CRISIS MODELING OF THE CRIMINAL JUSTICE SYSTEM

ABSTRACT -

This paper applies a Crisis
trisgered procedure to the analysis of
the criminal jiustice system ] of . the
United States; in particular it reports
the development of & “"Crisis trisgered"
compyter simulation . model of. the
criminal Justice system. The model is
then used to identify potential major
crises that have occurred or are
expected to occur in the criminal
justice system tO simulate them: and to
study alternative regsimes or patterns of
recovery that the system may underso.

INTRODUCTION

The most evident feature of the
criminal Justice system (CJS, from
hereon): and probably the root of much-
of its deficienciess is itm
disiointedness. The system has clearly
suffered from the lack of a master plan.

The individual identities and roles of.

the criminal Justice subsystems: and
their interfaces, have been allowed to
enmerge piecemeal over time. "It is no
SUrprise then that this. system is
constantiy in c¢crisis. To 'study Crises .in
corparate systems one vivrtually has to
construct Crisis models and trigaer
these Crises to discover both- the forces
that create them and the  Cconsequences
that they preciritate. In the CJS one
has the "“luxury" of being able to learn
much about crises even wWithout the
benefit of anatytical models. Threa
MAJOT Crises are constantly visiting the
system: the number of crimes far exceed
law enforcement capacities: the number
of Cases far outstris the availability
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of Judoes, and the number of -prisoners
far exceed nominal Jail capacities.

The actual dimensions of such-
crises are stagseerins. In the l4-year:
period from 1965 to 1979 the popuiation’
of the United GStates rose approximately
19 percent but the pPorutation of Federal
and State prisons increased 43 percent
(From 218,815 to I01.817) 1/ and
incidence of reported crimes increased-
185 percent (from 5.9 million to 12.19%
wmittion) /72/. )

The CJS cannot be accused of  total
negligence in its fight asainst crime.
There has been an attempt to Kkeep -up

‘With it% rising trend: albeit a  losine.

battie. In the 8~year rceriod "alone -from-
1978 to 1978 <total personnel increased

by 52.8% (to 1.15 mitlion)s total

expenditures (in nominal dollars) rose
by 181% (to %24.089 bitlion) and risinse

rapidiy /3/.-

Thegse observations do nNot: however,
nesate the usefu |l ness of Criminal-
Jjustice system -models particularly in
the study Of the crises that beset it.
In:‘the first place the nodel s needwd
to enact the Processes that I(ead to a
Erisise. In the second place the mode! is
needed to point out those parameters of
the system which may be adiusted to
enhance the state of soMme system
variable or the system itself. In the

third place the model i$ needed <o
demonstrate the dynamic behavior of the
system in response o RATrAmMRtTiC

adJiustmentsd to show: for instance: how
Mminimizing the probability of one crisis
simpiy increases the probability of
another Crisis. And, finatly, the



Criminal Justice Mode! {(continued) -

evojutionary patterns oOf - behavior - ..of
alternate ’ rewines’ Can only . .be
discovered throush experimentation . with

new versions. - of .the-.- “old" criminaf
Justice model. :

Its Piecemeal format.ionw’
notwithstanding: . the criminatl Justice

system i a tishtliy interfaced one..One -
does not even need & Model tO appreciate -
this fact. A rise . in' arrest rate .or
cONViction rate has an Almost - immediate -
impact on Jail overcrowdines. The model.
£0 be presented here vividly depicts..
this. N

METHODOLOGY
The methodolosy used here. - -and
referred . to as Terisis trissered-
model ing’ has béeen  developed and -
presented in /f4/. This methodolosy
requires some reform in manasement’s
attitude towards crises! rather than

treat crises as events 1o be avoided . or
desianed away' they must be treated
both as opportunities for chanse and,
more importantiy, as the  bases - for
change, With the aid of ‘a dynamic
structural Ssimulation wmodel: the set of
potential orsanizational cTrimes is
devetoped: each is  then .artificially
“trisseredy.. .. Vidwthe - modell °o After
" numercus test  rons alternative paths -of
recovery are then formulated.

To be more specific: the crisis
model ine Procedure consists  of the
foliowineg stepsi (1) construction of a
crisis—trigeered simulation mode! of the
orgsanizational system by a model ins
expert perhaps with the aid of a panel

of other experts: (2) setting by the
panel of the threshoid levels or
critical values Of vital oreanizational
variables, @.9.: market share, eollution
level: and PoOPUilation density, {3)
experimental simuiation runs to study
the behavior of the . system under

alternative crisis situations 1o provide
pertinent information for the panel. (4)
seneration of alternative *resimes’ onr
new evolutionay pPatterns: of the system
Wwith the panel’s aid,» and (3) evaluation
oFr analysis Of @ach 'resime’ hy the
experts. The individuals - involved in
this procedure aret -an exgcutive " in-
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+/S9f - and econometrics /G/ are,

chargse Of the system a mode!line expert,
and a panel of Key representatives of
nterest Aaroups in the criminai Justice
‘system.

