criterion, while 1983 was not. In illinois 
(non-Chicago) body-as-weapon assault, the 1982 error (16 percent) was suspiciously high. 
However, in such cases, the line segment fit can provide additional evidence as to whether or 
not there was an actual increase or decrease In the number of offenses. In Cicero (see Figure 
19) we can see an increase in 1983, and in illinois body -as-weapon assault (see Figure 18) we 
can see a decline in 1983. 

Except for Rock Island, the jurisdictions and crime types in which the predictability results 
suggested an Intervention were not the same for Index robbery as for Index aggravated as
sault. In Decatur, Joliet, and Peoria, the nu'mber of robberies may have droD~~1 in 1982 or 
1983, but not the number of assaults. 60 Non-Chicago firearm robbery incr:,- "" :0 slightly in 
1983, but firearm assault did not. On the other hand, the number of body-as-weapon assaults 
in Illinois (non-Chicago) dropped sharply in 1983, while the number of strongarm robberies did 
not. Cicero Index aggravated assault Increased in 1983, but Index robbery did not. However, 
in Rock Island, both Index robbery and Index aggravated assault changed in 1982 and in 1983. 

Predictions for Index aggravated assault were very accurate In three jurisdictions-
Evanston, Joliet, and Rockford; both 1982 and 1983 were predicted within 10 percent (year
ahead method). In a fourth jurlsdlctlon--Rock Island--the ARIMA model (0,1,1)(0,0,1) predicted 
1982 and 1983 withIn 10 percent. The 1982 and 1983 predictions for total (non-Chicago) il
linois Index aggravated assault with a firearm, knife, or other weapon were also accurate well 
within 10 percent. In Elgin. Peoria, Quincy. and Springfield, at least one yearly prediction was 
accurate withIn 10 percent (year-ahead method). In contrast, no prediction in Aurora or Cicero 
was accurate withIn 10 percent, and Decatur aggravated assault could not be successfully 
modeled at all. Thus, the predictive accuracy for Index aggravated assault ranged from very 
accurate to completely unpredictable, depending on the j!Jrlsdictlon. 

Even though the number of offenses per month was usually higher In Index aggravated as
sault tl1an in Index robbery, It was often difficult to Identify a good model in Index aggravated 
assault. The Decatur -assault time series could not be successfully modeled, even by the 
generous Predictability Project criteria. Also, the Cicero assault series barely met the criteria. 
In contrast, every Index robbery time series was successfully modeled within the 20 percent 
yearly criterion for at least two years. 

60Secause of the poor model for Decatur, littie can be said about aggravated assault in 1982 and 1983, but it 

apparently did not decline. 
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In assault, more than In robbery, there Is a single class of ARIMA model tha t is likely to 
describe Illinois (non-Chicago) jurisdictions, at least their serial relationships. Seven of the 11 
Illinois (non-Chlcago) jurisdictions were best described by ARIMA (0,1; 1 )(Sp,Sd,Sq) . 

Although the degree of seasonal fluctuation found in these Index aggravated assault series 
was generally very small, this small degree of fluctuation was found in more jurisdictions than 
for Index robbery. Also, in contrast to Index robbery, the degree of seasonality did not seem 
to be related to the number of offenses in the average month. For example, Joliet, with 461n
dex assaults known to the police in the average month, had no seasonal term in the best ARIMA 
model, but Elgin, with only 12 assaults on the average, had a seasonal term of ARIMA 
(p,d,q)( 1 ,0,0) with a moderately high AR( 12) estimate of .32. 

In summary, the analysis found the following to be true for Index aggravated assault: 

• Index aggravated assault predictions varied from very accurate to complet61y inaccurate, 
depending on the jurisdiction. 

• Aggravated assault had relatively few serendipitous Interventions. 

• There was some consistency from jurisdiction to jurisdiction in the best ARIMA model for 
aggravated assault. The serial term tended to be (0,1,1)(Sp,Sd,Sq). 

• The higher degree 01 predictability In Index aggravated assault, compared to Index rob
bery, seemed to be rela ted to the higher number of offenses per month. 

• The degree of seasonality In Index aggravated assault was not related to the number of 
offenses per month. Some large jurisdictions had no seasonality, while assault In some 
small cities was seasonal. 

Index Burglary 

The list below summarizes results of the analysis of the predictability of Index burglary in 
each 01 the 14 jurisdictions. All of the jurisdictions had enough burglary offenses per month for 
analysis (see Table B), though the average number ranged from 46 in Des Plaines to 265 in 
Rockford. Neither Chicago nor total illinois (non-Chicago) burglary was analyzed in the Predic
tability Project. The list below also In'cludes, for each Index burglary series, the best-fitting 
type of ARIMA model (p,d,q)(Sp,Sd,Sq). 

Successful Predictive Models 

Cicero 
Peoria 
Springf hId 

(p,d,Q)(Sp,Sd,Sq) 

(0,1,1)(0,0,0) 
(0,1,2)(0,1,1) 
(0,1,2)(0,0,0) 

Model Meeting Yearly byt not Monthly Criteria 

Arlington Heights (2,1,0)(0,1,1) 
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Predlctablllty 

Serendioitou. Interyention 

Aurora (1983) 
D8catur (1972-1981) 

(1972-1983) 
Elgin (1983) 
Evanston (t972-1978) 

( 1979-1983) 
Joliet (1983) 
Quincy (1981 & 1983) 
Rockford (1982) 
Rock Island (1972-1978) 

(1979-1983) 
Skokie (1982) 

(3,1,0)(0,0,0) 
(0,1,1)(0,0,0) 
(0,1,2)(1,0,0) 
(0,1,1)(0,0,0) 
(0,1,2)(0,0,0) 
(l,O,O)(O,l,n 
(2,0,0)(0,0,1) 
(0,1,1)(0,0,1) 
(0,1,1)(1,0,0) 
(0. J .2)(0,0,1) 
(0,1,1)(0,0,0) 
(l,O,a){O.l,l) 

poor predictive Model 

Des Plaines (2,0,0)(1,0,0) 

The degree of predictability for each Index burglary time series, for the total year and the 
average month of 1982 and 1983, and with the year-ahead method and the' intervention 
method, is given in Table K, and the overall results of the year-ahead predictive accuracy 
analysis are summarized in the list above. The criteria In this list for a successful pr:edictlve 
model a're very generous--accuracy within 20 percent for the total year and 30 percent for 
the average month, for both years. Even so, the best model for Des Plaines did not qualify as 
successful, and Is categorized as a poor predictive model. In cases of a sarendipitous interven
tion being discovered In 1982 or 1983, ARIMA modeling and prediction was done for 1981. Be
cause of their complexity, a number of burglary time series were analyzed for several addition
al years" 

In general, It was harder to Identify a successful ARIMA model for Index burglary than for 
the other three Index crimes, even though the number of burglary offenses per month was 
never less than 46 In any jurisdiction (see Table B). Of the 14 jurisdictions In which a model for 
Index burglary was attempted,61 only three models (Cicero, Peoria, and Springfield) successful
ly predicted both 1982 and 1983 for the total year and for the average month by the generous 
20 percent and 30 percent criteria with the year-ahead method. Only the Peoria model predic
ted 1982 and 1983 within 1 0 percent. 

Of the 14 Index burglary analyses, nine Indicated a serlsndlpltous Intervention. In six of 
these--Aurora. Elgin. Joliet, Quincy. Rockford, and Skokie--the level of the series apparently 
changed. In three other jurlsdlctlons--Decatur, Evanston, and Rock Island--the best model ap
parently changed. 

61 Since the Chicago Intervention Analysis was not done for Index burglary, only Illinois (non-Chicago) jurisdictions 

are analyzed here. 
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Table K. Percent Error of Predictions: Burglary 

Year-Ahead Method Intervention Method 

1982 1983 1982 1983 1982 1983 1982 1983 
Total Total Avg. Avg. Total Total Avg. Avg. 

Jyrisdiction lli.r. fu.t M2n.1.b. M2n.1.b. Y.w: Y.w: M2n.1.b. M.Q.c.1h 

Arlington Heights 9%· 16%- 25%a 31% 5%* 7%· 26%- 29%-
Auroraa 15* 34 19· 37 o· 5· 21- 15-
Cicero 14- 8· ISa 22* 11· 0- 14- 20-
Deca tu rb 25 23 32 32 3* 8· 22· 24-
Des Plaines 40 40 47 48 18· 21 31 28-
ElginC 6a 38 14· 45 0* 10· 13· 26· 
Evanston d 6· d IS· d 4* d 15" 
Joliete 2· 30 14* 34 3· 10- 12& 21· 
Peoria 6" 2* 27*f 12* 1* 7" 23·f 16· 
Quincy 6· 27 29" 43 O· 11''' 32 35 
Rock Island h 6· h 18 h I- h 16· 
Rockford9 21 4· 26* 11 .. 1* 2'" 14* 11· 
Skokiei 27 15* 40 41 7· 3· 25- 31 
Springfield 14· 9- 20* 15- 6- 2· 12· 13-

*Meets predictability criteria: 20 percent for total year predictions. 30 percent for average mor.th predictions .. 
aThe same ARIMA model (3,1,0)(0,0,0) predicted 1981 within 10 percent (year-ahead) and Opetcent (intervention), and 

within 10 percent and 14 percent for the average month, in Aurora. 

bin these predictions, an ARIMA model (0,1,1 )(0,0,0) was used for Decatur burglary. However, in 1982 and 1983 the model 
changed to (0,1,2)(1,0,0) (see Table L). This model predicted 1981 within 8 percent and the average month within 2.4 percent 
(year -ahead method). 

cln Elgin, the same ARIMA model (0,1,1 )(0,0,0) predicted 1 981 within 8 percent (year-ahead) and 1 percent (intervention) and 
the average 1981 month within 16 percent and 14 percent'. 

din Evanston, a 1979-1982 model was used to predict 1983. This series was too short to predict 1982 (see text, page 75). 
eln Joliet, 1981 was predicted within 2 percent, and the average 1 981 month within 11 percent (year-ahead method). 

fin 1982, there is one extremely low month, January, with only 72 Index burglaries, compared to 256 for the average month. 

If this month is excluded, the other 1 982 months were each predicted within 1 5 percent (year -ahead) and 11 percent (interven
tion) on the average. 

gAn ARIMA model (0,1,1)( 1,0,0) for Rockford burglary predicted 1981 within 1 percent (both year-ahead and intervention 

methods), but the 1982 year -ahead prediction was 21 percent too high. As the pattern description indicates (Figure 24a), there 
was a drop in 1982. 

hln Rock Island, a 1979-1982 model was used to predict 1983. This series was too short to predict 1982 (see Table U. 
iThe same ARIMA model (1,0,0)(0,1,1) for Skokie burglary (see Table L) predicted 1981 within 4 percent (year -ahead) and 2 

percent (intervention). The 1982 year-ahead prediction was too high because January ilnd February 1982 were extremely low. 

The other 10 months of 1982 were predicted within 18 percent on the average (see Figure 25). 
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Arlington Heights 

In Arlington Heights. the best model predicted 1982 within 9 percent. the average 1982 
month within 25 percent. and the year 1983 within 16 percent. but the prediction for the 
average 1983 month was slightly worse than the 30 percent criterion (31 percent). Because 
the statistical fit of the ARIMA model (2.1.0)(0.1.1) is not particularly good (although better than 
the fit of alternative models for Arlington Heights). it is probable that the poor prediction in 
1983 Is symptomatic of an erratic, unpredictable series, rather than of a real change in the 
number of burglary offenses. 

Des Plaines 

• 
• 
• 
• 

Index burglary In Des PlaInes could not be successfully modeled at all. The best model was • 
22 percent too high in predicting 1981, 40 perce;nt too high in predicting 1982, and 40 percent 
too high In predicting 1983 (year-ahead method). . 

Aurora 

Despite Indications of data problems In Aurora Index burglary (see Figure 20), a model was 
identified that successfully predicted 1981 and 1982. There were two Indications of data 
problems. First. the number of burglary offenses was extremely high in two months, September 
and October 1977. when there were 315 and 304 burglaries known to the police. 52 Second. in 
the descriptive seasonal analysis. there was a significant F of moving seasonality under both 
mathematical assumptions (see Table E). However. the year 1981 was predicted within 10 
percent. 1982 was predicted within 15 percent. and the average month was predicted success
fully in both years (year-ahead method). In 1983, the same ARIMA model (3.1.0)(0.0.0) was 34 
percent too high, and the monthly pr(~dictlons in 1983 were an average of 37 percent in error, 
The model predic·ted that about 164 offern;es would occur in each month of 1983. but there 
were actually about 122 offenses. Because the Intervention method predictions for 1983 were 
accurate. It appears that the model did not Change. Rather. the decline of mld-1981 to 1982 
became steeper in 1983. 

Elgin 

In Elgin. a similar thing seems to have happened In 1983. The best model. ARIMA 
(0.1.1)( 0.0.0). predicted 1981 and .1982 accurately. within 8 percent in 1981 and 6 percent in 
1982. However. the same model was 38 percent too high in predicting 1983. This decline was 
found not only in the ARIMA analy~ls, but also In the pattern description (see Figure 21). Thus. 
the increase In burglary In Elgin that occurred from 1978 to 1982 was reversed In 1983. 

Joliet 

In Joliet (see Figure 22),,1981 and 1982 were each predicted within 2 percent and the 
average months within 11 and 14 percent. respectively (year-ahead method). However. the 
prediction for t983. using the same ARIMA model (2.0.0)(0.0.1), was 30 percent too high. As 
for Aurora and Elgin, the predictions with the intervention method were accurate. indicating that 
the best AAIMA model did not change. The pattern description graph of Joliet Index burglary 
(see Figure 22) suggests that the years 1980 to 1982 were generally declining. However. In 
1983. the number of Index burglary offenses seems to have declined even more than would be 
expected from the earlier pattern. 

621n contrast. overall there were 144 Index burglaries per month in Aurora. 
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Figure 20. Patterns of Change Over Time In Aurora Index Burglary, 1972-1983 
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Figure 21. Patte/Ins of Change Over Time in Elgin Index Burglary, 1972-1983 
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Figure 22. Patterns of Change Over Time In Joliet Index Burglary_ 1972-1983 
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Figure ~3. Patterns of Change Over Time In Quincy Index Burglary, 1972-1983 
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Quincy 

In Quincy (see Figure 23), predictability results indicate that the pattern over time of Index 
burglary may have changed not only once. but twice. After a relatively stable pattern that 
lasted from 1975 through 1980. the number of bur91ary offenses dropped in 1981 and the same 
decline continued in 1982. In 1983. the decline was even sharper than tile 1981 to 1982 
decline. These changes are reflected in the predictive accuracy of the ARIMA model 
(0.1,1)(0,0,1). which was a good statistical fit in all years: 

1979 
J980 
1981 
1982 
1983 

Percent Prediction !Error: Quincy 
Year-Ahead Method Iote tention Method 

Year Average Year Average 

12% 
1 

48 
6 

27 

Month Month 

13% 
29 
53 
29 
43 

2% 
5 
8 
o 

11 

11% 
24 
22 
32 
35 

As can be seen. predictive accuracy for Quincy burglary was fairly good In 1979 and 1980. 
but the prediction for 1981 was 48 percent too high. Predictive accuracy with a 1972-1981 
model was again good for 1982. because the same declining pattern of 1981 continued through 
1982. However. the 1983 prediction was 27 percent too high. It appears. then. that the num
ber of Index burglaries in Quincy -dropped in 1 981 and 1982. and dropped even more In 1983. 

Rockford 

In Rockford. a drop In Index burglary apparently occurred In 1982. according to ARIMA 
analysis. Both 1981 and 1983 were predicted very accurately; 1981 was pr' 'cted within 1 

. percent and 1983 was predicted within 4 percent (year-ahead method). He. ~ sr. the same 
ARIMA model (0.1,1)(1.0,0). based on 1972-1981 data. was 21 percent too high in predicting 
1982. and the months were In error by 26 percent. on the average. All 1982 months except 
December were actually much lower than the ARIMA prediction. This drop in 1982 is not im
mediately apparent in the pattern description graph of Rockford burglary offenses (see Figure 
24a). However, according to descriptive seasonal analysis (see Table E), burglary fluctuated 
with the seasons more In Rockford than in any other jurisdiction analyzed. This relatively 
strong fluctuation could obscure other patterns in the Rockford data. In fact. when the 
seasonal fluctuation is removed (see Figure 24b). the drop that ARIMA analysis found in 1982 
becomes clear. 53 Rockford burglary offenses dropped in 1982. and remained at that low level 
through 1 983. 

53The seasonally adjusted figures in Figure 24b were calcula ted by the X -111 ARIMA program: under the additive 

assumption (see Appendix 1). 
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Figure 24a. ·Patterns of Change Over Time in Rockford Index Burglary, 1972-1983 
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Figure' 24b. P'atterns of Change Over Time In Rockford Index Burglary, 1972-1983 
(Seasonally Adjusted) 
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Burlilary Of tenses 

i 
I 

I 
I 
I .\ 

\ I V \ 
\/ , 

1972 1973 1111 1_ 1911 19112 19113 • 

Months. J.nulry 1972 through Dacl.olr 1983 
Source: ICJU versiDn of IllinDis aept. of State Pol1c. UCR alta 
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Figure 25. Patterns of Change Over Time in Sko~le Index Burglary, 1972-1983 

1972 1973 

Attempted and Completed 
Linl Segment Fit 

• 
Nu.blr ot Index 

Ottenses 

1971 1171 19110 I!MU 1_ 11183 

~onthl. Jlnuary 1972 through Olc'~lr 19B3 
SourcI: Il1in01. Cr1.1nal JUlt1cI Infor •• t1on 4uthorlty Vlrllon of I-ucR Olta 

Skokie 

The situation for Skokie Index burglary (see Figure 25) was somewhat different. The year
ahead predictions for 1981 and 1983 (see Table K) were fairly accurate (within 4 percent and 
15 percent, respectively), but the prediction for 1982 indicates that the number of Index 
burglaries dropped somewhat in 1982, relative to the other years. Actually, the predictions for 
most months of 1982 were well within the 30 percent criterion, with two exceptions. The 
January prediction was 154 percent higher than the actual number (24), and the February 
prediction was 137 percent higher than the actual number (22). Thus, in Skokie, Index burglary 
was generally predictable, except for two extremely low months in 1982. 

B,st ARIMA Models for Predicting Index Burglary 

Because Index burglary was, In general. more difficult to model, we might expect less con
sistency In the type of ARIMA model that finally produced successful predictions and statistical 
diagnostics. However, ,as Table L shows, there were some types of model that tended to be 
successful for burglary. 

Serial Reiationships 

The most common -AAIMA model type for the serial term of Index burglary was ARIMA 
(O,1,1)(Sp,Sd,Sq), which occurred in Cicero, Decatur (1972-1981), Elgin, Quincy, Rockford, and 
Rock Island (1979-1983). This, as we have seen, was the most common type ofARIMA serial 
model for Index aggravated assault, and also for Index robbery in the larger jurisdictions . 
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'fable L. Index Burglary ARIMA Models, 1912-1983 

Seasonal Seasonal 
Autoregressive Moving Average Autoregressive Moving Average 

Estimate Estimate Estimate Estimate 
Model 

Juri1idicii.M (p,d,g}(SD Sd,Sg) ~ Low Best High Low Best High Low Best High LID'i __ Be s t HiQh 

Arlington (2,1,0)(0,1,1) -,76 -,58 -,40 .84 .89 .94 
Heigh:ts -.32 -.15 .03 

Aurclra (3,1,0)(0,0,0) -.22 -.05 ,12 
-.35 -.19 -.02 
-.30 -.12 .05 

Ciceroa (0,1,1)(0,0,0) .64 .75 .86 
~: . 

Decatur 
1972-1981 (0,1.1)(0,0,0) .45 .60 .75 
1912- \983 (O,l,2Hl,O,O) .40 .57 .74 .01 .19 .37 

.02 .19 .36 

Des Plaines C2,O,O)(l,O,O) 46.4 .24 .40 .51 .00 15 ,31 
.08 .20 .37 

Elsin (0, i ,lHO,O,O) .51 .64 .76 

Evan~ton 

1972-1978 (0,1,2) (0,0,0) ,16 .38 .61 
-.14 .09 .31 

IS·.79- 1983 (1,0,0)(0,1,1) -.02 .26 .54 . 71 .84 .97 

Joliet (2,0,0)(0,0, J) 144.0 .36 .51 .61 -.44 -.27 -.10 
.11 .26 40 

~ 
Peoriab (0,1,2)(0,1,1) .17 .34 .51 .82 .87 .92 

f:. .12 ,29 .47 
~\ 
:1, 

Qui.ncy (0,1,1)(0,0,1) .44 .58 .72 -.30 -.13 .04 , 
1l 
~ 
~ 

1 
;;: 

~ , • ~ • • • • ~ • • .. ~ • • • .. • I, ' . -. J I ." 
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Jurisdiction 

Rockford 

Rock Island 
1972-1978 

1979-1983 

Skokie 

Springfield 

• I- • 

Model 
(D d,g)(SpSd So) 

(0,1,1)(1,0,0) 

(0,1,2)(0,0,1) 

, ' 

(0,1,1)(0,0,0) 

(1,0,0)(0,1,1) 

(0,1,2)(0,0,0) 

II • 

M3.n 

1.6 

.. .. 

Autoregressive 
Estimate 

~ Best High 

,23- ,39 ,55 

.. ~ .-
Moving Average 

Estimate 

Low Best High 

.36 ,51 ,66 

,08 ,29 ,50 
, 17 .38 ,59 
,20 ,43 ,66 

,28 ,44 ,60 
,19 ,35 ,51 

• II,' 

Seasonal 
AutoreDiessive 

Estimate 

.. 

Low Best Hi9b 

,47 ,60 .73 

• I ,II 

Seasonal 
Movin9 Average 

Estimate 

Low Best Hi9b 

-,32 -,08 ,16 

,84 ,90 ,95 

aln c;:icero, the number of crimes known to the police in November 1977 was extremely low relative to other Novembers, This was true for every Index crime. For Index burglary. 

there was one burglary in November 1977. but an average of 57 burglaries in all other Novembers. The other 11 months of 1977 averaged 55 burglaries. This led us to suspect the 

accuracy of the November 1977 figure. but we were unable to .obtain additional information from Department of State Police, Therefore. in the analysis in this report, 57 is used for 

November 1977, 
bData tor August 1979 are missing, and th~ figure for September 1979 was about twice as high as olher Septembers, This is true for every Index crime, For this analysis, one 

half of the September figure was used for August and September, 

• 
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• 
The second most common serial term for Index burglary was ARIMA (0,1 ,2)(Sp,Sd,Sq), 

which occurred in Decatur (1972-1ge3), Evanston, (1972-1978), Peoria, Rock Island .-
(1972-1978), and Springfield. As can be seen in comparing tables H, J, and L, ARIMA 
(0,1,2)(Sp,Sd,Sq) was not a common serial model type for Index robbery or aggravated 
assault.54 The only other serial model type appearing more than once in burglary models was ._ 
ARIMA (1 ,0,0)(Sp,Sd,Sq), which was the best model for Evanston (1979-1983) and for Skokie. 

Seasonal Relationships 

In most jurisdictions. the best ARIMA model for Index burglary showed little seasonal fluc
tuation. Two of the three $ucc~sstul models, in Cicero and Springfield, had no seasonal term. 
On the other hand, the third jurisdiction with a successful ARIMA mode!, Peoria, had a model 
containing strong seasonal fluctuation. This agraes with the descriptive seasonal analysis 
above (see Table E), in which the F of stable seasonality was less than 2.0 for Cicero and 
Springfield, but more than 10.0 for Peoria. 

The six jurisdictions in which the level of Index burglary apparently changed also differed 
greatly in the degrEl1e of seasonal fluctuation in their best ARIMA model. The models for Aurora 
and Elgin had no seasonal term. However, the Joliet model had a seasonal moving average 
term with an estimated -.27 weight, the Quincy model had a seasonal moving average term with 
a very small -.13 weight, the RocKford model had a se~sonal autoregressive term with an es
timated .60 weight, and the Skokie modelS required 12th differencing. Rockford's ARIMA model 
(p.d,q)( 1,0,0), With an AR( 12) weight of .60, indicates a relatively hlgh'level of seasonal fluctua
tion. The descriptive seasonality analysis (see Table E) agrees with this. Rockford had the 
highest seasonal contribution and F value of any burglary time series. 

Thus, there seems to be no consistency In the type of seasonal term in Index burglary 
ARIMA models, and even no consistency In whether or not an Index burglary ARIMA model con
tains a seasonal term at all. In fact, in the three jurisdictions with an apparent intervention In 
model type, the change in model involved a change from no seasonal term to a seasonal term. 
or vice versa. These models are dlscuEised In the following sections. 

Model Change in Decatur 

tn Decatur, a relatively simple ARIMA model (0.1,1)(0.0.0) provided a good statistical fit for 
the period before 1982. With this model, the year i 981 was predicted within 8 percent and the 
average 1981 month within 24 percent. However, this simple model provided neither good 
predictions for 1982 and 1983, nor an acceptable statistical fit for the 1972-1982 or 
1972-1983 time period. 

