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Abstract

The prison population of the United Kingdom is ldrgest in Western Europe. It
has been operating beyond its designed capacityo¥er 20 years. This paper
addresses the root causes of this overcrowdingveimg despite a 42% reduction
in crime, the overcrowding problem continues to seor. A simulation model has
been built to explain system structures behindthlercrowding behaviour pattern,
and to understand the long term effects of poliaibgh in the short term appear
to slow the increase in overcrowding. This modgll@es how feedbacks from
overcrowding can affect both judicial and policyraalbehaviour. Through the
application of the system dynamics method this hqmdeides policy makers with
a tool to understand the dynamic problem of ovescling, to improve planning of
when and how to implement future policies, and owugrforecasts of future prison
population trends.

Key words: prison, system dynamics, overcrowdingnagement, policy design, England

and Wales, prison population, model, penal, prisaminal justice.
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| ntroduction

“...the prisons crisis had been both predictable anedicted...”
(Morgan 2008)

Over the last 15 years the number of prisonersniglahd has almost doubled, rising
more quickly than any other European country (Mmgisf Justice, 2008). The capacity of
the prison system to house prisoners has beenasineevery year, but at a slower rate
than the growth of the prison population. The dipancy between prison capacity and
prison population has resulted in increasing nusilmdr prisoners crowded into shared
prison cells. Overcrowded prison conditions havenbénked to increasing levels of
prisoner suicide, disobedience, and recidivism ggaan Committee for the Prevention of
Torture 2005, Ministry of Justice, 2008). Whethlerough control of prison capacity or

control of prisoner numbers, the prison needs teng solutions to its capacity problems.

Previous studies of the prison system have attaeiiptenodel links between the police,
courts and the prison system. In England the Nati@ffender Management Service
(NOMS) controls the management of prison and probaservices. The model in this
paper is intended to aid in NOMS long term stratégycontrolling overcrowding. The
basic model traces the critical path from senteptinrelease, and incorporates feedbacks
of recidivists re-entering the prison system. Tlasib structure is intended to increase
understanding of the effects of building delaysiteece length changes, and different rates
of recidivism. The paper proceeds beyond previooslats. In line with research in the
field of criminology and psychology the model endoges sentence lengths, and
recidivism rates through modeling the structurg@e@fceptions of the systems performance
and the influence of that perception on prison onevding. There is a growing body of
work by researchers such as Julian Roberts lintiiegdifficulties encountered in reducing
overcrowding to a lack of understanding of the etéht perceptions and goals of the
judiciary, public, and politicians. This paper takihese perception problems and builds
them into a model of the punishment system. Systgnamics models have overlooked
the role of misperception in penal policy, choosilmgfocus on the interrelationships
between different agencies in the Criminal Juskcecess. It was felt that modeling the
mental models of the groups within society thaeelffthe behavior and structure of the

! This paper refers to the jurisdiction of Englamtl Wales as England. The other parts of the United
Kingdom: Scotland and Northern Ireland have indelgen parliamentary control of their justice systems
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criminal justice system could prove to be a key todhe creation and implementation of

new policy.

Seven main sections and an appendix follow thst fittroductory section. The second
section reviews the current penological and sysignmamics literature. The third section
provides a definition of the dynamic problematit©véeor of prison overcrowding between
1988 and 2008. The fourth section describes thethggis for overcrowding implicit in
the model structure, paying particular attentiorfeedbacks and delays. The fifth section
analyses the model, and describes how the validitiie model has been tested. The sixth
section is an analysis of the effects of differpaoticy modifications designed to reduce
overcrowding. The final section concludes the papath recommendations and

implementation issues.



Literaturereview

“impossible policies start with far fetched resaduts.”
(Neil Kinnock, Guardian Oct 1985)

The predominant purpose of this chapter is to guttve literature on prison population
growth, as this is the primary driver for prisorpasity expansion (Cavadino 2008, Bourne
2005). The chapter begins by exploring the relastigqm between the growth of public
punitive demands and the growth of the prison patpar. A discussion is then made of the
effect of public punitiveness on judicial decisioraking, and the problems of judicial
policy resistance. This leads onto a discussiorm@dperceptions of the workings of
deterrence and an overview of the variables whielrcarrently believed to reduce re-entry
into the prison system. The chapter continues aitloverview of system dynamics models
relevant to the prison system. The chapter conslugigh a summary of the intended

contribution of this study to system dynamics cnatogical research.

Statements in the media and political reports

The mandate of Her Majesty's Prison Service iseiwves the public by keeping in
custody those all those committed by the courts (Pfidon service). The investigation into
the causes of overcrowding must therefore examihatwhe public wants, and why.
Examination of headlines from the national presdllisstrative of the current public
demand for punishment: “Shocking figures show jsdgee jailing fewer criminals(Daily
Mail, 28 February 2007), “Soft judges, derisory jaihteces and the subversion of
justice” (Mail on Sunday 12 May 2005), “Judges on Trial: we demand endsaét
sentences”§un 12 June 2008) Such headlines imply that the public perceiveseseing
to be too lenient. Rhetoric and press statemeais both government and opposition have
appeared to come into line with the public moodsithe mid early 1990’s. “Society needs
to condemn a little more and understand a littdsldJohn Major 1993, Mail on Sunday),

“If the criminals think they can get away with litety will. And at present far too many do”

2 Extracted from Hough and Jacobsen (2008)
10



(Tony Blair 1993, Sur) The public perception and political rhetoric apeto have

impacted the decision making of judgésindividual cases.