The Basic Crisis Simulation Modéel

We have attempted to show in 747
that even <the mMOost prominent dynamic
structural simulation methodoliosies
AVailabe to dates namely sSYStem dynamics
A% suchs
Fhirsuited tTO the task of model in® such
diSCONTtIiNUOUS PTrOCesSsSes as Ccrises. We
RrOPOSE® & chanwse in the way <they are
used © that witil make the dynamic
Structural mode! suitable for CTisis
mode! ins.

The basic mathematical relationship

used by dynamic structural models is the
girfterential equation. It is we!l-known
that a - criticat reqayirement of

difterenti&! calculus is tThat surfaces
Jand-eraphs -be continuous. When the model
‘Bystem experiences a "disruption®, [ -
& discontiuityy the oniy way the modeler
can' represent this is by abruptily
EWitching to a different set of input
PATAMETETS OT: WOTS®, a different set of
variablies and rejationships.

We have ailso shown in /4/ that most

-continuous models do run themselves down -

“into & collarse mode., We now introduce.

SoMe - Of - the TErminoiosy -to - be -used:
belows

Let us assume that a system is-
descrihed by its state variables,
denoted by F(i,t) where f is some

PROCOES 4nd i denotes a system variable, -
@ %.» JA&Il pPoORPUlation. i ranves from 1

to some number N. t is the time, whicCh
in the case oOf numerical sSimulations

£rom Year to year, i% an inteser ranesine

from 1 tO some value, e.9., 18 or 1089

Years, depending on the time sScale of

the problem beine considered.

As this theory ARBUMES the
availability of computers we will use
-di fference eauations.

In seneral, therefore: we wWrite
MmN
FlistI=FCis t~1)4+ E o(i: ks t=1)?

J=5k=\

Eq.l




where g(i: F(kst—-1)) are
describing the chanses applied - %o
£Ci»t—1) to Ffind this new value .at time
t. M is the number oOf contributions to
changes in 'i.- .

Dbviousiys the functional forms .of
w(i) determine the time evolution of .the
system. The evolution-. of the system
depends on - the initial variables. £(i,8)y
as well as the form of s(j) used. Once
the difference equation is formulatad,
8(i) determines the type. of gystem tThat
evolves, Neariy . . &t . numerical
simuiations published are of this type.

It . is our contention here . that
col lapse modes are not surprising at atb
and may not be all that disastrous aiven
the possibility of intelligent control,
if not, superior mutants of . the
col tapsed system. In fact, it would :be
more SUrprising to discover accidental
as it may be, steady—state scolutions.

numerical

Existing dynamic
simulations atmost alvays lead to
catastrophic results /%5 6:7.8.9/. When
SUCh Situations are reached in model ing,
simulations are generally stoppeds the
crystal—bail nature of numerical
simulations take root: and modelers
assume the rtole of Cassandras. It . is

doubtful that modelers could ever avoid
the imase of Cassandras: or for that
matter: even optimistic FUturolosists,
depending on their phi losophical
orientation. For, such is the nature of
the egquations used that the modeler
wWould: . .have.10: be.. incredibly... tucky.. L0,
find - steady-state “solutions. It would
‘Mmean improbably’ lucky choices of the
initialt conditions or an improbably
fortunate set of a's,

We have attempted to Show that our
approach can be readily utilized in
modeling discontinuities ands  more
importantiy, in aidine government - . to
exploit the dynamics oOf . crises more
effectively. ‘

Even if one accepts the virtuatl
inevitability of crisis one is &till
faced with the pProblem of havins to
determines not to mention dealinyg withs
Which CriSiS. - Dynamic. structural
simulation models like those of sSystem
dynamics can be used to senerate the set
of  CTrises to which a particuiar
SocCioceconomic sSYSteém may be susceptible.
These crises can be induced ands
conseauent!y, studied as +ol lows?

eXPressions -
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Threse newW cOnNCents are uvased. The
first one is® the critical index I(i)s .
which when reached by a system variables
triggers a crisis leading to a radical
change of a(j)’'s. :

The second concept is the set. of-
potential reaimes or ’recovery modes’ of
Lhi- E¥Stem! - . VAT ious -sets of a(i.c) are -
weneirated - where c refers to different
resimes wWith cxl to some small intesral-:
value m. For examplie, c=2 may be used to-
represent a. moderately predictable
future-oriented system and c=3, a less
predictable hishty future—oriented
system. This is discussed in sreater
detaid in J4/7.