It is impossible to fit an ARIMA model to only two years of data, 1982 and 1983. However, 
an ARIMA model (0,1,2)(1,0,0) fit the total time periods 1972-1982 and 1972-1983 better, ac
cording to statistical diagnostics (see Appendix 1), than the simpler ARIMA model (0,1,1)( 0,0,0). 
In addition, predictions for 1982 and 1983 were more accurate with the more cOl""lplex model 
(0,1,2)( 1 ,0,0).55 

Perhaps the more complex ARIMA model (0,1,2)( 1 ,0,0) was actually the best model for the 
entire 1972-1983 time p'srlod. Including the earlier years. As a check on this, we estimated 
ARIMA (0,1.2)( 1.0,0) for the time period 1972-1980, and compared the results to ARIMA 
(0,1,1)(0,0,0). The simpler model was better statistically and also produced more accurate 

64ARIMA (0, 1.2)(Sp,Sd,Sq) did occur as the serial term in two Index robbery models --in Decatur and in total Illinois 

(non-Chicago) strongarm robbery. 
55However. the 1982 and 1983 predictions with ARIMA (0,1,2)( 1 ,0,0) were still not particularly accurate. The 

1982 prediction was 22 percent too high, and the 1 983 prediction was 21 percent too high. 
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forecasts of 1981. Therefore, we concluded that the best ARIMA model for Index burglary in 
Decatur changed in 1982. Before 1982, there was no seasonal fluctuation In Decatur burglary, 
but in 1982 and 1983, there was a slight amount of seasonal fluctuation. 56 Although the degree 
of seasonality in the 1972-1983 model was Slight, a seasonal AR( 12) term was still necessary 
for a well-fitting model 

Model Change in Evanston 

There Wt:;fe two best-fitting models for Index burglary offenses in Evanston (see Figure 
12), one for the time period 1972-1978. and another for the time period 1979-19~3. The best 
model for the earlier time period was ARIMA (0,1,2)(0,0,0). The MA(1) and MA(2) estimates for 
such a model, fit to three time periods, were the following: 

Time Period 

1972-1977 
1972-1978 
1972-1979 

MA(1) 

.37 

.38 

.37 

MA(2) 

.18 

.09 
-.01 

The MAO) estimate is about the same in all three models, but the MA(2) estimate obviously 
changes. The estimated weight is .18 for the earliest time period, but with the addition of 1978 
and 1979, it becomes zero. There is one other indication that the model may have changed. 
Although the ARIMA model (0,1,2)(0,0,0) is statistically adequate (see Appendix 1) for the 
1972-1977 period, it is less so for the 1972-1978 period or for the 1972-1979 period. On the 
other hand, the model's prediction of 1978 was good, within 1 percent for the total year and 28 
percent for the average 1978 month. 67 In contrast, the prt)dictlon for 1979 was somewhat less 
accurate, 13 percent too low. This suggests that the change in the best ARIMA model occurred 
between 1978 and 1979. 

The five remaining years, 1979 to 1983, are not really enough to Identify a reliable ARIMA 
model, but exploratory analysis Indicated that the later period seemed to contain much less 
serial fluctuation, and a great deal more seasonal fluctuation, than the earlier years. The best 
model for these later years was ARIMA (1,0,0)(0,1,1), with the following estimates for the AR( 1) 
and MAC 1 2) terms: 

Time Period 

1979-1982 
1919-1983 

AR(1) 

.24 

.26 

MA(12) 

.84 

.84 

The prediction for 1983 with an ARIMA (1,0,0)(0,1,1) model was within 6 percent with the 
year-ahead method and within 4 percent with the intervention method. The average month 
was predicted within 18 percent and 15 percent, respectively. An alternative model with no 
serial pattern over time and no serial differencing, ARIMA (0,0,0)(0,1,1), predicted 1983 just as 
well, but was not a good statistical tit. 

There seems to have been a rather radical change in the pattern over time of Index burglary 
In Evanston, beginning about January 1979. The period atter that date had strong seasonal 
fluctuation, but very ~lIght serial fluctuation. The period before that date had weak or 
..... -....... -~----

6EiThe AR( 1) weight of the ARIMA model (0,1,2)(1,0,0) for the period 1972-1983 was estimated at .19 (see 

Table L). 
57The accura~y of the prediction for the 1978 average month was decreased by the prediction for January, 

which was 72 percant too high. January 1978 had an extremely low number of burglaries (59) compared to the overall mean 

( 11 8) or compared to the three previous Januaries ( 1 63. 100, and 99). 
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nonexistent seasonal fluctuation but relatively strang serial fluctuation. This change, even 
though It Is a change In the ARIMA model and not In the number of burglaries, Is strong enough 
to see In a graph (see Figure 12). 

This apparent change suggests that the phenomenon being measured in the earlier time 
period may not be the same as the phenomenon being measured In the later time period. It is 
possible, for example, that an Increased proportion of burglary occurrences were reported to 
the police in the later years. As a matter of fact, there was an increased emphasis on burglary 
prevention in Evanston beginning in 1979, and It is possible that this prevention program could 
have increased public awareness of burglary. This might have resulted in greater likelihood 
that a burglary offense, Whatever its seriousness, would be reported to the pOlice. If the 
burglaries reported after the prevention campaign fluctuated with the seasons more than the 
burglaries reported before the campaign, then the total Index burglary time series would be
come seasonal. However, because the apparent intervention in 1979 had not been 
hypothesized beforehand, we cannot say with any certainty that a change actually occurred. 

Model Change in Rock Island 

An ARIMA model (0,1,2)(0,0,1) for Rock Island burglary (see Figure 7) had the following 
parameters 10r four time periods: 

Time Period MA(l) MA(2) MA(12) 

1972-1977 .25 .30 -.13 
1972-1978 .29 .38 -.08 
1972-1979 .46 .02 -.22 
1972-1980 .48 .15 - .19 

The two earlier and the two later time periods seem to differ in their MA( 1) and MA( 2) as
tlmated weights, and possibly also In their MA(12) estimateld welghts.58 The 1972-1977 model 
fit weil statistically, and predicted 1978 within 12 percent. The 1972-1978 model also fit well 
statistically, but was 21 percent too low in predicting 1979 (see Figure 7). The 1972-1979 
model was also a good fit, but was 74 percent too high In predicting 1980. The monthly 1980 
predictions were wrong by as much as 190 percent. Further, the model for the 1972-1980 
time period was a very poor fit statistically. All this sug"gests that the best ARIMA model for 
Rock Island Index burglary changed In 1980. and possibly as early as 1979. 

The best model for the periods 1979-1962 and 1979-1983 was ARIMA (0,1,1 )(0,0,0). This 
can be estimated only In an exploratory s~nse. because the time period Is so short. The es
timated MAC 1) weight was .43 for both the 1979-1982 and the 1979-1983 model, and the 
statistical fits were adequate. With this model. 1983 predictions were correct within 6 percent, 
a.nd the average 1983 month was predicted within 18 percent (Y~,lr-ahead method). 

Thus. in Rock 1~land as In Decatur, the pattern of Index burglary seems to have changed 
from a seasonal pattern to a pattern wlth\':lut seasonal fluctuation. 

68The low MA( 12) estimate could be zero in each of the four models, However. in the earlier time periods. an 

MA( 1 2) term is necessary for a good fit. 
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summary: Index Burglary 

Of the 14 Jurisdictions In which Index burglary was analyzed, only three models genera ted 
successful predictions, two jurisdictions could not be successfully modeled at all (Des' Plaines 
and Arlington Heights), and in the remaining nine the analysis discovered a serendipitous inter
vention. 

In general, the degree of· predictive accuracy for Index burglary is less than for Index rob
bery or aggravated assault. In only one jurisdiction, Peoria, was the number 01 burglary of
fenses accurately predicted within 10 percent for 1982 and 1983. In four other jurisdictions-
Elgin, Evanston, JOliet, and Rockford--at least two years were predicted within 10 percent. In 
Elgin, 1981 and 1982 were predicted within 8 percent and 6 percent, r~spectively, but the 
sharp decline In 1983 was not predicted accurately. Although there was apparently a change 
in the best model in Evanston, the years in which prediction was possible were both accurately 
predicted (within 1 percent in 1978 and 6 percent In 1983). The number of Index burglary of
tenses was predicted within 2 percent in JOliet in 1981 and 1982, but the drop in 1983 was not 
predicted accurately. Rockford burglary was predicted within 1 percent In 1981 and 4 percent 
in 1983, but the drop in 1982 was not predicted accurately. Thus, Index burglary appears to 
be predictable in Peoria, and also may be predictable in Elgin, Evanston, Joliet, and Rockford. 

In five other jurisdictions, Index burglary was predicted within 10 percent in 1982 or 1983, 
but not in both years. The 'jegree of accuracy in these jurisdictions--Arllngton Heights, Cicero, 
Quincy, Rock Island and Springfield--was not, therefore, particularly high. However, it was still 
better than the accuracy in Aurora, Decatur, and Skokie,69 which were not predicted very ac
curately in any year, and in Des Plaines, where Index burglary could not be modeled at ali. 

What type of ARIMA model was best fot Index burglary? The serial term in the best ARIMA 
model for Index burglary in these jurisdictions was likely to be either ARIMA (O,1,1)(Sp,Sd,Sq) 
or ARIMA (O,1,2)(Sp,Sd,Sq). In contrast, the seasonal term In Index burglary models had no 
consistency from jurisdiction to jurisdiction. Many of the best -fitting and best -predicting 
models had no seasonal term at all, ARIMA (p,d,q)(O,O,O). However, many others had terms 
describing a strong pattern of seasonal fluctuation. 

Not only is there no consistency from jurisdiction to jurisdiction in the seasonal term in 
burglary models, but there Is not necessarily any consistency in the seasonal term over time 
within the same jurisdiction. In the.Jurisdlctlons In which there was an apparent change In 
ARIMA model over time, all three changed from seasonal to nonseasonal or vice versa. The 
1972-1981- model in Decatur had no seasonal term, but the 1972-1983 model had an ARIMA 
(p,d,q)( 1,0,0) seasonal term. Similarly, Evanston had no seasonal fluctuation In its 1972-1978 
model, but rather strong seasonal fluctuation In the 1979-1983 model. Rock Island, on the 
other hand, changed from a slightly seasonal model in 1972-1978 to a model with no seasonal 
term In 1979-1983,70 

In summary, the analysis found the following to be true for Index burglary: 

• Burglary was not predlctabl/! In the majority of jurisdictions analyzed, either in the total 
year or In the average month . 

• A high proportion of Jurisdictions had a serendipitous Intervention In Index burglary. 

69Although the accuracy of the Skokie predictions in 1982 and 1983 is not high, this is due or'lly to two extreme 

months in 1982. 
70Jn Index aggravated assault in Rock Island, the change was in the opposite direction. In the model for the early 

time period, 1972-1981, there was no seasonal term, but when the years 1982 and 1983 were added to the series, the model 

became seasonal. 
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• There was no consistency from jurisdiction to jurisdiction In the type Of ARIMA model 
(especially not in the seasonal part of the model) that best fit Index burglary, • 

Index Larceny/Theft 

The list below summarizes results of an analysis of the predictability of Index larceny/theft 
in each of the 14 jurisdictions. On the average, there were more larceny/theft offenses than 
the other three types of offense per month (see Table B). The average number of offenses • 
ranged from 88 in Cicero to 506 in Peoria. Thus, larceny/theft could be analyzed in all jurisdic-
tions. However, Index larceny/theft was not analyzed s in Chicago or total Illinois (non
Chicago). The list below also Includes, for each Index larceny/theft series, the best-fitting type 
of ARIMA model (p,d,q)(Sp,Sd,Sq). 

Predictability 

Successfyl predictive Models 

Arlington Heights 
Decatur 
Evanston 
Joliet 
Peoria 
Quincy 
Rock Island 
Skokie 
Springfield 

(p,d,q)(Sp,Sd,Sq) 

(O,I,I)(O,l,l) 
(0,1,1)(0,1,1) 
(0,1,1)(0,1,1) 
(0,1,2)(0.1.1) 
(1,1,0)(0,1,1) 
(O,1,1)(2,0,0) 
(2,0,0)(0,1,1) 
(3,1,0)(0,1,1) 
(l ,0,0)(1.1 ,0) 

Serendipitoys Intervention 

Aurora (1982) 
Cicero (1972-1977) 

(1978-1983) 
Des Plaines (1983) 
Elgin (1982 & 1~8~) 
Rockford (1983) ~ 

(0,1.2)(0,1,1) 
(2.1,0)(1,0,0) 
(1,0,0)(0,1,1) 
('2,O,O)(0,l,n 
(O,l,l)(O,l,n 
(O,I,2)(0,1,1) 

The degree of predictability for each Index larceny Itheft time series, for the total year and 
the average month of 1982 and 1983, and for the year-ahead and intervention method, Is given 
in Table M, and the overall results of the year-ahead predictive accuracy analysis are sum
marized In the list above. The criteria In this list for a successful predictive model are very 
generous--accuracy within 20 percent for the total year and 30 percent for the average 
month, for both years. There was no Index larceny/theft series that was categorized as a 
poor predictive model under these criteria. In cases In which a serendipitous intervention was 
discovered in 1982 or 1983, ARIMA modeling and prediction were done for 1981. For Elgin and 
Cicero, the analy.sls was done for a number of years. 

illinois Criminal Justice Information Authority 

Page 78 

• 
• 
• 
• 
• 
• 

• 

• 
•• 

• 
• 



-. 

-. 

• 
• 

-. 

-. 
-. 
• 

Table M. Percent. Error of PredictIons: Larceny/Theft 

Year-Ahead Method Intervention Method 

1982 1983 1982 1983 1982 19~3 1982 1983 
Total Total Avg. Avg Total Total Avg. Avg. 

Jyrisdiction Xu.!. 1n.t MMih MwUh Y.u.r. Y.u.r. MAn1Il ~ 

Arlington Heights 6%· 3X· 19X· 13%- 1 X· 3%. 16X· 14X-
Auroraa 29 9- 29· 13- 4· 2- 12· 10· 
Cicerob a a- a 17- a 2- a .17-
Decatur IS" 11'" 17- 17- 1- 3- 1- ,,-
Des Plainesc 7- 27 12· 28- I- 10- 12- 12-
Elgind 21 26 22" 31 2" 10· 10· 15· 
Evanston 1- 12- 11· 22- o· 8· 10- 14-
Joliet 2· g. 16- lla 1· a- Il- 1" 
Peoria 1\. 18- 24· 22- 0" 7- 24" 12-
Quincy 2- 1- 0- 14- 1· 1· 11- 16· 
Rock Island 5· 6· IS" H)- 4- 3- 16· 12-
Rockfor~ 12· 27 13· 28· 1· s· 7- 10· 
Skokie a· 18- 14- 21- I- I- 15· 13-
$;>ringfield 10- 13- 12- 15- a- 3- 10- 14-

"Meets. predictability, criteria: 20 percent for total year .predictions, 30 percent for average month predictions. 
aln AUrora, the same ARIMA model (0,1,2)(0,1,1) predicted 1981 within 2percent for the year ar.cl 11 percent for the 

average month (year-ahead method) and within 2 percent fa.' the year and 9 percent for the aver," ... ·~onth (intervention 
method). 

bSased on 1978-1982 model, ARIMA (1,0,0)(0,1,1). Note that this is only five years of data. A model predicting 1982 with 
four years was not attempted (see Table N). 

i.~ln Des Plaines. the same ARiMA model (2,0,0)(0,1,1) predicted 1981 within 4 percent for the year and 16 percent 10r the 

average the month (year-ahead method) and within 1 perr-ent for the year and 14 percent for the average month (intervention 
method). 

din Elgin, predictions for 1981 with an ARIMA model (0,1,1 )(0,1,1) are better than predictions for 1982--within 4 percent for 
the year and 15 percent for the average month (year-ahead method). The same model predicted 1980 within 7 percent and 

1979 within 17 percent. 
ell'l,t;lpckford, the same ARIMA model (0.1,2)(0,1,1) predicted 1981 within 3 percent (year-ahead method) and 1 percent (in

terventl(;\'n method), and the average month within 9 percent (year-ahead) and 8 percent (intervention). 

Index larceny/theft was, by far, the most predictable 01 the Index crimes examined (see 
Table M). All of the 14 larceny/theft series were possible to model. In nine 01 them, the best 
ARIMA model successfully predicted both 1982 and 1983. both the total year and the average 
month. In five, the analysis suggested a possible intervention, In Aurora, Des Plaines, Elgin, and 
Rockford, there was an apparent change In level. and In Cicero. there seemed to be a change in 
the best ARIMA model. 
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Aurora 

In Aurora (see FIgure 26). an AR/MA model (0.1.2)( 0.1.1) predicted 1981 within 2 percent. 
and the average 1981 month within 11 percent. The 1982 prediction. however. was 29 percent 
too high. Because the 1982 prediction with the intervention method was accurate (within 4 
percent). and because the same AR/MA model successfully predicted 1983 (see Table M). it 
seems that the level of larceny/theft. but not the best model. changed in 1982. This slight drop 
is not easy to see in the pattern description graph, because it is obscured by seasonal f/uctua
tion.7 1 However. notice that the peak months in 1982 are lower than the peak months in 1981. 
Also. the number of larceny/thefts in 1983 remained at about the 1982 level. 

Des Plaines 

Des Plaines Index larceny/theft (see Figure 27) was quite predictable in 1981 and 1982. An 
ARIMA model (2.0.0)( 0.1.1) predicted both years within 10 percent --1981 within 4 percent and 
1982 within 7 percent (year -ahead method). However. the 1983 prediction was 27 percent 
too high. In fact. the actual number of larceny/theft offenses in every 1983 month was lower 
than the predicted number. by as much as 67 percent (in November). The number of lar
ceny/thefts in Des Plaines had been declining since 1980. but apparently the drop in 1983 was 
even sharper than the previous decline. 

Elgin 

In Elgin. the number of Index larceny Itheft offenses apparently fell slightly in both 1982 and 
1983 (see Figure 28). although the best AR/MA model did not seem to change. ARIMA 
(0.1.1)(0.1.1) fit each time period from 1972-1978 through 1972-1983. according to the diag
nostic tests in Appendix 1. and the estimated MA( 1) and MA( 12) weights were about the same 
for models in each time period. However. as can be seen below. neither the 1982 prediction 
nor the 1983 prediction was within the 20 percent criterion. The actual number In both yeats 
was lower than the predicted number. In fact. every month in 1982 and every month except 
March in 1983 had fewer larceny/theft offenses than the predicted number. The 119 offenses 
that actually occurred in December 1983 were 132 percent less than the predicted number of 
251. Thus. the slight decline in Elgin larceny/theft that began in 1979 continued and apparently 
became an even steeper decline in 1982 and 1983. 

1979 
1980 
1981 
1982 
1983 

percent prediction Error: Elgin 
Year~Ahead Method Interyention Method 

Average Average 
Year Month Year Month 

17% 
7 
4 

21 
26 

17% 
9 

15 
22 
31 

8% 
3 
1 
2 

10 

9% 
9 

15 
10 
15 

71 The seasonally adjusted series cannot be analyzed for Aurora larceny/theft. because the seasonal adjustment 
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under both mathematical assumptions contains significant moving seasonality (see Table F) and therefore cannot be trusted. .-
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Figure 28. Patterns of Change Over Time In Aurora Index Larceny/Theft, 1972-19,93 
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Figure 27. Patterns of Change Over Time In Des Plaines Index Larceny/Theft. 1972-1983 
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Figure 28. Patterns of Change Over Time in Elgin Index larceny/Theft, 1972-1983 
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Flgure'29. Patterns of Change Over Time jn Rockford Index larceny/Theft, 1972-1983 
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Rockford 

In Rockford (see Figure 29), as in Des Plaines, the number of Index larceny/thefts was 
somewhat low in 1983 The number in 1981 was predicted within 3 percent, and the average 
1981 month within 9 percent (year-ahead method). In 1982, the same model was correct 
within 12 percent for the year and 13 percent for the average month. However. the 1983 
prediction was 27 percent too high. In fact. the number of larceny/theft offenses in every 
1983 month was lower than the predicted number, from 10 percent lower in April to 63 percent 
lower in December. Since the intervention method prediction for 1983 was accurate within 8 
percent. the best ARIMA model apparently did not change. However, the number of Index lar
ceny /thefts, which had been steady since 1979. fell in 1983. 

Best ARIMA Models for Predicting Index Larceny/Theft 

Serial Relationships 

A moving average model seems to be the most common ARIMA model type for Index lar
ceny /theft (see Table N). In five of the 14 jurisdictions, the serial term in the best ARIMA model 
was (0.1.1 )(Sp.Sd,Sq), and In three others, the best serial term was ARIMA model 
(O,1,2)(Sp.Sd,Sq). In tact. as with Index aggravated assault, if the series required first differenc
ing. the best serial term was usually moving average ARIMA (O,1,1)(Sp,Sd,Sq) or 
( 0.1,2)(Sp,Sd.Sq). 

On the other hand. severaf of the best ARIMA models for Index larceny/theft were auto
regressive in the serial term. In this respect again, larceny/theft patterns are similar to ag
gravated assault patterns. The serial terms for CIcero (1978-1983), Des Plaines. Rock Island, 
and Springfield were ARIMA (2,O,O)(Sp,Sd,Sq) or ARIMA (1,O,O)(Sp,Sd,Sq). 

Seasonal Relationships 

Seasonal fluctuation in Index larceny/theft was generally strong (see Table N). The most 
common model type was ARIMA (p,d,q)( 0.1,1), which described 12 of the 14 jurisdictions. 

Cicero was the only jurisdiction in which the descriptive seasonal analysis (see Table F) in
dicated no seasonal fluctuation in larceny/theft. However, the ARIMA analysis found that the 
later years of the series (1978 to 1983) contained much more seasonal fluctuation than the 
earlier years. 

Model Change in Cicero 

The best ARIMA model for Cicero larceny/theft (see Figure 11) In the early years was 
ARIMA (2,1,0)( 1 ,0,0). This model had the following ARC 1), AR(2). and AR( 12) weights when es
timated for six time periods: 

Time Period AR (1 ) AR(2) AR (12) 

1972-1977 -.30 -.31 -.34 
1912-1978 -.28 -.35 -.45 
1972-1979 -.31 -.27 -.02 
1972-1980 -.34 -.25 .04 
1972-1981 -.36 -.25 .05 
1972-1982 -.35 -.25 .08 
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Table N. Index Larceny ITheft ARIMA Models, 1912 -1983 

Seasonal Seasonal 
Autoregressive Moving Average Autoregressive Moving Average 

Estimate Estimate Estimate Estimate 
Model 

JUrisdiciion (0 d.o)(SD.Sd So) ~ Low Best -H.i.s.h Low Best High Low Best High Low Best Hi~h 

Arlington (0,1,1)(0,1.0 .55 .68 .81 .87 .91 .95 
Heights 

Aurora (0,1,2)(0,1,1) .28 .45 .62 .83 .88 .94 
.10 .27 .44 

Ciceroa 

1972-1977 (2,1,0)(1,0,0) r- .54 -.30 -.06 -.59 -.34 -.10 
':'.55 -.31 -.07 

1978-1983 (1,0,0)(0,1,1) . 13 .37 .61 .66 .80 .94 

Decatur (0,1.1)(0.1.1) .57 .69 .82 .86 .91 .96 

Des Plaines {2,O,n)(n.l,n .25 .42 .58 .84 .89 .94 
.15 .31 .48 

Elgin (O,I,I)(O,I,ll .54 .68 .81 .84 .90 .96 

Evanston (O.I,lHO,I.I) .76 .8S .94 .88 92 .97 

Joliet (0,1.2)(0.1,1) .21 .38 .55 .81 .87 .93 
.13 .30 .47 

Peoriab (1.1.0)(0.1.1) -.66 -.52 -.37 .79 .85 .91 

Quincy (0,1.1)(2,0,0) .50 .63 .76 .09 .25 .40 
.18 .34 .50 

Rockford (0,1,2)(0,1,1) .28 .46 .64 .83 .. 89 .94 
.03 .21 .39 

• ,I • • I • ~ ~ • I ~ • , • • I • • ~ ~ ~ ~ I 
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• .. • 

Juri sdicti2D 

Rock Island 

Skokie 

Springfield 

• • 

Model 
{Q,d,Q}(SQ,Sd Sa) 

(2,0,0),(0,1,1) 

(3,1,0)(0,1,1) 

0,0,0)(1,1,0) 

.. 

MWl 

I • .. .. 

Autoregressive 
Estimate 

Low Best High 

,25 
,04 

-,82 
-,69 
-,54 

,62 

,43 
.21 

-,66 
-.51 
-.37 

.74 

,60 
.38 

-,50' 
-,33 
-.20 

.86 

.. , • • 

Moving Average 
Estimate 

Low Best High 

II .. 

Seasonai 
Autoregressive 

Estimate 

.. 

Low Best High 

-.73 -,66 -,58 

.. .. 

Seasonal 
Moving Average 

Estimate 

Low Best High 

.86 91 .96 

.84 ,90 ,96 

aln Cicero, the number of crimes known to the police in November 1977 was extremely low relative to other Novembers, This was true for every Index crime, For Index 

larceny/theft, there were 8 in November 1977, but an average 01 85 in all other Novembers. The other 11 months of 1977 averaged 69. This led us to suspect the accuracy of the 

November 1977 figure, but we were unable to obtain additional information from Department of State Police, Therefore, in the anaysis in this report, 85 is used for Ncvember 1977. 

bCorrected data for August and September 1979 (see Table 12). Also, data were corrected based on updated Department of State Police files, 

.... 

.. 



The estimated weights of the AR( 1) and AR( 2) terms remained fairly constant over time, but 
the weight of the AR( 12) term changed as 1979 and later years were added to the series. In 
addition, the statistical diagnostics (see Appendix 1) of an ARIMA model (2,1,0)( 1,0,0) were not 
good for the models 1972-1979 and later. In particular, the residuals of .these models Indicated 
that seasonal fluctuation was nat accounted for by ARIMA (2,1,0)( 1 ,0,0). 

For all these reasons, the projec:t searched for another ARIMA model for the period 
1978-1983. Although this six-year period is short for reliable model-fitting, the best model ap
peared to be ARIMA (1,0,0)(0,1,1). The estimated weights of the AR(1) and MA(1) terms for 
the final two time periods were the follewing: 

1978-1962 
1978-1983 

AR( 1 ) 

.36 

.37 

MA(12) 

.82 

.80 

in summary, the best ARIMA model for Cicero Index larceny/theft in the later years con
tained much more seasonal fluctuation and much less serial fluctuation than the best ARIMA 
model fer the earlier years. The model for 1978-1983 required 12th (seasonal) differencing. 
but not first (seria!) differencing,72 With this ARIMA model, (1,0.0)( 0, 1.1), 1983 was precJcted 
within 3 percent and tl1e average 1983 month within 17 percent (year-ahead method). Such 
accurate predictions indicate that the level of the series did not change In 1983. As the pattern 
description graph (see Figure 11) shows. larceny/theft in Cicero increased steadily from 1978. 
The different patterns in 1972-1977 and 1978-1983 can also be seen in the graph. 