The 2007 government commissioned Carter reportddakto the problem of prison
overcrowding, and concluded that the growth in @rigpopulation was reflective of the
public interest. The result of changes to legistatand sentencing pattern were found to
have increased the use of prison as a punishmeatgoyarter and reduced the use of fines
by the same amount. Sentence lengths were fouméue increased, whilst numbers of
people arrested and sentenced were found to bellproanstant since 1996. The 2007
report has been widely criticized for relying omilied evidence for public support for
prison population growth to justify deep changesh® sentencing powers of the judiciary
and a large scale prison building program (Justioenmittee 2008, Newburn 2007, Hough
et al 2008, Green 2007, Lacey 2008). In an indepeinreport by the prison reform trust,
designed to look at changes to sentencing recomedebg Carter begins with a clear
undiluted warning:

“Simply constraining sentencers’ discretion, with@aaldressing the
underlying pressures for tougher sentencing, istaawviable, long-term

solution to the prisons crisis.”(Hough et al 2008)

Hough summarized academic commentary on the emazgaehnincreasingly populist,
punitive, law and order focused policies appararthe electoral rhetoric of 1992. Despite
serious concerns over overcrowding problems imiite1990’s the majority of legislation
developed since the 1992 election seem designadctease the prison population: the
1993 Criminal Justice and Public Order Bill redud¢kd use of cautions and the right to
silence, the Crime Sentences Act 1997 introducddnaatic life sentence for second
violent offences and mandatory minimum sentenceslfogs and burglary. Mandatory
sentencing has continued to grow with each succesiiminal Justice Act(Hough et al

2008). Lacey (2008) has describie developments in political punitiveness a case of

% This was also the year of the murder of two yéarJamie Bulger. For further examples of politicedction
to this murder, and the wider implications for palgberception see Green (2007). Tim Newburn (2007)
provides a comprehensive history of the developraépblitical rhetoric since 1992.
* One recent example being a statement during sentem the Court of Appeal: “offences of this kihdve
escalated .... and in the public interest this crimest be confronted and stopped” (R v Povey, McGeary
Pownall and Bleazard [2008] EWCA Crim 1262)
® As has judicial policy resistancg:6 Mar 2009Daily Telegraph).

11



n6

politicians being trapped in their own “prisonergechma’®, as securing popularity

overrides ideological and policy concerns.

Academic Analysis

Tim Newburn (2007) has suggested that a part ofettanation for the growth in
punitiveness could be a time lagged response itigrigime. Newburn (2007) reached his
conclusion by assuming that historic incarceraticaies are reflective of public
punitiveness. He then compared incarceration tatescorded crime figures over the last
25 years. He found that the rise in reported ctef@re the 1990’s did not correspond with
a rise in incarceration. The rise in incarceratrates was found to be steepest when
reported crime wafalling after 1995. Newburn (2007) also theorized thate fag exists
between actual crime rates and public perceptidngime. His evidence for this came
from analysis of responses to the British Crimev8urin 2005. Three fifths of the
respondents to the survey erroneously believed ¢hate was increasing. The public
respondents to the British Crime Survey have be@mgvon the direction of the crime rate
since the data was first collected in 1996. Respotsdto the British Crime Survey have
also demonstrated a lack of knowledge as to the $entence lengths for crimes, even
when a mandatory minimum sentence has been appliedsponse to public pressure
(Roberts 2003).

Tony Bottoms (1983) has been critical of the effettgrowing punitiveness on the
English system of punishments. Traditionally “sadooffenders” have received long
prison sentences, whilst fines and non-custodialajes have been reserved for “less
serious offenders”. Bottoms (1983) stated thatili&ling line between “serious” and “less
serious” offenders is unclear, and any harsheningeoalties for the “serious offender”
would eventually lead to harsher penalties for ‘lkss serious offender”. The Mair and
Mills (2009) report into non-custodial penaltiesufidl some evidence for Bottoms’
argument. Sentencers have been given more nondgispenalty options in recent years
in an attempt to divert people away from the prisgatem. Mair et al (2009) presented
evidence that sentencers have reacted to directoivéscrease the use of non_custodial
penalties by becoming more punitive; ratchetingiglument up rather than scaling it down.

® There are several variants of the prisoner’s dit@nin game theory. Typically, two participants erquired
to play the roles of suspects under interrogatmnafmed bank robbery. They face the choice ofayatg
the other or staying silent. If both stay silehigyt face a six month sentence for possession edrfins. If
each betrays the other, they both face five yaammison. If only one betrays the other, he goes find his
co-conspirator gets ten years. The dilemma illbssrgoroblems of trust in competitive situations:tuaili
distrust results in mutual betrayal, and thus in-eptimal outcomes for both participants. (Houghle2008)

12



Non-custodial penalties were found to be applie@énvjpreviously only a fine would have

been given (Mair et al 2009).

Mair et al (2009) also found an increase in therisgmment rate for those breaching
the terms of non-custodial penalties. It has beegasted that the increasingly punitive
law and order driven political environment has @aged the risk aversion of parole and
probation services (Collins 2007). Non-criminal dokes of parole and probation license
conditions have been an increasing reason for sgradfenders to prison (Mair et al 2009,
Padfield 2006). Mair et al (2009) also observed dienders with previous non-custodial
penalties were also found to have a higher proialmf imprisonment if convicted of a

later offence.

It has been asserted that pressure for harsheltipsrend longer sentences lies in
the model of general deterrence that forms thelimauk of the justice system (Cavadino et
al 2008, Kleiman 2009, Becker and Landes 1974). &W#972) provided an economic
model of general deterrence within the Boston mmenmiarket. Wheat's (1972) work
hypothesized that offenders are rational actors wiaiie a mental cost benefit analysis
before embarking on a crime. Increasing the paérbst for a crime will decrease the
commission of a crime. The most prominent applcabf rational economics to criminal
justice was conducted by Becker (1974). Both Be¢k6i74) and Wheat (1972) calculate
the potential cost of a crime with the followinguadjon:

Cost of sanction = probability of sanction * lengihsentence.

Hernandez and Dyner's (2001) system dynamics madebvercrowding in
Colombia relied on this equation and reached threlogion that an increase in sentence
lengths will in the long term reduce the prison glagon. Though a similar conclusion has
been used to justify the increase in English malltipunitiveness the importance of
sentence length on deterrence has been questionedme time. The results of Robert’s
(2003) examination of the British Crime Survey m@sges indicated that even highly
publicized changes to sentence lengths did not bhaswong long term affect on public
perception. If the visibility of sentence lengtisslow this implies that the deterrent effect
of sentence length is also low (von Hirsch et @99 Kleiman (2009) has also theorized
that the further away each consecutive portiorhefgentence was from the commission of

the offence the more its effectiveness diminishes.

