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Chapter 3  Empirical results – various types of crimes 

3.1 Data Descriptions 

We now turn to analyze Taiwanese crime data. There are ten complete business 

cycles, as defined by the Economic Planning and Development, Executive Yuan, 

between 1954/11 and 2001/9 (Table 1). All the crime index country level data are 

gathered from Police Administration Annual Statistics of Taiwan. The instrumental 

variables (IVs, hereafter) designed by Lin (2006) are the foreign exchange rate of 

USD and proportion populations of manufacturing workers. The instrumental 

variables data are collected from National Statistics, R.O.C. database and Yearly of 

Manpower Statistics Taiwan Area, R.O.C3, 1978~ 2006, respectively. Most of the 

presented results are performed by software EViews 4.1. 

Compared with U.S. business cycle, the average expansions length for Taiwanese 

business cycle in Table 1 is almost the same as that in U.S. data. However, the 

contraction length is nearly twice longer than that in U.S.4 

                                                 
3 中譯：中華民國臺灣地區人力資源調查統計年報 

4 The detailed information about U.S. business cycle can be found from Paternoster and Bushway 

(2001), pp397. 
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Table 1 Taiwan Business Cycle Expansion and Contractions (1954-2001)5 

   Length (month) 

 Trough date Peak date Expansion Contraction Cycle 

The 1 st cycle 1954.11 1955.11 12 10 22 

The 2 nd cycle 1956.9 1964.9 96 16 112 

The 3 rd cycle 1966.1 1968.8 31 14 45 

The 4 th cycle 1969.10 1974.2 52 12 64 

The 5 th cycle 1975.2 1980.1 59 37 96 

The 6 th cycle 1783.2 1984.5 15 15 30 

The 7 th cycle 1985.8 1989.5 45 15 60 

The 8 th cycle 1990.8 1995.2 54 13 67 

The 9 th cycle 1996.3 1997.12 21 12 33 

The 10 th cycle6 1998.12 2000.9 21 12 33 

Average   38.6 15.6  

Data source: Economic Planning and Development, Executive Yuan 

3.2 Nonparametric method 

This subsection presents an analysis of how the business cycle impacts on 

monthly burglary, homicide, injury, and obscenity data from 1954 ~ 2001. Table 2 

illustrates how to compute these growth rates of crime in the last chapter. 
                                                 
5 Trough refers to the lower point and peak refers to the highest point between the end of an economic 

expansion and the start of a contraction in a business cycle. A cycle goes from trough to trough. 

6 As the time the thesis is in the process, the Economic Planning and Development announced the 11th 

cycle, which trough time is on 2001.9, and the peak date is on 2004.3. 
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Table 2 Crime movements over ten business cycles for 1957- 2000 in Taiwan 

Reference cycle Robbery Homicide Injury Obscenity 

Trough Peak 
Annual 
growth 
rate (%) 

Next 
year 
(%) 

mark
Annual 
growth 
rate (%)

Next 
year (%) mark 

Annual 
growth 
rate (%)

Next 
year 
(%) 

mark 
Annual 
growth 
rate (%)

Next 
year (%) mark 

1954.11 1955.11 31.31 48.27 + 18.62 9.58  8.71 -39.86  8.71 -30.94  
1956.9 1964.9 35.88 -0.34  36.25 26.71  -9.82 29.9 + 45.6 30.22  
1966.1 1968.8 -33.7 -4.41 + -33.7 12.22 + 14.64 9.71  25.95 18.26  
1969.10 1974.2 4.99 -1.77  -34.94 14.91 + -31.3 36.46 + 8.64 35.85 + 
1975.2 1980.1 20.66 8.51  21.1 -16.7  7.17 -25.21  20.73 -1.83  
1983.2 1984.5 -3.28 6.09 + 18.37 -4.85  -29.67 69.22 + 31.08 -28.35  
1985.8 1989.5 42.65 0.24  25.02 1.07  47.94 -18.22  -26.38 17.45 + 
1990.8 1995.2 23.06 30.32 + 1.61 -17.03  68.91 13.46  53.74 45.07  
1996.3 1997.12 13.78 32.47 + -2.3 -3.23  -22.46 38.10 + -2.82 2.71 + 
1998.12 2000.9 7.69 32.50 + -17.75 1.61 + 10.26 24.36 + -15.81 51.81 + 

Number of “pluses”   6   3   5   4 

implication motivation effect opportunity effect insensitive to economy opportunity effect 
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As seen in Table 2, if the “next year” growth rate of the crime offenses is higher than 

the “annual growth rate” of crime, it indicates more crimes committed in hardship of 

economy. Then we mark a plus sign in the column of 1954/11- 1955/11. The more the 

pluses marked, the more the variable tends to be a countercyclical variable against 

GDP.  