Summary: Index Larceny/Theft 

Index larceny/theft was, by far. the most predictable type of crime that· the Predictability 
Project examined. The number of offenses In the total year was predicted within 1 ° percent in 
at least one year (1981. 1982, or 1983) in 11 jurisdictions. and in four cities both 198.2 and 
1983 were predicted within 1 ° percent. Further. In the four jurisdictions In which there was a 
change in level In 1 982 or 1983, the year 1981 was predicted within 1 ° percent (2 percent in 
Aurora, 4 percent in Des Plaines, 4 percent in Elgin, and 3 percent in Rockford). In Cicero, 
which had such a complex larceny/theft time series that only 1983 could be predicted, that 
1983 prediction was correct within 3 percent. 

Even the years h,dicating a change In level in larceny/theft were predicted more accurately 
than intervention years in other Index crimes. The most inaccurate predIction for Index lar
ceny/theft was 29 percent In 1982 In Aurora. Compare this to the most Inaccurate yearly 
prediction for Index burglary (40 percent in Des Plaines), for Index aggravated assault (49 per
cent In Cicero), or for Index robbery (99 percent in Joliet). 

Compared to the models for the other Index crimes, the models for index larceny/theft were 
more similar to each other. The serial term was likely to be ARIMA (0,1, 1)(Sp,Sd,Sq) or ARIMA 
(0,1 ,2)(Sp,Sd,Sq), and the seasonal term was likely to be ARIMA (p,d,q)(O,1, 1). 

Why is Index larceny/theft more predictable than the other Index crimes? One reason may 
be that there are many more observations per month (see Table B). The average number of 
larceny/theft offenses ranged from 88 in Cicero to 5061n Peoria. Burglary, in contrast. ranged 
from 51 in Quincy to 265 in Rockford. Another reason for the comparatively good predictions 
may be that every larceny/theft time series contained strong seasonal fluctuation, and in 
almost every series this fluctuation was modeled by a simple (p,d.q)(0.1, 1) seasonal term. A 

72Note that these changes in the best ARIMA model also occurred in Evanston burglary. 
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great deal of the variation in larceny/theft can be described simply by knowing this seasonal 
pattern. This produces accurate forecasts rather easily. 

In summary. the analysis found the following to be true/or Ind~x larceny/theft: 

• Of the four types of crime analyzed by the project, Index larceny/theft was by far the 
most predictable. 

• The best model for a larceny/theft series was likely to be a moving average. seasonal 
model. . 

• There was more consistency from jurisdiction to jllrisdlction in the best ARIMA model for 
larceny /theft than for the other crime types. 

• Index larceny/theft was strongly seasonal in every jurisdictIon analyzed. 

Summary: Predictability by Type of Crime 

One answer to the question, "is crime predictable?" seems to be that some types of crime 
are predictable and others are not. In general, the number of Index larceny/theft offenses 
known to the police was likely to be predictable within 10 percent for the next year and within 
20 percent tor the next month (year-ahead method). Even when a serendipitous Intervention 
was apparent In a larceny/theft time series, the year in which the change in level occurred was 
still predictable withIn 25 percent. 

In contrast. Index burglary was usually not predictable In the 14 sampled jurisdictions, using 
the metrods of this study. Only three jurisdictions had successful burglary predictions, by the 
20 percent yearly and 30 percent monthly criteria, for both the total year and the average 
month in 1982 and 1983. These three successful cases show that, even though it was usually 
difficult to identify a burglary model that fit well and predicted accurately, it was not impossible. 
However. even in the three successful burglary predictions. the degree of accuracy tended to 
be less than for larceny/theft. In general, successful yearly predictIons in Index burglary were 
accurate within 10 percent to 20 percent, In comparison to successful Index larceny/theft 
predictIons, which were accurate within 5 percent to 10 percentJ3 

The most Interesting characteristic about the predictability of Index burglary. when com
pared to the other Index crimes that were examined, was the high proportion of jurisdictions In 
which an inlervention may have occurred. Why were there so many more serendipitous Inter
ventlons in burglary than In the other Index crimes? One possibility Is that the time period we 
happened to choose for the Predictability Project, 1972-1983, was a volatile period for 
burglary victimization In Illinois. There may have been a number of successful programs aimed 
at reducIng the number of burglaries. There also may have been changes in the flkelihood of 
citizens to report burglaries to the pollee, or changes In the administration of recording those 
burglarIes that were reported. Alternatively, Index burglary may simply not be predictable. and 
the apparent Interventions found by the ARIMA models may reflect only the essentially random 
character of the number of burglaries over time. 

If Index larceny Itheft and Index burglary represent the two extremes of predlctablts and un
predictable crlm.e types, Index robbery and Index aggravated assault represent a middle 
ground. Index robbery was predicted within 20 percent for at least two years In every 
jurisdiction analyzed, and within 10 percent in some jurisdictIons. In contrast, Index aggravated 

73The one exception to this was Peoria. where Index burglary was predicted within 6 percent in 1982 and 2 

percent in 1983. 
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assault predictions ranged from very accurate to completely unpredictable, depending on the 
jurisdiction. 

There were many serendipitous interventions discovered in Index robbery, and, unlike Index 
larceny Itheft, the accuracy of robbery predictions in years with possible interventlons was 
usually very bad. This inaccura~y for intervention years, like the inaccuracy for monthly 
predictions, may reflect the low number of observations per month in most Index robbery time 
series. Thus, for example, Index firearm robbery in total illinois (non-Chicago) had a seren
dipitous intervention, but with 261 offenses in the average month, the prediction in the interven
tion year was only 23 percent in error. In contrast, robbery predictions in individual jurisdic
tions with an intervention were as much as 99 percent in error (Joliet). 

Of the four Index crimes analyzed, aggravated assault was the least likely to show a seren
dipitous intervention. In only one of the 14 jurisdictions, Cicero, was there a definite change in 
level. (In Quincy, the 23 percent Inaccuracy of the 1983 prediction may have been due to small 
numbers. The analysis in Rock i~land indicated a possible change In the model. not in the level.) 
The reason for this is unclear. One possible explanation is that the actual number of assault 
victimiza tions is less likely to change suddenly than other types of victimization. Because as
sault is a violent, impulsive crime usually committed between friends or relatives, perhaps it 
responds less dramatically to crime prevention measures or to other societal changes than 
does a property crime such as burglary. A second possible explanation is that the recording in 
official records of Index aggravated assault may have been more consistent over the time 
period analyzed than the recording of other crime types. 

In contrast, the analysis 01 Chicago Index aggravated assault by weapon type, which is dis
cussed in detail in the Chicago Intervention Analysis, suggests the presence of not one but two 
interventions. One of these, a drop in the t1umber of offenses with a knife. other weapon, or 
body as a weapon in 1981 and 1982, may have been due to a drop in victimizations resulting 
from increased enforcement. The second, ·a· 1983 increase In offenses, may have been due to 
a change in recordkeeping practices. 

Predictions for Index aggravated assault were generally more accurate for total illinOis 
(non -Chicago) offenses by weapon type than for each individual jurisdiction. As for Index rob
bery. this greater accuracy may reflect the higher numbers in the total Illinois series. Even 
when a serendipitous intervention was dlscovered--1983 Index assault with body as a 
weapon--the year was predicted within 29 percent (year-ahead method). This was more ac
curate than the 1983 prediction In Cicero, which was apparently also an intervention year. The 
year-ahead prediction was 49 percent wrong. 

Low observations may affect the accuracy 01 monthly predictions of Index robbery. The 
only average monthly predictions that were within 30 percent for two years were in Peoria in 
1981 and 1982. and Peoria had the most robbery offenses psr month of any Illinois (non
Chicago) jurisdiction analyzed (see Table B). In the four weapon types of robbery in Illinois 
outSide Chicago, all predictions were within 30 percent for the average month. The number of 
observations per month for these four weapon types ranged from 34 to 295 (see note 42). 

In Index aggravated assault as well. there seemed to be some relationship between the de
gree of predictability and the number of occurrences per month. In general, those time series 
with fewer than 20 or .30 offenses per month over the 1972-1983 period were less likely to 
have AAIMA models that predicted each month, although the models often successfully predic
ted the total year. 

This does not appear to be an explanation for the difficulty of model-tittingand the low 
predictability in Index burglary. The number of Index burglary offenses in the average month in 
any jurisdiction was never fewer than 40, and most jurisdictions had 90 or more per month. On 
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the other hand, perhaps burglary is different from robbery or aggravated assault. The minimum 
number of offenses per month that is required for adequate predictability may be larger for 
burglary. The one Index burglary time series that could not be modeled was in Des Plaines, 
which had the fewest number per month e-f any burglary series, 46. Ari!'1gton Heights, which 
had 54 offenses per month, did not reach the monthly predictability criterion. However, Quincy, 
with 51 offenses per month. and Skokie, with 55, were among the nine jurisdictions in which a 
change in level may have occurred, and Cicero, with 60, was predictable by all criteria. 

What are the most common types of ARIMA model? In all four Index crimes, the most com
mon serial term was (O,1,1)(Sp,Sd,Sq), although for Index robbery this was likely to be the best 
model only in series with more than 30 offenses per month. The second most common type of 
serial ARIMA model depended on the type of crime. In Index robbery and Index larceny/theft, 
autoregressive models were common --( 1,0, O)(Sp,Sd,Sq) or (2,0, O)(Sp ,Sd ,Sq). The third order 
autoregressive model (3,O,O)(Sp,Sd,Sq) was the best model for several Index aggravated as
sault series. However, for Index burglary the second most common serial term was 
(O,1,2)(Sp,Sd,Sq), which was also seen in some robbery and larceny/theft series but never In 
aggravated assault. 

The most common seasonal term in the ARIMA models varied not only by the type of crime 
but also by the number of crimes per month. In robbery and aggravated assault, the majority of 
jurisdictions had no seasonal term at all, or a very slight degree of seasonality. In burglary, 
several of the best -fitting and best -predicting models had no seasonal term. In contrast, every 
larceny/theft model had some sort of seasonal term. If a jurisdiction did have a s'c.lIsonal term, 
it was likely to be (p,d,q)(O,1,1), but (p,d,q)(1,O,O) also occurred, especially in smaller jurisdic
tions and in robbery and aggravated assault. 

Overall, then, Index larceny/theft is the most predictable of the Index crime types analyzed, 
Index burglary the least predictable, and Index robbery and aggravated assault fall between the 
two extremes. However, the range of predictive accuracy within each crime type was great. 
Index larceny/theft is not as predictable in every jurisdiction; Index burglary Is more predictable 
is some jurisdictions than others. In the following section, the question, "Is crime predictable?" 
is answered for each of the 14 jurisdictions. 

Predlctabllit y by Jurisdiction 

Some of the consistency in successful predictions seems to occur within jurisdictions, not 
within types of crime. In certain jurisdictions, predictive accuracy was usually poor, whatever 
the crime type. In other jurisdictions, predictive accuracy was usually good, whatever the 
crime type. In this section, the predictability of crime in each jurisdiction will be discussed. For 
a list of the best AAIMA model for each jurisdiction, see Appendix 3. 

Arlington Heights 

With only one Index robbery and four Index aggravated assaults per month over the 
1972-1983 period (see Table B), Arlington Heights had enough observations for analysis in 
only burglary and larceny/theft (see Figure 30). 

The burglary model predicted 1982 and 1983 fairly accurately, but the 1983 predictions 
were slightly over the 30 percent criterion for the average month. The ARIMA model 
(2,1,0)(0,1,1) for Index burglary, though it was better than alternative burglary models, did not 
fit as well after 1982 and 1983 were added to the series as It Qld to the 1972-1981 time 
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period. The Box-Pierce statistic (see Appendix 1) at lags 12 and 50 were good for the earlier 
time period. a IIttls worse when 1982 was added, and not really good at all after 1983 was 
addedJ4 Th~ larceny/theft model. on the other hand. was very successful. predicting 1982 
within 6 percent, 1983 within 3 p~rcent. and the average month within 19 percent and 13 per
cent, respectively. 

Thus. in general, Arlington Heights burglary and larceny/theft offenses appear to be pre
dictab�e. However. the degree of predictability is higher for larcElny Itheft than for burglary. 
Further. because even the best burglary model is still not particularly good sta tisticafly. the 
confidence in a burglary prediction is not as high as in a larceny Itheft prediction. 

Aurora 

In Aurora, Index robbery and aggravated assault models predicted the total 1982 and 1983 
years successfully, but not the average month. The average number of offenses per month 
over the entire 1972-1983 period was 15 Index robberies and 23 Index aggravated assaults 
(see Table B). These small numbers could account for the lack of accuracy in monthly predic
tions. However, Aurora Index robbery ye~\rly predictions were among the most accurate in the 
jurisdictions analyzed. 

Inde~ burglary and Index larceny/theft had significant moving seasonality under both the 
additive and the multiplicative assumptions. which suggests the presence of data quality 
problems. Indeed. the pattern descriptions (see Figures 20 and 26) of these two series show 
extreme values in 1977. Despite this. however, both series were successfully modeled. In 
both. an intervention may have occurred. The model for Index burglary was 34 percent too 
high in predicting 1983. and 1981 and 1982 predictions were not very accurate. The model for 
Index larceny/theft was 29 percent too high in predicting 1982. but 1981 and 1983 were both 
predicte'q within 10 percent. 

In Aurora. predictive accuracy depended on the type of crime. Index robbery and lar
ceny/theft were generally predicted accurately. but not Index aggravated assault or burglary. 

Cicero 

With only 12 Index robbery offenSes and 1'1 Index aggravated assault offenses per month 
(see. Table B). Cicero predictions for these crimes would not be expected to be particularly ac
curate. However. Index robbery (see Figure 31) was predicted more accurately in Cicero than 
In most jurisdictions for the total years 1982 (within 1 4 percent) and 1983 (6 percent), though 
not for the average month. 

In contrast. Index aggravated assault (see Figure 19) was not predictable in most years. 
though 1981 and 1982 were predicted within 14 percent and 18 percent. respectively. The ac
tual number In 1983 was 49 percent more than the predicted number. Even though Cicero ag
gravated assault predictions were poor in many years. including 1978. 1979. and 1980 as well 
as 1983, the pattern description graph indicates that the serendipitous intervention In 1983 may 
be the result of a real Increase rather than the reflection of a poor model. 

74The Sox -Pierce statistic (see Appendix 1) is 14,3 at lag 12 and 66.2 at lag 50 for the 1972-1983 model. 

However, alternative model types have worse diagnostics, 
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Figure 30. Patterns of Change Over Time In Arlington Heights Index Larceny/Theft, 
1912-1983 
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Figure 31.. Patterns of Change OVer Time In Cicero Index Robbery, 1972-'''::133 
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Burglary was modeled successfully In Cicero, but predictions were not very accurate. The 
1982 prediction was witHIn 14 percent, and the 1983 prediction within 8 percent. Again the 
pattern description graph (see Figure 9) of Cicero burglary Indicates that a precipitous change 
took place midway through the time period. in November 1977 there were extraordinarily few 
burglary offenses. This was followed by a high number in 1978. and'a sharp drop in 1979. 

There was also an apparent model change in Index larceny/theft (see Figure 11). The best 
ARIMA model tor 1978-1983 w~,s not the same as the best model for the period 1972-1977. 
However, the only year in which it was possible to calculate a prediction, 1983, was predicted 
within 3 percent of the actual number. 

Actually, a change in 1977 or 1978 can be seen in the pattern description graphs of all four 
Cicero Index crimes. The graph of Index robbery suggests a change in 1978, and the graph of 
Index burglary suggests a sharp dr<.")p between 1978 and 1979. Both the graph of Index ag
gravated assault and tL:3 ARiMA analysis suggest that there was not only an increase in 1983. 
but also changes in 1977, 1978, and 1979. In addit.ion. for each of the four crimes. the number 
of Index offenses in November 1977 was extremely low relative to other Novembers. For ex
ample, there was only one burglary offense in contrast to an average of 57 in the other 
Novembers. 

If models for all four crime types were shown to have changed between 1977 and 1978, it 
would indicate that the change in the larceny/theft model in Cicero was not unique to lar
ceny/theft. This would suggest that the change in the number of larceny/theft offenses known 
to the police did not reflect change in thle number of larceny/theft victimizations, but reflected 
rather a change in police administration. A hypothesis for further study would be that there 
was a change in the administration of data collection and maintenance in Cicero that affected 
all types of crime and occurred at the end 01 1977. 

Thus, overall, tl1e predictability analysis in Cicero was characterized by serendipitous inter
ventions in every type of crime. Possibly because of this, predictive accuracy in Cicero 
depended on the crime. Although robbery and larceny/theft were predicted fairly accurately, 
burglary was predicted with less accuracy, and predictions for aggravated assault were not 
accurate at all. 

Decatur 

Decatur Index robbery (see Figure 13) was exceptionally low during the ten months be
tween October 1981 and July 1982; predictions for every month In this period were too high. 
In 1983, predictions were stili Inaccurate. The prediction of the 1983 year was 18 percent too 
high, and the extremely low number of robberies in December 1983 made that prediction almost 
three times as high as the actual number (five). 

Index aggravated assault (see Figure 32) could not be successfully modeled. Predictions 
with the best model were 70 percent too high in 1981, and predictions for the average 1981 
month were 134 percent in error, and as much as 658 percent wrong. The 1982 prediction 
was 50 percent too low, and the 1 983 prediction was 12 percent too high. Although the 
prediction for the total 1983 year seems to be fairly good, the prediction for the average 1983 
month was wrong by 47 percent. 

The best ARIMA model changed for Index burglary In 1982 and 1983, and even though the 
alterna-tive model fit better, It still generated Inaccurate predictions. 

The most successful Decatur model was for Index larceny/theft, but even larceny/theft 
showed signs of a change In 1982 and 1983. The ARIMA model (0,1,1)(0,1,1) that fits the 
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1972-1981 period is not a good fit when 1982 and 1983 are added to the series,?5 Also, 
Decatur was the only jurisdiction of those analyzed in which Index larceny/theft was not 
predicted within at least 10 percent in at least one year. 

In general it seems that crime in Decatur was not predictable in 1982 and 1983 with the 
me.t.hods used here. The numbers of offenses in these years seem to increase and decrease 
erratically, following no pattern that can be described easily by an ARIMA statistical model. 
This occurs In every crime examined in Decatur. 

Des Plaines 

In Des Plaines, only two models were attempted--one for Index burglary and the other for 
Index larceny/theft--because the average number of Index robbery (three) and Index ag
gravated assault (fIve from 1975 through 1983) offenses in the average month was too small 
for analysis (see Table B). Burglary could not be successfully modeled, and there was an ap
parent change in the level of Index larceny Itheft in 1983. The actual number of larceny Itheft 
offenses known to the police in 1983 was 27 percent fewer than the predicted number (see 
Figure 27). 

Even though the Index burglary model was poor, the Index larceny/theft model was very 
good, by any measure. For example, statistical diagnostics (see Appendix 1) fol' an ARIMA 
model (2,0,0)(0,1,1) were adequate for each 01 the four time periods from 1972-1980 through 
1972-1983. Predictions were within 4 percent for 1981 and within 7 percent 101' 1982. Thus, 
the decline in 1983 indicated by ARIMA analysis is probably a real decline and not due to er
ratic changes in the time series. 

Unlike the situation In Decatur, predictive accuracy seems to be possible in Des Plaines. 
Even though Index burglary could not be modeled, the model for Index larc~ny/theft was not 
problematiC. 

Index robbery In Elgin (see Figure 10) was predicted successfully for the total years, 
though not for the average month. Also, one yearly prediction was accurate within 10 percent, 
but the other was not. This was also true for Index aggravated assault. Since there were only 
seven robbery offenses and 12 aggravated assault offenses per month over the 1972-1983 
period (see Table B), low numbers may account for the low accuracy of these predictions. 

Predictions for Index burglary In Elgin (see Figure 21) were better. They were relatively 
accurate for both the total year (within 10 percent) and the average month (within 20 percent) 
in 1981 and 1982. However, the 1983 prediction was 38 percent higher than the actual number 
of burglary offenses. In addition, although both 1982 and 1983 predictions for Index lar
ceny/theft (see Figure 28) were somewhat higher (21 percent and 26 percent, respectively) 
than the actual numbers, 1981 was predicted within 4 percent, and 1980 within 7 percent. 

Despite the problems of low numbers, serendipitous Interventions, and the extreme 1974 
months in robbery, a well-fitting ARIMA model was Identified for each type of crime in Elgin, and 
these models generated predictions that were accurate within 6 percent to 17 percent for total 
years without interventions, and within 21 percent to 38 percent for years with interventions. 
Thus, these four Index crimes seem to be somewhat predictable in Elgin. 

75The Box·-Pierce statistic (see Appendix 1) at lag 50 is 64.9 for the 1 9{2-1 983 period. However, alternative 

models for this period have even worse statistical diagnostic results. 
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Evanston 

In Evanston, Index robbery was successfully predicted for the total years, and Index ag
gravated assault and Index larceny/theft were successfully predicted by all criteria. The de
gree of accuracy was usually high. Even though there were oniy .16 Index robbery and 16 In
dex aggravated assault offenses per month (see Table B), robbery and assaul.t were predicted 
more accurately in Evanston than in some larger jurisdictions. Robbery was predicted within 5 
percent in 1982 and 12 percent in 1983, aggravated assault within 6 percent (1982) and 3 
percent (1983), and larceny/theft within 1 percent (1982) and 12 percent (1983). 

A change in the model (and the level) of Index burglary offenses (see Figure 12) apparently 
occurred in 1979. Because of this change. no burglary prediction could be calculated for 1982. 
However, the prediction for 1983 was correct within 6 percent. Further, the model for the ear
lier years predicted 1978 within 1 percent and 1979 within 13 percent. 

All five models (two for burglary) were statistically sound, according to the diagnostic tests 
discussed in Appendix 1. In general, then, the four Index crimes examined in this study were 
predictable in Evanston. 

Joliet 

In Joliet, the number of Index robbery offenses (see Figure 17) apparently dropped sharply 
in 1982 and remained low in 1983. In addition, the number of Index burglaries (see Figure 22) 
apparently declined more sharply In 1983 than the decline of the previous years. However, 
neither Index aggravated assault (see Figure 33) nor Index larceny/theft (see Figure 34) 
seems to have declined in 1982 or 1983. Thus, the serendipitous Interventions in robbery and 
burglary seem to reflect change in these two crime types only, not in all crime In Joliet. 

Except for the years in which the level of the time series appeared to change, predictions in 
JOliet were generally accurate, and the models were statistically sound. Index robbery 
offenses were predicted within 1 4 percent in 1980 and within 7 percent in 1981. Joliet had the 
most accurate predictions for Index aggravated assault offenses of the jurisdictions 
analyzed--5 percent in 1982 and 1 percent in 1983. Index burglary was predicted within 2 
percent in both 1981 and 1982, and Index larceny/theft was predIcted within 2 percent in 1982 
and 9 percent in 1983. 

Models in Joliet were generally well-fitting, according to the statistical tests in Appendix 1. 
The exception to this was the burglary model, which did not have perfect statistical c1iagnos
tics, but which did generate good predictIons. Overall, then, these four Index crimes seem to be 
predictable in Joliet. 
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Figure 32. Patterns of Change Over Time In Decatur Index Aggravated Assault, 
1972-1983 
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Figure 33. Patterns of Change Over Time in Joliet Index Aggravated Assault, 1972-1983 
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Figure 34. Patterns 'of Change Over Time In Joliet Index Larceny/Theft, 1972-1983 
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Figure 35. Patterns of Change OYer Time In Peoria Index larceny/Theft,.1972-1983 
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Peoria 

The four Index crimes wer·e more consistently predictable In Peoria than In most other juris
dictions. Although the number of Index robbery offenses (see Figure 15) dropped In 1983. rela
tive to previous years. 1982 was predicted within 1 percent and 1981 within 10 percent. In 
fact. Peoria was the only jurisdiction in which both monthly and yearly accuracy criteria were 
met for two years for Index robbery. The number of Index aggravated assault offenses was 
predicted within 14 percent In 1982 and 3 percent in 1983. Predictions of the number of Index 
burglary offenses were accurate within 6 percent in 1982 and 2 percent in 1983. making Peoria 
the only jurisdiction in which burglary was predicted within 10 percent tor two year.s. 

The number of Index larceny/theft offenses was predicted within 11 percent in 1982 and 
18 percent In 1983. This degree of accuracy Is rather low for larceny/theft predictions. com
pared to the accuracy in other jurisdictions. However. the relatively low accuracy in Peoria is 
accounted 10r by one extreme month. January 1982 (see Figure 35). There were only 188 of
fenses In that January. but 388 on the average In the other Januaries. The average 1982 
month was predicted within 24 percent. if January Is counted, but the months other than 
January were predicted within 10 percent on the average. It is interesting that Index burglary 
offenses (see Figure 36) and Index robbery offenses (see Figure 15) also were exceptionally 
low In January 1982. but that Index aggravated assault offenses (see Figure 37) were noU6 

Perhaps some clerical change in the recording of property offenses took place in Peoria In that 
month. 

Except for the 1972-1983 Index robbery model. which suggested a possible intervention. all 
the Peoria models were exceptionally well-fitting. Even the Index burglary model fits very well 
for all time periods. which is unusual for burglary models. In fact. burglary and robbery predIc
tions were more accurate In Peoria than In any other Jurisdiction analyzed. Overall, the four In
dex time series In Peoria were easy to model. and produced accurate predictions. 

