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l Intreductxon

The purpose of this paper is to develop, test and interpret a simulta-
neous equations model of the processes generating criminal statistics in
England and Wales. Specifically we are interested in the determination
of the offence rate, the proportion of offences ‘cleared-up’' and the
number of policemen per capita. Our data refer to individual police
districts in England and Wales in 1961 and 1966.

‘We give a brief description of the main comp.nents of our model so
that we can introduce the thecries and estimation problems involved; a
more precise description of the variables we used is contained in sect. 2.
Our first equation refers to the number of offences per capita (offence
rate) in a district. Deterrence theories indicate that this offence rate
"depends on the pmportmn of crimes cleared—up (or clear-up rate), if

*RA. C -H isa cmnmologist and N.H. S an economxst The parmerslup is equal as is the
'mponssbﬂity fm moxs. Spemt thanks are due to Art Goldberger, Al Klevonck Gmham Mizon
Hauaman. ti_uvxd Hendxy, Gotdon Wasserman and semiinars at Cambridge, Oxford, the LSE and
the State University of New York at Albany. The helpful comments of the discussant, B.S. van
der Laan, when an early version was presented to the 1971 Barcelona Meeting of the Econo-
metzic Society are also appreciated. Cliff Wymer kindly made the SIMUL programme available
and the authors are gratefui for the computational advice of Clive Payne.

The subject matter of this paper will form part of a book ‘Analysis of Criminal Statistics’ to
be gubhshed by Seminar Press in 1974.

Aa offence is cleared-up if the police is convinced that the identity of the offender is
clear. This is not synonymous with a conviction or admission in court since there may be some
barrier to formal proceedings. A complete definition of a ‘cleas-up’ is in the data appendix
available from the authoss. In 1966 the average clear-up rate for England and Wales was 42%.
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this reflects perceived probabilities of apprehension. Such theories
might aiso fecus on the number of policemen per capita and a measure
of the 2quipment available tc each officer. One would suppose that a
theory which grants that a potentxal offender takes account of the
possibility ef apprehensxon, would also incluc'e, as determinants of the
offence rat:, the possible severity of punishment consequent on ap-
prehension and the potential gains from the offence; i.e. possible ‘swag’.
Wilkins (1964) has pointed to the empmcal importance of swag con-
siderations in his studv of car thefts. Becker (1968) has offered an
expected gains theory of offences.

The major concern of criminologists, however, has been the differ~
ential offence rates between various social groups and classes. The most
frequently mentioned are the lower socio-economic groups and the
young. Qur first equation therefore includes as explanatory variables, in
addition to measures of the five faﬂm:s alr&ady outlined, social indi-
cators intended to capture the class and age stiucture of the population
of the police district. OQur procedure tests such theanes 1f it can be
supposed that most offeitces are comiited locally.

Our second equation models the determination of the clear-up rate.
'The success rate at solving problems usually depends inter alia, on the
number of problems, the number of solvers and the facilities at their
disposal. We therefcre included in the second equation, the cffence
rate, the aumber of policemen per capita and a measure of the equip-
ment available to each officer.? Since some types of offence, particu-
larly those against the person, are =asier to sulve than othe s we in-
cluded a measure of crime-mix in this equation (based on the
proportion of violent offences).® We attempted to capture scale effects
by using a measure of the size of the police districts. Finally a social
class indicator was used in this equation also, to capture possxble differ-
ential immunity to suspicion of different groups.

The third equation was ongmai}y conceptualised as a model of the
process by which the number of police per capita is established. This is
partly central and partly local. We included the offence rate, the clear-
up rate and the measure of crime-mix as variables intended to capture
some of the pressures contributing to central and local feeling concern-
ing the state of social control. Our measure of social class in this equa-

2 Such an equation is also suggzsted in the work of Becker (1968).
3 We suppose that we can take this as an exogenous variable for our systein.
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tion was based on the middle classes since, we felt, this group was more
likely to exert pressure for the protection of property. We also included
population density since the Home Office told us the ground to be
covered was an important element in their considerations.

We have had to ignore, in the formal modelling, geograr-hical interac-
tions of the kina of whicl the 'fO“OWng might be an example an area
waratde R s 7 SR, PR

wiual 4 nqs.u level of SWag has a low offence rate because offenders are
attracted to adjacent areas with still higher swag levels. This omission is

A £
less serious if, in our example, each area has a similar spread of swag

opportunities in adjacent areas or if most offences are local in nature
(as may be the case with many minor larcenies).

Our theories involved in the first equation usually refer to the ‘real’
number of offences. We conform to econometric terminology in calling
this the ‘true’ number of offences although a more precise definition is
the actual number of incidents which we suppose would have been
regarded as offences if they had been reported. The processes captured
in the second and third equations refer to the recorded offence rate.
Hereafter we shall distinguish the recorded number of offences and the
true number of o{fences.*

We bave just described three equations of a mode: ‘vhich can be writ-
ten formally as

y* ~alp*+azc+21 ; tagte, (D)
p331y+ﬂzc+§6;x?+ﬁg+ez (2)
, ; =,
2 3
EENYIIPE L N trptes ®)

where y, p, ¢ are the logarithms of the offence rate, clear-up rate and
number of policement per capita, asterisks denote true values, and
a. [, s are coefficients ar.d es are random. It is assumed (see sect. 3 {'or
discussion) that the system is linear in the logarithms of the variables and,
otherwise undefined, lower (upper) case letters will refer to taie
logarithm (exponential) of the corresponding upper (lower) case letteis.
x,j is a pre-determined (exogenous) variable and is the ith explanatory

¥ 1 the Imt equation we suppose that individuals become aware of the ‘true’ probability of
de te ouion. There is some evidence for this — see Carr-Hill and Stern (1971).
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variable in the jth equation. The data used to represent the variables
described abc»ve will be speciﬁed in sect. 2

p- y since both sxdes are (qtiial to the Ioganthm of the" num; er‘ of
clearupse.s
Our last equatmn re!a tes y and y*. This last equatmn is specxﬁed in
more detaxl in se:t. 3 when we discuss the econometric problems as- -
sociated with our model and, in particulur, the dxfficulnes raised by the
unobservable vz nables p*® and y*. Sect. 3 also contains a j‘.fﬁ'cussmn of
the econometric technxques apmop*mte fcr the mel together thh
tests for correct specification, with specwl attentmn to a test for a
sossible structural difference between 1961 and 1966. |
~ We have been, so far, cavalier with the socmlcgmal and cnmmologxcal
assumptions involved in setting up the model. Our excuse is that we
have discussed these assumptions, and their place (together with the
results) in the light of 1eory and empirical work, elsewhere
(see Carr»Hxﬂ and Stem ( 1971)and a mrthcommg book)." In this : r
we wish to concentrate on the econometric techmques and preblems
We sh. m‘d however, be clear as !:o the sp:r"t m whxch this work is
offerzad. L
We are operatmg ona more aggregated scale as regards cffences and
populations than is usual in criminelogical research.” We are also using
data to measure some of our variables that have been produced by
police authorities who have a direct interest in many of the mfexemes
which may be based on the duata. Rather than detracting from the value -
of our exercise we feel that these aspects are central to the interest of_
it 'fh, use of aggregate data can indica Yi,whxch of th j_;r;lma facle
plausible microrelations actually appea;r as - 1mp',ﬁf;j_ tant at
level. Macro indicators can also help in the selecnon of reg;ons far
micro study. Secondly, t* ‘way in which p«;hce«-pubhc relations and
police practices affect the data will be centsal to the way in which we
interpret our results and we hope that the resuits and explanations can
incres-¢ our understanding of these precesses.