The empirical evidence in Table 2 shows that the robbery variable is a 

countercyclical variable where it increases more during economic contractions than 

expansions. It means the relationship between unemployment rate and the crime 

occurrences is positive, an indication of a motivation theory. The evidence of robbery 

crime is consistent with Cook and Zarkin (1985). 

However, if the numbers of ``Plus’’ over the ten business cycles is close to five, it 

implies that the business fluctuations have no effect on crime. That is, committing 

crime is like flipping a fair coin. It also suggests that the crime is insensitive to 

business cycles. Homicide took place more during expansions relative to contractions. 

This implies that opportunity effect might be a dominant factor explaining this type of 

criminal. Also for obscenity, there are four pluses out of ten business cycles, 

suggesting strong evidence pro-cyclical variable against real GDP. 

There are five pluses among ten cycles for injury (including serious injuries) 

variable; indicating injury offenses being insensitive to business cycles. Hence we 

judge that the variable is uncorrelated with the economy conditions. The motivational 

effect or opportunity effect appears not to be able to explain the injury behavior. 

 

 

3.3   Parametric model 
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In the following subsection, we fit the econometric models to the yearly data, 

spanning 1978 ~ 2006, of total crime, violent crime, homicide, burglary, robbery, 

forceful taking, auto theft, rape of crimes.  

 

3.3.1 Model Diagnostics  

 When the autocorrelation exists, the ordinary least square (OLS) sample variance 

estimator will be no longer unbiased. The OLS estimatorβ
∧

is not efficient either. In 

any case, the confidence intervals for the estimator calculated can be misleading. 

Hence we introduced a first-order autoregressive term for the residuals. This would 

reduce the residuals to white noise. Durbin – Watson (1951) (D-W, hereafter) d test is 

a common method to detect the serial correlation problem. Prior to use the test, there 

are some conditions to be satisfied. First, the test is not appropriate for a general 

specification of the disturbance process. Second, the test is not appropriate if part of 

the explanatory variables include the lagged value of the dependent variable, for 

instance Yt-1. Our model satisfies these prerequisites. The D-W test statistics is d≅ 2‧

(1- ρ ), where 
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, ρ  is the sample correlation, and the null hypothesis is 

0ρ = .  

 Even we ignore the presence of heteroskedasticity and continue to use the OLS, 

the estimated coefficients will no longer be efficient within the class of linear 

unbiased estimators. As well we can not leave it aside in time series model the effects 

of heteroskedasticity. Here the Newey-West estimator of the disturbance covariance 

matrix is used because it is consistent in the presence of both heteroskedasticity and 
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autocorrelation situations. Table 4-1 to Table 4-8 give the estimation results using  

Newey-West estimator. 

 In order to decide whether the heteroskedasticity exists between models, we 

apply the White test (1980) to the residuals obtained from regressions. The results are 

shown in Table 3. 

Table 3 Test for heteroskedasticity 

 Model I Model II 
 Obs*R-squared p-value Obs*R-squared p-value 

total crimes 4.08 0.53 2.48 0.78 
violent crime 2.89 0.72 3.06 0.69 

burglary 2.91 0.71 2.60 0.76 
robbery 3.69 0.60 4.08 0.54 

forceful taking 3.46 0.63 2.95 0.71 
homicide 7.87 0.16 4.37 0.49 
auto theft 2.50 0.77 4.13 0.53 

rape 3.66 0.60 2.96 0.71 
 

 The results shown in Table 3 are not beyond the expectations. All the evidence 

indicates no heteroskedasticity in our time series estimations. Furthrmore, we believe 

that there is no unit root in each variable, i.e., theses variables display stationarity 

behaviors. 

 

3.3.2 Estimation Results 

At this stage, one important underlying assumption has to be satisfied: the serial 

correlation is ‘pure’ in the sense of not arising from a misspecification of the 

regression model such as omitting variables. In other words, we need to aware that 

serial correlation might result from variable omissions. The factors causing the 

correlation among disturbances must not be correlated with the included variables. To 

take into account of misspecification, we apply the Hausman test. 



20 

The Hausman test applied is to see the regression model y X uβ= +  whether X 

and u are correlated in the the regression model y X uβ= +  amounts to forming an 

augmented regression y X Z uβ θ= + +  and test whether 0θ = , where Z consists of 

residuals from an auxiliary regression of X on a set of instrumental variables W 

correlated with X but uncorrelated with u. Given the null and alternative hypotheses, 

two estimators are consistent and asymptotically normal if the null hypothesis is true. 