Quincy 

Quincy. the least populous jurisdiction In the sample. had too few Index robberies per month 
(three) (see Table B) for a model to be attempted. The best model for Index aggravated as
sault was accurate within 5 percent in predicting 1982. but was 23 percent too low In predict
Ing 1983. which may reflect the small number of assault offenses per month (six) In Quincy. 

Index burglary (see Figure 23) had enough offenses per month (51) to model. but there 
were two serendipitous Interventions. a decline In 1981 that continued through 1982. and then 
an additional decline In 1983. However. predictions for Index burglary were accurate in other 
years: within 12 percent In 1979, 1 percent In 1980. and 6 percent In 1982. 

In contrast. Index larceny/theft was successfully predicted by all criteria. In fact. the lar
ceny/theft predictions In Quincy were more accurate than predictions In any other jurisdiction 
analyzed. The number of offenses In 1982 was predicted within 2 percent, and 1983 within 1 
percent. 

76Although January 1 982 was not exceptionally low. there were unusually high numbers of aggravated assault 

offenses in Peoria in December 1 981 and December 1 982 (see Figure 37). 
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Figure 38. Patterns of Change Over Time In Peoria Index Burglary. 1972 -1983 
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Figure 37. Patterns of Change Over Time tn Peoria Index Aggravated Assault. 1972-1983 
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Statistical diagnostics Indicated that the three Quincy models fit the data. The fits were 
either excellent (aggravated assault) or adequate (burglary and larceny/theft). In general, then, 
larceny/theft and probably aggravated assault were predictable In Quincy. Although the pat
tern of Index burglary offenses was somewhat errati(" tI-Je burglary time series was possible to 
model, and the model produced accurate predictions for most years. Overall, the analysis in 
Quincy demonstrates that it Is possible for crime to be predictable, even in a jurisdiction In 
which the average number of offenses per month Is relatively low. 

Rock Island 

Rock Island robbery (see Figure 14) seems to have followed an erratic pattern from 1972 
to 1 981, but to have become easier to model and to predict In 1983. The number of Index rob
bery offenses in 1982 was 71 percent lower than the predicted number, but the same model 
predicted 1983 quite accurately (within 10 percent), especially considering that there was an 
average of only 10 offenses per month in 1983. 

The analysis of Index aggravated assault (see Figure 38) was also complex In Rock Island; 
the best ARIMA model apparently changed in the last two years (see Table J). Despite this 
complexity, however, predictions were accurate. Even with the old model. 1981 was predicted 
within 3 percent, 1982 within 11 percent, and 1983 within 15 percent (year-ahead method). 
With the new ARIMA model (0,1,1)( 0,0,1), predictions were even better --1982 within 1 percent 
and 1983 within 7 percent. 

index burglary (see Figure 7) was no exception In Rock Island; It was also difficult to model. 
The best ARIMA model for the period 1972-1978 wa's different from the best model for the 
period 1979-1983. However, In the years in which predictions were possible, they were fairly 
accurate: within 13 percent In 1978, 12 percent In 1979, and 6 percent in 1983. 

Index larceny/theft was the only straightforward model In Rock Island, and even this time 
series was rather erratic In the early years. In fact, Rock Island larceny/theft dropped sharply 
between 1976 and 1977. and there were several extremely high months in 1979 (see Figure 
39). This was followed by a relatively smooth, predictable period from 1980 through 1983. 
Despite the erratic pattern of the early years, the larceny/theft model generated accurate 
·predictlons, within 5 percent In 1982 and 6 percent In 1983. 

Extreme values In 1979 are seen not only in Rock Island larceny/theft, but also in burglary 
and aggravated assault, t~'iough not In robbery. In fact, all four crimes seem to have followed 
two different patterns, one month-to-month pattern In the early years through 1979 or 1980, 
and another pattern In the later years from 1980 or 1981 through 1983. This suggests the 
hypothesis that some basiC change took place, perhaps a change in crime recording, in Rock Is
land between 1979 and 1980. 

However, the years 1982 and 1983 were both predicted within 10 percent for all four Index 
crimes (except 1982 burglary, for which a prediction was not possible). Thus, crime in Rock Is
land seems to be predictable In the more recent time period, though it was not predictable in 
the early years of this analysis. 
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Figure 38. Patterns of Change Over Time In Rock Island Index Aggravated Assault, 
1972-1983 
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Figure 39. Patterns of Change Over Time In Rock Island Index Larceny/Theft, 
1912-1982 
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Rockford 

Rockford was the most populous jurisdiction, except for Chicago, analyzed in the Predic
tabi�ity Project (see Table A), and all four Index crimes had sufficient offenses per month for 
an~lysis. However, even In Rockford, Index robbery was not alvvays predictable in the average 
month. Although the years were predicted within the 20 percent crlterion--1981 within 10 
percent, 1982 within 11 percent, and 1983 within 16 percent--the average 1 981 month was 
predicted only within 29 percent, the average 1982 month within 31 percent, and the average 
1983 month within 21 percent. 

The model for Index aggravated assault had very good statistical diagnostic results, and 
predictions were within 2 percent in 1982 and 8 percent In 1983. This was one of the most 
accurate aggravated assault predictions of any jurisdiction analyzed. 

The Rockford models for Inde)! burglary and Index larceny/theft also had good statistical 
diagnostics, but indicated serendipitous Interventions. The number of burglary offenses ap
parently fell in 1982 and remained low in 1983 (see Figures 24a and 24b), and the number of 
larceny/theft offenses fell in 1983 (see Figure 29). On the other hand, predictions for the other 
years were very good: Index burglary was predicted within 1 percent in 1981 and 4 percent in 
1983, and Index larceny/theft was predicted within 4 percent in 1981 and 12 percent in 1982. 

In general, crime in Rockford seems to be predictable. Each of the four time series. was 
relatively easy to model. Except for the two serendipitous interventions, most crimes and 
years were predicted within 10 percent. 

Skokie 

In Skokie, there were too few Index robberies (three) and Index aggravatl?·-i assaults (six) 
per month for either model to be attempted. 77 

The Index burglary model in Skokie predicted 1981 within 4 percent, and the average 1981 
month within 16 percent. However, two months of 1982 were extremely low, and were not 
predicted within the 30 percent criteria (see Fi9ure 25). Because these 1982 months were so 
low, and the model used them to predict 1983, the accuracy of 1983 predictions In those 
months was also low. Except for thgse months, however, Index burglary was predictable in 
Skokie. .. 

Skokie Index larceny/theft was predictable by all criteria. (Unlike Index burglary, January 
and February 1982 were not extreme months for Index larceny/theft.) However, the degree of 
predictive accuracy for larceny/theft was less in Skokie than in most jurlsdlctlons--8 percent 
in 1 982 and 1 8 percent In 1983. 

In summary, Index burglary and larceny/theft in Skokie were predictable by the generous 20 
percent yearly and 30 percent monthly criteria. However, in both crime types, the degree of 
accuracy was less than in other jurisdictions that were considered predictable. 

77Skokie aggravated assault had an average of more than five per month if the entire 1972-1983 period is 

considered, but had fewer per month, on the average, if only the final years of the time period are considered. Therefore, it was 

not analyzed. 
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Springfield 

In Springfield, all four Index crimes were predictable. Even Index robbery (see Figure 40), 
which had only 23 offenses per month, was predictable within 7 percent in 1 982 and 5 percent 
in _1983, the most accurate of any jurisdiction analyzed. The 1982 prediction for the average 
month was only slightly too high (32 percent). 

All four crimes were difficult to model in Springfield, but Index aggravated assault was the 
most difficult. The best assault model had relatively poor statistical diagnostics, but 1982 was 
s.till predicted within 2 percent, and 1983 Within 15 percentJ8 

Although Index burglary and Index larceny/theft were sometimes difficult to model in 
Springfield, the final models produced accurate predictions. Index burglary had an extremely 
high month in 1978 (see Figure 41), and the year 1975 was high for Index larceny/theft (see 
Figure 42a). The high number of larceny/theft offenses from January 1975 through March 
1976 is not an artifact 01 seasonal fluctuation, because it Is also seen atter seasonality has 
been removed from the series (see Figure 42b). Despite these difficulties, the statistical diag
nostics of the Index burglary and the Index larceny/theft models were good, and so were the 
predictions. Burglary was predicted within 14 percent in 1982 and 9 percent in 1983, and lar
ceny /theft within 10 percent in 1982 and 1 3 percent in 1983. 

Although all four Index crimes were difficult to model In Springfield, the models that were 
finally identified generated accurate predictions. The Index robbery model was quite 
accurate--within 10 percent in both years. However, the models for the other three crime 
types generated predictions that were more than 10 percent wrong In at least one year. 

Summary: Predictability by Jurisdiction 

Although the circumstances of each jurisdiction are unique, It is possible to make some 
generalizations about the degree of predictability of the four Index crimes in the 14 jurisdictions 
analyzed in the Predictability Project. 

Jurisdictions In which Crime was Usually Predictable 

In fIve of the 14 jurisdictions the four Index crimes were, In general, predictable. In these 
jurisdictions, for each Index crime with at least five observations per month, it was possible to 
identify an ARIMA model that had adequate statistical diagnostics according to the tests In Ap
pendix 1. This model generated forecasts that were more accurate than the forecasts 
generated for the same crime In other jurisdictions. These jurisdictions were the following: 

• Elgin 
• Evanston 
• JOliet 
• Peoria 
• Rockford 

78The Box -Pierce statistics at lag 12 are all right, but the statistics at higher lags are not good. This is true for 

every model from 1972-1981 through 1972-1983. 
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Figure 40. Patterns of Change Over Time in Springfield Index Robbery. 1972-1983 
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Figure' 41. Patterns of Change Over Time in Springfield Index Burglary, 1972-1983 
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Figure 42a. Patterns of Change Over Time In Springfield Index Larceny/Theft, 1972-1983 
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Figure 42b. Patterns of Change Over Time In Springfield Index Larceny/Theft, 
1972-1983 (Seasona"y Adjusted) 
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In these five jurisdictions, all four Index crimes were predictable, with no qualification. The 
time series were easy to mode/. Predictions were usually within 10 percent for each year and 
20 percent for the average month. Even Index robbery, which was problematic In most juris
dictions, was adequately predicted in these jurisdictions. 

These jurisdictions were some of the most populous In the sample. Peoria and Rockford 
were the two largest jurisdictions analyzed, except for Chicago, and Elgin, the smallest of these 
five, still had a popula tion of 63,798 in 1980. 

Jurisdictions In which Some Crimes, but not Others, were Predictable 

Three of the following four jurisdictions had too few robberies. and two had too few ag
gravated assaults, I'or analysis. Of the crimes that could be analyzed, only one or two of the 
models were both well-fitting and predicted accurately. These jurisdictions and their predict
able crime types were: 

• Arlington Heights: larceny/theft 
• Aurora: robbery and larceny/theft 
• Des Plaines: larceny/theft 
• Quincy: larceny/theft 

The best model for Arlington Heights burglary was neither accurate nor a good statistical fit, 
but the larceny/theft model predicted 1982 and 1983 within 10 percent. Aurora Index robbery 
predictions were among the most accurate in the jurisdictions analyzed, and predictions for lar
ceny/theft were within 10 percent for two years. However, aggravated assault and burglary 
were not predicted accUlrately. 

The Des Plaines' burglary model was poor statistically, and also inaccura1e in the predictions 
it generated, but the larceny/thett model fit and predicted well. In Quincy, the pattern of Index 
burglary over time was somewhat erratic, and the number of observations was very low for 
aggravated assault. However, predictions for Index larceny/theft were better than those In 
any other jurisdiction, and considering the small numbers, predictions for other crime types 
were good in Quincy. 

Jurisdictions with Serendipitous Interventions in Every Crime 

The jurisdictions with serendipitous Interventions In every crime were: 

• Cicero 
• Rock Island 

In Cicero, the analysis of each 01 the four crime types Indicated that a change had occurred 
In 1977 or 1978. Robbery and larceny/theft were predicted fairly accurately, burglary was 
predicted with less accuracy, and the aggravated assault predictions were not accurate at all. 

In Rock Island, the period before 1980 was generally erratic and unpredictable, but after 
1980, all four Index crimes had very accurate predictions. 

Jurisdictions with Borderline Predictability 

Two other jurisdictions had various difficulties In analysis, but In the end had adequate 
predictions, according to the generous 20 percent yearly and 30 percent monthly criteria: 
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• Skcl<ie 
• Springfield 

In Skokie, both burglary and larceny/theft--the only crimes analyzed--were predictable 
within 20 percent for both 1982 and 1983. However, larceny/theft was predicted within 8 per
cent in 1982 and 18 percent in 1983, which is not particularly accurate for larceny/theft. 
Burglary was predicted accurately in 1981 (within 4 percent), but 1982 was only predicted 
within 27 percent and 1983 within 15 percent. 

In Springfield all four Index crimes were difficult to model, and the predictive results were 
borderline. All of the years were predicted within 20 percent, but only half within 10 percent. 

.Jurisdlctlon in which Crime was Not Predictable 

There was one Jurisdiction in which crime was not predictable: 

• Decatur 

All of the models in Decatur were poor statistical fits and did not Predict accurately. The 
most accurate predictions, in larceny/theft, were less accurate than larceny/theft predictions 
in any other jurisdiction. 

Summary and Discussion 

Methodological Goals 

Time Series Data Quality Assessment 

One of the methodological goals of the Predictability Project was to assess the availability 
of data of sufficient quality and quantity to conduct time series modeling and prediction 
analyses. 

Quantity of Data 

The analysis dlscov~red that the minimum number of observations per month that Is neces
sary In order to calculate accurate monthly predictions of criminal offenses with ARIMA is 
about 20. Crimes with fewer than 20 occurrences per month are not as likely as crimes that 
occur more frequently to meet either the statistical fit criterion or the predictive accuracy 
criterion. This Is one reason why Index larceny/theft, which occurs more frequently than the 
other three types of crime, was predictable In more jurisdictions than the other crime types. In 
the three jurisdictions where only one crime was predictable, It was larceny/theft that was 
predictable; in the one jurisdiction in which two crimes were predictable, the crimes were rob
bery and larceny/theft. 

The minimum number of years of data necessary to identify a model was especially impor
tant In Index burglary because the analysis discovered unexpected evidence of an intervention 
in most jurisdictions. The period available for a separate model after the occurrence of an in
tervention may be only a year or two. Generally, the project was not unable to Identify a 
model when the number of years of monthly data was five or fewer. However, the practical 
experience of this project indicated that, for some series, model identification and accurate 
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prediction seem to be possible with five years of month1y data, Instead of the minimum 01 seven 
tha t Is usually recommended. 

Also, In many of the situations in which an unexpected Intervention occurred In the last year 
or Jwo, the project was able to determine whether or not the level or the AAIMA model prob
ably had changed In the final year or two of the series. Although a separate ARIMA model can
not be identified for only one or two years and we did not use a computer package that would 
have measured the exact effect of an intervention, it seemed to be possible to determine 
whether a change in model may have occurred in the final vear or two. In a number of time 
series, changes in level or even model were identified, even when the change appar.ently occur
red In the final year. Even without calculating an exact transfer function, much can be dis
covered about change In a time series by the relatively simple and straightforward comparison 
of intervention-method versus year-ahead method projections. and by the comparison of 
model para.meters as each year is added to the series. 

Quaiity of Data 

The initial pattern description analyses that were conducted routinely on every series 
revealed missing or obviously questionable data in many cases. These apparent errors had not 
been noticed earlier because previous analyses had used aggregate groups of months, jurisdic
tions, and crime types. This indicates that, for the continuing improvement of data quality, pat
tern description analyses should be conducted on a routine basis, as a check for missing data 
and outliers. This routine analysis should not be conducted on aggregate totals, but rather on 
the smallest available data categories. 

An additional data -quality issue arises because of the surprisingly high number of seren
dipitous interventions found In the analysis 01 these 1 4 jurisdictions. The results of this study 
suggest that it would be dangerous to assume that the number of Index burglaries In Illinois 
jurisdictions follow a simple. consistertly defined pattern from year to year. Whether the dIs
continuous changes in the number of officially recorded burglaries in a given jurisdiction is due 
to change in the number of burglary victimizations. in the willingness of victims to report 
burglaries to the police. or In police recordkeeping practices, cannot be ascertained from the 
Predictability Project analysis. However. other research (Cook, 1985:483) suggests that "the 
fraction of all robberies reported to the police (and included in the pOlice departments' annual 
crime reports) differs among cities and varies over time: 

It is often argued that, although Uniform Crime Reports offense data may not be comparable 
from jurisdiction to jurisdiction, the data can be used to compared over time the level of crime 
within the same jurisdiction. However, this analysis found a surprising number of cases in which 
this was not so. This argues against the assumption that crime patterns can be analyzed over 
time within a jurisdiction. Therefore, analysts should not assume that a rapid increase or 
decrease In officially recorded crime Is due to an Increase or decrease In the number of vIc
timizations' unless there Is corroborative evidence that this \s the case. 

Predictive Modeling Methods 

This methodological goal of the Predictability Project was twofold: 

1) to determine whether any type of ARIMA model would successfully fit crime series, and 

2) to determine whether certai n kinds of model would tend to fit certain kinds of crime. or 
crime in certain places . 
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Statistical Adequacy and Predictive Accuracy 

In the process of trying to find the best ARIMA model for each of the local-level offense 
series in this project, we discovered that an ARIMA model could generally be found to fit most 
but not aI/ of them. However, the project also discovered that merely finding a gOod-fitting 
model, by statistical criteria, is not enough to insure that accurate predictions would be 
generated. This is true for two reasons. In the first place, these crime series contained many 
unexpected (serendipitous) interventions, few of which could have been predicted before they 
happened. In the second place, a good statistical fit is not the same thing as predictive ac
curacy. 

In the course of analysis, it often occurred that an ARIMA model that seemed to be a per
fect fit according to statistical diagnostic tests was actually a terrible predictor. On reflection, 
this should not be very surprising. The adequacy of a statistical fit is based on analysis of the 
residuals--the difference between the fitted data and the actual data. These residuals must be 
random for the fit to be considered adequate. However, though the residuals are required to be 
random, they are not required to be small. In other words, there is no requirement that the fit
ted data (or the predicted data) be close to the actual data, only that the difference between 
the fitted and the actual data be random. Therefore, as the analysis progressed, it became 
clear that the criterion of predictive accuracy (in predictions for 1981, 1982, and 1983) was 
just as important as the requirement for statistical adequacy In determining whether or not a 
particular ARIMA model successfully fit a crime series.79 

Common Types of ARIMA Model for Crime Data 

If we knew that a certain type (or types) of ARIMA model was very common for a particular 
type of crime in most jurisdictions, It would be possible to construct standard programs that 
would attempt to fit the more common ARIMA model types for a given type of crime. Were 
there particular ty-pes of ARIMA models that seemed to fit certain types of crime, or crime in 
certain jurisdictions? 

In the 14 jurisdictions analyzed, there was some consistency from place to place in the 
best-fitting type of ARIMA model for a certain type of crime. Similarly, the seasonal patterns 
identified by the project showed some consistency. For example, in Index robbery, the degree 
of seasonality seemed to be related to the number 01 offenses in the average month. Index 
larceny/theft was strongly seasonal in .every jurisdiction analyzed. This Information may make 
model identifica tion in the future somewhat easier than it was in this project. 

What are the most common types of ARIMA model? In all four Index crimes, the most com
mon serial term was (0,1,1 )(Sp,Sd,Sq), although for Index robbery this was likely to be the best 
model only in series with more than 30 offenses per month. The second most common type of 
serial ARIMA model depended on the type of crime. In Index robbery and Index larceny/theft, 
autoregressive models were common--( 1,O,O)(Sp,Sd,Sq) or (2,O,O)(Sp,Sd,Sq). The third order 

79A 900d, practical example of this arose in analysis conducted after the Predictabilit.y Study had been completed. 

In an attempt to model the number of Index forCible rape (criminal sexual assault) offenses per month in Chicago from 1972 

throu9h 1986, the model for the periods 1974-1980, 1974-1981, and 1974-1982 were all very good statistical fits, but the 

predictions were extremely erroneous. For example, the prediction for the average 1981 month was 62 percent wrong. Since 

the monthly errors were randomly positive and negative, the problem seems to be an erratic series, not a change in level. After 

the reform in data collection practices in 1983 and 1984, the best-fittin9 ARIMA model is exactly the same as the model for the 

earlier period. However, the predictions are much more acclJrate. The prediction for 1985 was only 2 percent too low, and the 

average 1985 month was predicted within 7 percent; the prediction for 1986 was 5 percent too low, and the average 1986 

month was predicted within 14 percent. Also, the level of the series increased in 1983 (by about 50 percent) and 1984 (by 

about 12 percent). It is tempting to conclude that the reform in data administration not only increased the number of Index rapes 

known to the police, but also decreased the random and erratic nature of the data. 
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autoregressive model (3,O,O)(Sp,Sd,Sq) was the best model for several Index aggravated 
assault series. For Index burglary the second most common serial term was (O,1,2)(Sp,Sd,Sq), 
which was also seen in some robbery and larceny/theft series but never in aggravated assault. 

The most common seasonal term in the ARIMA models varied not only by the type of crime 
buf also by the number of crimes per month. In robbery and aggravated assault, the majority 01 
jurisdictions had no seasonal term at all. or a very slight degree of seasonality. In burglary, 
several of the best -fitting and best -predicting models had no seasonal term. In contrast, every 
larceny/theft model had some sort of seasonal term. If a jurisdiction did have a seasonal term, 
it was likely to be (p,d,q)(O,1,1), but (p,d,q)(1,O,O) also occurred, especially in smaller jurisdic
tions and in robbery and aggravated assault. 

Resources Necessary for Prediction 

How difficult and time-consuming is the accurate prediction of criminal offenses with the 
ARIMA method? What expert skills are needed? Can these skills and decisions be quantified 
into a list of standard instructions that can be followed by anyone who wants to predict crime? 

In the Predictability Project, the identificaH~n of the best type of AAIMA model for a par
ticu�ar time series, using the dual criteria of statistical adequacy and predictive accuracy, was a 
difficult and lengthy process. It was also somewhat subjective. Once a model type has been 
identified, a number of computer packages will estimate the model. See Appendix 2 for a com
parison of four of these packages. However, identifying the best type of model is difficult and 
subjective. Two models that are equally good according to statistical tests may actually de
scribe the stochastic process in the series very differently, and produce completely different 
forecasts. 

The difficulties presented by the ARIMA method were analyzed in a comp'arison of the ac
curacy of forecasting methods conducted by the best time series forecasters in the world 
(Makridakis, et a/., 1984). In this comparison, over 1000 economic time series were used. The 
ARIMA Box -Jenkins method was found to require the most time, even for these experts (Mak
ridakis, et a/., 1984: 105). Each analysis required over an hour, on the average. This was much 
more time than the other methods required, partly because the ARIMA analyses could not be 
automated to be run mechanically. They depended to a great extent on the judgment of the 
expert. 

In the Predictability Project, the ability to find a model that met both statistical and accuracy 
criteria appeared to be strongly related to the experience of the analyst. The time series 
analyses were all done twice, once by a less experienced analyst and again by someone more 
experienced. Although the initial models were successful according to the generous criteria of 
the project, they tended to suffer from several problems. These problems are mentioned here 
as examples of possible pitfalls In ARIMA modeling for the unwary analyst. 

The initial models tended to be very complex, containing in most cases AR as well as MA 
terms. This improved the statistical diagnostics, but the predictive accuracy of these models 
was not gOOd. The simpler models presented in this report do not always fit perfectly, accord
ing to statistical tests, but they compensate by predicting much more accurately than the more 
complex models. 

The initial models tended to fit well or predict well in one time period, but not in all time 
periods. In the final analysis, we strengthened the criteria for model fitting--models had to fit 
and to predict for at least two years, and if there was any question, the analysis was done for 
a third year to be sure. In addition, the final analysis set formal criteria for model-fitting in the 
case of a serendipitous Intervention . 

illinois Criminal Justice Information Authority 

Page 109 



Thus, the analysis of each series In the Predictability Project Included not only the usual 
ARIMA process of model Identification, but the repetition of this process for at least two, usual
ly three, and often many more time periods, as well as analyzing monthly and yearly predictive 
accuracy by two methods--Intervention and year-ahead. This involved analysis generated a 
great deal of information about each series, but required a correspondingly great -amount of 
analyst's time. In fact, each series required days of work in all. much more than the time 
required in the Makradakis forecasting study. 

Is ARIMA analysis worth the expenditure of resources? Can it be useful on a daily basis in 
the field. or is it appropria ta only for large -scale research projects? The ARIMA analysis as it 
was conducted in the Predictability Project is obviously useless to answer a quick question in 
the field that might require an answer within an hour or two. unles~ some background work has 
already been done. On the other hand. it would be possible to build on the knowledge obtained 
from the successes and failures of the Predictability Project to 1) quickly update the predic
tions for each of the offenses analyzed in the 14 jurisdictions of the project, and 2) to expand 
the projections to other jurisdictions, on request. 

Once a well-fitting ARIMA model has been identified for a certain jurisdiction and crime type, 
the resources required to update the predictions yearly or monthly are much less. and the 
benefits of doing so are potentially high. For example, with any of the four crime types in the 
14 jurisdictions analyzed in the Predictability Project, predictions for 1984, 1985, 1986, and so 
on could be calculated relatively easily and automatically, and updated on a regular basis. Any 
deviation (high prediction errors) could be analyzed, using the methods described In this report, 
to determine whether such a deviation indicates a true increase or decrease, or only erratic 
changes in the time series. In the following section, we discuss some rules of thumb for making 
this determination. . 