5 One reason why we have used the logarithmic form is to keep this equation linear — see sect.
3. .

6 See first footnote of paper. | |
7 There are exceptions, of course, For example Wmmer 71968). Also dimxssions of mmdex
afm fmz O ;ust O explanatory variable, the death penalty, and thus treat pemﬂaﬁmxs ina
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The approach of the analysis is somewhat different from most crimi-
nological ;tudies in another respect. The structural equations describe
‘how the endogenous variables (e.g. offences) are generated by the ex-
“ogenous. In other words we describe populations and then examine the
number of (e. g.) offences that emerge rather than the criminologically
more common practice of analysing and describing offences and con-
victed offunders.

QOur /ork is therefore offered in the following spirit. The approach
- to modelling and statistical techniques is fairly new to criminology
(although not to other subjects). In order to put the problem in our
form ard interpret the results we have had to make assumptions about
relations which seem plausible at the current state of knowledge but
which have not yet been thoroughly established. In economics, at least,
it is often the case that the assumptions for, and interpretations of the
results fmm, macro-models can motivate micro-research as well as being
based on previous micro-research. In a similar fashion we hope that our
macro analysis of the crimina statistics will lead to and be tested by
further research at the micrs level.

2. The variables

We describe, in this szction, the measures we used to capture the
concepts outlined in the introduction. We shall be brief, and a precise
and comp!ete descnptzon of data sources iy available on application to
the authors. b

The data are for a crosssecuon of police districts in 1961 and 1966.
;Thesc vears were chosen since they were census and sample® census
years, respectxvely, so that data on social class and age structure are
available. Our other main sources, apart from published census data,
‘were the Home Office publications ‘Supplementary Statistics Relating
to Crime and Criminal Proceedings’ (Supp. Stats.) for 1961 and 1966
and the annual publication ‘Police Force Statistics’ (PFS) put out by
the local authority treasurers.

We had two main sets of data: for 64 urban police? districts in 1961

8 'We suppose that the errors involved in the census of 1966 being only a 10% sample are
small cumpaxed with errors elsewhere in the model.
9 We were assisted with the 1961 data by a report prepared by W.F. Greenhalgh (1966) and
kind'y made available by the Home Office.
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Table 1
Included exogenous variables in model for 1961 urban and 1966 urban.
Variable Definition Source?
Equation 1 - S o
, F - The pmpomon of cormcted given  Supp. Stats.
' custodial treatment®
A Proportion of young (15 -~24) males Census
in population S
S Proportion of population thatis ~ Census
working-class, specifically socu» L
economic groups 7, 10,181,418 |
T Total rateable value perarea® ~  Ratesand Rateable Valuesd
E Total police expenditure per o*ffinew  PFS
Equation 2 .
A See Eq. 1
kY Sce Eq. 1 | .
N  Population ~ Census 1961 PFS 1966
E See Eq. 1 | -
4 Proportion of offences that are Supp. Stats,
violent® o o
Equation 3 - |
M Ptoportinun of popuiation that is - Census
middle-class, specifically socio-
economic: groups 5,6, 8,9, 12, 14
V See Eq.2 - |
D Popuhtxon density PFS

2 See beginning of sect. 2 fot definition of these sources.
5 Custodial treatment and violent offences defined in data appendix availabie from authors.
We should have liked to- mcorpotate nF data on the lemth of ot'fenou but these proved

mdequate,

“l‘hbaw on which iocat propmy taxes are levied g
¢ Published by HMSO for Ministry of Housing and Locai GOWmmnt |

Note: The natural Jogarithms of the above variables were used in the eatimatmn and these lo-
garithms are denoted by the corxespw mdmg lower case letters,

and for 66 urban police distriicts in 1966.!° Two further data sets were
obtained by pooling the 44 rural districts with the urban districts in
1966 and pooling the 1961 and 1966 urban sets. We call these four sets

10 These were all the urban police districts in England and Wales except for the Metro-
politan Police District (MPD) and some adjacent authorities. The MPD and these authori
were omitted since the averiap with several local authonty districts made eensus data diffi cuit

to ascrite.
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respectively 1961 urbar, 1966 urban, 1966 urban and rural pooied, and
1961 and 1966 urban v.00led.

The system that wes eventually estimated was a three equation partial
reduced form of the five equation model described in sect. 1 where the
unobservable variables y* and p* were eliminated from equation (1),
and (2, and (3) retain their form (see sect. 3). These equations were for
the recorded offence rate, recorded clear-up rate and the number of
policemen per capita. The number of recorded offences was the total
number of recorded indictable offences and was taken from Supp.
Stats. Indictable offences are those offencss deemed to be serious
enough to warrant the posibility of trial in front of a jury. Roughly
65% of recorded indictable offences are larcenies (and similar offences),
20% are breaking-and-entering type offences and 7 or 8% are offences
against the person. District clear-up rates are unpublished and were
kindly made available by the Home Office. The number of policemen
per capita was taken from PFS.

In table | above we state the exogenous variables that were used in
each of thc three equations for the main data sets: 1961 urban and
1966 urban.

For the 1966 urban and rural pooled set the model was modified as
follows. The percentage of the area that was urbanised was included in
each equation which acts, in part, ke a dummy variable distinguishing
town and country. Tk natural logarithm was used and the source was
PFS. In the first equation this variable replaced T and in the third
equation D since it was fairly highly correlated with both.

3. Econometric techniques and problems
3.1. Unobservable variables, identification, and the estimated model'!

The five equation model outlined in sect. | contains the unobserv-
able variables y* and p*. We now describe the procedure we used to
meet this problem. Our model is

1! This section owss much to the comments of Art Goldberger. General references for
terms, theorems and techniques unfamiliar to the render are Johnston (1971) and Malinvau i
(1971).
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y —-alp*+a20+z QI l'( +C€0 *‘el (1)
e= YrY“"IzP‘*‘E 7,":*‘79 "fs R €
preytEpty N LT N @
yEyA kQ*uw. . ®)

We have described egs. (1)—(4) in sect. 1 and table 1. Eq. (5) states that
the number of reportfed oftences is a fraction of the number of true
oﬁenm wnere this fraction has wganmm k() +u where k is a functxon |
of 4 yet unspecxﬁed vanables and u is a random term mean zero. ‘We
may as well assume. that k.is hnear in the loganthms of its arguments.
‘The problem, of course; is to know what the arguments of the k()
function are. Let us for the moment, however, remain agnostw, and
substitute from eqs (4) and (S) into (l) We have

y=ap+ay+ 23 a,-x} +ag +(1 +a17»k( y+(1+au+e . (1)
=3

We now see that if any of the variables on the I h.s of (1) are amoug
the arguments of k() then the cenespandmg paramater a; is uniden-
tified as a parameter of (1). For example, suppose A depends on ¢ (and
it is masonable to suppose that 1t does) we write k( ) n ¢+ k,( ) and'
(i) becem&s | | : | , | |

y:alp'i'(azz '}'(14‘{21)1})0"'233 a;#-xil "‘*‘ag +(1+a1)k1()
i=3
+(1+apltite; | : ("

Suppose we now assume ky is constant. We can estimate the system
(1", 2) and (3) since it is a 3-equation sy&*tem in 3 endogenous vari-
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ables y, p, c. It is easy to check that the system (1), (2). {3} wiih
exogenous variables as in table 1 satisfies the rank condiiion for iden-
tification.! * The problem is that we estimate a; and (ay, + (1 +a;) 7 )
and cannot isolate a, and n.