13



Researchers have observed a similar affect on #einental impacts of
punishment (Orsagh and Chen 1988). Orsagh et1#888)) study of prisoners convicted of
robbery in the US indicated that as sentences bedanger, expected legitimate earnings
and employment opportunities decrease. Orsagh hgpized that “because of the loss of
contact with the job market, expected earnings aemgployment in illegitimate activity
increase” (Orsagh, T. et al 1988). Similar effebsve been described in English
publications (Boune 2005). If Orsagh and Kleimaarguments are true the weight of the
probability of punishment should be much highenttfeat of the length of sentence. But as
has been apparent from the nature of media repaitis the length of sentence which has

had the greater influence on public policy and tkeba

From analyzing the prison statistics Hedderman &20€oncluded that prisoner
reconviction rates have risen throughout the pesiggrison population growth. The rise in
reconvictions may be due to increases of peopleslwort sentences, who have lost
employment, accommodation and contact with theippsut networks without the
provision of rehabilitative work either in prisom afterwards (Hedderman 2008). Harper
and Chitty (2005) summarize research conducted“imbat works” to reduce recidivism.
The highlighted areas included raising educatideatls, reducing drug use and providing
proper treatment for the mentally ill. Philips andotey’s (1981) analysis of
macroeconomic data also found a link between empéoy and offending. It is however
difficult to be sure reductions in reoffending assally linked to rehabilitation programs.
Harper et al (2005) did find a general reductioneioffending among offenders taking part
in rehabilitation schemes, but also found a riseffanding by people who started but did
not complete rehabilitation schemes. Numbers ofdhaon completers will rise in
overcrowded prison systems where offenders ardadgunoved in the interest of space
requirements (Bourne 2005). Recidivism statistlogws that violent offenders have lower
reconviction rates than “less serious” burglary dnalys offender categories — potentially
because they are more likely to complete rehabuéaprograms (Hedderman 2008). A
study into the recidivism of long term prisonerteased on parole found them 12% less
likely to commit a violent offence (Ellis et al. 98). Ellis suggests that this is because of
their parole supervision. Non custodial reconvittiates have consistently proved to be

lower than prison reconviction rates.

14



Modeling and system dynamics

The existing models of the English prison systemceotrate on of mental health
treatment capacity, for specific groups of prisendfindings from two of these models
found the delivery of treatment programs to be lyigtensitive to unpredicted rises in
prisoner population (Smith et al 2004). The findingf these papers indicate that
overcrowding does have a detrimental effect onb#iketion and therefore on recidivism.
Neither model attempted to create a prison systeata analysis.

There are three existing system dynamics modelshwibiok at larger scale prison
populations and capacity development. Hernandeal’'st (2001) Colombian model,
mentioned earlier, provided a basis for examinimgedence. A model of the Dutch
criminal justice system has been created (Rouvetttd 2007). Rouwette’s model is the
most similar to the one in this paper. Rouwetteoiporated the influence of judicial
perception on average sentence lengths and thetsaféé capacity shortages. Rouwette
dealt with the problem of overcrowding by extendimg idea put forward by
Wolstenholme (2004): an increase in caseload inpare of the criminal justice system
creates overcrowding, which results in the eardgase of prisoners. The lowering in crime
from the increase in arrests are only short termrs®ners released early due to capacity
problems add to the crime problem (Wolstenholm 200%e dynamics of these models
provide the basis for our examination of overcrawgdhowever, it was felt that it is
possible to incorporate the effects of increasdit@@and court caseloads by beginning the

model at the sentencing stage.

The most comprehensive system dynamics style ofemoadvering the English
prison system is the stock and flow model create&iove and MacLeod (1998). Grove
and MaclLeod separated prisoners into serious atig pienders. Both offender groups
are recruited as a constant fraction from the tptgdulation. Both offender groups have
constant recidivism rates. The difference betwéentwo groups is the level of these rates.
This model forms the basis for the long term pripoojections currently used in England.
The model does not however try to endogenize seatlmgths, or deal with the problem
of matching capacity and demand. To find work thaks directly at the capacity problem

we have to look at system dynamics models in athbject areas.

Sterman (2000) provides an example from the dewadop of road infrastructure.

Tackling the problem of traffic jams is tacklingpeoblem of capacity overutilization. The
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traditional and intuitive solution to traffic janms to build more roads. According to Braess
Law the addition of capacity to a crowded netwoak de detrimental to its performance
(Sterman 2000). Increasing the number of roads &mldee popularity of road use and
increases traffic further. (Sterman 2000) Incregqstapacity tackles the symptoms of a
problem, but in fact worsens the long term situatilh the same solution is applied over

and over again a vicious and destructive spirdlemierge.

Tabacaru’s (2007) work in the field of Human Resesr provides a route to
examining how sentencing policy changes. Tabacaggested that insight into policy
decisions could be made by making the intangibk&akes in a system, such agitudes
tangible. If her hypothesis is applied to the prissystem Newburn’s (2007) theorized
relationship between punitiveness and crime lebetsomes a strong basis for analysis of
the growth in demand for prison capacity. If theywanitiveness is accumulated over time
can be affected, it may prove an effective measoretackling overcrowding without

building more prisons.