Tlrne Series Intervention Methods 

The Discovery of Serendipitous Interventions 

An unexpected result of the predictability analysis was that It occasionally uncovered an 
apparent change in level of the series or AAIMA model. indicating that an intervention had taken 
place, even in jurisdictions, crimes, and times where no intervention had been predicted. Some 
of these unexpected findings are Intriguing. For example, the best ARIMA model for Evanston 
burglary appears to be different In the time periods 1972-1978 and 1979-1983. The later 
period contains much more seasonal fluctuation. In addition, the number of burglaries is higher. 
A cause of both changes could be the burglary prevention program that began In 1979. One 
goal of n. burglary prevention program wouid be to educate citizens to recognize and report 
suspicious situations. If there is an Increase in the number of reported burglary attempts, and if 
these Incidents follow a seasonal pattern, then the effects of a prevention program could be in
creased Incidents known to the pollee and Increased seasonality. 

Time series pattern description, with its simple description of the general pattern over time, 
can often find, and point out to the user, a sharp change or discontinuity In the time series. For 
example, the drop In 1983 In the number 01 robbery offenses in Peoria, which can be seen in 
the pattern description graph (see Figure 15), was also found in the ARIMA analysis. However, 
the more precise and painstaking ARIMA analysis also discovered some serendipitous interven
tions that were too subtle to have been discovered in the pattern description graphs. Some of 
the interventions, Rock Island Index burglary for example, were changes in ARIMA model, not in 
the level of the series. However, ARIMA analysis also occasionally found increases or 
decreases in level that had not been discovered in the pattern description graph. Usually this 
happened when the number of offenses had been increasing or decreasing steadily for several 
years. and then suddenly the increase or decrease became much sharper. (For example. see 
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the discussion of total Illinois (non -Chicago) firearm robbery and Joliet Index robbery, page 
45.) 

When an Intervention is discovered through analysis and not hypothesized beforehand. the 
cause could be that the predictive accuracy for the analysis of that series tends to be poor for 
every year. How is it possible to differentiate between a series that is generally unpredictable, 
and a series that has an actual change in level? With the time series analyzed here, the Predic
tability Project found the following rules of thumb to be helpful: 

• Look at the prediction errors for each individual month. Most monthly errors should be in 
the same direction (negative or positive) as the prediction error for the total year. 
Otherwise. there was probably not a real change in level. For example, if the prediction 
for the total year is too low, the predictions for most months should also be low, or they 
should become increasingly negative over time. If the monthly predictions are highly er
roneous but some errors are in the positive direction and others are in the nega tive direc
tion' the series is probably erratiC. 

• Conduct both pattern description analysis and ARIMA analysis. The results of these 
should agree. 

• In the ARIMA analysis, predict several years, not just one year. If most years are unpre
dictable, then the series is probably unpredictable. 

• Look for a change In the degree at predictive accuracy, occurring a year or two after the 
suspected intervention. If the same ARIMA model predicts much more accurately In the 
years after the suspected change in level took place than in the years before. an im
provement in the consistency of data recording may be the reason. This may have hap
pened with Chicago sexual assault data (see note 79). 

Year-Ahead versus Intervention Predictions 

The project found the calculation of year-ahead predictions and Intervention predictions to 
be a useful tool, at least at the exploratory level, for describing the possible reasons for a 
change in a time series. (For a review of these two predictive methods, see "Method of 
Measuring Predictive Accuracy," page 21). 

If the year-ahead predictions fof' 'a year and the average month In that year are not ac
curate, but the intervention predictions for the same time period are accurate. then there Is 
some indication that the level of the series changed (increased or decreased) but not the best 
model. Conversely. if both the year-ahead predictions and the intervention predictions are not 
accurate, there Is then an indication that the best ARIMA model changed. 

However, these are exploratory indications only, not proof. To provide a convincing argu
ment that the level or the model really changed. the indications from the year-ahead predictions 
and intervention predictions need to be backed up by corrobatory evidence, In the case of a 
suspected change In level, this evidence would be the rules of thumb just discussed above-
pa ttern of monthly errors, agreement of pattern description analysis, analysis over several 
years, and a change in error patterns over time. In the case of a suspected change in model, 
the following would provide additional evidence that a change in ARIMA model type, suggested 
by intervention method predictions, in fact occurred: 

• Statistical diagnostiCS of the model. such as the Box- Pierce statistics at lags 12 and 50, 
were good before the suspected model change, but not after. 

Illinois Criminal Justice Information Authority 

Page 111 



• Estimated weights for ARor MA terms changed {change Is Indicated when the AR or MA 
term becomes zero within two standard errors, or Increases more than two standard 
errors higher than the estimate was before the intervention occurred) . 

• A different model fits better and predicts better than the old model for the. additional 
years, but the old model still fits and predicts better for the earlier period. 

These are relatively simple analyses to do at an exploratory level, in order to decide 
whether or not a change in level or model is a reasonable hypothesis. At a more formal level, 
such hypotheses can be tested with an experimental design like the Chicago Intervention 
Analysis described in the following section or by the statistical analysis of a hypothesized 
transfer function. However, the descriptive methods discussed here should help to avoid the 
misspecification of these formal hypotheses. 

Predictive Accura<!1.. 

What is the de~ree of accuracy that may be expected with crime data? Criteria for predic
tive accuracy for ec:onomic data are often set at 10 percent for the following year Of month. If 
that criterion were lJsed for these local-level criminal offense time series, most of them would 
be categorized as unpredictable. However, certain crime types, and crime In certain jurisdic
tions, did meet these classical criteria. 

The reader may have noticed that predictions for 1981 and 1982 are often as accurate or 
more accurate than predictions for 1983. There were very few cases In which 1983 predic
tions were more accurate than 1982 predictions. However, this does not mean that radical 
changes took place in 1983 throughout Illinois. The poorer 1983 predictive accuracy was sim
ply a result 01 the d1esign of the study. Model-fitting W2.S done first for the earlier years, and 
then models fitting the early years were fit to the later years. 

Predictability by TYlPe of Crime 

It is often argued that, although Uniform Crime Reports offense data may not be comparable 
from jurisdiction to jurisdiction, the data can be used for comparisons over time of the level of 
crime within the samj~ jurisdiction. However, this analysis found a surprising number of cases in 
which this was not so. Serendipitous interventions, or unexpected sharp increases or 
decreases, occurred repeatedly. 

Index larceny/thE~ft was by far the most predictable type of crime that the Predictability 
Project examined. The number of offenses In the total year was predicted within 10 percent in 
at least one year In 11 jurisdictions, and in four jurisdictions both 1982 and 1983 were predic
ted within 10 percent 

Of the 14 jurlsdlc:tlons In which Index burglary was analyzed, only three models generated 
successful predictions, two jurisdictions could not be successfully modeled at all, and in the 
remaining nine the analysis discovered a serendipitous intervention. 

The predictive accuracy for Index aggravated assault ranged from very accurate to com
pletely unpredictable, depending on the jurisdiction. 

Overall, predictability for Index robbery was more successful in places with more robberies 
per month. However, jurisdictions with fewer than 30 but more than 10 robberies per month 
could often meet the yearly predictabifity criterion, if not the criterion for the average month. 
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Predictability by Jurisdiction 

Predictive accuracy is related to the jurisdiction as well as to the type of crime. The 
Predictability Project found that, in general. Index larceny/theft was likely to be predictable, but 
that Index burglary was not ver'y predictable. Index robbery and aggravated assault were pre
dic-table in some jurisdictions but not in others. However, in certain jurisdictions, predictive ac
curacy was usually poor, whatever the crime type, and in other jurisdictions, predictive ac
curacy was usually good, whatever the crime type. Therefore, it seems that the answer to the 
question, "Is crime predictable?" depends on the jurisdiction as well as on the type of crime. 

Why do offenses officially recorded by the police follow a predictable pa ttern is some juris
dictions, but not in others? It does not seem reasonable that the actual number of yictimiza
tions of a certain 'type of crime would be random and unpredictable in some jurisdictions but 
patterned and predictable in other jurisdictions. The definition and recording of crime is not al
ways completely objective (Miller and Block, 1985). To become a crime known to the police, 
an incident first must be reported to the police,80 and then must be recognized and recorded by 
the police as a crime (Block and Block, 1980). Whether or not a crime actually occurred is of
ten a matter of interpretation. Therefore, the number of crimes known to the police each month 
is related not only to the number of crimes that occur but also to the law enforcement jurisdic
tion's administrative practices in defining and recording crime. Thus one result of the Predic
tability Project was that even though crime itself may be predictable, administrative decisions 
may be unpredictable, at least in some jurisdictions. 

\ 

80The victim or a witness may report the incident to the police, or the police may discover the incident in other 

ways, such as through police patrol, offender's confession, and so on. 
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Chicago Intervention Analysis 

The primary objectives of the Predictability Project were to determine whether or not crime 
is predictable for certain jurisdictions and particular types 01 crime, and to discover the best 
methods for making such a determination. An additional objective was to use the methods of 
crime prediction that were tested and refined in the first part of the Predictability Project in an 
analysis of the effect of an actual intervention in Chicago --do change in the collection and main
tenance of criminal offense data. 

The Chicago Intervention Analysis measures the effect of the change in the administration 
of recordkeeping--the intervention-- on the number of occurrences of offenses known to the 
police. The time series experiment design of this analysis is discussed in the sections, 
"Methodological Goals" (page 10) and "Project Design and Methods" (page 15). Here, we 
present and discuss the results of that analysis. 

Answers to two practical questions were sought in the Chicago Intervention Analysis: 

1) Did the change in data collection and recording practices in Chicago in 1983 affect the 
number of crimes officially recorded, or were the changes in the number of crimes due to 
actual increases in crime occurrences? and 

2) How much of the increase in the number of each type of recorded crime was due to 
record keeping, and how much to changes in crime occurrence? 

Statistical Evidence of Intervention 

This section explains in detail the methods and criteria the study used to determine whether 
or not a change in the number of offenses for a particular crime type could have been due to 
the change in the administration of data collection and maintenance in Chicago. 

The study hypothesized that if an Intervention had occurred In the collection and recording 
of Chicago offense data for a particular crime in 1983, this change would result in an inc~ease 
in the number of crimes known to the pollee, relative to the number in previous years. The ac
curacy of the prediction of 1983 would be less than the accuracy of the prediction of 1982 or 
1981. The best ARIMA model might also change when the year 1983 was added to the series. 
In addition. the predictive accuracy for 1983 would be less than the predictive accuracy for the 
same year and the same crime in Illinois (non-Chicago). 

Predictive Accuracy 

If a change in the number of crimes was due to a change in recordkeeping practices occur
ring in 1983, predictions for the total year 1983 and the average 1983 month (year-ahead 
method) would be less accurate than predictions for 1981 or 1982. using the same model. 
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In addition. if the ·change in the number of recorded offenses in Chicago was due to the 
change in the administration of recordkeeping that occurred at that time only in Chicago, then 
predictions for the total year and the average 1983 month in Chicago (year-ahead method) 
would be less accurate than 1983 predictions for IlIino!~ '''()'1-Chicago). for the same crime. 

Evidence of a Change in the Model 

Other evidence of an intervention in Chicago would be a change in the best ARIMA model 
when the year 1983 was added to the data set. In other words, the best model for the period 
1974-1982 would not be a good-fitting model for 1983 Unfortunately, a one-year period is 
too short to fit a separate model that could be compared to the best 1974-1982 ARIMA 
model. 81 Therefore. the project considered any of the following to indicate the presence of a 
change in ARIMA model in 1 983: 

• The adjusted Box-Pierce statistics (see Appendix 1) for Important lags. (such as 12 or 
30) are worse in the 1974-1983 model than in the 1974-1981 model or the 1974-1982 
model. 

• The low or high estimate for one of the AR or MA weights crosses zero in the 1974-1983 
model, but not in the 1974-1982 model or the 1974~1981 model. 

• The estimates of the AR or MA terms are much higher or lower in the 1974-1983 model 
than in the 1974-1982 model or the 1 974-1 981 model. 

• Using the intervention method, 1983 predictions are less accurate than 1982 or 1981 
predictions. 

Serendipitous Intervention Findings versus a Time Series Experiment 

In the first part of the Predictability Project. a number of jurisdictions and crimes showed a 
change in the number of events in a typical month or a change in the best ARIMA model. both of 
which indicate a possible intervention. What is the difference between the discovery of an in
tervention in the first part of this project, and the analysis of an intervention in the second part 
of the project--the Chicago Intervention Analysis? 

In the process of identifying the best ARIMA model for each crime and jurisdiction. the 
Predicta.bility Project first predicted 1981. then 1982. then 1983. then 1984.82 The 1981, 1982. 
and 1983 predictions were compared to actual figures for those years. For some crimes and 
jurisdic~jons. the best model for predicting 1981 and 1982 did not predict 1983 accurately. For 
others, the best model for predicting 1981 and 1 983 did not predict 1982 accur a tely. These 
results were considered to suggest the presence of .an Intervention (see "is Crime Predictable," 
page 39). 

These findings of possible interventions were serendipitous; they had not been expected 
when the Predictability Project was designed. Because the apparent interventions were dis
covered in the course of analysis and not predicted beforehand, it cannot be said that a par
ticu�ar event caused tbe intervention. For example. even if the timing of the intervention 
coincided with an event that could provide a reasonable explanation for it. as in the case of 

BlAt the time this report was written, a program that could compute a transfer function was not available at the 

Authority. A transfer function would provide an exact measure of the effect of an intervention. However. the exploratory 

measures used here provide other evidence of the presence of an intervention. 
B2predictlons for each month of 1984, using the models in tables H, J, L, and N. are available on request. 
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Evanston burglary, we cannot conclude that the increased emphasis on burglary prevention in 
Evanston caused the change in the Evanston Index burglary time series . 

In contrast. the design of the Chicago Intervention Analysis stated in advance that. because 
of the occurrence of an ir"tervention (a change in the administration of recerdkeeplng), certain 
changes were expected to "ave occurred at a certall1 time in the number of certain types of 
criminal offenses. Greater change was expected to have occurred for some crime types than 
for others. 

To eliminate the possibility that some alternative explanation accounted for the changes in 
Chicago offenses, for example an unknown event that may have affected crime in Illinois as a 
whole, the design included a control group (total non-Chicago Illinois). Such a design is called 
an interrupted time series quasi-experiment with a none qui valent no-treatment control group 
(Cook and Campbell, 1979:214). The terms "quasi-experiment" and "nonequivalent" indIcate 
that this intervention design is not a classic experimental design in which cases would be as
signed randomly to a treatment group and a no-treatment group. The change in the administra
tion of recordkeeping in Chicago did not, of course, occur random~y. However, even a non
equivalent control group provides much stronger evidence tor causality than do the descrip
tions and tJost hoc explanations of the analysis of serendipitous interventions. Thus, for ex
ample, if an increase in Index robbery or aggravated assault offenses occurred both in Chicago 
and in illinois (non-Chicago), then the cause of this increase could not possibly be the change In 
Chicago recordkeeping practices . 

Index Robbery 

The total number of officially recorded Index robbery offenses increased in Chicago in 
1983, compared to previous years. This increase was attributed by some to Chicago crime 
recording practices, which began to change at the beginning of 1983 at the time of the press 
accusations and the internal audit (Chicago Police Department, 1983), and which had become 
official practice by the end of the year. However, the Chicago Intervention Analysis 
hypothesized that this increase in officially recorded offenses did not occur for every type of 
crime. If a type of robbery had been completely and accurately recorded before the ad
ministrative reforms. then the reforms would have had no effect on 11. 83 The following analysis 
suggests that firearm robbery was just such a crime. 

Index Firearm Robbery 

If the number o·f firearm robbery offenses in Chicago (see Figure 8) increased in 1983, the 
ARIMA prediction for 1983 would be less accurate than either the 1981 or the 1982 prediction. 
However, the 1983 prediction was more accurate (see Table 0). Even though the five-year 
period from 1976 through 1980 Is short for reliable model-fitting, an M~IMA model (0,0,3)(0,1,'1) 

83Sy the same token, a type of crime that had been under counted before the reforms took place might stili be 

undercounted afterwards, provided that the reforms had no effect on It. Such a type of crime would also show no change In 

1983. 
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did predict 1981 within 15 percent for the total year and 23 percent for the average month.84 

The same ARIMA model, based on 1976-1981 data, correctly predicted 1982 firearm robberies 
within 17 percent (year-ahead method). In contrast, 1983 firearm robbery offenses were 
predicted within 8 percent Thus, the number of Chicaqo firearm robbery offenses does not 
ap,:?ear to ha ve changed in 1983. -

By comparison, firearm robberY' offenses in total Illinois (non-Chicago) were predicted 
within 2 percent in 1981, within 9 percent in 1982, but only within 23 percent in 1983 (year
ahead method). The actual number of offenses in 1983 was 23 percent higher than the predic
ted number. As Figure 16 shows, the number of firearm robberies in total Illinois (non-Chicago) 
dropped beginning in 1980. However, ARIMA analysis suggests that the number began to level 
off in mid-1983. All 1983 predictions tram July through December were too low. 

In summary, if uur criteria are those discussed in the section, "Statistical Evidence of an In
tervention" (page 115), the number of Chicago firearm robberies did not change in 1983. First, 
the predictive accuracy in Chicago in 1983 was not worse than the accuracy in 1981 or 1982. 
Second, the predictive accuracy in Chicago in 1983 was not worse than the accuracy in total 11-
linois (non-Chicago). In fact, the predictive accuracy in Chicago in 1983 was better, not worse, 
in both cases. 

Other evidence of an intervention would be a change in the model in 1983, but the model 
does not appear to have changed. The best ARIMA model in all time periods examined for 
Chicago firearm robbery was (0,0,3)( 1 ,0,0). The MA(3) and MA( 12) estimates for this model 
were similar in all time periods. 85 

Time Period MA(1 ) MA(2) MA(3) MA(12) 

1976-1980 zero zero -.60 .87 
1976-1981 ~ero zero -.62 .90 
1976-1982 zero zero -.49 .90 
1976-1983 zero zero -.40 .87 

All four models have an MA( 3) term but no MA( 1) or MA( 2) term. In other words, each ob
servation IS related to the error of the observation three months ago, but unrelated to the 
previous month or to the observation two months ago (see Appendix 1). 

In summary, there is nothing in the" ARIMA diagnostics to indicate a model change in 1983. 
Also, the intervention method predictions tor Chicago in 1983 (see Table 0) are as accurate, 
and even slightly more accurate, than the 1982 intervention method predictions. This, again, 
argues that there was no change in the ARIMA model in 1983. 

Therefore, an intervention does not seem to have occurred in the number of firearm rob
beries known to the police in Chicago In a typical month of 1983, compared to the number 
known to the police between 1976 and 1982. The change in the administration at data collec
tion and maintenance apparently had no effect on the likelihood tha.t Index firearm robbery of
tenses would become part 01 the official record. 

84Secause the initial pattern description of Index firearm robbery in Chicago (see Figure 8) indicated thaI the 

pattern changed in 1976, and because subsequent ARIMA diagnostic tests and model-fitting attempts a9reed with this, the 

analysis for firearm robbery begins in the year 1976. 
S5The estimate of the MA(3) term may have decreased after 1982 was added to the series, but this may be due 

only to the short number of years available for analysis. Also, the estimate of the seasonal MA( 12) term is the same In each of 

the four models, and all of the models fit well according to statistical diagnostics (see Appendix 1). 
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Since firearm robbery is a serious crime, it always had been accurately and completely 
recorded, even before the administra tive changes iI, recording practices. Thus, the changes 
had no effect on the number of firearm robbery offenses in official records. 

Table O. Chicago Intervention Analysis: Index Robbery, by Weapon 

Percent Error of Predictions 

Year-Ahead Method Intl1ryention Method 

1981 1982 1983 1981 1982 1983 

Total Avg. Total Avg. Total Avg. Total Avg. Total Avg. Total Avg. 
.Y.w: MM.t.h W.r. MM.t.h W.r. M2n1h Y.ft.ll M2n1b. Y.w:. ~ :w..r. MW.h 

Firearm 

Chicagoa 15% 23% 17% 26% 8% 11% 9% 16% 11% 24% 4% 1% 
NonChicago 2 10 9 13 23 24 2 10 0 11 0 14 

Knife 

Chicagob 15 24 9 29 21 27 13 24 7 28 19 26 
NonChicago 14 14 1 14 10 14 1 14 2 15 2 1 

Other Weapon 

Chicago 11 19 2 20 38 36 4 14 3 18 28 28 
NonChicago 14 23 4 29 17 27 8 25 3 22 10 23 

Strongarm 

ChicagoC 12 20 11 18 42 39 7 17 7 20 27 26 
NonChicago 1 1 7 11 1 12 1 1 2 6 3 12 

aThe period 1976-1 9aO was too short to calculate 1981 predictions reliably. 

bpredictions of an ARIMA model (O,O,O){ 1,0,0) (see Table H). 

cPredictions of an ARIMA model (1,0,0,)( 1,0,0) (see Table H). 
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Index Knife Robbery 

There are indications that the best model for Chicago knife robbery (see Table H) changed 
in 1983.86 The best mode! tor tt'le period 1975-1"""'3 was (3.0,0)(1.00) a relatively simple 
mO,del that predicts the c.,~. rent observation with the 'Jbservation that occurred three months 
ago and the observation that occurred 12 months ago. However, the best model for the period 
1975-1982 was not the same. The parameter weights for ARIMA (3,0.0)( 1 ,0,0) in three time 
periods were the following: 

Time Period 

1975-1981 
1975-1982 
1975-1983 

AR ( 1 ) 

.02 
-.02 

.10 

AR(2) AR(3) AR(12) 

.03 .15 .12 

.04 .15 .12 

.17 .24 .15 

The AR(1) and AR(2) estimates were essentially zero in the two earlier models. However, in 
the 1975-1983 model, they were both higher (though still not significant--.10 and .17, respec
tively), and were needed for the model to be considered adequate according to the statistical 
diagnostic tests (see Appendix 1). Thus, there appears to have been a change in the ARIMA 
model in 1983. 

Further evidence for a change in the ARIMA model is this: An ARIMA model (0,0,0)( 1 ,0,0) fit 
the 1975-1981 period very well, with a lower Box-Pierce statistic (see Appendix 1) at lag 30 
than the alternative ARIMA model (3,0,0)( 1 ,0,0). ARIMA (0,0,0)( 1 ,0,0) predicted 1981 within 15 
percent and 1982 within 9 percent, but the actual number in 1983 was 21 percent higher than 
the predicted number (see Table 0). The intervention method prediction with ARIMA 
(0,0,0)( 1 ,0,0) was 19 percent too low in 1983, indicating that the change in 1983 was a com
bination of a change in level and a change in model type. Also, an ARIMA model (0,0,0)( 1 ,0,0) 
was not a good statistical fit for the 1975-1983 period.87 

In addition to a change in the best ARIMA model, there was also a change in the level of 
Chicago knife robbery offenses in 1983. The year-ahead 1983 prediction with ARIMA 
(0,0,0)( 1 ,0,0) was 21 percent too low, and the prediction with ARIMA (3,0,0)( 1 ,0,0) was 18 per
cent too low. In fact, the prediction for every month from May through December 1983 was 
too low, by an average of 27 percent. The number in November (242) was 94 percent higher 
than the predicted number. This rapiq increase in 1983 can be seen in the pattern description 
graph (see Figure 43). 

In contrast, there was no change in the number of knife robberies in total Illinois (non
Chicago) in 1983 (see Figure 44). The best model for total Illinois (non-Chicago) Index knife 
robbery predicted 1981 within 14 percent, 1982 within 1 percent, and 1983 within 10 percent. 

86The analysis of Index robbery with a knife began in 1975, because time series pattern description analysis 

suggested that 1974 differed from the following years. 
87The Box -Pierce statistic (see Appendix 1) at lag 30 is 47.1 for an ARltvlA (0,0,0)( 1.0,0) model fit to the 

1975-1983 time period. but 31.1 at lag 30 for the 1975-1982 period. 
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Figure 43. Pa'tteros of Change Over Time In Chicago Index Knife Robbery~ 1974-1983 
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Figure 44. Patterns of Change Over Time In illinois (non -Chicago) Index Knife Robbery, 
1975-1983 
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Therefore, the number of officially recorded Index knife robbery offenses in 1983 in 
Chicago was apparently affected by the change in recording practices. If the same conditions 
had eXisted in 1983 as in the period 1975-1982, the number of Index knife robberies known to 
the police in Chicago in 1983·woUld have been closer to thf' ARIMA model (0,0,0)(1,0.0) year-

. ahead prediction of 1,703 than was the actual figure of 2 1 c;n ~8 . Taking Into account the 10 
percent year -ahead prediction error for 1983 in total IllinOIS (non-Chicago), we can estimate 
tha t there were at least 10 percent more knife robberies in Chicago in 1983, due to the change 
in recording practices. (This figure was calculated by subtracting the 10 percent illinois (non
Chicago) error from the 21 percent Chicago error, and rounding.) 

Index Robbery with Another Weapon 

The number of Index robberies with another weapon in Chicago (see Figure 45) increased 
even more sharply in 1983 than the number of Index robberies with a knife. Every month ex
cept April was actually higher than the number predicted with the year-ahead method and the 
average monthly error was more than 36 percent. 89 An ARIMA model (0,0,3)(1,0,0) for the 
number of Chicago Index robbery offenses committed with another weapon (not a firearm or a 
knife) predicted 1981 and 1982 within 11 percent and 2 percent, respectively, but the 1 983 
prediction was 38 percent too low (see Table 0).90 

Because the intervention method prediction for 1983 was also too low, by 28 percent (see 
Table 0), there may have been a change in the best ARIMA model as well as in the number of 
offenses. Although ·the type of model did not change, the estimated weights of the terms in the 
model did change, as can be se~n below: 

Time Period 

1975-1981 
1975-1982 
1975-1983 

MA( 1) 

-.0·7 
-.05 
-.33 

MA(2) MA(3) MA(12) 

- .08 - . 19 . 12 
-.09 -.20 .12 
-.33 -.42 .14 

The MA( 1) and MA(2) estimates were close to zero in the two earlier time periods, but be
came significantly nega tive when 1983 was added to the series (see Table H).91 This, coupled 
with the fact that the prediction error for 1983 was still high with the intervention method (see 
Table 0), indicates that the ARIMA model may have changed in 1983. 