The estimation pr: ouedure we, in fact, used was to include as explana-
tory variables in the first equation p, ¢ and the five exogenous variables
of table 1. In other words we have

7
ﬁ}_f’ - }S
i=3

*\4 in .l‘

”"w—‘

PR 4 o . e
y=ap ao-f'e] . {1y

‘The system estimated was (1), (2) and (3). We thus have a three
equation system with three endogenous variables y, p, ¢ and nine ex-
ogenous variables. There are 22 coefficients (including 3 constant
termis) and 6 distinct entries in the variance-covariance matrix. The
rank condition for identificaticn is satisfied.

We can assert. that a; is 2 parameter of equation (1) only if we are
convinced that the ccrrespondmg variable is not an argument of £{ ). If
‘we are noi so convinced then we should interpret the parametm as a
product of two processes: the first determining the ‘true’ level of of-
fences, the second determining the number of these offences which
reach the record book. We shall make liberal use of such interpretations
in sect. 4. It should be noted that if y is an argument of k() then none
of the a'; will be equal to a;, and that we have assumed that k() does
not depend on any of the exogenous variables that were excluded from
eq. (1) (see table 1).

 We have used the logarithmic form partly since we want to keep (4)
linear and partly since it is reasonable to discuss the relationships in
terms of the effect of proportional changes in the ‘right-hand side’
variables on those of the left-hand sidc. Further we tried two alternative
specifications of the functional form — reported in an earlier version of
this paper presented to the 1971 Econometric Society Meeting in Bar-
celona. One of the alternatives was to use log P/1—P for log P, for those
variables that are proportions. The other was to use all variables in their
linear (unlogged form). Neither exhibited superiority over the logarith-

12 1t is easy to check the order condition — n,v,m,d are excluded from the first equatior,
f.t,md are excluded from the second, and ¢,5,7,f,n,¢ from the third. The o-der condiuion is only
necessary. The rank condition, necessary and sufficient for identification, is also clearly satis-
fied since each equation has an exogenous variable usique to it.
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" mic form, so that ous version performs as well as the others and has the
linearity advantages described. |

It is natural to ask whethes there is a way of climinating p* and y*
from the system that does not have the 'problems associated with eq.
(5). It is cummonly ileld‘ 3 that the reporting rate for breakmg-and»; :
entering offences is very hzgh (mamly for insurance reasons). Suppose )
we add tc our system the muowmg equations °

*YBE | ()
=}’BE + b+vy , (7)

where yg ¢ is the logarithm: of the true number of breaking-and-enter-
ing offences, ypy is the loganthm of the reported number, b is a
constant and v a mﬁésm term mean zero. So we assume all breakmg—‘ |
and-entering offences are reported and that true break 'fng-and-entenng :
offences are a fraction (with a random component) of total indictable

offences. S.uppose also that we decompose (4} mtu -

(4= D==g—-v | a‘r-d (45) 'p*ag,-_y*v

where g is the 3ogamhm of the numbper c;f clear-ups Then the system
(1), (2), (3), (4a), (4b), (5), (6), (7) is an ¢ight equatiion system in the 8
endogenous variables y, y*, ypr, e, v, p*, ¢, g. We can form the
partial reduced form

(1+ap)ypp=ayg+ase+2s aix} +ag-(1+ab—(T+a)v+e; (8)

. 7,
g=(1+ﬁ;)y+ﬁzc+?%ﬁgx3+ﬂo+€2 (9)
j-’:.-"
5
C=(Y T Y)Y +Yag + Dy 4: %3 +yn F (10)
T T2V TR .-§7z)‘1 Yo T €3 A
171
y=ygp+tbtk()+tu+y | = (1)

'3 See Willmer (1968).
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which is four equations in four endogenous variables y, ypp. & and c.
Suppose we further assume that k( ) has no arguments apart from those
variables included in equations (8)—(11). Then a two stage least squares
estimate of (8) would enable us to identify a;. All this depends how-
ever on our accepting eqs. (6) and (7). Early attempts'* with a pro-
cedure using breaking-and-entering offences lead us to believe that
either the reporting rate for breaking-and-entering is not sufficiently
high or that crime patterns are not sufficiently fixedfor the purposes of
the above procedure. The view that reporting rates for breaking-and-
entering offences may be low is corroborated, at least for the USA, by
the research of the National Opinion Research Centre (Chicago) who
found that only 31% of the burglaries (similar to our breaking-and-
entering offences) of their sample were reported — see p. 8 of Ennis
(1967).

3.2. The estimation technique

The results given in sect. 4 are full information maximum likelihood
(FIML) estimates.! * The computing programme used was SIMUL 7 due
to Cliff wymer of the LSE and kindly made available by him. Readers
unfamiliar with the simultaneous equations techniques of econometrics
will find good descriptiors in Malinvaud (1971) or Johnston (1971).

FIML estimates are thought to be sensitive to complete model! spe-
cification, see Malinvaud (1971) or Johnston (1971). {(Clearly, the
specification of a particular equ-tion of interest is important to that
equation, using any technique.) The SIMUL programme also gives two
stage least square ¢stimates (2SLS) which are known to be more robust
to specification error elsewhere in the model and it is therefore reassur-
ing that 2SLS and FIML results for our models are similar (see the first
draft of th:s paper presented to the 1971 Barcelona Economeiric
Society Meeting). We use FIML since it is efficient and, since the pro-
gramme gives us likelihood values, it enables us to perform likelihcod
ratic tests rather easily,' ® and to carry out tests on the a priori restric-
tions as a whole — see next sub-section.

14 See the earlier version of this paper presented to the 1971 Econometric Society Meeting
in Barcelona,

1% We make the usual assumption that (e;q, €24, €3¢) i8 N(0,Z) and COV(eyy, ;) = 0,
t # t' where e;; is the error tenr: in the zth observation on ihe ith equation.

16 1 principle likelihood 1atio tests can be constructed for limited information maxy aum
likelikood and 2SLS. This wou.d have required a good deal of extra programming.
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2.3. Tests of model specification and for structural change

For each of the results given in sect. 4 we give the ‘chi-square value
of the loglikeliinod ratio’ and its corresponding degrees of freedom.
‘The nuli hypotesis for th;s chi-square test is that the overidentifying
restrictions {taken as a group) involved in the particular model are
correct and this is being tesied against the hypothesis that an exactly
identified model is corroct (all sxactly identified models have the same
maximum likelihood i.e. that derived from reduced form estimation).