One of them is consistent only if H0 is true, inconsistent if not. The other estimator is 

consistent under both H0 and H1 but is not efficient under H0. 

Lin (2006) designates the product of U.S. foreign exchange rate and proportions 

of employed manufacturing workers to be as a valid instrumental of unemployment 

rate variable. Because the chosen IV meets the condition, we use Hausman test for 

scrutinizing two age groups specification model. From the Appendix, we find that all 

the p-value of each variable are larger than the pre-specified type-I error level, 

supporting the evidence of not rejecting H0. This leads us to believe that the 

explanatory variables and the error terms are independent, and that the model does not 

suffer misspecification. 

Table 4-1 and Table 4-2 display regression results using model I. In which, all the 

constants show positive effect, whereas some results of other coefficients do not 

support the theory proposed. The difference between the two tables only lies in how 

the regression models consider the motivation effect, where the specification in Table 

4-1 is consistent with Cantor and Land (1985), while that in Table 4-2 with the 

Greenberg (2001) hypothesis. However, there is no substantial difference in the results. 

In Table 4-1, the current and first differenced unemployment rate is the explanatory 

variables. In contrast, the current unemployment and a lagged unemployment rate are 

considered in Table 4-2. Recalled equation (9) in Chapter 2, the opportunity effect in 
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Table 4-2 is equal to the sum of the two coefficients from explanatory variables in 

Table 4-1. And the coefficients happen to be opposite in Table 4-1 versus Table 4-2. 

As expected, the results for the motivation effect of the violent crime, robbery, 

forceful taking, auto-theft, and the opportunity effect of robbery and forceful taking 

reveal consistent evidence with the theory. In particular, the result of forceful taking 

crime exhibits significance as expected. To deal with the serial correlation, we use 

Cochrane-Orcutt (1949) procedures from Table 4-1 to Table 4-8 to estimate the 

unknown parameters of the disturbance process. Only using 1ρ  is good enough to 

satisfy the standard assumptions and can be estimated by the OLS method. The blank 

in 1ρ  column means the equation does not suffer correlation problems. 

Model II entails the level data, instead of moving average de-trended data. Table 

4-3 shows the estimation results in corresponding to the specification in equation (7). 

In Table 4-4, the results are given based on equation (11). A few important 

observations can be noted. Table 4-3 shows that violent crime, and forceful taking 

have significant opportunity and motivation effect. In Table 4-4, the results for 

homicide show similar effects. The combination of model II with using original data 

displays more consistent intuition, meaning that the two effects are at work, given the 

signs estimated. Besides, all the values of D-W are around 2, meaning no serial 

correlation. Furthermore, the magnitude of the motivational effect for homicide in 

Table 4-3 is not much different from that in O'Brien (2001)7. 

We further carry out the estimations on the teenagers and adults crime in 

response to unemployment. Each coefficient estimated shows much stronger evidence 

in favor of the opportunity and motivational effects, as clear stated from Table 4-5 and 

Table 4-6. Besides, there is higher magnitude in absolute value on teenage robbery 

                                                 
7 See O'Brien (2001) pp.372 
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than on adults one. Table 4-7 and Table 4-8 also show a good deal of consistent 

evidence for the effects in general. In which, the effects are much larger for the adults 

committing false imprisonment, while for the teenagers committing homicide. As 

described in Chapter 2, the motivation effect in the left panel (Table 4-5 and Table 4-6) 

comes into play at a one period lag, while at two-period lag in the right panel (Table 

4-7 and Table 4-8). In contrast with left panel of page 24, there is much high level of 

motivation and opportunity effects for homicide, nuisance, and false imprisonment 

crimes. This indicates the longer the unemployed duration is, the higher the 

probability to commit crimes will be. 

Overall, we conclude that equation (11) has a better fit to the age group model, 

since most of the estimation results are consistent with the proposed theory. For 

non-age group models, the results are mixed and depend on which crime variable is 

used.
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Table 4-1 Model I:  
Full model for moving average method: 
Variables const Ut △Ut D-W 1ρ  
total 
crimes 0.000 0.388* -0.226* 2.23 -0.48 

violent 
crime -0.000 0.364** 0.232* 2.16 -0.46 

burglary 1.015☆ 1.435* -0.881* 2.26 -0.50 
homicide 0.002* 0.446**** -0.374☆ 2.53  
robbery 0.002 -0.178 0.304** 2.28 -0.64 
f. taking 0.004 -0.063 0.557**** 2.66  
auto-theft 0.000 0.224* 0.044 2.23 -0.46 
rape 0.000 0.270* -0.188* 2.41 -0.54 
Table 4-2 Model I 
moving average method 
Variables const Ut U t-1 D-W 