While the number of other -weapon robbery offenses increased in Chicago in 1 983, it ap
pears that the number in total illinois (non-Chicago) declined slightly (see Figure 46). This 
decline can be seen In the pattern description graph, and was also found in the ARIMA analysis. 
In 1981 and 1982. a very simple ARIMA model (1,0,0)( 0,0,0) predicted the total years within 14 
percent and 4 percent, respectively, but the 1983 prediction was 17 percent too high. In fact, 
the prediction for each 1983 month, except one, was too high by an average of 27 percent. 

SSThe figure 1,847 is the year-ahead prediction with an ARIMA model (0,0,0)( 1 ,0,0) based on 1 975-1 982 knife 
robbery data. 

S9predictions for the eleven months except April were too low by an average of 39 percent. 
90Note that models begin in 1975, because time series pattern deSCription analysis (see Figure 45) suggested a 

change between 1 974 and 1975. 
91 This change in the best model is similar to the change in the model for Index knife robbery in Chicago, as 

discussed on page 1 20. In the case of Index knife robbery in Chicago, the AR( 1) and AR( 2} estima tes were close to zero until 
1 983 was,.added to the series. 
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Figure 45. Patterns of Change Over Time in ChicagO' Index Other-Weapon Robbery, 
1974-1983 
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Figure 46. Patterns of Change Over Time In illinois (non-Chicago) Index Other-Weapon 
Robbery, 1975-1983 
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This indicates that the 1983 increase In Chicago Index robbery with another weapon was at 
least partially due to the administrative changes in recordkeeping practices. If the same condi
tions had existed In 1983 as in the years 1975-1982, the number of other-weapon robberies 
known to the police in Chicago would have been about 20 percent less in 1983 than it was. 
(Tbis figure was calculate'd by subtracting the 17 percent non-Chlc.ago error from the 38 per
cent Chicago error, and rounding.) 

Index Strongarm Robbery 

The number of Index strongarm robbery offenses In Chicago (see Figure 47) increased 
more in 1983 than any other type of robbery. The best model, ARIMA (1,0,0)( 1,0,0), predicted 
1981 within 12 percent and 1982 within 11 percent (year-ahead method) (see Table 0). The 
average 1981 month was predicted within 20 percent, and the average 1982 month within 18 
percent. However, Chicago strongarm robbery predictions for 1983 were much worse. 42 per
cent too low for the total year and 39 percent wrong for the average month. The prediction 
for every 1983 month from February through December was too high, and the degree of error 
was largest in the second half of the year (51 percent on the average in the last six months). 

In contrast, total Illinois (non -Chicago) predictions for 1983 were just as accurate as 1981 
and 1982 predictions had been, within 1 percent for the year and 12 percent for the average 
month. Predictions for 1981 and 1982 were within 1 percent and 7 percent for the year and 1 
percent and 11 percent for the average month, respectively. The pattern description graph 
(see Figure 48) shows no indication of a change, certainly not an increase, in 1983. Instead, it 
indica tes that the number of strongarm robbery offenses declined slowly but steadily from 
1981 through 1983. 

In adpition to the change in the number of strongarm robbery offenses in 1983 in Chicago, 
there also may have been a change in the best ARIMA model. ARIMA (1,0,0)( 1 ,0,0) predictions 
with the intervention method were good for 1981 and 1982, within 7 percent in both years, but 
the 1983 prediction was 27 percent too low. Was the best-fitting ARIMA model for Chicago 
strongarm robbery in 1983 the same as the best ARIMA model for the periods 1975-1981 and 
1975-1982? Below is a summary of the characteristics of ARIMA models (1,0,0)( 1 ,0,0) for 
three time periods: 

Box-Pierce Statistic 
Time Period AR( 1) AR (12) Lag 50 Lag 12 

1975-1981 .41 .15 48.3 8.7 
1975-1982 .33 .17 57.0 14.1 
1975-1983 .76 .15 58.6 24.0 

In the 1975-1983 model, the high Box-Pierce statistic at lag 12 (see Appendix 1) and the 
sharp increase In the AR( 1) estimate indicate that the ARIMA model (1,0,0)( 1 ,0,0) was not a 
good fit. The high AR(1) weight suggests that an ARIMA model (0,1,1)(1,0,0) would fit better, 
and indeed, it did (see Table H).92 Such a model for the 1975-1983 time period was statistical
ly sound according to the tests discussed in Appendix 1. For example, the Box-Pierce statistic 
a t lag 12 was 11.9 for an ARIMA model (0,1,1)( 1 ,0,0). 

92A high AR( 1) weight suggests an ARIMA (0,1,1)( 1 ,0,0) model becalJse an autoregressive process of 1.00 would 

mean that every observation was correlated perfectly with the preceeding observation. This would be equivalent to a trE:)nd in the 

series, which can be removed by a first difference transformation. See Appendix 1 or Block (1984b) for more detail. 
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Figure 47. Patterns of Change Over Time in Chicago Index Strongarm Robbery, 
1974-1983 
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Figure 48. Patterns of Change Over Time in Illinois (non-Chicago) Index'Strongarm 
Robbery, 1975-1983 
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strongarm robbery meets several criteria for the presence of an intervention. The 1983 
Chicago predictions were less accurate than 1981 or 1982 Chicago predictions; they were 
also worse than 1983 predictions for the rest of Illinois. In addition. the type of ARIMA model 
appears to have changed in 1983. Therefore. the increase in the number. of Index strongarm 
robbery offenses known to the Chicago police in 1983 probably was due to a great extent to 
adrninistrative changes. The nUJ'T'ber was about 40 percent higher (42 percent error minus the 
1 percent error for the non-Chicago Illinois. rounded) than it would have been if all conditions. 
including recordkeeping practices. had been the same in 1983 as in the earlier years. 

Index Aggravated Assault 

The total number of officially recorded Index aggravated assault offenses increased in 
Chicago in 1983. even more than the number of Index robbery offenses increased. Again. the 
questions are whether this increase was due to data recording practices. and if so. what is the 
amount of change in the number of arrests that can be attributed to the change in data record
ing. 

It is not entirely dear how to apply to aggravated assault the hypothesis that change In 
more serious offenses would be less than the change in less serious offenses. Index ag
gravated assault includes several offense types that vary in seriousness. The three types of 
offense defined as Index aggravated assault are attempted murder. aggravated battery. and 
aggravated assault. Attempted murder and aggravated battery are actual attacks. but 'ag
gravated assault is the threat to commit serious Injury. It is difficult to measure the relative 
seriousness of the different types of aggravated assault with available data because Injury In
formation is not available for aggravated assault. The only available information is the type of 
weapon. 

Index Firearm Assault 

In contrast to Index firearm robbery. which did not change in 1983. Index firearm assault 
apparently did change. An increase in 1983 was apparent. both in the pattern description graph 
(see Figure 49) and in the ARIMA analysis (see Table P). 

An ARIMA model (2.1.0)(0.1.1> for Chicago Index aggravated assault with a firearm predic
ted 1981 within 12 percent and 1982 within 16 percent (year-ahead method). Though these 
predictions were not extremely accurate. the prediction for 1983 was much worse-- it was 35 
percent too low for the year and 31 percent wrong for the average 1983 month. In fact. the 
prediction for each 1983 month 1rom April through December was too low. 

In contrast, the best model tor Index firearm assault In Illinois (non-Chicago) predicted 1981 
within 3 percent, 1982 within 5 ptlrcent, and 1983 within 9 percent (see Table P). The pattern 
description graph (see Figure 50) shows a steady downward trend from 1979 through 1983. 
There is no evidence, either in the pattern description or in the ARIMA analysis, of an Increase 
In 1983. This indicates that the 1983 increase seen in Chicago firearm assault probably was 
due more to the chang~ in data collection practices in Chicago than to an actual increase in the 
number 01 crimes. 

In Chicago, predictive accuracy for firearm assault was good when calculated with the in
tervention method, within 4 percent in 1981, 2 percent in 1982, and 8 percent in 1983. This in
dicates that there was no change in the best ARIMA model. Other evidence for this is that the 
AR( 1). AR(2). and MA( 12) estimates (see Table J) were about the same for ARIMA models 
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(2,1,0)(0,1,1) for each time period tram 1974-1980 to 1974-1983, and that the statistical 
diagnostics were equally good for models for each time period . 

Thus, a.lthough the best ARIMA model tor Chicago Index aggravated assault with a firearm 
did not change in 1983, the level 01 the time series changea The number of Index aggravated 
assaults with a firearm in 1983 was at least 20 percent higher (the 35 percent error in Chicago 
minus the 9 percent error for non-Chicago Illinois, rounded) than it would have been if there had 
been no change in the conditions of the earlier years (including recordkeeping practices) . 

Table P. Chicago Intervention Analysis: Index Aggravated Assault, by Weapon 

Percent Error of Predictions 

Year-Ahead Method Intervention Method 

1981 1982 j983 1981 1982 1983 

Total Avg. Total Avg. Total Avg. Total Avg. Total Avg. Total Avg. 
Y.ur M.2.n1h Yll.r. t1M1h Ynr. MMth ill!. M2n.1h ill!. M2n1h Yw: M2.n.1h 

Firearm 

Chicago 12% 22% 16% '18% 35% 31% 4% 23% 2% 17% 8% 16 
NonChicago 3 10 5 10 9 12 2 8 2 9 4 8 

Knife 

Chicagoa 45 51 10 23 38 37 20 28 12 14 16 17 
NonChicago 8 8 3 6 5 8 2 8 7 7 2 7 

Other Weapon 

Chicagob 69 76 5 16 45 38 36 40 19 17 17 
NonChicago 15 15 6 9 8 11 2 8 6 3 11 

Hands, Feet, etc. 

ChicagoC 65 70 1 27 31 31 32 42 12 34 13 23 
NonChicago 1 8 16 16 29 36 0 9 3 8 8 13 

aThe errors for Chicago knife assault in this table are for an ARIMA model (0,1,1 )(0,1,1), The best model for the penod 

1974-1980, however, is ARIMA (3,0,0)(0,1,1) (see Table J). Based on data through 1979, this model predicted 1980 within 11 

percent for the year (both methods) and 17 percent (year-ahead method) and 18 percent (intervention method) for the average 

month, However, the 1981 prediction with ARIMA model (3,0,0)(0,1,1) was 59 percent too hi9h for the year and 66 percent 

wrong for the average month (year -ahead), 
bThe same model, ARIMA (2,0,0)(0,1,1), predicted 1980 within 15 percent (year-ahead method) and 6 percent (intervention 

method). 
cPredictions for 1980 with the same ARIMA model (0,0,3)(0,1,1) were within 6 percent (both methods), and the average 1980 

month was predicted Within 22 percent (year -ahead) and 28 percent (intervention). 
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Figure 49. Patterns of Change Over Time in Chicago Index Aggravated Assault with a 
Firearm, 1974 -1983 
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Figure 50. Patterns of Change Over Time In IlUnol!l (non-Chicago) Index Aggravat 
Assault with a Firearm, 1974-1983 
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Index Knife Assault 

The pattern over time of Index knife assault in Chicago was even more complex than the 
pa ttern over time of Index firearm assault. ARIMA analysis indica ted that the number of Index 
aggra va ted assaults with a knife in Chicago changed in 1981, as well as in 1983. 

An ARIMA model (3,0,0)(0,1,1) for the time period 1974-1979 (see Table J) predicted 1980 
within 11 percent for the total year and within 17 percent for the average 1980 month (year
ahead method). However, the prediction for 1981 with the same model was 59 percent higher 
than the actual number of Index knife assault offenses known to the police, and 66 percent 
wrong in the average 1981 month. 93 In fact, every monthly prediction in 1981 was too high. 
This drop in 1981 can be seen in the pattern description graph (see Figure 51a), and it is even 
clearer in the graph of the seasonally adjusted data (see Figure 51b). The seasonal fluctuation 
in the raw data obscures the precipitous drop at the beginning of 1981.94 Apparently, the num
ber of Indax aggravated assaults with a knife in Chicago fell sharply in the first months of 1981, 
possibly as much as 59 percent. Note that Chicago firearm assault als.o dropped in 1981 and 
1982 (see Figure 49), but not as precipitously as knife assault. The best ARIMA prediction for 
firearm assault was only 12 percent too high in 1981, compared to the prediction for knife as
sault, which was 59 percent too high. 

In addition to the decline in level in 1981, the best ARIMA model also changed. Although an 
ARIMA model (3,0,0)(0,1,1) fit well statistically for all of the time periods-- 1974-1979, 
1974-1980, and 1974-1981--the weights of the terms in the model changed. In the two ear
lier time periods, the AR(1) and AR(2) terms were .. zero (see Table J), but in the 1974-1981 
time period both AR( 1) and AR( 2) estimates were significantly positive. 95 Actually, the best 
model for 1974-1981 was not ARIMA (3,0,0)(0,1,1), but ARIMA (0,1,1)(0,1,1). The latter was 
not a good fit for the early time period 1974-1980, but was a good statistical fit for 
1974-1981. In addition, an ARIMA model (0,1,1)(0,1.1) had good statistical diagnostics (Appen
dix 1) for the 1974-1982 and 1974-1983 periods. ThIs model, when fit to four time periods, 
had the following MA( 1) and MA( 12) estimates: 

Time Period MA(l } MA(12} 

1974-1980 .87 .84 
1974-1981 .78 .86 
1974-1982 .76 .86 
1974-1983 .66 .88 

The MA( 12) estimates are about the same for models for all four time periods, indicating 
that the seasonal pattern did not change over time. However, the MA( 1) estimate decreases 
somewhat at two pOints--once when 1981 is added to the series and again when 1983 is 
added to the series. This suggests that the model changed twice, In 1981 and in 1983. 

93Note that these predictions are for an ARIMA model (3.0.0)(0,1,1); they are not the predictions made with an 

ARIMA model (1,0,0)(0,1,1) in Table P (see Table J and the footnotes to Table P). 

94Figures 51a and 51b are both pattern descriptions of Chicago Index aggravated assault with a knife. Fi9ure 

51a is a description of the raw data, and Figure 51b is a description of the data adjusted for seasonality. In Figure 51b, seasonal 

fluctuations have been removed, so that month-to-month and long term patterns are clearer (see Appendix 1). 

95The AR( 3) and the seasonal MA( 12) estima tes are essentially the same in the models of all three time 

periods. 

Illinois Criminal Justice Information Authority 

Page 129 



Figure 51a. Patterns of Change Over Time in Chicago ind~x Aggravated Assault with a 
Knife, 1974-1983 
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Figure 510. Patterns of Change Over Time in Chicago Index Aggravated Assault with a 
Knife, 1974-1983 (Seasonally Adjysted) 
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Predictive accuracy results (see Table P) agree with tlie pattern description analysis and 
with the results of model-fitting: the number of Index aggravated assaults with a Imite 
decreased sharply in 1981. climbed somewhat in 1982. and increased sharply in 1983. An 
ARIMA model (0.1,1 )(0.1.1) was 45 percent too high in predicting Index knife assaults in 
Chicago in 1981. 10 percent too low In predicting 1982, and 38 percent too low in predicting 
1983 (year -ahead method). 

In contrast, predictive accuracy for the same crime in the rest of illinois was much better-
within 8 percent in 1981, 3 percent in 1982, and 5 percent in 1983. This stability is reflected in 
the pattern description graph (see Figure 52). in total illinois (non-Chicago). there is no sign of 
the radical changes that took place in 1981 and 1983 in the number of Chicago Index knife as
saults. Outside of Chicago, the number of knife assaults was almost stable in every year from 
1980 through 1983. 

Predictions with the intervention method for Chicago Index aggravated assault with a knife 
were better than predictions with the year-ahead method, but they 'NGiS still not very ac
curate. The prediction for 1981 was 20 percent too high. the 1982 prediction was 12 percent 
too low, and the 1983 prediction was 16 percent too low. Thus. these predictions do not sup
port the idea of the model changing in 1981 and 1983. but do not really contradict it. either. 

In summary. there appear to have been two interventions in the number of Index aggravated 
assaults with a knife known to Chicago police. a serendipitous intervention in 1981 and the 
hypothesized intervention in 1983. In 1981. the actual number of crimes was 45 percent to 59 
percent lower than it would have been had .197 4-1980-conditions continued; in addition. the 
ARIMA model probably changed in 1981. In 1982. the number of knife assaults increased 
gradually, but the number was still low compared to 1974-1980. A prediction 01 1982 based 
on 1974-1980 data was 47 percent too high. and the average 1982 month was 40 percent too 
high. By early 1983. however. the 1980 level of knife robberies had again been reach(~d. Then. 
in July 1983, the number 01 offenses increased precipitously. and the ARIMA model may have 
changed as well. There were about 30 percent more offenses known to the r ~ ~e in Chicago 
in 1983 than would have been expected based on past history (38 percent .!!"lUS the non
Chicago Illinois change of 5 percent. rounded off). 

Index Assault with Another Weapon 

Like Index aggravated assault wiHi a knife. Index aggravated assault with a weapon other 
than a firearm or knife also decreased sharply In 1981. increased In 1982. and then increased 
sharply in 1983 (see Figure 53). The Increase In other-weapon assault in 1983. in fact. was 
much sharper than the Increase In knife assault In 1983. 

Although an ARIMA model (2,0,0)(0.1.1) predlc.:ted 1980 within 15 perc~nt and the average 
1980 month wit1in 26 percent (see footnote to Table P). the prediction for 1981 was 69 per
cent too high. and the average month was wrong by 76 percent (year- ahead method). Thus. a 
model based an the years 1974-1980 predicted 2.843 other-weapon assaults. but there ac
tually were only 1.682. The prediction for one 1981 month was 157 percent too high. Though 
the numbers increased In 1982. they were still lower than usual; the actual 2.193 assault figure 
was over 30 percent lower than the number predicted by a 1974-1980 model. By November 
1982. however. the number of other-weapon assaults haa returned to the 1980 level. 
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Figure 52. Patterns of Change Over Time in Illinois (non-Chicago) Index Aggravated 
Assault with a Knife, 1974-1983 

ATTEMPTED MUROEH, AGGRAVATED ASSAULT, AGGRAVATED BATTERY 

Lln. Seg •• nt Flt 

• 
Nullllir 0' II'!dI:e 
A ••• ult ott.n ••• 

soor"ulllb~'4~! •. e""-r~~'~ t~~1 
i • . ' 

I 

41!:0 - - • +- -~. 

~-'-""""""'--'i--~'I 

----F~ , -Ii . ,,;,-,:~,-i I -r ,I,i /\ /: (1/\ :'-, 
-t- ~ .• ~: ~ •. J:_L. ... : .. _ ;:~_.. f ' __ -, .. -T" - ',: ,., II ,! I,'. ( \ : r I 

i' ,,, . r\ ,\h : • I. f \",:,' \' f ~\,.! ~ 
L , .• 

f 

I ,I \ I ,\,/1,: r 'I'" \~ , i : -. .. ! 1-
, ... ', t, ., f." , , f ~,I,' 

__ '.~ 1 J \ 1',.1 .... ~ I t. ~. •• _.~ 
2AOb--:-~"~,,,~·_-:;rP"':'ft. ~,r1\:i;·t';l{-~--· t,i1';--'- t-- _'0 -r 

"~ 1'- \ I to 
- ...... ..+-- --,---

i 
,~~' \J 

I . . ---... ---'- "--_. 
I 
o 

_ ._ -i n. -.-_ "-
I ! 

-_'-1 - --.. , t.------t---
! I I 

120 

Months, Jlnulry 1974 through Oicollllir 198! 
SourcI: Il11nol1 Crl.lnll Juatlci Intar.ltlan Authorlty Veri ian of I-ucR Oatl 

Figure 53. Patterns of Change Over Time In Chicago Index Aggravated Assault with 
Another Weapon, 1974~1983 
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In addition, the intervention-method prediction for 1981 was 36 percent too high, indicating 
a possible change in the model. The type of ARIMA model does not appear to have changed, 
since statistical diagnostics for an ARIMA model (2,0,0)(0,1,1) (see Appendix 1) are good when 
estimated for all time periods. However, the estimated weights of the terms may ha ve changed, 
as can be seen below: 

Time Period AR( 1 ) AR(2) MA(12) 

1974-1979 .22 .38 .86 
1974-1980 28 .26 .85 
1974-1981 42 .33 .86 
1974-1982 .42 .33 .86 
1974-1983 .69 .25 .92 

The MA(12) estimate is about the same In the first four models, either .85 or .86. This indi
catl;~s that the seasonal pattern did not change during that time. However, the AR( 1) estimate 
increased when 1981 was added to the series. This, coupled with the poor intervention method 
prediction in 1981, suggests tha t the model as well as the level of the series changed in 1981. 

In contrast, the AR(1), AR(2) and MA(12) estimates were exactly the same for 1974-1981 
and 1974-1982 models. Also, the same ARIMA model (2,0,0)(0,1,1) predicted 1982 within 5 
percent and the average 1982 month within 16 percent (year-ahead method). A prediction 
based on only 1974-1980 was 30 percent too high in predicting 1982 with the year-a.head 
method. However, when the low numbers in 1 ~81 are taken into .accountr·a..pre,.dicuon based on 
the 1974-1 981 period was only 5 percent too high in predicting 1982. The Intervention method 
prediction for 1982 was almost identical to the actual figures--within 0.3 percent. This sug
gests that 1982 was the same as 1981 In both level and model. As can be seen in the pattern 
description graph (see Figure 53), the number of other-weapon assaults dropped steadily 
throughout 1981, and then increased steadily throughout 1982. 

However, in 1983, the situation was different. The AR( 1) and the MA( 12) estimates both 
may have changed, and the 1983 intervention prediction was 17 percent too low. Further, the 
prediction for 1983 with the year -ahead method was 45 percent too low, and the prediction 
for the average 1983 month was 38 percent wrong (see Table P). Monthly errors were con·
centrated in the second half of the year. Beginning in April, every prediction was too low, arId 
the degree of error increased with each month. The average error for the months Augus::" to 
December was 61 percent. Thus, Chicago Index aggravated assault with another weapon in
creased sharply in 1983, especially In the second half of the year. In addition, the best ARIMA 
model, describing month-to-month patterns, may have changed in 1983. 

In contrast, predictions for the same crime in illinOis (non-Chicago) (see Figure 54) were 
much more accurate, reflecting an essentially stable pattern over time. The year 1981 was 
predicted.withln 15 percent, .1982 within 6 percent, and 1983 within 8 percent. Monthly prediC
tions and Intervention method predictions were also accurate (see Table P). 

In summary,.·the pattern over ·time of Index aggravated' assault with anrJther weapon was 
Similar to the pattern of Index aggravated a.ssault with a knife. 80th decreaIJed sha.rply in 1981, 
and then increased sharply In 1983. In 1983, the number 01 aggravated assault offenses with a 
weapon other than a firearm or knife was alrnrJst 40 percent higher than it would ht&ve been had 
1974-1982 conditions continued (45 percent fJrrOr in Chicago minus the 8 p~rcent error for 
non -Chicago Illinois, rounded). 

IIIlno!s Criminal Justice !nformation Authority 

Page 133 

r 

r 



Index Assault with the Body as a Weapon 

An aggravated assault with the body as a weapon is an unarmed assault in which the body 
of the assailant can be considered to be ~ weapon. for example an attack by a person trained 
in l5arate Such assaults are also referred to as "aggravated assault with t'lands. feet. etc." In 
Chicago. the number of body-as-weapon aggravatea assaults known to the police is very 
small, compared to other kinds of assault. There were only 65 per month over the 1975-1983 
period, compared to an average of 248 firearm assaults, 341 knife assaults, and 242 other
weapon assaults per month. In contrast. Illinois (non-Chicago) had more body-as-weapon as
saults in the average month (396) than firearm assaults (317), knife assaults (294). or other
weapon assaults (285). Thus. there were many more body-as-weapon aggravated assaults in 
Illinois (non -Chicago) thal1 in Chicago (396 versus 65). even though the numbers of firearm. 
knife, and other-weapon assaults were about equal in Chicago and Illinois (non-Chicago). 

If the proportion of body-as-weapon assault victimizations to all victimizations were actual
ly the same in Chicago as in illinois (non-Chicago). then the low proportion of these body-as
weapon assaults that are known to the police in Chicago suggests that the likelihood of a 
body-as-weapon assault victimization becoming officially recorded is less in Chicago than in 
the rest of Illinois. If this is true, then the change in Chicago data recording practices in 1983 
might have had a greater effect on the recording of body-as-weapon assault than on other 
kinds of assault. If body-as-weapon Ilssault had been under counted more than other kinds of 
assault. then the reform in data recording should have affected it more strongly. However. this 
was not the case. The pattern description graph (see Figure 55) for Chicago body-as
weapon aggravated assault shows an increase in ..the -number-of -Offenses··j...., 1983. and ARIMA 
analysis agrees with this. However. the amount of increase In body-as-weapon assault in 
1983 was less, not greater, than the increase in other-weapon assault. 

The best ARIMA model. (0.0.3)(0.1,1). predicted 1982 within 1 percent. but the prediction for 
1983 was 31 percent too low (see Table P). Body-as-weapon assault de.creased in 1981, as 
did knife assault and other -weapon assault. The 1981 prediction was 65 percent too high, and 
the prediction for the average 1981 month was 70 percent wrong. However. with this same 
model, 1980 was predicted within 6 percent. and the average 1980 month within 22 percent 
(year -ahead method). 