We have specified our model in sect. 3.2 and we make the assumption
that the errors for each observation are distributed N(0,Z) and that
errors for diffeient observaiions are uncorrelated (see footnotel5). Sup-
pose L, is the maximum of the joint probability distribution of the
observations on {1e endogenous; variables Y when Y take the observed
values, the exogenous variables X are given, when the coefficients 9§
vary ‘u some linear subspace A and the variance—covariance matrix, =z,
is unrestricted. Suppose now we put m linear restncnc»ns on A and
comnpute *he new maximum value Z,. It is well-known that 2 log L,, /L,
is asympiotically chi-square with m degrees of freedom.! 7 The chx-
square value of the loglikeliliood ratio’ is 2logL,/L, and we can
compare this statistic with the entry at the appmpnate s:gmficance
level in the chi-square iablcs.

Our test for a structural break between 1961 and 19(»6 is based on
similar reasoning. This test is due to Grayham Mizon and is described
and justified in detail in his paper (1972). The test is based on
the maximised log-likelihood values from the data sets 1961 and 1966
urban pooled, 1961 urban and. 1966 urban (I3, /;, I, respectively). The
log-likelihood value for the model (pooling the 1961 urban and 1966
urban data) where we do not -estrict the parameters ( 0 and Z)in 1961
and 1966 to be the same is ! y +1,. The log-likelihood value for the
model (1961 and 1966 urban pocled‘a where we do restrict the param-
eters to be the same is /3. Thus 2([1 +1, - 13) is asymptotically chi-
square on the null hypothesis of no structural change. The number of
degrees of freedom is equal > the extra number of restrictions in the
more constrained model, which equals the number of coefficients plus
the number of distinct entries in the variance—covariance matrix. In

17 Ap early descriptio of the test is in Hood and Koopmans (1952) p. 178, and versions of
the stated property of the likelihood ratio can be found in text books on multivariate snalysis.
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this case -~ see model of sect. 3.1 — we have 22 coefficients (counting
constant terms) and 6 distinct entries in the variance —covarizance
matrix. We thus have 28 degrees of freedom.

4. Results and interpretations
4.1.‘ Testing the model

The chi-square value of the log-likelihood ratio in the test for a
structural break between 1961 and 1966 was 79.3 with 28 degrees of
freedom. This leads us to reject the null hypothesis of no structural
change between 1961 and 1966 even at the 0.1% level. The estimates of

the 22-coefficient model, described in sects. 1 and 3.1, for the four data

sets (see sect. 2) are given in the appendix to this paper, together with
the )__kehhnnd values.

Table 2 (i)
1966:Urban and rural pooled restricted
Variable Explanatory variaties
to be
explained
y p c f a s %urbn. e const.

-0.59 +0.74 -0.17  +0.63 +0.11 +0.45 +0.40 ~1.64
0.24) (0.22) (©.09) (0.15 (0.13) (0.09) (0.14) (2.28)
2.50 3.41 1.86 4.29 0.88 4.92 2.81 0.72

p c n %urbn. const.
-1.18 ~0.16 +0.3i ~8.82

0.39) (0.04) (0.11) Qo)
3.39 4.31 2.76 3.37

c D m 2 %urbn.  const.
+1.22 ~086 -044 +0.40 -3.98

(0.41) (0.39) (0.11) (0.09) (2.18)
2.98 2.23 3.88 5.22 1.82

Covariance matrix Variance » 0.175 Chi-square value of
0.039 p 0.028 log-likelihood
0.00} 0.040 ¢ 0.042 ratio 17.057 with

-0.005 ~-0.007 0.053 10 d.o.f.
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‘lable 2 (i)
1966 Urban restricred
Variable Explanatory variables
to be
explained
y P c I a s t e ‘const,

~0.26 +044  -0.17 +045  +0.31  +0.16  +0.44 247
©32) (0.62) (0.10) <(0.I7) (0.16) (0.06) (0.15) (4.62)
0.81 0.71 1.72 263 197 270 294 0.58

? c s n conat.
~1.54 4021 -0.12 1062
0.52) (0.12) {0.04) (3.44)

296 1.70 2.9 3.09

¢ P m v d const.
-0.06 -0.8 -0.12 +0.03 -1.27

©0.17y  ©0.27) (©.05) (0.03) (1.66)
0.03 3.16 242 1.01 0.77

Covatiance matrix of residuals Variance ¥ 0.173  Chi-square valve of

0039 : p 0038 - loglikelihood
0.010 0.064 | ¢ - 0018 ratio 17.769 with

0.008 0.024 0014 o - 13dodf.

Having seen that it is reasonat le to suppose that there was a structural
break between 1961 and 1966 we looked for the best model in each
year. This was a fairly short search with no rigid objective function. We
had three main guides however. First, our views on those variables that
were likely to be insignificant in each year given the various organisa-
tional/social changes between (961 and 1966. Secondly, the signifi-
cance level of the chisquare value in the test of all the wemdantxfymgy
restrictions in the model and firally, the significance levels of the coef-
ficients. We give the results of this search in table 2(i) for the three data
sets 1961 urban, 1966 urban, . 966 urban and rural pooled with the
added title ‘restrictions’. Comparisons between the more mstncted and
less restricted (22-coefiicient) n odels, incorporating co,mments on the
search just described are contain.d in the Appendix.

For each of the 1961 urban and 1966 urban data sets the null
hypothesi; that the over-identify ing restrictions for the models of table
2 are correct is accepted at the [10% ievel (by a comfortable inargin).
The estimated variance—covaria 1ce matrix of residuals is dnscussed at
the end of sect. 4.2. |
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Table 2 (i)
1961 Urban resiricted
Y'ariable Explanatory variables
to be
explained
¥ p ! a t const.

~-0.66 ~0.28 -0.06 +0.18 +3.61
(0.26) - (0.08) (0.19) (0.05) (1.80)
2.55 341 0.30 3.65 2.00

p ¢ a ] n ¥ const.
~1.01 -0.36 +0.24 ~0.12 +0.12 +5.067

0.37) (0.10) (C.100 .02y (0.07) (0.66)

2.68 3.80 2.51 4.81 1.65 8.58

c p m v const.
+0.03 092 -0.06 +6.10

{0.12) ©.21) (0.15) (1.28)
0.28 4.38 1.19 4.76

Covariance matrix of residuals Variance y 0.075 Chi-square value of
0.041 | | | p 0.028 log-likelihood
0.00s 0020 ¢ 0.013 ratio 8.834 with

0.009 0.009 0010 9 d.o.f.

Notes (i) Number in brackets below ccefficient is the asymptotic standard error. Below this is
the T-value,
(iis Variables defined in table 1.
(iii) Chi-square values discussed in sects. 3.3 and 4.1.
(iv) Programme SIMUL 7 by Cliff Wymer run on Harwell Atlas.
(v) The constant terms are affected by the scaling of variables for computational reasors
—~ the variables in the results thzoughout table 2(i) are all in the same units.

]

In table 2(ii) we give the reduced forms'® derived from the struc-
tures 1961 urban restricted and 1956 urban restricted of table 2(i). The
coefficient of an explanatory variable in {e.g.) the first equation of a
‘model in table 2(ii) tells us the percentage change in y that wouid be
‘predicted by the model for a one per cent in the corresponding (un-
logged) exogenous variable (holding other exogenous variables con-
stant) taking into account the changes that would come about in p and
¢ also. These coefficients are sometimes called ‘impact multipliers’.