Third» i® the tacit adsmission of
the existence Of resimes, NOt as natural
cycles as determined by one set of 4(Jj)»
buUt oOFf different cyclies: whose a's are
invented by experts. The resimes are
certainly not periodicitiesy Such as the
sUNsSPOt CYCISsS: OF even economic Ccycies
but Tegimes aArising out of the inability
of systems 10 take themselves out of:
catastrophic evolution.

To formulate
‘Mathematical terms,

these concepts in
we definel

ICi.L)

i)/ £Ciamind Ea. 2

ICiH) £Ci)/FCismax) Ea. 3

where fCismin) - and f(i.max) are ' pre-set-
valves, It is tacitly assumed that the
variables could easily assume these
valves if they are .allowed to evolve
‘according to the set of 9's used. It is -
required that ICi.L) Y 1 and ICi-H) ( 1.
When either of these two inequalities
are violated, the system: encounterins a
discontinuity: is terminated and a new
set oOf 9°s are activated. The model is
asain allowed to evoive using this new
set of equations, until one of the state

“variables stikes a critical value and a

new set of 9's takes over,

In reality, governments are
heipless in radicaliy chansing <the
equations of motion abruptly. The
functional reiationships described by 8

are not that easily chanwed. But our
model ing approach does not stress such a
drastic, discontinuous measure. Insteads
we emphasize that: tons before the
attainpent of critical indices are
reached: the modeler wili have come up



CRIMINAL JustieModel (continued).

With alttered squations of motion
representing a new Tiife or
evolutionary pattern for the system.. It
is in this sense that we call our model
a4 Crisis trivwered simuiation: - the
CTIiSIiSE May Or may not in - fact take place
in the real worid: but the-possibility
of the <Crisis i3 established by the
model. In addition we -&re siven insisht

into the poSsible choices we have
concerning the system’s future.

OJur proposed procedure witl be
itlustrated in the ensuins  section

béesinning with construction of a Crisis

trivwered model of the criminal Jjustice

system. :
Outline of the Criminal Justice Model

There are four Major Subsystems of
the criminal Justice system (CJS, from
hereon): <the societal subsystem which
includes families, SChoDiS: PE®r STOUPS.
the economy, the churches. etc.} the lLaw
enforcement subsystem: which includes
police agencies; the FBl, etc.} the
diudicial subsystems and the
Penal—-rehabilitative subsystem = which
includes not only Jails, rvehabilitation
asencies: but aiso Parole officers and
parolees. In this initial attempt at
‘ modelins the CJS we aim to build a
- FTOSS1Y augresated.model. .Which we exnect
O WTOM ' in detail and- features: as It
matures over a period of time. We focus,

for now» on <the Ffoliowine variables:
(known) CTime Tate, ATrest rate,
“charse” rate (the rate at which those

arrvested are formally charsed in court)s
conviction rate, AVETave sentences,
dAverase time served before beins pParoied
or reteased after sentence compietion,
and the Jail pPopulation. The . S.
poputation (in -year t), P{t), is an
exosenous variable of the system.

P(tI=P(t—1)+G(tI*DELTR . Ea. &4

where G(t) = 1.0105 and DELTR = one
year: our summation (intesration) unit.

The central variable of our model
is 'Jail porulation’, represented as JP.

In difference equation form:
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JP(t)=IP(t~12+(NJ(t)~NOCt) ) *D Ea. S

where NJ(t) is the number of persons
idiled durins the year t» NI(t)s the
number reisased after completion > OFf
service of sentence and D is DELTA.
JP(a) = 208, 008. :

The crime rate» N(t),
1979 has- been found tTO remain at a
Telatively stable proportion of the US
population levei. The recidivism rates
-V(t), is added to aliow us tTO téest the
reiative effect of recidivism on the

crime rate. (The data vuvsed below are
extracted from ’r/ and /718/.)
NCE)wP () mMinCi+V (L) - Ea. &