At the same time that body-as-weapon aggravated assault increased in Chicago in 1983, it 
apparently decreased in illinois (non-Chicago) (see Figure 18). An ARIMA model (1.1,0)(0.1,1) 
for body-as-weap'on aggravated assault In total illinois (non-Chicago) predicted 1981 within 1 
percent and 1982 within 16 percent, but the 1983 prediction was 29 percent too high and the 
prediction for the average 1983 month was 36 percent wrong. SInce all of these models fit 
very well statistically, and the estimates for the AR( 1) and MA( 1 2) weights were much the 
same from year to year, there does not seem to have been a change In model. 

rhe number of Index .aggravated .assault offenses with the body as a weapon increased in 
Chicago In 1983. by about 31 percent, while In Illinois (non-Chlcago)·lt decreased by 29 per-

. cent. Thus; the amount of· change In Chicago and illinois (non-Chlcago) was the same, though 
Chicago' body .... s-weapon· assaults increased and those' In Illinois' (non-Chicago) decreased. 
Given this anomaly as well as the apparent drop In 1981, It is difficult to estimate the amount of 
change in 1983 due to the change in data recording practices. Judging from the comparison 
with change in the control group, we could say, conservatively, that the 31 percent Increase In 
Chicago body-as-weapon assault was within the realm of possibility and not due to the change 
in data collection practices. However, judging from the predictive accuracy In 1982, which was 
within 1 percent. we could say that tha change in 1983 due to recording practices was 30 per
cent. 
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Figure 54. Patterns of Change OverTime in illinois (non-Chicago) Index Aggravated 
Assault with Another Weapon, 1974 -1983 
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Figure 55. Patterns of Change Over Time in Chicago Index Aggravated Assault with 
Hands, Feet, etc., 1974-1983 
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In Chicago. aggravated assault with the body as a weapon had the least number of offenses 
of any kind of assault. while in Illinois (non-Chicago) it had the most. If the actual number of 
body-as-weapon assault victimizations is really much higher than the number of firearm. knife. 
or other-weapon assault victimizations in Chicago. as the number of reported assaults in Illinois 
(nqn-Chicago) might suggest. then the number in Chicago may 'lave been undercounted before 
1983 even more than the number of other l-:inds of assault. If t-o, then why was the increase in 
body -as -weapon assaults in 1983 less than the increase in the number of other kinds of as
sault? It may be that the change in recording practices affected the undercounting of other 
kinds of Index aggravated assault much more than it affected the undercounting of body-as
weapon assault. 

Summary and Discussion 

Index Robbery 

In 1983. the numbers of knife robberies. other-weapon robberies. and strongarm robberies 
in Chicago were higher than they would have been if previous conditions. such as 
recordkeeping practices. had not changed. The increase seems to have been greatest in the 
second half of the year. as might be expected from the timing of the administrative changes. 
The media charges of undercounting began in December 1982 and January 1983. but the audit 
(Chicago Police Department. 1983) was not published until April. and the official administrative 
changes took effect late in the year. Knife robbery began to increase in May. other-weapon 
robbery also began to increase in May. and strongarm robbery. the type of robbery that 
increased most. began to increase in February. 

In contrast. the number of firearm robberies in Chicago was not any higher in 1983 than it 
would have been if previous conditions had remained the same. In fact. the amount of change 
in firearm robbery offenses in 1983 was less than the change in previous years. Therefore. the 
change in the administration of data collection and maintenance that occurred in Chicago in 
1983 apparently did not affect the number of Index firearm robbery offenses known to the 
police. though it did affect the number of all other kinds of Index robbery offenses. 

It seems logical that the reason that Index firearm robbery did not incres.se in 1983 was 
tha t 'it had always been recorded as completely as possible. The new stricter recording 
policies did not, therefore. affect the likelihood that a firearm robbery would became an official
ly recorded offense. Though the definition of robbery may seem objective and clear-cut to the 
average citizen. the application of that definition In real situations often requires subjective in
terpretation (Miller and Block, 1985). Another analysis of Chicago robbery (Black and Block, 
1980) found that both the victim's decision to report a robbery victimization to the police and 

·the police decision to record a. robbery .incident in official records were more likely. if the 
- wf:apon was a firearm. . 

' ...... " 
-The Chicago Intervention Analysis estimated that Index·knife robbery increased by about 1 0 

percent in 1983, Index other-weapon robbery increased by about 20 percent. and Index 
s'trongarm robbery increased by about 40 percent. relative to the number of offenses tha t 
would have been officially recorded if recordkeeping practices had remained the same as in the 
years bef(Jre 1 983. 

Thus, the administrfJ.tive changes in Chicago data collection and maintenance had the 
greatest effect on s·trongarm robbery, less effect on other-weapon robbery. little effect on 
knife r'ob~Jery, and no effect at all on firearm robbery. If these four types of robbery form a 
rough ·scale 0" sldriousness, the most serious type of robbery did not change when 
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recordkeeplng changed, the least serious type of robbery' changed the most, and the other 
types 01 robbery changed an intermediate amount. 

In~ex Aggravated Assault 

Unlike the number of firearm robbery offenses, the number of firearm assault offenses did 
change in 1983. The number known to the pOlice was at least 20 percent higher than it would 
have been if earlier conditions, such as recordkeeping practices, had continued. The timing of 
the increase corresponded to the timing of the administrative changes. Beginning in April, all 
year-ahead predictions for 1983 months were too low In the second half of 1983, the actual 
number in each month was 41 percent higher than the predicted number, on the average. This 
increase can be seen not only in the predictions, but also in the pattern description graph (see 
Figure 49). It was argued earlier in this report that firearm robbery was always completely 
recorded, even before the change in recordkeeping practices. Therefore, it did not increase in 
1983. Because firearm assault did increase--by 20 percent··-it might be concluded that it had 
been undercounted before the change in recordkeeping practices. 

On the other hand, compared to other types of Index aggravated assault, firearm assault in
creased less in 1983. While index assault with a firearm increased 20 percent, Index assault 
with a knife increased by about 30 percent and Index assault with another weapon increased 
by about 40 percent. The actual number of knife assaults in every 1983 month was higher than 
the predicted number, by as much as 54 percent (in November). The last six months of the 
year were 42 percent higher on the average. From April to December 1983, the actual number 
of assaults with another weapon was higher than the predicted number, and the amount of er
ror increased with each month. The number in December was 63 percent higher than the 
predicted number, and the last six months were high by 59 percent on the average. 

In the same way, predictions for every month from April through December 1983 were too 
low for assault with the body as a weapon. The average error in the last six months was 46 
percent. However, the number of body-as-weapon assaults in the control group, Illinois (non
Chicago), declined in 1983 more than the number in Chicago Increased. The average error in 
the last six months of 1983, in fact, was 56 percent, more than that in Chicago. Therefore, the 
conservative conclusion would be that the 1983 change in Chicago was random, and not 
necessarily due to the change in recording practices. 

Why did firearm assault Increase more than firearm robbery? Perhaps weapon type is not a 
good indicator of the seriousness of an aggravated assault. The extent of injury might be a 
better measure, but these data are unavailable. Assault offenses In general, even firearm as
sault offenses, are considered to be less serlolJs than firearm robbery offenses; but it is impor
tant to realize that Index aggravated assault consists of three types of offense: attempted 
murder, aggravated battery, and aggravated assault. Attempted murder and agsravtlted bat
tery are actual..atta.cks, but .aggravated assault Is the threat to commit serious ·injury. A police 

, . _.officermlght.medlate such a. threat ,on the' scene, and record it.as a service call. ·In other'cir- > 
.' , ., cumstances: an aggravated assault· mlgh.t be wriUen.up as a crime. There.fore, It Is. quite po.s- ' . 

. ···siele that; under'the new. rules, less serious Index firearm assault occurrences were 20 percent 
more likely to be officially recorded as crimes. 

Patterns over time of all types of Index assault, except for firearm assault, are similar to 
each other. In all types 01 aggravated assault except firearm assault. a change seems to have 
occurred In 1981 as well as in 1983. Index knife assault declined 45 percent to 59 percent in 
1981,Index other-weapon assault declined by as much as 69 percent, and Index body-as
weapon assault declined by about 65 percent, relative to the predictions by a model based on 
the number of offenses in previous years. 
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The cause of the sharp drop in the number 01 offenses in 1981 can only be guessed, but it 
may be related to the Chicago Police Department's campaign against street crime, particularly 
youth gang related street ·crime, which began in 1981 and continued to 1982. If so, this 
demonstrates that administrative practices can affect not only the recording of crime, but the 
nU'!1ber of crimes that actually occur 

On the other hand, even if the police department's campaign against street crime was 
responsible for the rapid decline in Index aggravated assault with knives, other weapons, or 
body-as-weapon, it apparently had no effect (or only a very Slight effect) on the number of In
dex aggravated assaults with a firearm. The pattern description graph (see Figure 49) shows 
a deCline, but the ARIMA model analysis indicates that the number of firearm assault offenses 
was only slightly lower in 1981 and 1982 than it had been in previous years. 

It is difficult to know whether the change in the number of knife, other-weapon, and body
as-weapon assaults was due to the administrative changes or to a return to the normal number 
of offenses after the intensive campaign against street crime was stopped. However, as can 
be seen in the three graphs (see Figures 51 a, 53, and 55), the return to normal apparently oc
curred in la te 1982. Thus, the increase in the second half of 1983 is likely to have been due to 
the reform in data recording practices. 

In summary, the intervention analysis of Index aggravated assault in Chicago was complex 
but revealing. It showed not only the increase in 1983 that had been expected, but also 
revealed an unexpected (serendipitous) decrease In 1981 in three of the four types of assault. 
The cause of the 1983 increase was, to a great extent, .administrative change in the recording 
of offenses. In contrast, a likely cause of the 1981 decline was a decline in the actual number 
of victimizations. Thus, the analysis of aggravated assault in Chicag.o exemplifies two 01 the 
many possible reasons for inaccurate predictions of offense data. 

Methods of Time Series Intervention Analysis 

The Chicago Intervention Analysis had a methodological as well as a substantive purpose. 
Not only did it attempt to determine the effect of the reform in data recording practices in 
Chicago in 1983 on the number of officially recorded robberies and aggravated assaults, but it 
also served as a practical test of the methods developed in the first part of the Predictability 
Project. In particular, the analysis demonstrated the feasibility of using relatively simple ARIMA 
models in a time series quasi-experimental design as a gauge of the effect of an intervention 
on local-level crime statistics. 

The combination of year-ahead and intervention prediction methods was, In general, suc
cessful in specifying whether there was a change in the model or a change in the level of the 
series. In fact, the Chicago analysis discovered an unexpected (serendipitous) Intervention In 
·1981, in addition to describing .. the effect of the 1983 jnterventlon. The rules of thumb used to 
Identify a change In the level of. the series. or a change In.the best-fltUng model.seemed to work 

,. well. (For a speclflc.-lIst 01. these' rules; see "Evidence of a Change in. the Model," page 116, and 
"Methods of 'Time Series'lntervention," page '138.) It IS.important to remember that much of our 
confidence In the results of the Chicago Intervention Analysis did not stem from the statistical 
analysis, but rather from the design of the study. In the first place, the Intervention had been 
hypothesized beforehand. In the second place, the analysis was designed with a control group. 
Control groups in such 'time series experiments are seldom if ever perfect, and this study was 
certainly no exception. The choice of total illinois (non-Chicago) meant, for example, that we 
were comparing patterns In Chicago to patterns in rural, small-town, and small-city Illinois. On 
the other hand, had we chosen other large cities--for example, the five mo'st populous 
American cities--as controls, there would also have been problems of comparability. 
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Estimated Actual Change.ln Robbery and Assault 

The total number of officially recorded Index robbery and Index aggravated assault 
offenses In Chicago Increased sharply from 1982 to 1983. The time series experiment of the 
Chicago Intervention Analysis was designed to estimate the amount of this increase that was 
due to the change In data recording practices. The total amounts of increase are illustrated in 
the following tables: 

Change in Index Robbery, 1982 to 1983 

QfU~i~lh B&~gcdgd DffiD5i~ Minimum % 
Change due to 

% Change Recording 
1982 1983 1982-1983 Practices 

Firearm Robbery 5,313 6,356 +18.3% 0% 
Kni fa Robbery 1 ,581 2,150 +36.0 10 
Other-Weapon Robbery 2,120 3,406 +60.1 20 
Strongarm Robbery 1,233 11 ,559 +59.8 40 

Total 16,301 23,411 +43.9% 

Change in Index Aggravated.Assault, 1982 to 1983 

Cff1'iAlh Be~~cdgd DffID~g~ Minimum % 
Change due to 

% Change Recording 
1982 .1983 1982-1983 Practices 

Firearm Assault 2,357 3.211 +36.2% 20% 
Knife Assault 3,167 4.497 +42.0 30 
Other-Weapon Assault 2.193 4.742 +116.2 40 
Body-as-Weapon Assault 600 880 +46.7 0-30 

Total 8.317 13.330 +60.3% 

Because the estimates of the change due to data collection practices tor each type of 
crime were derived not only from an analysis 01 predictive accuracy. but also from comparison 
with change In a control group (total non-Chlcago illinois). they are fairly reliable. However. 
they are conservative estimates; they state that the amount of change due to administrative 
data collection and maintenance was at least as great as the given estimate. Therefore. to use 

. these. estlmates..of. the amount- of·.change due to .. change in data. recording practices to calculate 
c· the~amount·otiaetual change In.tbe number· of offenses', It·would·~not be\partlcularly.accurate to 
:~ subtract. the:-percent due·~to. administrative changes' from the total .change. While· this would 
; give you the maximum amount of change that could be actual change. It would not give you the 
best estimate. However. the calculation of a best estimate for change due to an actual change 
In the number of offenses Is possible. as shown below. 

For each crime type. the best ARIMA model predicted the number that would occur in 1983, 
given that patterns of earlier years continued. By comparing this prediction of 1983 to the 
number of officially recorded offenses In 1982. we have an estimate of the actual change In 
crimes known to the pollee from 1982 to 1983. the change that would have occurred i1 there 
had been no change in data recording practices. The estimates of actual change In Index 
robbery and Index aggravated assault are listed In the following tables: 
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Estimated Actual Change in Index Robbery, 1982 to 1983 

1982 
Of f icially 1983 
Recorded Year-ahead Yo Change 
Offenses Prediction 1982-1983 

Firearm Robbery 5,373 5,842 +8.7% 
Knife Robbery 1,581 1,703 +7.7 
Other-Weapon Robbery 2,120 2,108 -0.6 
Strongarm Robbery 7,233 6,714 -7.2 

Total 16,307 16,367 +0.4% 

Estimated Actual Change in Index A99rava!ed Assaylt. 1982 to 1983 

1982 
Off icially 1983 
Recorded Year-ahead % Change 
Offenses Prediction 1982-1983 

Firearm Assault 2,357 2,075 -12.0% 
Knife Assault 3,167 2,773 -12.4 
Other-Weapon Assault 2,193 2,596 +18.4 
Body-as-Weapon Assault 600 607 + 1.2 

Total 8,317 8,051 - 3.2% 

According to the ARIMA predictions, if it were not for the change In data collection practices 
in Chicago in 1983, the total number of Index robberies would have stayed about the same In 
1983 as it was in 1982, and the total number of Index aggravated assaults would have declined 
Slightly (3 percent). However, the 1982-1983 change would have been different for each type 
of Index robbery and for each type of Index aggravated assault; some would have increased, 
some would have decreased, and others would have stayed at the same level. 

We have, then, estimated two components 01 the total change In officially recorded 
offenses from 1 982 to 1983--change due to the change in recording practices, and actual 
change in crimes known to the police. However, when the estimates of these components are 
added together, they do not equal the total amount of 1982-1983 change. For example, the 
total 18.3 percent increase in firearm robbery is not accounted for by the zero percent change 
due to the change In data recording practices plus the 8.7 percent Increase due to an actual 
Increase in crime; the total 36 percent jncrease In knife robbery Is not accounted for by the 10 
percent Increase due to the change in data recording. practices plus the 7.7 percent Increase 
due· to an actual Increase In crime; and so on. Why is this the case? 

The changes in these two components do not add up to the tolar amount of 1982-1983 
change in officially recorded crime because the estimates 01 change due to each cause are 
exactly that--estimates. In addition, the estimate of the change due to recording practices is a 
conservative estimate. The amount of change is probably not less than, but could be more 
than, the estimate. However, because the estimate was based on a time series experiment 
research design, we can be fairly confident in these conservative results. In contrast, the es
timate of the change due to an actual change in crime was not a part of the time series experi
ment. (The control group had not experienced a change in data recording practices such as 
Chicago's, but there might have been a change in actual crime.) Therefore, we have less 
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confidence In the estimate of actual reported crime; It CQuid be higher or lower than the 
year-ahead prediction figures above. 

Because the time serl!!s experiment design gives us a reliable estlma te of the minimum 
amount 01 change due to the change in data recording practices, and because we know how 
much total change really occurred, we have an Idea of the range of actual change In reported 
crime In Chicago from 1982 to 1983. These estimates are the following: 

• The number 01 reported firearm robbery offenses probably Increased about 8.7 percent 
from 1982 to 1983, and could not have Increased any more than 18.3 percent. 

• The number of reported knife robbery offenses probably Increased about 7.7 percent 
from 1982 to 1983, and could not have Increased any more than 26 percent. 

• The number of reported other-weapon robbery offenses probably did not change from 
1982 to 1983, and could not have Increased any more than 40.7 percent. 

• The number ot reported strongarm robbery offenses probably decreased about 7.2 per
cent from 1982 to 1983, and could not have Increased any more than 19.8 percent. 

• The number 01 reported firearm assault offenses probably decreased about 12.0 percent 
from 1982 to 1983, and could not have Increased any more than 16.2 percent. 

• The number of reported knife assault offenses probably decreased about 12.4 percent 
from 1982 to 1983, and could not have Increased any more than 12 percent. 

• The number of reported other-weapon assault offenses probably Increased about 18.4 
percent from 1982 to 1983, and could not have Increased any more thaf"l :, "l 2 percent. 

• The number of reported body-as-weapon assault offenses did not change from 1982 to 
1983; It probably could not have increased any more than 16.7 percent. but the increase 
may have been greater. 

The FBI also estimated the percent change In each Index crime (except homicide) in 
Chicago between 1982 and 1983, but used a different method. First, Instead of estimating the 
number of 1983 offenses that w6~ld have occurred If data recording practices had not 
changed, the FBI estimated the number of 1982 offenses that would have occurred If the data 
recording practices of 1983 had been In effect In 1982. Second, the method the FBI used to 
estimate 1982 was based on the assumption that Chicago's proportion of all crime In the United 
States remained constant from year to year--that the change In the actual numb~r of crimes 
known to the pollee In Chicago between 1982 and 1983 was the same as the change in the 
nation as a whole. (See Appendix 4 for a discussion of the FBI/UCR estimation method.) 

. 
The Chicago Intervention Analysis method, on the other hand, did. not associate change In 

Chicago with change In the. nation. It did use a control group, but the purpose of the control 
. group' was completely -dIfferent from the use of the total United States except Chicago as a 
benchmark In the FBI estimation method. The control group (In this case, total non-Chlcago il
linois) was not used to estimate the change from year to year In Chicago. It was used, rather, 
as a guide to predictive accuracy. For example, 1983 predictions of firearm robbery In Illinois 
(non-Chicago) were accurate only within 23 percent (see Table 0); therefore, we would not 
expect 1983 predictions 01 firearm robbery In Chicago to be any more accurate than 23 per
cent. In fact, the 1983 prediction for Chicago was accurate within 8 percent (see Table 0). 
The conclusion from this Is that the 1 983 Chicago figures were not artificially Inflated by the 
change in data recording practices. If we had used the illinois (non-Chl~ago) 1982-1983 
change as a benchmark for the Chicago 1982-1983 change, as the FBI estimation method 
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does. we would have assumed that Chicago firearm robbery actually increased or decreased 
by exactly the same percent as Illinois (non -Chicago) firearm robbery. Thus, since Illinois 
(non-Chicago) fireaim robbery dropped 5.5 percent from 1982 ~o 1983.96 we would have 
concluded that Chicago offenses dropped 5.5 percent. instead of the 8.7 percent to 18.3 per
ce~t increase estimated by the Chicago Intervention Analysis method. 

The FBI method estimated that the number of reported Index robbery offenses in Chicago 
fell more than 8 percent between 1982 and 1983. and that the number of reported aggravated 
assault offenses fell declined more than 2 percent. The Chicago Intervention Analysis time 
series experiment estimated that actual total Index robberies did not change. and that the ac
tual number of total Index aggravated assaults decreased slightly. The estimated change in the 
total number of aggravated assaults was about the same as the FBI estimate. However, the 
estimated change for each type of aggravated assault. as well as the estimated change for 
each type of robbeiY. was quite different than the FBI overall estimates. 

96Although the number of offenses fell, the prediction was 23 percent lower than the actual number. Based on 

the pattern in previous years, the ARIMA model predicted that the drop in 1983 would be much sharper than the drop that actually 

occurred, 
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Appendix 1 : Tecf,nical Methods 

Time Series Pattern Description 

Time series pattern description provides concrete and readily understandable answers to 
simple descriptive questions about, the general pattern of change over time in a variable. It tells 
the user, in nonstatistical languaSle, whether the variable generally increased, decreased, or 
stayed the same during the period in question; whether there was a change in the pattern (for 
example, from an increase to a df!Crease); and, if there was a change, approxlma tely when the 
change occurred. 

The mathematical tool used for times series pattern description is spline regression. For 
this descriptive, exploratory purpose, the Authority's Statistical Analysis Center has found 
spline regression to meet the criteria of simplicity, accuracy, and ease of communication. A 
linear spline regression fits a least squares regression line with two or more connected seg
ments to the data. This line Is continuous in that all the segments are connected. It Is analyti
cally discontinuous In that the definition of one segmerlt is not the same as the definition of the 
next. We have found these properties to be useful in exploratory analyses . 

The choice of the best spline regression, or line segment fit. for a series is not completely 
objective, but depends upon criteria for simplicity and accuracy (see Block, 1983). In the 
Predictability Project, the search for the best time series pattern descrip{ion for each time 
series took the following steps: 97 

1) The Ertel/Fowlkes program searches for the best spline regression given options defined by 
the user and using a criterion of minimizing the sum of squared residuals. 98 A package of al
ternative line segment fits is produced having at least three alternative fits in the package 
(at least a three-segment fit, a two-segment fit, and a straight-line fit), 

2) The choice among these alternatives was made using accuracy and simplicity criteria. The 
criterion for accuracy utilizes the Cp statistic (Block, 1983). Criteria for simplicity in the 
Predictability Project were that no line segment would be shorter than one year, and that 
the fit with the smaller number of line segments with a given accuracy would be chosen . 

3) While the Ertel/Fowlkes search Is based on the smallest sum 01 squared residuals, it is not 
.exhaustive .. However the Hudson/Fox computer program does an exhaustive search for 
the best two-segment fit; therefore,th-e Hudson/Fox program was always run as a check 

- -when·the Ertel/Fowlkes results indicated that a two-segment fit·was the best alternative. 

97For more detail about each step, and for a flowchart showing the relationship of the steps to each other, see 

Bates (1987). 
98For a complete description of the Ertel/Fowlkes algorithm, see Block (1983) and Bates (1987). 
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Descriptive Sea'sonal Analysis 

There are two major approaches to defining and detecting seasonality Although the two 
apgroaches are mathematically similar, there are practical differences ,,, their emphases. One 
approach. which we refer to here as descrifJtive seasonal analysu:. emphasizes the 
separate description of seasonal fluctuation. The other approach. the most common example 
of which is ARIMA. emphasizes forecasting the future with a model that incorporates 
seasonality The first approach focuses on seasonality itself. while the second focuses on 
seasonality as it affects the accuracy of a forecast 

In the initial. descriptive. stage of analysis. the Predictability Project used a standard kind of 
descriptive seasonal analysis. the seasonal adjustment. or X -11. method. In this method. the 
analyst imagines that each time series may have three components. The trend/cycle com
ponent consists of long -term trend and any nonseasonal but regular fluctua tions. The seasonal 
component is "the intrayear pattern of variation which is repeated constantly or in an evolving 
fashion from year to year" (Shiskin. et al.. 1967: 1). The irregular component consists 01 
everything else. including error. or the residual variation. The problem of detecting and describ
ing seasonality then becomes a problem of dividing a series into its three components. and 
cOmparing the relative strengths of the three. A statistic used for this comparison is the F of 
stable seasonality. 

Two seasonality computer programs. a quick screener and a complete analysis. were used 
in the Predictability Project. The Bell/Canada program (see Block. 1984b; Bates. 1987) was 
used to screen each series for the presence of seasonal fluctuation. For each series with a 
Bell/Canada F of stable seasonality equalling at least 2.41. the X-11/ARIMA program was also 
run. 99 Both programs were run twice (except for series with one or more zero values). once 
under the additive assumption and again under the multiplicative assumption. Under. the additive 
assumption. the three components are assumed to be independent; under the multiplicative as
sumption. they are assumed to be dependent (see Block. 1984b). 

Of the many diagnostic tests available in X-11/ARIMA results. the most important for the 
Predictability Project were the F of stable seasonality. the percent contribution of the irregular 
component. and the percent contribution of the seasonal component. 100 

Because it cannot be assumed that observations in a time series are independent. the F of 
stable seasonality value must be Interpreted as only one indica tor of the degree of seasonality. 
not as an exact measure of significance. The Plewes rule of thumb uses the irregular com
ponent as a means of Interpreting the the F value. The Plewes criteria are: 

1) if the irregular component contributes 30 percent or more of the total month -to -month 
variation. there is no stable seasonality in the series. regardless of the F value; 

2) 'if t.he percent contribution 01 the-Irregular component.ls 25 to 29 and the F value is at 
--.Ieast 15.,·or: jf·--the percent -contribution of the irregular' component is between 15 and 24 
- and the F'value is at least 2.41. the series is considered to be seasonal; and 

3) if the F value is less than 2.41. there is no stable seasonality. regardless of the irregular 
contribution. 