18 See Malinvaud (1971) and Johnston (1971) for a discussion of reduced forms.
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T: ble 2(ii)
Derived reduced forms.
1961 Ugban restricted
" Endoge- : E;og@m variables
vajiabl’e'
y f s oz ‘ n v . m . comst.
~{.28 0.i8 -»43..15 0.18 0.07 -0.59 ~j0.12 3.90
- (0.08) (.11 - €0.09) 0.05) 0.03) 0.30) (0,06) (2.39)
341 102 179 365 223 198 196 163
p 000 -035 023 040 -0.11 089 047 045
0.00) (0609 (0.09) 0.00) (0.02) (0.26) (0.05)  (1.96)
- 4.12 2.64 - 570 349 343 0.23
¢ 0.00 -0.01 0.G1 0.00 -0.00 -0.89 -0.06 6.09
0.00) (0.04) (0.03) 0000 (.01 - (0:21) (0.05) (1.29)
- 028 028 .- "0‘.‘28‘ ’ 43‘6““ ',125‘ 4.7
Covariance matrix of residuals “ariance y 0’?5 ‘ ; -
0.052 o) 0028
~0.012 0.011 e 0013
0.009 ~0.001 0.010 L
Table 24i)
~ Derived red iced forms.
1966 Urban restricted
Exogenous variables
-0.17 045 026 016 003 010 0‘44:@;;'-.&.73 Vo.ozy-.v-ues
0.10) ©.17) (0.16) (0.05) . (0.04) (0.06) (0.15) - (045) (©02) (338)
172 263 161 270 074 159 294 164 098 028
p 000 000 021 000 -0.12 018 000 134 004 -873
0.90) (0.00) {0.1') (0.0 = (0.03) (0.05) (0.00) 0.36) (004) (2.39)
~ - 186 -~ - 414 358 - 400 109 365
¢ 0.00 0.00 ~0.00 0.00 0.00 ~0.12 000 -0.87 0.03 -1.23
000y (0.00) {1.04) (0.00) (0.02) (0.04) (0.00) (0.24) (0.02) (1.31)
- - 003 -~ 0.03 .16 -~ 3.59 1.09 0.81
Covariance maurix of residuals Variance y  0.173 |
0.051 1 0.038
-0.667 0.023 ¢ 0.018
0.014 0002

Note éz) Seetable i')

{(ii} A dash for a T-value denotes that the corres onding coefﬁcxent is wientically zevo.
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4.2. Interpretation of structural coefficients

4.2.1. Consistent resuits

We focus attention on 1961 urban restricted and 1966 urban re-
stricted (see table 2) as our main set of results. We begin with a discus-
sion of those coefficients that were significant’® and behaved similarly
in both years. Our discussion will be fairly brief as a more detailed
analysis from the criminological and sociological! point of view is avail-
able eisewhere, Carr-Hill and Sterns (1971), and in our forthcoming book.

In the first equation the coefficient of (severity of punishment) f was
significant and negative in both vears.2? The first equation coefficient
of p was alen significant and negative in 1961 urban, and 1966 urban
and rural p-oled. It was also significant and negative in 1966 urban
when we usi:l a different measure of the probability of apprehension
based on conviction rates.?! The first equation coefficient of the ‘swag’
variable, t, was significant and positive in both years. All the variables
that one would expect to enter a calculation of the expected gain from
an offence, therefore, enter into the determination of the reported
offence raie in the natural direction.

The elasticity (e,) of the recorded offence rate with respect to the
clear-up rate, p, was found to be higher than that (ef) for the severity of
punishment, f, a finding which conforms with common preconcep-
tion.?? It should be noted that in so far as percentage changes in our
measures of p and f arc larger (smaller) than perceived changes in prob-
ability of apprehension and severity of punishment, we under- (over-)
estimate the elasticities of actual behaviour (assuming k( ) independent
of p, f — see sect. 3.1). There is a large fixed clement in any punishment
(the social consequences of court appearance) so it may well be the case
that percentage changes in our f measure are larger than perceived
changes. The mzgnitude of the p, f elasticities has dropped between
1961 and 1966 — in other words the population seems to have become
less responsive i0 probabilities of being caught and the severity cf
punishment.??

19 By significant we shall mean asymptotic 7-values > 2.

20 In 1966 the T-value was a little under the prescribed level (see table 2). This T-value was
larger in runs where a different measure of p was used (see 1971 version of this paper given to
the Barcelona Meeting of the Econometric Society).

31 gee the earlier version of this paper presented at the 1971 Econometric Society Meeting
in Barcetona.

22 ges e.g. Becker (1968).

23 1t seems unlikely that our measures of p, f deviated more from the perceived values in
1961 than 1966.
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The estimates of the coefficient of ¢ for the two years are close. The
constancy of this coefficient lends suppot to the view that the avail-
ability of ‘swag’ is the main?* effect being -aptured here. |

In the second equation: there was just one coefficient (apart from
that of ¢, discussed later) that was bcth sig nificant and behaved simi-
larly in both years — we found that clear-up rates vary mversely with
size of police dxstnct and, further, the coefficient was the same in both
years. This seems to indicate dlseconomxes of scale in cnme-sclvmg If
this is correct, the amaigamations of peolice xuru.:a» of the 13{%? 19605 |
have to be justified rather carefully and vag ue appeals to ecenomxes 0f
scale are not acceptable.

The third equation also has just one c >e.fﬁcxent in this categorv ?
Perhaps surprisingly, however, we find the number of pohcemen per
capita is inversely related to the proportion of the nonulahon that is
middie-class {and again ;he wsuu,ieats for the two years are similar).
We had thought that the opposite might hold as a result. of | a larger
potential lobby for the defence of property. The explanamm may be
either that it is difficult to recruit policemen from middle-class areas
(assuming police are recruited locally) or-that the central authorities
believe middle-class areas need less policing. Ws lean towards the former
since most forces are below their ‘established strength’ and the recruit-
ment hypothesis seems to concord rather better with the behaviour of
other coefficients in this equation.?® For example the proportion of
violent offences in total offences is irversely related to the number of
policemen (and significant in 1966) — it is har1 to reconcile this as an
allocation procedure, but it may be easier to n:cruit policemen where
- violent crime is low.2% A similar argument applies to the behaviour of
the coefficient of p in the tlurd equatwn for 1966 uxban and rural
pooled. ,,

We record thgse vaefﬁments that were not sxgmficant in elther year:

24 Recall (beginning sect.2) that Tand D (population density) are cortelated.

25 Al Klevorick has pointed out to us that we should really have two equations instead of (3),
one for supply (recruitment) and the other for demand (esiablished recruiting targets} for po-
licemen. We agre= but feel that our identification problems are bad encugh without specifying
furtiter equations.

26 4 referee has pointed out that we may have a simultaneity problem here too in that
many po&m may mply low violent crime.
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unemployment?’ and a measure of overcrowding within the home?®
(tried at an early stage) in the first equation, y, v and the proportion of
detectives in the force (tried at an early stage) in the second equation
and y in the third equation.

We remark in the Appendix that the urban and rural data are best
treated separately. We note here the main differences in estimated
coefficients between the 1266 urban set and the 1966 urban and rural
pooled set. First the percentage of area urbanised affects y, p and ¢
positively. Only the second of these effects is surprising, and our view is
that the first equation coefficient reflects, at least in part, available
swag. p performs better with the pooled set in the first and third
equations and s worse in the first.