Summary
In this chapter we have reviewed the existingditiére on the two main sources of
prison population growth: increased punitive demand levels of recidivism within the
system. After reviewing the literature it was claghat three factors have remained
unaddressed by system dynamics models of the @ailnuistice system:
* How the demand for punitiveness can potentiallyubderstood by examining the
public perception of crime levels.
« The extent to which recidivism can be affected lhamges in post release
observation and by diversion from prison.
* Whether increasing capacity is a viable methoddokling prison overcrowding or
if it will just increase the prison population.
This study combines these factors into a singléeesyslynamics model in the hope that
it can aid in the construction of policies to redyison overcrowding.
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The Dynamic Problem

Overcrowding is defined as the ratio of populatsord capacity. Figure 1 displays the
growth of overcrowding alongside the trends in éri$?opulation and Prison Capacity

development.
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Figure 1:Prison Population, Capacity and Overcrogidiom 1988 to 2008.
(Offender Management Statistics 2008, Prison Sizgi4995)

Between 1988 and 1993 there was a significant texuim overcrowding as the prison
population fell and prison capacity began to inseed@rison population and capacity have
been increasing since 1993. Overcrowding has beengyowth trend since 1993 but there
have been two drops in overcrowding. The largedticton occurred between 1997 and
2000. Prison population growth had begun to lev&ldaring this period, whilst prison
capacity continued to grow. A second reduction wessble from 2003 to 2006. The
sharpest increases in overcrowding occurred fro@b 18 1997, and from 2001 to 2002.
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Existing Policy Approaches

Policy over the last 20 years has had a signifieargact on the development of
overcrowding. A general tendency has been to premoticies that increase the prison
population before elections and after highly pubéd violent offences. Such policies
rarely take the capacity of the prison system icbasideration. In the diagram below

election years and murders are placed to the oifgtite prison system’s capacity utilization
status. Policies are on the right hand side.

Election Year [ 2mo ‘Planned withdrawal of automatic early release measures ‘

Penalties for knife crittes doubled

‘Double jeopardy’ tales relaxed — now easier to be prosecuted twice for the same crime
Election Year . . L
Compulsory life sentence for public protection introduced

Soham Murders

Election Year

The Home Detention Curfew added as an alternative punishment

Automatic ife sentetices for second wiolent offence

Election Year Mandatory minitmam sentences introduced for burglary and drag related crimes

The use of cautions reduced in favor of actual punishment

Bulger murder 1993 |Previous convictions were once more to be regarded in sentencing

[ i alties i d
Election Year 1ggp|| 7 FrnE PEAdHes inetease

1991 | Previous offences were to have less weight in sentencing

Prizon to be reserved for the most serious offenders

Introduction of new orders combining prison and probation

|Penalt§,r of impriz orment for non payment of fines reduced in length |

Election Year |Ea:liest parole release date reduced from 55 of the way through a sentence to 3 sentence, |

High | Low

Capacity Utilization

Figure 2: Significant legislation and events afifegtpopulation development

It is our view that behind the seemingly “knee jerkactions to events there is a
dynamic system in operation. Understanding thecsira of the system is essential to
control its behavior.
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Hypothesis

The system dynamics model described in this sectiffiers one possible
explanation for why matching capacity and populatias proved so hard to accomplish in
the recent past. In order to avoid confusing ple,asgch as negative overcrowding, we will
from here on use the phrase prison capacity uiitiza The description of this model
begins with a general overview of our hypothesisdigcussion centered on causal loop
diagrams follows and highlights the main feedbagkthin the model we believe are
responsible for the system’s behavior. Then theehbdundary and the reasoning behind
our main assumptions are set out. Finally the stmui flow structure of the model is
explained, paying particular attention to the delayd interactions between the model

sectors.

Hypothesis overview

The harshening punitive stance taken by Engliskespin response to crime has
been an important contributing factor in the depaient of the capacity utilization
problem. There is a continual push in England foremffenders to be imprisoned for
longer periods of time (Roberts 2003). The demaridspunitive society require
significant, continued investment in the mainteraotthe existing infrastructure and
construction of new prisons. Planning and constmaatork takes time. During the
inevitable delay between increased demand androatisn completion, capacity
shortages will occur. Once capacity utilizationlgemns arise the rehabilitation of
offenders becomes a secondary priority to harslsparent and the secure housing of
offenders. Without rehabilitation work, the problefrrecidivism will worsen. Worsening
recidivism feeds back into society’s general atfigtio punishment, causing further
demands to be tougher on crime and criminals. Seafands work to increase capacity

needs in ways that are difficult to forecast.

" Prison capacity utilization is the percentageayfarity being used by the population. A prison \eiker
100% capacity utilization is overcrowded.
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Figure 3 summarizes our hypothesis and providegé&meral shape of our model.
Two factors appear to be central to understandingitipeness: the public’s delayed
reaction to the crime rate (Newburn 2007), and jtitkcial/politically perceived rate of
recidivism (Mair 2007, HM Prison Service 2001). Tkame rate is considered an
exogenous factor in this mo8elThe central hypothesis of this paper is that rodiitg
recidivism is central to controlling population gritn and capacity development. Policy
makers and sentencers use the number of previéeisceE committed by an offender to
assess the seriousness of offences. Reducing visodiwill reduce the perceived
seriousness of offences. Lowering recidivism wilit ©ff one of the direct causes of
population growth; the increasing probability of pisonment and sentence length
assigned to recidivists (Mair 2007, Bottoms 1983).

Attitudes to punishment Offender population Punishment Capacity

Exogenous

Crime Rate *Public attitudes sImprisonment probability sImprisonment or Probation
«Judicial attitudes «Offender categorization «Capacity Utilization
Political attitudes «Sentence lengths «Building delay

«Capacity depreciation J

A

®:

Figure 3: Subsystem diagram

The rate of recidivism can be affected by investihie rehabilitation efforts within
the prison system (Harper 2005). The problem witénapting to control recidivism is that
high capacity utilization makes rehabilitation workore difficult to carry out. This
dilemma provides some support for providing rehgile training within non custodial,

probation based penalties.

Causal loop diagram: Prison Capacity

The simplest model of Prison Capacity Utilizatieeatures no feedback (Figure 4).
From the literature review we can conclude thasdtriCapacity Utilization increases with
Prisoner Population growth and decreases with &as@®to Prison Capacity. It is assumed

that changing either variable will be sufficientingpact Prison Capacity Utilization.

8 In our discussion of the economic equation foregahdeterrence (Wheat 1972, Becker 1974) the able
sentence lengths was found to have a little infbeeon deterrence or the crime rate (Kleinman 2009).
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Prison

/capacity

Prison capacity
+utilization

Prison
population

Figure 4: The main factors affecting prison capaattlization.