1ρ  
total 
crimes 

0.000 0.158* 0.226* 2.23 -0.48 

violent 
crime 

0.000 0.596☆ -0.232* 2.16 -0.46 

burglary 1.014☆ 0.554 0.881* 2.26 -0.50 
homicide 0.002 0.072 0.374☆ 2.53  
robbery 0.0023 -0.126 -0. 304** 2.28 -0.64 
f. taking 0.004 0.494* -0.557**** 2.66  
auto-theft 0.001 0.268*** -0.044 2.23 -0.46 
rape 0.000 0.082 0.188* 2.41 -0.54 

 
Table 4-3 Model II:  
Use original data 

Variables const ln Ut △lnUt D-W 
1ρ  

total crimes 0.084** -0.002 -0.097 1.936  
violent crime 0.100** -0.078* 0.367**** 1.878  
burglary 0.127*** -0.038 -0.181 2.108  
homicide 0.029* -0.060**

* 
0.087** 2.263  

robbery 0.182** -0.122** -0.009 2.285  
f. taking 0.274*** -0.229** 0.841☆ 1.992  
auto-theft 0.137* -0.066 0.130 1.808 0.026 
rape 0.045* 0.001 0.146* 1.956  
 
 
Table 4-4 Model II:  
Use original data 
Variables const ln Ut △lnUt-1 D-W
total crimes 0.109** -0.039 0.143* 1.86
violent crime 0.076* -0.035 -0.033 1.86
burglary 0.173*** -0.102** 0.22* 2.01
homicide 0.060* -0.101☆ 0.263☆ 2.10
robbery 0.168* -0.113* 0.028 2.30
forceful taking 0.220* -0.119 -0.261* 1.73
auto-theft 0.129* -0.053 0.010 1.77
rape 0.062* -0.028 0.319**** 2.27
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Table 4-5 
Teenagers: 
Variable cons ln Ut △lnUt D-W8

1ρ  
homicide 0.074* -0.138** 0.053 1.624  
auto-theft 0.125* -0.045 0.003 2.21  
injury 0.012 -0.014 -0.1148 1.78 0.4439
nuisance 0.014 -0.096* 0.048 1.635  
f. imprisonment 0.059 -0.082* 0.163 2.254  
robbery 0.214** -0.267*** 0.459** 1.504  
 
Table 4-6 
Adults: 
Variable cons ln Ut △lnUt D-W

1ρ  
homicide 0.024 -0.016 0.097 2.352  
auto-theft 0.125* -.0045 0.003 2.210  
injury 0.041 0.0106 0.0195 1.867 0.3179
nuisance 0.040 -0.016 0.0007 2.488  
false imprisonment 0.211** -0.172* 0.033 2.175  
robbery 0.15** -0.085* 0.335** 2.25  
 
  
 
 
 
                                                 
8 The D – W d critical statistic value for n=25, k( number of explanatory 
varialbes)=2 is dL=0.981, dU=1.305; for n=27, k=2 is dL=1.019, dU=1.319  
(Gujarati 2003) 

Table 4-7 

Teenagers but for △lnUt-1 model 
Variable cons ln Ut △lnU t-1 D-W

1ρ  
homicide 0.135** -0.223☆ 0.555☆ 1.32  
auto-theft 0.107* -0.031 0.016 2.11  
injury 0.080 -0.075 0.293* 1.73 0.38 
nuisance 0.068 -0.173** 0.463** 1.804  
false imprisonment 0.104* -0.132* 0.287* 2.27  
robbery 0.226** -0.263** 0.133 1.472  
 
 
Table 4-8 
Adults but for △lnUt-1 model: 
Variable cons ln Ut △lnU t-1 D-W
homicide 0.075* -0.079* 0.337*** 2.321 
auto-theft 0.107* -0.031 0.017 2.11 
injury 0.065 -0.026 0.230* 1.343 
nuisance 0.059 -0.037 0.072 2.496 
false imprisonment 0.304**** -0.276*** 0.381** 2.365 
robbery 0.126* -0.042 -0.024 2.238 
 
* α = 0.25 **α = 0.1  ***α= 0.05    *****α= 0.025 
☆α=0.01 

(One-tail test, for opportunity effect: Ho: 0iβ ≥ , H1: iβ < 0;  
for motivational effect: Ho: 0iβ ≤ , H1: iβ > 0 