4.2.2. Differences between years

We now discuss the second group of coefficients, i.e., those that
behave in a markedly different way in the two years. “‘hese are ¢, e, a
and s in the first two equations. We lean heavily on our interpretation
of the model as one of recorded offences in the expianation of the
behaviour of these coefficients (see sect. 3.1). We take ¢ first. We dis-
tinguish three effects on recorded offences of more policemen ir an
area. We call these the creating, reporting and preventing effects. The
first of these refers to the ‘creation’ of recorded offences by a police-
man in the sense that he sees and records a minor crime that otherwise
go unreported. Secondly more policemen in evidence may mean that
more members of the publi« revort minor crimes than they otherwise
would. An alternative interpretation of this effect is that the presence
of police in greater numbers leads to an increased public awareness of
legality and iilegzlity. Further it would affect the public’s view of
whether it was worth the effort of reporting since it would affect an
estimate of the likelihood of action being taken on the report. We

27 We might have done better with uncmpioyment disaggregated according to age or with
participation rates — see (=.2.) Phillips et al. (1972}. On the other hand Crieson (1972) found
that unemployment was unimporiant in his cross-ecction study of juvenile arrests, a paraliel
study to this based op US data. Unemployment is probably rather better correlated with
participation rates in time series than cross-section and thus skould be expected to wosl better
in the former. Thore may also be snme age-unemplovment intesacticn effects - see Carr-flil
and Stern (3971).

28 The variable used was the proposlion of nousehoids with less than hall a person per
room,
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suspect that, with increased mechanisation and deteriorating police—
public relations these last two interpretations will be of increasing im-
portance. Thirdly, the presence of a policeman may deter (even for a
given level of p). The first two would mcrease the recerded offence rate‘
and the third reduce it. ,

These effects also operate on the clear‘up rate since they affect ef—
fence ‘mix’ and so are relevant for the p-equat:on The creating effect
would act positively on the clear-up rate since’ the clear-up rate for
crimes recorded in this way must be close to one (or, at least, above
average). The reporting effect would act negatively on the clear-up rate
since crimes, reported to policemen which would not have been re-
ported had a policeman not been around, are probably either less easy
to solve than average or less worth the effort of the police than aver-
age.?® The prevention effect would also act negatively since we assume
that crimes deterred by the exisience of more policemen are easier to
solve than average i.e. with a given offence rate and extra police we
expect the offence mix to be more nrofessmnal’ ‘We summanse ‘these
effects with the following table: ' |

Offence Rate | “ Clear-upﬂR‘até |
Creating Effect B S + ‘
Reporting Effect + | -

Preventing Effect - o

The total effect of more policemen on the offence and ciear—up rates is
a combination of these effects. The major determinants of the relative
strength of these three effects are the state of police—public relations,
the mobility of the police force, and the formality of pcvhce procedures.

Seriior police officers have pointed to the apparent deterioration in
relations with the public in the 1960s (see below). They have suggested
that this was a consequence of the increased mobility and formalisation
of procedures®? that occurred in this period following the Royal Com-
mission (Willink) report of 1962 and the increase in emphasis on man-
agemen: 2ad methods. Examples of such changes are the institution of
the Rescarch and Planning Branch (1963), computerisation of Of-
fenders Index (1%3) and Reglonal Crime Squads (early 1960s).

29 It should be xemembered th:at many m«hcmble offences are thefts of amcles of low
value
20 gee the :wates below. It is unclear ‘that the causation is on!y in the dizection described.
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We should therefore expect an increase in the importance of the
first effect frcm 1961 to 1966 and a decrease in the importance of the
second effect. If the last two effects were the most important in 1961
we should expect a total negative effect cn the clear-up rate and an
insignificant effect on the level of offences. As the creating effect is
relatively stronger in 1966 we should expect a total positive effect for
1966 on the level of offences, but still a negative effect on the claar-up
rate. An examination of table 2(i) shows that these expectations are
justified (the significance of c¢ in the y-equation is improved in the 1966
pooled set). In fact the coefficient of ¢ in the p-equation increased in
absolute magnitude from 1961 to 1966 and we conclude that the pre-
venting effect on the clear-up rate became stronger between 1961 and
1966. The explanation would seem to be that the increased mobility of
the police force meant that those crimes deterred in 1966 had clear-up
rates higher above the average for that year than was the case in 1961.
In other words one effect of increased mobility and formalisation is the
‘weeding out’ of easily solved crimes leaving the more difficult ones.
The large size of the ¢ coefficient in the second equation seems to
indicate that this deterrent effect is strong.

The only coefficient concerning e that was significant was in the first
equation in 1966. Effects of increases in ¢ and e are probably similar.
Applying the above analysis it seems that we have a combination of the
creating and preventing effects involved.®! In 196{ these effects can-
celled each other out. Although both increased in importance, the
creating effect was dominant for the offence equation producing the
result observed. Again the preventing effect for the p-equation seems to
have increased in importance from 1961 to 1966 since the preventing
and creating effects cancel in the p-equation producing an insignificant
coefficient. It seems, therefore, that the effects of c-increases (more
policemen) and e-increases (more expenditure per policeman) can be
understood in similar ways. The major difference is that with e the
reporting effect is lost. In other words, it does seem as some chief
constables have suggested, that the problems of loss of contact with th:
public, and increased formalisation and inechanisation are serious. In-
deed, Chief Inspector Brooks stated on teicvision that ‘We found that
through incrzased mobilisation and mechanisation that they were

31 The reporting effect is presumably unimportant for e since the public are less likely to
approach a motorised policemen — see quotes below.
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getting out of touch with the public...’ (Feb. 15th 1971, BBC2, Crimes
and the Criminal No. 6.) In the same programme the Chief Constable of
Hampshire indicated the increased importance of the recording effect
by saying ‘The motorised policeman means more cmmnals are canght
and probably sets up a deterrent’. T 3
The results obtained for the ‘¢’ variable (propomem c)f males aged
15—24 in the population) in the first two equations can be understd |
in terms of deteriora tmg police relations with youth. It may be the case
that areas with high ‘s’ have higher actual offence rates but alsn that
these will not necessarily be reflected in the recorded statistics. B
Suppose the young do commit more offences but the pohce tum a
blind eye to many and pursue less aggressive prosecution and TIC??
policies for younger offenders. Then there is no reason to suppose that
we should observe higher reccrded offence rates in youthful areas and
we might observe lower clear-up rates. ‘The following ~ purely illustra-
tive — numerical example bldﬁﬁ ﬁi‘? mt S’QPPUS@ we h&ve 100
young people and § of them commit 2 offences each. Suppose also that
only 10 of the 15 cffences are reported and 3 young people are charged
with one offence esch. For this group offences ¥ = 10 and clear-up rate
P=3/10. Now take 100 older people and suppose 6 persons commit 2
offences each, 10 of the 12 are reported and 2 peaple are charged wrth
2 offences each; Y = 10, P = 4/10. ,  ;
We suggest that in 1961 police-p. ractxces mxght have been as just
described and this would explain our result of ‘a’ being insignificant in
the first equation and significant with a negative coefficient in the
second. If relations deteriorated with the young in the l%ﬁs we should
expect the effects just outlined to weaken and it transpires that in 1966
we find ‘@’ sxguﬁmmt with posx tive coefficxeﬁt in the ﬁmt equataon and.
insignificant in the second equation. , |
It should be noted that theveis a dxfferense between the nbservatxon‘ |
that young males contribute a higher than average number of convic-
tions per capita (which we cbserve from the age breakdown of convic-
tions statistics) and the finidings here that (in 1966) areas with higher
proportions of young males had higher recorded offences. Note that in
our numerical example it is true that 3 young appear in court but only
2 old. it is not true that recorded offence rates are higher for the
younger group, however.