Figure 5 introduces the first feedback in the syst&/hen the prison population
increases there is pressure to allocate fundsisorpbuilding. Current examples include
the recent calls for giant Titan prisons, and tbenmissioning of prison ships (British
Broadcasting Corporation, 2010). As new prison ggaare built, and the size of the prison
estate begins to catch up with the prison populatithe requests for new prison
construction should die down. In a perfect worlthbhaing feedback loop B1 should act to
keep prison capacity equal to the prison populatlonpractice it has been rare to find
population and capacity in equilibrium (Figure The disequilibrium witnessed in Figure 1
is due to the building delay in loop B1, as it takene to build new or replace old prison

cells.

Prison @

capacity
/ the building
Prison capacity - strategy _
utilization . P[)Iioonrggils
; Capacity
WY

Figure 5: Prison capacity: feedback loop B1

Prison
population

Causal loop diagram: Prisoner population

Early release schemes and altered sentencing ogesnue to be advocated as
measures to cope with capacity shortages (Cavadl@bs, Council of Europe 2002, Carter
2007). In Figure 6 balancing feedback loop B2 tsattee mental model behind sentence
length adjustment strategies. In the short termelavg the average sentence length means
offenders stay in prison for less time — decreatiiegprison population. Once the pressures

of capacity utilization problems are reduced, secedengths rise again.
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Political — 4~ — Prison

punitiveness = Average ° Prison capacity - capacity
sentence length utilization
X T
Dlﬁ]rirl?\/nedn:;c;; sentence length * Prison Cells
p , Strategy @ Capapﬂy on Order
A depreciation
Prison population +
Perception of  population expansion loop

punishment

+
CRIME RATE

Figure 6: Sentence Length Feedbacks (balancindésidoop R1 and B2)

There is a danger that increases in sentence kerggh spiral out of control. In
reinforcing feedback loop R1, longer sentence lemghcrease the pressure to obtain
sufficient capacity for the growing prison poputeti The more spare capacity there is in
the system, the less pressure there is to redatense lengths.

The prevailing punitive trend in society is an ertd factor that acts to increase
sentence lengths. According to Newburn (2007) drgral drive for increased punitiveness
is rooted in delayed social perceptions of the ermate. The effect of the punitive trend is
visible in the removal of automatic early releagevfsions in the run up to the 2010
general election as being “soft on crime” is a pb& vote loser (British Broadcasting
Corporation, 2010).

Within the prison system punitiveness can be afidty the number of recidivists in
prison. The more recidivists enter the system angér the average prison sentence will be
(Figure 7). In the Punitive Drift Loop R2 increaseapacity utilization problems arising
from longer sentence lengths cause can reduceetheiy of rehabilitation programs and
make recidivism worse. The tendency towards “pwueitlrift” can be held in check by
building more prisons (feedback loop B4). Attempuisexpand capacity in line with the
population will still however be limited by the liding delay.

The Rehabilitation Loop B3 (Figure 7) adds furtheymplexity to the system.
Offenders serving short sentences rarely stay isoprlong enough to complete
rehabilitative programs (Hedderman 2008). So redusentence lengths could increase the
numbers of offenders who fail to receive help idradsing the causes of their offending
behavior. Such prisoners (especially those witibssrdrug problems) have an increased

chance of recidivism. Loop B3 comes full circle mEreased recidivism can be a
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justification for longer sentences (Mair 2009), @iin theory will provide more
opportunities for rehabilitation.

/“'_‘

Rehabiltation

Recidivists~
6
rehabilitation
strategy
4 punitive drift Prison
Political capacity
oltca Average - Prison capauty

unltlveness -
p + sentence length utilization Prison Cells

on Order
recidivist populanon +
Demand for expansion control )
pun|t|veness Capacity
depreciation

Prison
Perceptlon of
CRIME RATE-‘I_+> punishment

populatign

Figure 7: Rehabilitation and the punitive drift:deback loops R2, B3, and B4

The probability that an offender will be jailed reeses with every new crime they
commit (Figure 8 loop R3). Rehabilitation work bews more difficult as capacity
problems occur - and so recidivism rises furthasilddhg more prison capacity reduces
some of the restrictions on rehabilitative programgrisoners remain in one place for the
entire sentence and security concerns play a leslee(loop B6). Again adding capacity is
hampered by the building delay.

Rehab||tat|on

Recidivists -
@b
punish recidivism /\
strategy Prison

Prison capacity capacity
Political Average - utilization
punitiveness stlegégrt\ce _ Prison Cells
on Order
B,
Y. Capacity +
Judicial ‘_|_+ Demand for depreciation

punitiveness punitiveness

. B5
Prison Q
. . making room for
CRIME RATE+> Perception of population rehabilitaion
+  punishment

+

Probability of
imprisonment

Figure 8: Judicial punitiveness: Causal Loops RBB6
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Causal loop diagram: Imprisonment Probability amabBtion Population

Diverting offenders from prison into punishmentsdih upon probation is another
strategy for reducing the use of prison capacitichSstrategies include the home detention
curfew order, drug treatment orders, suspendeceisees and community service work.
Whilst the diversion strategy (Figure 9, balandiegdback loop B6) will reduce the prison
population, it is not a “magic bullet”. A high cdsad (probation capacity utilization) per
probation officer will tend to reduce the rehahtive effort that can be made towards each
offendef. The loop B6 will ensure that probation populatisried to probation capacity.
If probation caseloads become too high recidivisith nge and prison will become more
popular as a punishment (loop R4). The additiotalirs of prisoners released on parole

(R5 and R6) puts further pressure on probationendliough direct use of probation has

dropped.
Re0|d|V|sts @
Rehabiltation overusing
. probation
+
Average -~
+ sentence length -
+

Judicial + Demand for
punitiveness punitiveness

Prison
populatlon
parole +
4+ pressure loop
Parole @

Probability of f | Probation
observation parole .

imprisonment pressure loop capacity

dlversmn

strategy -\ ’

. Probation capacity
) utilization
Probation a———%"

population

Figure 9: Diversion strategy: Causal loops B6, BAJdR5, R6

Causal loop diagram: Probation Capacity

° Prisoners released on parole are also under Senaition of probation services. So they have to be
included in the numbers for the probationer capaditization.
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Probation capacity is governed by the demand tp kiee probation caseload low
(Figure 10, reinforcing feedback loop R7). Hiringwnprobation staff to keep up with the
demands of caseload takes time. If there is tob aigrobation caseload, staff will begin to
leave the service (balancing feedback loop B7).ughat has not been explicitly modeled

here the experience level of staff will also impthet efficiency of service delivery.