V(T I=NO (£ ) *M7%CH Eaq. 7
where ML is the per person rate of Known
cCrime: is initially eaual to 0.8297 -
(Tabie 302 in /1/) and srows at an-

annual rate of .0@B51 (the crime
‘seen to be ' growing at an

rate is
exponential

rate), Cl is a policy variabhle altlowing-

“the modeler to conduct tests on the
effect of varyins MI rates on N(t), M7
is is Per ‘released convict rate of
recidivism and
from Table B.40 on p. 519 of /18/:. and
€6~ is the policy variable allowins for
tests on N(t) of wvarving M7
‘have tentatively assumed the ratio of
one criminkl per incidence of crime. The
data in Table 333 p. 196 in /1/ seem to

refliect this. It can also be argued that -

‘the fact that several suspects may be
involved in one incidence of crime is
counterbalanced by
Same suspect may be invoived in several
ST NS, |

(excluding
NA(L), is

The rate of arrests
false and wronw arrests).
defined simply as a

calied M2, is a weighted averase between
viotent and maJjor Property crimes and is
equal to B. 1974 arrests per Known crime
(Table 319 p. 189 in /2/). This is a
fairly constant ratio over
period at least.

Nnct)-N(t)*Mg*cz Ea. 8

where C2

isa pPolicy variable aliowing

from 1965 to-

is sguestimated at 0.056:

rates. We:

the fact that the

ratio of the Known:
crime rate. OQur estimate of this ratio, -

the 1965-1979-




tests On Varying rates of M2..

The *charge rate’s NC(t), - is the
rate at which persons arrested are..
charged and brousht to court. This is~

measured On & PEr Person arrested basiss
It is also found to be a relativety.
fixed ratio» M3, of the rate of PEersons”
arrested. M3 is equal, on the averaser=
to @.9828 (Table 319 in /1/).

NCCtY=NACL)Y *MIHCT Ea. 8
where C7 is another policy variahle used
to vary the per person ’charge rate’ .-

The ’Jail rate’, NJ(t),
number oOf Persons convicted and Jailedx
per vear. This is a rejatively constant
ratio of the ’'charge rate’. This ratio.
is called: M4, and is. on the averase,.”
equal to ©0.3878. C3 is the pPolicy ,
variable used here.

is the.

NJ () =NC(t) *MEkCS Ea. 1@

The release rate, NO(t), combines

PETEONS reteaséd on parole and persons
retleased after completion of Jait.
sentence. As we are presentiy building

an aseregate model of the system we take.:
the averagse sentence of persons parcled, ’
5.7 years: and the averase sentence of.
Persons released after sentence.’
complietions 1.8 ryears, and combine them

into a weishted averase of 2.97. (Many

MOre PriSONErs are .releasdd on .- Parcke. ) .
The parameter -- MBy -is. used tO represent’
the averase sentence impPosed by thew
court subsystem. Of the sentence siven:
only a portion is actually served ini
prison by -the convict. Averagse sarvice.
to parole is @a.38. ot the impogsed
sentence while averagse gervice tow:
relmase is 0.68. The weighted averagse.
comes out to B8.539. This averase servicew
rate is represented by WE. The policy.
variable is called CS.

NOCEI=TP(t—1)/ (MEWEHCS) Eg. 11

The US population, the Known trimes P o
year ;5 and the Jail poPulation levels
for the standard mode! run are presented:r
in Appendix A.

RESULTS AND FINDINGS
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-axponential

We have been able to verify that
the model replicates the Kknown crime
rate., We have been unable to verify
modet replication of the arrest rates
the charee rate; the conviction rate,-
the <Jail! rate, and the release rate

because -0f the inadequacy Or inaccuracy:
of data. The -Published arrest rate, for
instance, is larsely inflated by false- .
and wWrong arrests. The model does not
replicate the Jail populations from 19667
to - 1979. The model in fact HEhows”
growth. We suspect the
Accuracy or relevance oOf available data.-
More seriousily ' thoush, we suspect that-
the Severe CoOnstraints imposed by Jail-
capacities have resulited both in reiease
rates being pushed UupP artificially and

detention rates (presentiy -not modeled
dues to unavailability of useful data)
beine pushed down artificially. In order

that: * the Jail popuiations can’ be
replicated for the 1966-1979 rperiod the
rejiease rates have to be pPushed up by at-
least 7@%, It . is known in fact that Jail -
populations exceed Jail carPacities in’
nost- PT i SONS. To minimize the
probability of exasgerating the criticat
state oOFf the system we disresard the
nominal Jail capacities and use the Jai!.
populations as estimates of = real-
capacities. We found that the totatl
Federal and State prison caracity has
srown by an averase of 6.786 convicts-
fer vyear over the l4-year period in
question. .