32 [IC stands for ‘taken into consideration’.
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The best explanation of the results concerning s (the percentage of
population which is working class) in the first two equations would
seem to be in working class areas — where we suppose a possibly higher
offence rate (or, alternatively, differential immunity or police discrimi-
nation) — that there has been a loosening of informal community con-
trols and that there is a relative ease in obtaining convictions. If in 1961
working class informal controls were still strong (so that the police were
less frequently involved) we need not expect ‘s’ to be significant in the
y equation. If, however, these controls weakened in the first half of the
1960s, we should expect more minor offences to have been reported. It
may also have been the case that such extra offences were difficult to
solve. We therefore expect, and find, in 1961 a positive coefficient in
the p-equation, but an insignificant coefficient in the y-equation and,
further, in 1966, an insignificant coefficient in the p-equation but a
positive coefficient in the y-equation.

4.3. Variarnce—covariance matrix of residucls

We again concentrate on 1961 urban restricted and 1966 urban re-
stricted — see tables 2(i) and 2(ii). We have not used any precise measure
of goodness-of-fit for the structure as a whole, and it is not always the
case that the estimated variance of the residual in any particular equa-

tion in a simultaneous equations context is less than the variance of the
variable the equation is intended to ‘explain’.®® Any comments from a
comparison of variance of structural residuals with the variances of the
corresponding endogenous variable should, therefore, be oriented to-
‘wards understanding the structure rather than examining goodness-of-
The most interesting aspect of the variance—covariance matrix, how-
‘ever, is that the variance of the residual in the p-equation in 1966 urbai
“is higher than the variance of p. The (technical) explanation lies in the
- large negative coefficient of ¢ in the p-equation together with the high
positive correlation between the residuals in the second and third equa-
tions (0.80). Thus a positive random disturbance in p would go with a
positive disturbance in ¢ which would act through the second equation
in the opposite direction to the original randcm disturbance on p (in
the 1966 pooled set the random disturbance on p would raise ¢ directly

© 33 The covariance of the fitted value and the error term may not vanish.
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through the coefficient in the p-equation rather than through a correla-
tion of the random terms). An explanation of the behaviour that pro-
duces this result could be as follows. A chief constable who is more
successful in recruiting than would be predicted by the third equatmn, |
also achieves higher clear-up rates than predicted by equation two. This
could be a morale effect in both equations, or that such a chief con-
stable feels an obligation to show high clear-up rates and concentrates
more on creating functions than deterring functions (there is also a
positive correlation between the residuals in the first and third equa-
tion). It could alternatively smply mean that more efﬁcient recruiters
are more efficient offence-solvers.

The analyses of the previous paragraph conform to the common view
that clear-up rates come under a strong chief constable influence. This
random element (in the sense that it is not in our equations) can ac-
count only for a large residual in the second equation and not, without
further elaboration, for the residual being lerger than that of p. To
explain this we seem to need 2 story along the imes just given. ,‘

It is more reasonable to use comparisons of the residual variances
from the derived reduced form with the variables to be explained to
examine goodness-of-fit since they tell us how well the variations in the
exogenous variables account for those of the endogenous The residual
variance as a fraction of total variance for 1961 urban restricted for
¥y, b, ¢ respectively is 0.69, 0.39, 0.77 and for 1966 0.29, 0.61, 0.80.
The ﬁt for y and p is better than for ¢ (problems with the c-equation
were discussed in sect. 4.2). It is natural to expec: random elements in
this social process to be larger than for the more tradxtmnal economic
processes; thus the fits for p in 1961 and especially y in 1966 must be
regarded as rather good. The increased formalisation of reporting pro-
cedures in 1966 might account for the better explanancn of y. A
differential enthusiasm for the new emphasxs on efficiency amongst
chief constables would account for the worse explanation of p in 1966.

+.4. Policy

Our comments will be mostly negative, partly since we do not feel
that a model at our level of aggregation should lead directly to specific
positive policy recommendations. We can, however, on the basis of
what we have leamned from our study, question some of tlie arguments
used in favour of particular policies and thus, perhaps, the policies
themselves.
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The variables in our model that the authorities might try to influence
directly are f, ¢, and e, presumably with a view to affecting the number
of offences and the proportion solved. We have seen how the effects of
¢ and ¢ on the ‘true’ number of offences is obscured by the creating and
reporting effects. In particular it seems that in 1966 the creating effect
is rather important. If, therefore, more policeinen provide an increase in
recorded offences, it is illegitimate to use this increase as an argument
for still more policemen (there may be other arguinents). It is reason-
able to ask proclaimers of a crime wave to make a judgment abocut
recording effects when they use statistics.

The most promising variable for those interested in reducing offence
rates would seem to be the clear-up rate. The severity of punishment
seems to yield rather weak responses. For example, custodial treatment
for 24% as opposed to 20% of offenders found guilty would imply a
3.4% reduction in offences (using 1966 estimate and calculating only
the direct effect through the first structural equation). This would in-
volve a 20% increase in the population in custody.

Unfortunately, we can give little guidance on how p can be affected.
The main consistent variable in the second structural equation, a nega-
tive effect of size of district on p, argues against the concentration on
amalgameztions. Thus more specific justifications of this policy than
general appeals to economies of scale arc necessary. It is difficult to go
further than this except to note the apparent importance of local force
practices (which presumably means chief constable behaviour) in deter-
mining p.

§. Conclusions and further research

Qur analysis has lent some support to theories of offending behav-
iour that concentrate on probability of detecticn, severity of punish-
ment if caught and the availability of swag, in so far as our measures of
these variables proved significant at the aggregaic level. We have alsv
seen that the effect of the working class and the young on the crime
figures seem to depsnd in an important way on their rclations with the
police. Further, the effect of the police themselves on these figuves
depends on their formal recording practices.

We have suggested plausible specific modes of individual, group and
police behaviour which would lead to the effects we have observed at
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the aggregate level T!us is, in part the fnnctlen af such aggregate'
analy:»xs The next step would be to examine thesc modes of behaviout
at the microdevel. One line of attack would bz to disaggregate into
offence sub-classes. A major problem here, howaver, is to dxsaggregate |
the variablez measuring police inputs and severity of punishment.?*
~ Our application of the formal techniques of econometrics has been ,
expenmcntal and we wish it to be viewed as such. We hope we have
ahown, however, that preblems‘ of unobservable variables, identification
an mmmtaneous causation in this area can be made more clear xfthey

re handled in a formal manner and further that these s need
not be insuperable. Fmally, ‘we hope, in our mterpretmcm nf msuits
“and their policy implications not only to have increased our under-
standing of the generatmn of aggregate data but also to have thereby
raised serious questions about the way in whmh thesc.. data are used in
’current pohcy dxscusswn. RO 3

This. append:x pments tlxc resmts for the full 22-coefﬁment model
described in sects. 1 and 3.1. These estimates were used mainly to show
that there was a stmctutal break between 1961 and 1966. We compare
briefly these tesults with the esixmates of table 2 which come from
adding extra mtnctxons to the equahons Sect 4 8 should be recailed !
at this point.