Demand for
+
4

@ staff

hiring strategy  +
+,

ProbationJr Probation staff
capacity Qcareer length

B7
work
& pressure loop
= Probation

opulation Probation capacity
pop +’ utilization

Figure 10: Probation Capacity Loops R7 and B7
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Model Sructure

The next section presents the main components ssulgtions of our model. This
section is designed to explain the logic behinddh@ice of specific variables and specific
structures. Only a selection of equations and mdd#dil will be presented here. A list of
equations is available in Appendix 1 and a filehwiite full model in iThink accompanies
this paper.

The model will be presented as follows in sepasat#ions:

* Model boundary
* Time horizon
* The Stock and Flow Structures
«  The framework of attitudes to punishment
*  The offender population framework
» Serious and non serious offenders
* Parole
* Probation
e The prison capacity framework
e Quick build strategy
*  The probation capacity framework
*  Work pressure

. Recidivism framework
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The Model Boundary

The variables included in this model are those icened vital for understanding
attitudes towards the punishment system, and ttezpiay between capacity utilization
problems and the performance of the prison system.

Endogenous Exogenous Excluded
* Rehabilitation * Crime Rate » Deterrence
* Recidivism » First Time offenders » Policing changes
» Sentence lengths * Training and Hiring » Probation officer
* Attitudes to punishment Time experience
* Parole » Desired Officer to * Fines and other
« Service Length Offender Ratio diversionary

» Effect of budgetary and punishments

economic changes e Guilt/Innocence
» Election cycles « Different recidivism
* Probation length rates according to time
of release

Predicting the effect of prison and probation oa ¢feneration of new crimes was
felt to be beyond the scope of this model. Resemmtchthe factors behind deterrence and
crime generation have found a greater dependence pplicing and crime prevention

measures such as the widespread use of car aldlenmi@&n 2009).

We have not included the budget for penal spendini was felt that modeling the
budget would warrant a separate modeling efforivds felt that the effects of budget

changes could be replicated through the use dddhestment times in the capacity sectors.

The level of detail applied to each the sectorsaiiig overcrowding are reflective
of the influence available to the National Offenddanagement Service. It is for this
reason that the court system and the actions gfdhee have been summarized in a single
delay in the Court sector. The decisions over & gnd innocence of offenders was also
felt to be beyond the scope of the prison systemallsoffenders in the model are assumed

to be guilty.

27



Time Horizon

The accepted government analysis period for overdirtg is 10 years (Carter
2007). Hedderman’s (2008) analysis of overcrowdinufuded detail for the last 20 years.
Her reasoning was the need to include the peritmdéhe prison population started to rise.
We chose to follow Hedderman’s reasoning and u8@ gear time horizon from 1988 to
2008. The periods between 1988 and 2008 is alsotinedimit of where reliable, coherent

data can readily be accessed in electronic form.

The Stock and Flow Structures

The stock and flow structure will be described dupdividing the structure into
modules similar to the structure seen in Figur&&ch of the modules will be described
separately starting with attitudes to punishmentloved by the offender population,
capacity and lastly recidivism will be described.the population and capacity structures

we will first describe a simplified structure, atinén the full stock and flow diagram.

The framework of attitudes to punishment

The framework of attitudes to punishment has tugirttt parts: public attitudes
and judicial attitudes. Public attitudes shape tpdins views, and politicians shape
sentence lengths. Judicial attitudes shape theusgress attributed to offences and the
probability of imprisonment. The two parts are lent subdivided and described in detail
below.

Public punitiveness is assumed to be shaped bagetkperception of the crime rate
(Newburn 2007) (Figure 11). As offenders are alsemipers of the public we have
assumed that offender perceptions of the benefitgerime are linked to the public
perception of the crime rate. The higher the crimaie is the more beneficial crime is
perceived to be (Roberts 2003). We have used Blighitferent curves to describe the
prisoner and probated offender’s perceptions agherto represent the differences in how

crime is perceived inside and outside of prison.
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Marmal perception  Prisoner perc
of crimeg rate the benefits of

Probatee perce Public Punitiveness

the benefits of crime

Change to public
Change to crime itiveness
£ perception
CFIMES PER PERSON .
Time to change
time to percieve public punitiveness
changes in crime

Figure 11: The public perception of crime

The public perception of the crime rate also deteesithe punitiveness of the political
climate (Figure 12). Political punitiveness is eg@nted as a delayed function of public
punitiveness. We have assumed that political prentess creates changes to statutory
sentence lengths. A second influence on sentengghle comes from the political reaction
to capacity utilization. When prisons are overfpdiliticians are more inclined to order

mass early release of prisoners; effectively lomgetheir sentence lengths.

Adjustgd Statutory Adjusted Extra

Recidivism.CAPACITY UTILIZATION \
EFFECT ON SENTENCE g

Normal Statutory
Extra Sentence

Normal Statutory
Short Sentence

Public Punitiveness

Political Punitiveness

Effect of\political
punitiveness on sentencing

Change to public
itiveness
Change to Normal political

) punitiveness
Time to change

public punitiveness 3 time to change
political punitiveness

Figure 12: Public and Political Attitudes to Pumsmt
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The judicial attitude is shaped by the judiciargerception of the number of
recidivists passing through their courts (Figurg. The perceived number of recidivists
influences sentence lengths (Stephenson, 1995)tlmdcategorization of offences as
serious or less serious (Bottoms & Brownsword 1988g decision curves for seriousness
and sentence length assume that the higher thdivistifraction the more serious the
offence and the longer the sentence. The effecsemence length is multiplied by the
adjusted statutory sentence to give the actuaéseatlength.