99The X-11/ARIMA program generates projections with ARIMA. then uses them in the calculation of seasonal 

fluctuation. This allows the analysis to utilize the entire time series for seasonal adjustment. For more detail. see Block (1 984b) 

and Oagum (1979). 
100See Block (1 984b) for more details about the interpretation of these statistics and other X -11 results. 
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For some series that were seasonal or possibly seasonal. a line segment fit of the seasonal
ly adjusted data was very useful as part of the complete pattern description analysis. In 
seasonal adjustment, which is one option of X -11 analYSiS, seasonal fluctuation is removed 
from the series. The remainder after the seasonal component is removed is the seasonally ad
justed series. For example, Figure 51a is a pattern description at' Chicago Index aggravated 
assault with a knife from January 1974 to December 1983. and Figure 51b is a pattern descrip
tion at the same series, seasonally adjusted. Even though this series does not meet the Plewes 
criteria, the contribution of the seasonal component is rather high (34 percent) (see Table D), 
and this is enough to affect the line segment fit tor the raw data. An additional line segment 
emerges in the beginning of 1982 in the seasonally adjusted data, because variation due to 
seasonal fluctua tion has been removed. 

Model Identification 

In order to identify the best type of ARIMA model for each time series, the Predictability 
Project used routines available in the Interactive Data Analysis (IDA) computer package to con
duct the following analyses: 

1) plot of standardized values (an indicator of constant level and constant variance), 

2) number of runs above and below the mean (another indicator of constant level; also an 
indicator of the presence of cycles), 

3) correlogram of 50 lags (standard ARIMA diagnostic), 

4) partial correlogram (used with correlogram as a standard indicator of the type of ARIMA 
model), . 

5) normal cumulative probability plot (shows the degree to which the series is distributed 
normally), and 

6) cumulative periodogram (good diagnostic for the presence 01 seasonal fluctuation). 

ARIMA models cannot be identified for a data series that does not have constant level and 
constant variance over time (thiS property is called stationarity). Therefore, for every series 
that did not, according to tests 1, 2, and 3, have a constant level, the series was transformed 
by a first difference. 101 The first difference transformation was then diagnosed for constant 
level with tests 1, 2, and 3. If these tests indica ted stationarity, and if the standard deviation of 
the first difference was less than the standard deviation of the raw data, then the first dif
ference transformation was assumed to be stationary. 

This'was usually enough to produce a series with a constant level that could ·be modeled 
with ARIMA. However, for some series, it was necessary to transform the series with 12th dif-

10 lin a first difference, each observation is subtracted from its neighboring observation (see Block, 19S4b). 
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ferencing. square roots. or logS.102 For other series. it was necessary to truncate the series or
to divide it into two separate time periods. and to analyze each separately. 

Durbin -ARIMA Analysis 

Given an Arima model type. the mathematical calculation of the best fit is relatively 
straightforward (see Appendix 2). However. two or more ARIMA models that seem appropriate 
according to the initial diagnostic tests may produce entirely different projections (Pierce .. 
1980: 130; Block. 1984b). It is difficult to distinguish between these models. Therefore, a 
second diagnostic step-- Durbin-ARIMA analysis--was added to the procedure. As suggested 
by Roberts (1984), Durbin-ARIMA analysis is a method for exploring the stochastic patterns in 

. a times series so that the most appropriate type of ARIMA model can be chosen. 

The Durbin-ARIMA method (see Durbin, 1960) estimates an autoregressive model by lagging 
the series one. two, or three months, and regressing the original series on these lags. A moving 
average model is more difficult to estimate. since in a moving average model the current obser
vation is related to previous errors. and by definition, error is not measurable. However. the 
Durbin-ARIMA method estimates a moving average model by using the residuals of the above 
regression, lagging them one, two. or three months. and then regressing the original series on 
these lags. 

Box/Jenkins Estimate 

With the IDA program. the most appropriate ARIMA model--given the above diagnoT"·· tests 
and the Durbln/ARIMA analysis--was calculated using the iterative method developec: :/ Sox 
and Jenkins (1970). 

A model was rejected if a parameter reached or exceeded 1.00 (thiS is statistically unac
ceptable). Also, most models with either of the following qualities were rejected: 

1) sum of moving average weights' exceeds .90 (a sign of overdifferencing) (see Dagum, 
1981 ). 

2) the estimated weight of an AR or MA term. minus two standard deviations. was negative. 
but the estimated weight piUS two standard deViations was positive (In other words. the 
weight of the term was likely to be zero), 

,A model with -either of these qualities was accepted only If after a thorough search no better 
model could be found. 

In addition, simplicity was a criterion. If two alternative models performed equally well on 
other criteria, the simpler 01 the two models was accepted. A model was considered to be 
simpler if it had only aU.toregressive or only moving average parameters. but not both: if it had 

102None of the models finally chosen as the best had log transformations or more than one degree of 

differencing. However, such transformations were part of the diagnostic analysis for several difficult -to-model s.eries. Often, 

these difficult series contained an apparent intervention. When the seri~s was split into two sub-series, the model for each half 

was easier to identify. 
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fewer degrees of differencing; if It had fewer total parameters; or if it contained serial or 
seasonal parameters, but not both. 

Diagnostic '''ests of Residuals 

The residuals of each acceptable model were subjected to the following diagnostic tests: 

1) correlogram of 50 lags (the residuals should vary randomly over time), and 

2) cumulative periodogram (there should be no evidence of seasonal fluctuation in the 
residuals). 

Analysis in this report refers to the Box-Pierce statistics, which Is an objective criterion for 
randomness in a set of sample autocorrelations. This is also known as the Q statistic (Box and 
Pierce, 1970; Nelson, 1973: 115). The Box-Pierce statistic is distributed approximately 'as chi
square, with degrees of freedom equal to the number of lags in the correlogram, minus the 
number of autoregressive and/or moving average processes in the model. It is used as a 
gauge of the degree of randomness in the correlogram 

The cumulative periodogram is also very useful in evaluating the residuals of a model, espe
cially when the series may contain seasonal fluctuation. It gives you the same sort of informa
tion as a correlogram, but from the perspective of spectral analysis, 

. . 
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Appendix 2: 

Comparison' of ARIMA Prograrrls 

A comparison of the results of four computer programs, all of which estima,te an ARIMA 
model using the methods developed by Box and J13nkins (1970), was done using some of the 
data from the Predictability Project. The analysis compared ARIMA equations generated by 
MINITAB, SPSS, X-11/ARIMA, and IDA, using the same type of ARIMA model. This appendix 
summarizes the results of that comparison. 

The purpose of this exercise was not to determine whether or not the class of ARIMA 
model was the best possible model for the series, but rather to determine whether, given this 
model class, the equations generated by the four packages were equivalent . 

At the time of the comparison, the Predictability Project had identified models for 42 time 
series, and a sample of 10 of U1ese was used. The main criterion for selection was complexity 
of ARIMA model class. Complexity was measured by the presence or absence of seasonal as 
well as serial terms, moving average as well as autoregressive parameters, and second order 
as well as first order moving average and autoregressive terms. All but one of the 10 sampled 
time series display some combination of autoregressive and moving average parameters; and 
half contain both serial and seasonal differencing. 

Sta tistical packages tend to vary slightly with respect to the Box/Jenkins algorithm each 
employs. This can lead to differences in the models and in the forecasts th't ".., enerate. The 
purpose of this analysis was to compare the outputs of four available Box/JenKins programs in 
order to uncover any of these equation differences. Therefore, the same class of ARIMA 
model was entered into the Box-Jenkins routine of each program. 

., 
DGfferences In the Structure of Output 

Each statistical package Is unique with respect to the structure of Its output tables. The 
output relevant to this analysis is the estimate of each term, called the Beta value. Beta values 
refer to the i,'elatlve forecast weights assigned to eaCh component of a given model class. 
Confidence intervals eire a test of statistical significance that take the following form: 

Beta +. or - 2 standard errors of estimates 

The widely accepted criterion for statistical significance is that both elements of the con
fidence interval possess the same sign. If this is not the case, and the 95 percent confidence 
interval does include zero, then there Is a reasonable possibility that the parameter either 
makes no contribution to the forecast (i.e., the "true" Beta value is 0), or that the parameter af
fects the forecast in the oPPosite direction as. had been assumed (I.e., the "true" Beta value has 
the oppOSite sign of its initial estimate). 
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t~nother test' of parameter significance is the T statistic. It is equivalent to the confidence 
interval, but takes a slightly diffl.3rent form: 

T=Beta/Standard Error 

}~ statIstical criterion of T> 2.00 is used for acceptability of the model. 

,The following table summarizes the differences in output of these statistics in the four 
programs: 

Statistical Test Calculates Statistical 
~:MI.Jm for Beta Valyes Constant? Test for K? 

IDA Confidence Interval Yes None 
I-1INITAB T Statistic Yes T statistic 
SPSS T Statistic Yes T statistic 
X-ll None No None 

Comparison of ARIMA Program Final Model Results 

The Beta values and fOCf~cast results of the IDA, MINITAB, SPSS, and X-11 ARIMA 
Box/Jenkins subroutines were for the most part similar. However, in two of the 10 time series, 
IDA generated a final model that was deemed statistically acceptable, based on the criterion 
that no autoregressive Beta parameter exceed 1.00, while one or more of the other statistical 
packages yielded a· final model that would have been rejected on the same criterion. Also, in 
each of the 10 time series at least one Beta value was generated that deviated at least 10 
percent from the corresponding figure generated by IDA. In some cases, this deviation was 
much larger. 

One area in which no wide discrepancy between programs was found, however, was in the 
statistical tests of standard errors. There was no case in which a Beta value generated by one 
program was statistically significant, but the other programs failed to find it Significant. 
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Appendix 3: eest ARIMA Models by Jurisdiction, 1912 to 1983 
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\\, 

Seasonal Seasonal 
Autoregressive Moving Average Autoregressive Moving Average '0: 

Estimate Estimate Estimate Estimate 
.0;;, \\ 

Model 
JyrisditliM (D dg)(SD.Sd Sg) MuD. Low Best High· Low Best High Low Best High Low Best HiGh 

Cicero 

Robbery (1,0,0)(0,0,0) 11.9 -.02 . 15 .32 

AgGravated (0,1,1)(0,0,0) .40 .54 .68 
Assault 

Burglary (0,1,1)(0,0,0) .64 .75 .86 

Larceny/Theftb 

1972-1977 (2,1,0)(1,0,0) -.54 -.30 -.06 -.59 -.34 -.10 
-.55 -.31 -.07 

1978-1983 (1,0,0)(0,1,1) .13 .37 .61 .66 .80 .94 

pecatur. 

Robbery (0,1,2)(0,0,0) .57 .73 .89 
.03 .20 .37 

Aggravated (0,1,1)(0,1,11 .61 .73 .85 .81 .87 .92 
~Assalilt 

Burglary 
1972-1981 (O,I,lleO,O,O) .45 .60 .75 
1972-1983 (0,1,2)(1,0,0) .40 .57 .74 .01 .19 .37 

.02 .19 .36 

Larceny/Theft (0,1,1)(0,1,1) -- .57 .69 .82 .86 91 .96 

cDes Plaines 

Robberya 

Aggr~vated 

Assaulta 

,,~:.::: . 

• ~ ~- • • ~ • • • • • I ~ ~ II ~ • .. • I , 



.. ':Ii II .. III .. • • • • .. .. II .. I • II • I " iill • • ~'t. 
Seasonal Seasonal 

Autoregressive Moving Average Autoregressive Mov~ng Average 
Estimate Estimate Estimate Estimate 

Model 
JUrisdiction (o,d g)(So,Sd,Sg) Mnn Low Best High Low Best Hish Low Best High Low Best HiSh 

Des plaines 
(cont. ) 

Burglary (2,0,0)(1,0,0) 46,4 ,24 ,40 ,57 ,00 ,IS ,31 
,08 ,20 ,31 

Larceny/Theft (2,0,0)(0,1,1) ,25 ,42 ,58 ,84 ,89 ,94 
,15 ,31 ,48 

flsin 

Robbery (1,0,0)(1,0,0) 6,8 ,06 ,25 ,44 ,18 20 ,21 
1975-1983 

Aggravated (0,0,2)(1,0,0) 11.8 zeroe ,18 ,32 ,45 
Assault -,45 -,28 -,12 

Burglary (0,1,1 )(0,0,0) ,51 ,64 ,76 

Larceny/Theft (0,1,1)(0,1,0 ,54 ,68 ,81 ,84 ,90 ,96 

Evanston 

Robbery (0,1,1) (0,0,0) ,64 ,75 ,86 

Aggravated (3,O,OHO,l,ll ,03 ,20 ,38 ,85 ,91 ,91 
Assault -.03 ,14 ,32 

.03 ,20 ,31 

Burglary 
1912-1978 (O,I,2){O,O,O) ,16 ,38 ,61 

-,14 ,09 ,31 
1975-1983 n,O,O)(O,l,1) -,02 ,26 ,54 ,71 ,84 ,91 

Larceny/Theft (0,1,1) (0,1,1) ,76 ,85 .94 ,88 ,92 ,91 
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Jurisdiction 

Joliet 

Robbery 

Aggravated 
Assault 

Burglary 

Larceny/Tneft 

Peoriad 

Robbery 

Aggravated 
Assaul te 

Burglary 

larceny/Theft 

Quincy 

Robberyli 

Aggravated 
Assault 

~ ~ 

Model 
(D , d gil So Sd Sa) 

(0,0,2)(0,0,1) 

(0',1,1)(0,0,0) 

(2,0,0)(0,0,1) 

(0,1,2)(0,1,1) 

(1,0,0)(0; 1,1) 

(0,1, J)(2,O,O) 

(0,1,2)(0,1,1) 

O,I,O)(O,I,n 

(3,0,0)(0,0,0) 

~ • ~ 

Mull 

21.5 

144,0 

6,2 

• 

Autoregressive 
Estimate 

Low Best High 

,36 ,51 ,67 
,11 ,26 ,40 

,27 ,43 ,59 

-,66 -,52 -,37 

-,00 ,16 ,32 
zeroe 

,13 ,29 ,45 

• ~ • 

Moving Average 
Estimate 

Lgw Best High 

-,51 -,35 -,18 
-,43 -,27 -,10 

,31 ,46 ,61 

,21 ,38 ,55 
,13 ,30 ,47 

,50 ,63 ,76 

,17 ,34 ,51 
,12 ,29 ,47 

• I , ~ 

..., 

Seasonal 
Autoregressive 

Estimate 

low Best High 

,19 ,23 ,47 
,33 ,48 ,62 

~ • ~ 

Seasonal 
Moving Average 

Estim~,te 

Low Best High 

-,39 -,22 -,05 

-,44 -,27 -,10 

,81 ,87 ,93 

,84 ,89 ,94 

,82 ,87 ,92 

,79 ,85 ,91 

~ ~ • 
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Seasonal Seasonal 
Autoregressive Moving Average Autoregressive Movin~ Average 

Estimate Estimate Estimate Estimate 
Model 

JurisdictioD (p,d a)(Sp,Sd,Sa) Mun low Best High L.ow Best High low Best High .L.Qw Best High 

Quincy (cont 

Burglary (0.1.1)(0,0,1) ,44 ,58 ,72 -,30 -,13 ,04 

larceny/Theft (0,,1,1 )(2,0,0) ,50 ,63 ,76 ,09 ,25 ,40 
,18 ,34 ,50 

Bsu,ktQcd 
.. 

Robbery (2,0.0)(0,1,1) ,14 ,31 ,48 ,83 ,88 ,93 
,22 ,39 ,56 

Aggravated (0,1.1)(0,1,0 ,59 ,71 ,85 ,81 ,87 ,92 
Assault 

Burglary (0,1,1)(1,0,0) ,36 ,51 ,66 ,47 ,60 ,73 

larcenY/Theft (0,1,2)(0.1,1) ,28 ,46 ,64 ,83 ,89 ,94 
,.--

,.,", ,21 ,39 

Bock Island 

Robbery (0,1.1)(0,0.0) ,71 ,81 ,91 

Aggravated 
Assaul t 
1972-1981 (0.1,1)(0,0,0) ,63 ,76 ,87 :) 

1972-1983 (0,1,1)(0,0,1) ,60 ,71 ,83 -,30 -,13 ,05 

Burglary 
1972-1978 (O,I,2}(O,O,l) ,08 ,29 ,50 -,32 -,08 ,16 

,17 ,38 ,59 
1979-1983 (0,1,1)(0,0.0) ,20 .43 ,66 

Larceny/Theft (2,O,O)(0.l,ll ,25 ,43 ,60 ,86 ,91 ,96 
,04 ,21 ,38 



~ , , 

-

Seasonal Seasonal 
Autoregressive Moving Average Autoregressive Moving Average 

Estimate Estimate Estimate Est'imate 
Model 

Jurisdiction .ilL dglCSD Sd, Sg) Mun Low Best High Low Best High Low Best High Low Be..rr Hijlh 

Skokie 

Robberya 

Aggravated 
Assaul t a 

Burglary (1,0,0)(0,1. t) 1.6 ,23 ,39 ,55 ,84 ,90 ,95 

larceny/Theft (3,1,0)(0,1,1) -,82 -,66 -,50 ,84 ,90 ,96 
- ,69 -,51 -,33 
-,:54 -,37 -,20 

Springfield 

Robbery (1,0,0)(1,0,0) 22,7 ,24 ,40 ,56 ,05 ,20· ,35 

Aggravated (2,1,0)(2,0,0) -,73 -,57 -,41 ,04 ,19 ,34 
Assaul te -,45 -,29 -,13 ,34 ,49 ,65 

Burglary (0,1,2)(0,0,0) ,28 ,44 ,60 
,19 ,35 ,5J 

larceny/Theft (1,0,0)(1,1,0) ,62 ,74 ,86 -,73 -,66 -,58 

aNot analyzed due to low numbers (see Table B), 

bin Cicero, the number of crimes known to the police in November 1977 was extremely low relative to other Novembers, This was true for every Index crime, For Index 

larceny/theft, there were eight in November 1977, but an average of 85 in all other Novembers, The other 11 months of 1977 averaged 69, This led us to suspect the accuracy of 

the November 1977 fi9u~e, but we were unable to obtain additional information from Departmentol State Police, Therefore, in the analysis in this report, 85 is used lor November 

1977. 

cMA( 1) p"arameter crossed zero in Elgin, and MA( 1) was set to zero in the final model. In '1uincy, the same thing happened with the AR( 2) parameter. 

dData for August 1979 are missing, and the figure for September 1979 was about twi, , , ',igh as other Septembers, This was true for every Index crime. For this analYSis, one 

hatt of the September figure was used for August and September. 

eUpdated figures obtained from the Department of State Police. 

.. • .. ~ .. • I 
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Appendix 4: Imputation of Data 
in the Uniform Crime Reports 

The method used in the Chicago Intervention Analysis can be considered an alternative to 
the Federal Bureau of Investigation's method of estimating percent change from year to year in 
situations in which a change In recording practices occurred. 103 The method of estimation 
used in the Chicago Intervention Analysis differs from the method used by the FBI in their 
Uniform Crime Reports (UCR) in two Important ways. First. in the Chicago Intervention Analysis, 
individual categories of crime are estimated, not Index crime aggregate totals. Second, rather 
than assuming that Chicago patterns are the same as patterns in the natron as a whole, the 
Chicago Intervention Analysis method uses the past experience in the city itself to estimate the 
percent change from year to year. 

Because published FBI/UCR statistics are meant to be total counts of all crimes In the 
United States, not an estimate based on statistical sampling techniques, the issue of how to es
timate national and state totals, when certain agencies within the nation or state might not have 
reported in a given month or year, has been a problem since the UCR began more than fifty 
years ago. Without a statistical sample, the proper estimation technique is neither automatic 
nor immediately apparent. 

Fortunately, the problem of Incomplete reporting has diminished over the years, as the num
ber of reporting agencies has Increased to 'more than 90 percent (Schneider and Wiersema, 
1985). However, as the analysis of reported offenses over time In the Predictability Study in
dicated, it may be relatively common for a law enforcement jurisdiction to suddenly Improve the 
completeness and accuracy of Its reporting of criminal offenses. When this occurs, the com
parison of offense totals from year to year becomes problematic. This appendix reviews the 
method the FBI uses to impute, or estimate, offense totals In such situations. 

Estimation of UCR Data 

Over the years, many large cities have had discontInuous breaks in data collection. Either 
some months were not reported at all, as In New York City homicide In 1976 (Fox and Pierce, 
1986), or there was a major; change In data recording practices .. as in Chicago. Cities that 
have had a substantiallncre.ase.ln reported oUe.ns.es, due to Improved data collection practices, 
are the followlng: 104 

103We appreciate the assistance of Louise S. Miller in compiling information in this section. 

j 04Sources: Uniform Crime Reports, 19'9-1983, and Zimring and Frase (1980). 
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~ :iuJ:.1 Increase 

Bal timore 1964, 1965 40.5% 
Buf falo 1961, 1963 947 
Chicago 1959, 1960 71 9 
Chicago 1982, 1983 32.8 
Cleveland 1963, 1964 63.0 
Indianapolis 1961, 1962 47.3 
Kansas City, MO 1959, 1961 202.0 
Las Vegas 1972, 1973 248.0 
Memphis 1963, 1964 31 , 

Memphis 1972, 1973 47.5 
Miami 1963, 1964 26.6 
Nashville 1962, 1963 41.7 
Nashville 1974, 1975 22.3 
Seattle 1972, 1973 55.1 
Springfield, IL 1972, 1973 155.1 
Shreveport, LA 1962, 1963 46.7 
Syracuse 1963, 1964 34.5 
Tucson 1973, 1974 35.6 

Method Used to Estimate UCR Data 

In Crime in the United States: 1983, tables 2 and 3, estimated 1982 Chicago statistics 
are included in total regional, state, and national figures. However, the reported, not the es
timated, 1982 statistics are presented in Table 5, in which Chicago is Individually listed. In 
Crime in the United States: 1984, the year 1983 was similarly estimated, but again, these 
estimated figures were presented only in tables giving regional, state, or national totals for two 
years. In other words, the FBI estimates are used only to calculate aggregate regional, state, 
or national totals, not to describe levels of crime in Chicago, but only to describe change from 
year to year in Chicago. 

The goal of the FBI/UCR estlmatibn (imputation) method is not to estimate the number of of
fenses in a given year In a given non-reportlng or Inaccurately reporting city, but rather to es
timate the percent change from year to year In total national or state figures that Include the 
given city. The most Important motive of UCR estimation Is to provide data users an accurate 
view of the increasing or decreasing pattern of a crime over time. The method of doing this 
has changed little since UCA data collecilon began, and is described In Crime in the United 
States: 1984, 

Estima tes ,', -. have been adjusted due to a 1983 change in reporting practices in Chicago, il
linois. Prior -procedures were -determined not· to be In accordance with established UCR 
standards, and It was necessary that earlier statistics for Chicago be adjusted through es
timation procedures, Crime Index figures for that city were deducted from each year's 
United States total and revised figures were established as If no reports were received. 
Those crime volumes were then reincorporated to establish new national estimates. 

Paul Zolbe, former chief of the FBI Uniform Crime Reporting Program, used the following ex
ample to clarify the estimation procedure (Zolbe, 1984), For Index aggravated assault. es
timated 1982 data were obtained as follows: 

, j 

i~ 
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Year 

1983 
1982 

Nation 

639,807 
650,042 

Chicago 

13,330 
8,317 

Nation minus Chicago 

626,417 . 
641,725 

The figure officially reported by Chicago In 1982 (8,317) was replaced by an estimate of 
13,654. This estimate was calculated by the following formula: 

33 641.725_ 
13. 0 X 626.477 - 13,654 

Thus, according to this estimate, the number of Index aggravated assaults known to the police 
in Chicago declined 2.4 percent between 1982 and 1983 (from 13,654 In 1982 to 13.330 In 
1983). 

The Effect of Estimation In Chicago 

The FBI's estimation procedure assumes that the 1982-1983 change In Chicago Is nearly 
the same as the change In the rest 01 the United States. The percentage change between the 
1982 estimate and the 1983 number of crimes known to the police in Chicago, for each Index 
crime except murder, is given below: 105 

Index Crime 

Index forcible rap. 
Inde)( robbery 
Index aggravated assault 
Index burglary 
Index larceny/theft 
Index motor vehicle theft 

1982-1983 percentage Change 
Uni ted States 

Chicago 

-0.04% 
-8.40% 
-2.40% 
-9.20% 
-6.00% 
-5.10% 

except Chicago 

+0.03% 
-8.42% 
-2.42% 
-9.20% 
-6.0~ 

-5.12'% 

The FBI's assumption, of course, does not take Into account the possibility that crime trends 
In a city with the characteristics of Chicago may not be the same as crime trends In the 
country as a whole. This problem has been noted by researchers such as Schneider and Wier
sema (1985:22): 

. [I]mputatlon b •• ed on crimes. known to police. 00 other Jurisdictions depends OR the number 
and type -of" comparable .• agencles that submit complete reports. 

The President's Commission on law Enforcement and Administration of Justice reached the 
same conclusion In 1967. The Commission's report. The Challenge of Crime in a Free 
Society, reviewed the method of estimating crime totals in cases in which a City had changed 
Its crime reporting procedures, using Chicago and New York City as specific examples. The 
conclusion of the Commission was the following: 

1 05secause Index murder figures were assumed to be accurate, the FBI did not estimate them. 
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This system is perhaps as good as can be devised. It is obviously very hard, however, to 
estimate how much crime would have been reported in a major city in the year prior to that 
in which the system of reporting was changed, and even harder to say what the crime rate 
was five years earlier .... The real question is not the method of estimation, but -whether the 

_yardstick at the present time is too changeable to all! A, signrficant trend comparisons to be 
made at the national level. 

In this report (see "Estimated Actual Change in Robbery and Assault," page 139), a method 
that does not depend on this yardstick assumption is used to estimate change in Index robbery 
and Index aggravated assault in Chicago. These estimates for individual types 01 crime were 
quite different from the estimates made by the FBI. 
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