For 1961 urban and 1966 urban the extra restnctxcms had httie‘

We also ccmducted hkehhood ratio tests for the models of table 2
against the less restricted models of the appendix. The null hypethms |
is that the extra restrictions of table 2 over the appendix are correct.
The chz-scgum value far *lus test far 1961 urban was 3.46 thh 7

34 Hawn and’ W’ﬂson (1969) shcw that thﬁ breahng down of pohce time by actmty on‘
'f";;iyﬂf&M!tm R
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degrees of freedom. We would accept the null hypcthesis at the 80%
level (Prob. [¢3 > 3.82] = 0.80). For 1966 urban we have a chi-square
value of 7.66 with 5 degrees of freedom. We accept the null hypotiesis
at the 10% level. For 1966 urban and rural pooled we have a chi-square
value of 1.43 thh 5 degrees of freedom. We would accept the null
hypothesas at the 90% level. We can therefore regard the extra restric-
tions as having some justification with that for 1961 urban and 1966
urban and rural pooled being strong.

A large improvement in the chi-square value is obtained when extra
restrictions are put on for the 1966 urban and rural pooled set. Even s
we could only reach a situation where the over-identifying restrictions

Table AG)
1961 Usban
Vmable o Explanatory variables
.~ tobe
explained
y p ¢ f a $ t e const.

-0.77 -0.04 -0.24 -0.10 +0.18 +0.17 +0.03 +134
0.29) {054y (009 (©0.19) (0.18) (0.065) (0.3%) (6.3)
2.68 J.08 2.58 0.51 1.01 3.27 0.09 2.11

r ¥ ¢ a s n e v const.
~0.03 -0.99 -0.36 +0.26 -0.13 +0.28 +0.12 ~-0.91

{0.18) (G.38) 0.i1) (©.10) (0.04, (0.23) 0.07) {4.78)
0.15 2.57 3.33 2.55 3.48 1.23 1.70 0.19

¢ y P ™ v d const.

‘ -0.01 +0.04 099 006 +0.01  +0.22
0.15) (0.16) 3.24) (0.05) (0.04) (3.0

0.10 0.23 4.12 .17 0.25 0.07

(kwatiance matrix of residuals ‘Variance y 0.075 Chi-square value of

o040 ] p 0028 log-likelihood
0007 0020 ¢ 0.013 ratic 9.112 with

0.010  0.009 o011 | 8d.o.f.

Notes (i) Number in brackets below coefficient is the asymptotic standard error. Below this is
the T-value.
(ii} Variables defined in table 1.
(i) Chi-square values discussed in sects. 3.3 and 4.1.
{iv) Programme SIMUL 7 by Cliff Wymer run on Harwell Atlas.
(v) The constant terms are affected by the scaling of variables for computational reasons
~ the variables in the results of tables A(i)—A(v) are all in the tame units.



Table Aii)

1966 Urban

Variable
to be

Explanatory variables

p

-0.03..

1 30X

.20}

o m
'5'0‘.4'51 ’
0.55)

0.82
b 4

-0.02

(0.05)
0.49

 +0 87

o c a
: « mvi,

A0y LN
AUIU)

1.57

£ DR

1.87  1.37

+0 04
-{0.16)

I 1 5 £0O
V.aJd &0

: Cmmm matrix of residuals j{ o

- 0.038
005
0002

0119
- 0.033.

0015

o  __;  s

m 14y

P VeAYy

a4
AT GF |

164 289

et I O
w2

...068 ¥

~0.83
(0.31)

1 51

1.38
¥y d
-0.15

(0.06)

2L 1 %0
st d Lo

2.23

Variance y
P
¢

: -—50‘.1;5 f
.07

+0.05
(0.04)

m nm T b 3

LR LTS

296

40.11
0.24)

-~ const.

"‘7';-,.0.19,

~118
Jeww)
'?'_“1 114

0.89

049

N 10
WVad 7

‘,;’5_",';‘_10'.173 A
0038
o018 o

266) -

Ch:-squate vahie’ or

Tam,.e Afm) -

- 1961 m 3966 Urhanpooled

Vamble Exphnatory variables

tobe
explained

y

P

/ -0.52

e

823

y
+0.00
(0.04)

0.08

. e xf

i
(03
341

p m

+o4o 028

a

260

~3.08
6.11)
0.67

-1.03
(0.21)
4.78

Cowarhncé matrix of resxduals

0.052
8013
0.013

0036
0.019

0. 016

@D
395 248
029
©.11)
336

ﬂ '. < Sw Yo

+0.32
(0. 13),

+0. . --0 12
(0.08) (0.02
_-4.80
(0.04) (0.02)
213 0.39
Variance y

p
c

(9133“
182

. 02)

: 8

 const.

4165
- {2.06)

0.80
0.171

0.037
0021

©.04) (.

(0.06)
091

oy 00"5‘
(0:(‘9)‘ o

+0,06  ~1.95
290)

0.67

Chi-square value of
log-likelihood
ratio 18, 156 with 2
8 d. o.f. o |

1966:79.30 with 28 d.o.f,

hisquare value of og-!tkeﬁhood ratio in the rest for a stmctura‘l ‘break between 1961 and
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Table A (iv)
1966 Urbm and nn:al pooled
Vatk | Exx:lanamry variables
- able to :
“be ex-
- plgined
y o r c f a $ %urbn. e const.

-0.58  +0.76 -0.17 +0.62 +0.11 4045 +041  -1.60
{0.24)  (0.22) (009 (@15 (0.13) (009 (014 (229
245 346 187 427 087 495 284 070

p ¥ € - a = n e v %%urbn.  const.
~0.26 -1 ,28 +0.11 +0.15  -0.18 +0.08 -0.09 +050 -12.25
(0.53) (1.53) (0.38) (0.20) (0.13) (0.28) (0.27) (G4 (12.02)
0.49 0.75 0.29 0.75 1.39 0.29 0.36 1.21 1.02

- P m v %urbn. const,
0 -0.01 #1224  -091 045 +041 -3.76
(0.09) (41) (©42) ©12) (©.11) (233)
042 3.03 211 383 380 1.61

: ;Cowhnm mtxix qf residuals Variance y 0.175 Chi-square value of log-likeli-
T 0.03 , r 0.028 hood ratio 15.661 with 4
0.010  0.049 = ¢ 0.042 d.o.f,

| -0.004 0001 0055

‘are accepted at the 5% level. This, toget.ier with the high significance in
‘each equation of the coefficient of the variable measuring percentage of
~ the area that is urbanised ‘eads us to suppose that urban and rural data
- are better treated separately. 35 We felt, however, that the rural obser-
“vations «:onstttuted too small a 'sample to use to estimate a model of our

. size.

o 3s A fonnal lxkelihoad ratio test of this hypothesis could be conducted in a parallel way to
‘our test for a st;uctural break between 1961 and 1966. .
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