The third influence of the recidivist fraction et punitive attitude of the judiciary.
The punitive attitude of the judiciary decides frebability of being imprisoned for any
given crime (Mair 2009). The imprisonment fractignused in the next section to decide

who goes to prison and who receives probation.

Population.prison
recidivism rate

4

Population.Probation recid rate

Punishrment Syste
recidivism fraction

- 4
Morma
recidivist fraction

. )
‘ time th change
Population.First Time Offi recidivist perception
entry rate { b

P fraction onisentente
PERCIEVED

Q RECIDMIST
IMPRISOMNMENT Judicial EBACTION
FRACTION Punitiveness
- bt LonpSentence
' ¥ Effett of recidivist
T. raction on judiciary 5 i
Cp i petrarige to judicial ShofSentence EXraserience
unitiveness
Time to change ‘ P
judicial % O S
punitiveness Adjusted Statutory

Short Sentence

Adjusted Extra

Statutory Sentence

Figure 13: Judicial Attitudé8

The Offender Population Framework

The offender population structure is made up ofeghrseparate parts: pre-
punishment, prison, and probation (Figure 14). preepunishment sector consists of one
stock and an inflow. The awaiting trial and sentegcstock represents the court delay
between capture and sentencing. The inflow to awgpitrial has been created using
assumptions detailed in Appendix 3. All offenderger the system through this stock.

1%1n these diagrams stocks and variables with doliéeborders feed into other modules of the modaly
variables serving as input from other modules itheemodule name before the variable name, for el@mp
Probation.First Time Offender entry rate.
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Movement to prison or probation is decided by timprisonment fraction shown in the
attitudes module.

Offenders enter the prison sector via the prisdnyemate and spend their sentence
in the prison population stock (Figure 14). There avo ways of exiting the prison stock;
being released unconditionally or entry into theaes offenders stock. Serious offenders
serve longer sentences than other offenders. Onceffander has entered the released
offender stock they have two paths. Reformed o#emdenter the stock of reformed
prisoners where they stay until they die. If arentfer commits a further offence they re-
enter the awaiting trial and sentence stock. Peabptisoners face a similar ‘choice’ at the

end of their sentence.

Pre punishment Prison

~

Prizon recidivism rate

PRISOMN RELEAKED
POPULATION OFFENOQERS

o | | o B e
L
Prison Entry rate LESS SERIOUS OFFENDER Prisoner

RELEASE RATE Reform rate

Reformed prisoners

~,
9‘ ) 3
Offender Death Rate

Awaiting Trial
and Sentence

short sentence
completion rate

3

o Py
First Time Offender e
SERIOUS OFFENDER

entry rate
SERICUS RELEASE RATE
QOFFEMDERS

Released

~,

OM PROBATION

ﬁ

Probatees

Refarmed Prohatees
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Frobation entry rate

(i

Frabation Exit Rate

(i

Prohatee Reform

{ ]

Death rate

rate

ey

Probation recidivism rate

Prohation

Figure 14: Offender Population: Stock and Flowince

Serious and non serious offenders

The main feature of the prison population is thestbn between serious and less
serious offenders (Figure 15). How many offendererethe serious offender stock is
dependent upon offence seriousness. Hedderman@8)2@sults indicate that violent
crime has not risen, yet Carter (2007) claims thate has been a growth in the seriousness
of offences. We reconcile these conflicting vieawdy assuming that the actual seriousness
of offences has been stable, and recidivism has.rié is because of the recidivism rise

that crime has been viewed as more serious.
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Figure 15: Prison population: Stock and Flow stitet
Recidivism after release was assumed to be aifumof the time it takes to detect
recidivism, and the recidivism rate. The time toede recidivism has been taken as being

equal to the two year recidivism detection timedusethe published prison statistics.

Parole

When serious offenders are released it is undectimditions of a parole license.
Parolees have a lower recidivism rate that othiemaers (Ellis, 1998), so the numbers of
offenders on parole needs to be tracked for uskemecidivism module. We track parole
by using a co-flow. Paroled offenders parole li@osnditions last for a time proportionate
to their original sentence. We have interpretedisBIwork to mean that the time spent on

parole can be spent providing rehabilitative/résetént help.

- Attitudes.L ongSenternce
SERIAUS OFFENDER

LEASE RATE

Patole Length
g Forion of

sentence on parole
FAROLE POPULATION

® -, v

Entering parale rate WEESE Rate

Figure 16: Parole population: Stock and Flow strest

D
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Probation

The Probation Population structure is modeled smmpith a constant probation
length of one year. Observation of probation lenggmds (Ministry of Justice, 2008)

showed very little variance in the length of senterso we did not model this in detail.

Probation

length Feleased
QM PROBATION FProbatees Reformed Probatees

e e
Probation entry rate ation Exit Rate

Refarm Dedth rate
rage

YD

Avarage Lifespan
FProbation reci

recicivisim
dietection trme

Recidivism.Probation
ecidivism Fraction

Figure 17: Probation population: Stock and Flowdire

Recidivism

The idea behind the structure shown in Figure 1#as$ recidivism can be reduced
through rehabilitation. The structure can be cosddnnto one equation:

Offender rehabilitation completion*rehabilitatioffertiveness*effect of capacity utilization

=Recidivism Reduction

The reasoning governing the equation is that réiketion programs take time to
implement. If the average sentence length is shtntn the time required to complete a
rehabilitation program, then only a fraction of esftlers (if any) will complete a
rehabilitation program. Long term offenders have #dditional benefit of time on parole

during which rehabilitation can continue.

Next we assume that rehabilitation can produceri@icereduction in recidivism. We
express this reduction as a fraction and multiplyoy the fraction of offenders who
complete rehabilitation programs. Once we havetitential recidivism reduction we need
to know whether the capacity exists to deliver thik potential of the programs. To
represent this we multiply the potential recidiviseduction by the effect of capacity

utilization to give us the potential deliverableiddvism reduction.
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Figure 18: Rehabilitation

The potential deliverable recidivism reductiorused to define the actual change to

recidivism (Figure 19). The actual change to recsth has been modeled as a stock, to

account for the fact that changes to rehabilitafiozgrams also take time. The value of the

actual change to recidivism stock is then subtthétem the prisoner perception of the

benefits of crime to give the variable: Prison @l Recidivism.