In the standard model run alone we-
have discovered maJor dinconsistencies-in

the- published —-crime gstatistics. -We:
specutlate that the CJSs has been--
implicitly utilizing this 'regime’.

techniaue that we have Proposed as part
of oOur crisis model!ing procedure., In-
order to moderate the impPression %iven
of .Crises at least in the penal s
Subsystem the cJIS ' manasers’ have
somehow been SwWitching to one or more-
alternative resimes: shortenins service

tTimes and {ower "charge rates’. Both are
easily camoufiawed. Judeaes may continue
%0 hand out stiff (or stiffer? sentences

and make the Courts 100K %00d On PaPer. -
Fhey. can» however, arbitrarily shorten

serve times wWithout much notice mainiy

throush the parole option. Likewise, law

anforcement asencies can (and have)

mcrease(d) . their rates of arvest and

ook impressive in the Statistical
Abstracts. Our crude mode! Sussests that

lewitimate arrests are running below 205%

oF the number of reported arrests.



Criminal Justice Modei! (continued)

Crisis Triaserine -

snumerated

The three crises
above—-number oOf Crimes exceeding |aw
enforcement asencies’ capacities, number
ot court Canes exceeding Judicial
cCapacities, and number of Prisoners
exceeding Jail capacities—: all violate

the Ea. I requirement. We have the
aravest sSituation where ail three crises
are currentiy occurrina. This fact
presentiy obviates the need to crisis
trisser the model. It would be pointiess
to test the effects Of such alternative
policies as (1) improving the arrest
rate: = (2 increasins the case
disposition rate of the Judicial
SULSYSTEM: and (3) increasins diait

capacities. Queueine Theory: for
Cinstances stdtes that we Have no
decision probliem when the arrival rate
of ynits (criminals or Prisoners)
exceeds the service rate (arrest rate.
disposition rates and Jail rate) of the
respective subsystems, -

PREL.IMINARY CONCLUSIONS

It is difficult at this stase to
make more refined remarks and draw more
refined conclusions . from X
hishliy-assresated. . Model.. . In: -order. .to
develop more  sophisticated fesults we
have to move in one or more of the
followine alternate directions? 1)
disagseresation — separatine violent from
major Rroperty CT i oS, separaving
Juvenile offenders from adult offenders:
separating the Federal from the Gtate
and Locat SULEYSLOMS, ete., 5 - (2)
eniarsing the scope — t0 include the

*#CONOMY> the rehabilitative subsystems
the community Cfamily, SChools
neighborhood; and: peer 9roues): ; the
sovernment. etc.t .and (3) increasine
mode | detail - in terms of subsystem
interfaces:, i.®.: INnCreasins the number

of interrelationshiss in the model.
Althoush we can only obtain more
concliusive results from a more developed
model we fee! that the only promisins
route for the CJS to take is to expend
maore of its energy in (ts rehabilitative
effort - and to urse, Or bhetters work
Withs other sovernmental asencies to

our
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mount 4 mador etfort toWards the: -
fowerine of the crime rate - itself. We-
suspect that stratesies to manase’ the -
Crime rate throush its- @conomics

pRYChOIO%icCaly and sociOlovical--
determinants provide the only hope to

PUt & sisnificant dent on the Tunaway--

: crime rate of the United States:
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APPENDIX A
YEAR POPULATION

1967 1. 986E4E+28

1968 2. 0075E+08

1969 2, 02858E+08

i97@ 2. 04588E+@8

1971 2. 07141E+08

1972 2. 8931 5E+@8

1973 2. 11513E+08

1974 2. 13734E+08

1975 2. 15978E+08

1976 2. 18246E+08

1977 2. 20538E+08

1978 2. 22853E+08

1979 2, 25193E+08

1980 2. 27558E+08




YERR NO. COMMITTING CRIMES C(KNOWN)

1967 S. 90033E+06
1968 €. 27275E+06
1969 6. 6681 BE+DE
1970 7. BB45EE+Q6
1971 7. 52523E+06
1972 7. 99257E+06
1973 8. 48862E+06
1974 9. O1531E+@E
1975 9. S7462E+06
1976 1. 81686E+@7
1977 1. @7994E+@7
1978 1. 14684E+07
1979 1. 21809E+07
1980 1. 293E5E+07

YEAR JAIL POPULATIDN

1967 409520
1968 Si9900
1969 588980
1970 B41477
1971 688188
1972 733877
1973 780703
1974 829697
1975 881412
1976 936196
1977 994319
1978 1. @560ZE+QE
1979 1. 12154E+@6
1980 1. 1911 2E+Q6

YEAR ACTUAL JAIL POPULATIONS

197@ 196, 000
1975 241,000
1976 263, 000
1977 285, 900
1978 2964, 002

1978 301, 000