Mormal Rehab Effect

an rehabilitation
recidivism re i program delivery

Mormal
capacity utilization

. &

time to implement reduction

PRISON FRACTIONAL  Attittdes.Prisoner perception
RECIDIMISM of the benefits of crifne

Figure 19: Recidivism reduction
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We ran capacity utilization through a delay to eaghat prisoner’s rehabilitation was
being affected by the level of capacity utilizatiexperienced whilst in prison (Figure 20).
The structure in Figure 20 is also used to caleuthe capacity utilizations effect on

sentence lengths (first seen in Figure 12).

Mormal peported

Capacity Utilization capacity utilization

reporttime
CURREMNT CAPACITY UTILIZATIO

Prison.CAF.
UTILIZATION

Reparted
Teapacity
| Hillzation

CAPACTTY UTILIZATION
EFFEGT QM SENTEMCE

()

Effect of CAPACITY UTIRIZS

on rehahilitation

program delivery

Population.recidivism
detection time

Marmal
capacity utilization

Figure 20: Experienced Capacity Utilization

Probation recidivism is calculated in a simplerhfas. Like prison recidivism, it is
assumed that there is a baseline tendency to beaam&divist that is determined by the
crime rate. The actual caseload experienced byoffender moderates the probation

recidivism fraction through a non linear effect.
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Figure 21: Probation recidivism

The effect of worker to offender ratio on recidmigFigure 22) has been based on
media reports. The ‘normal’ caseload of a probatianker in London is 40 offenders per
worker (Marin, 2009). A caseload of 40 officers mea ratio of workers to offenders of
0.025. This value was used to normalize the functibhe detrimental effects from
caseloads over 100 have been modeled on a reatd#e from Lewisham in London
(Marin, 2009)

36



[1.500 Experienced EFFECT OF

e ratin/Prabatian. WORKER TO

M armal ratio OFFEMDER...
EFFECT OF 0.000 1.413
WORKER 0333 1.339
TO 0.EET 1.196
OFFEMDER 1.000 1.000
RATIO OM 1.333 0933
RECID IS 1.667 0.909
b 2.000 0.893
2333 0.533
2667 0.av7
I— 3.000 0.574
0.0 3333 0.870
3667 0.863

4.000 0863
E [0.000 401010
E =perienced_ratio/Probation. Mormal_ratio [rata Points: I‘I 3

Figure 22: Effect of Worker to Offender Ratio oncitlvism

Prison Capacity Model

The prison and the probation capacity structuressary similar as they are rooted in
John Sterman’s (2000) inventory model. Figure 23the simplest stock and flow
explanation of the prison system. Two stocks aedu®risons Under Construction, and
Prison Cells. Prison cells have to be ordered ketmnstruction can begin. It takes a
prescribed amount of time for cells to be cons&dctOnce in service prison cells

depreciate, according to their average lifetime.

Prison Cells
orderrate  Under Construction  construction rate Prison Cells  depreciation rate

Figure 23: Simple Prison Capacity Structure

The full structure (Figure 24) details how the ordate is decided upon. The
indicated order rate aims to replace cells losbuph depreciation, and to close the gap
between the forecast number of prison cells anddfexast number of prisoners. Within
the formulation of the indicated order rate promisis also made to allow for the cells

which are currently under construction.
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Figure 24: Full Stock and Flow Structure: Prisomp&aty

The prison population forecasts span for five yearsnds in population growth are

used to make a five year forecast for the prisquufadion:
Population.PRISONER_TOTAL*(1+perceived_pop_growtkrgentage/100)"5

Trends in the growth of cells are also used to naaf@ecast of the number of cells

that will be required in five years time:
Prison_Cells*(1+perceived_cell_growth_percentag@)1®

The gap between these two forecasts is used ttedtea forecast number of cells
that will be ordered. The final influence on thel@rrate is the percentage of the gap that is
funded. As we have not explicitly modeled the ecopove have simulated swings and
shifts in economic performance and the politicabjitization of the prison system with a

10 year sinwave.

Probation Capacity Model

Probation capacity is measured in terms of probatmorkers. The probation
capacity section consists of two stocks: Probafitaif and Trainees (Figure 25). There is a

hiring rate for new trainees, a training rate, arglitting rate.
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Figure 25: Simple Stock and Flow Structure: PrayaCapacity

Aside from changes to names the probation capaeitior has only one change to
the structure used in prison capacity structuree average service length is a function of
the staff caseload. The higher the caseload thaeshihe average service length will be
(Figure 26).

|1 00 Actual worker to - Effect of Caseload
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Effect of 0333 1.058
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4.000 0.450
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Figure 26: The Effect of Probation Officer CaselaadProbation Officer Service Length

Summary

This chapter has presented the building of the inivdm the initial hypothesis to
the causal loop diagrams which defined the probiigmamically. The final section has
detailed the actual structure built and explainedy vihow we have interpreted the
information from our literature review. We will nogo on to show the most important

validation points for the model.
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Analysis

“The validation of a model is not that it is truetithat it generates good testable
hypotheses relevant to important problems.” Le\lia66 in Ford

“It is better to be almost right, than completelyong” John Maynard Keynes

The goal of our model is to understand how realldvstructure is related to real
world behavior. But the creation of model requities reduction of the real world into a
simplified understandable version of the real woHdch structure in the model has to be
tested to ensure that it produces valid predicthbleavior for any input. If the model can
produce valid predictable behavior then we can hsae confidence in it. If we have
confidence in a model then we can begin to useiinprove understanding our of the real
world. The virtual environment can become a tesgraund for alternative strategies and

behaviors that we wish to try out in the real world

In this section we summarize the tests carriedbamiih during and after the model
building process. The section will cover severatha tests designed to ensure that model
variables at least produce the behavior prediacteétie hypothesis section. The testing will
be divided down into two main sections, the first@ring direct structure tests, and the

second containing structure orientated behaviads.tes

Direct Structure Test

Direct structure testing involves direct comparisdrihe behavior and parameters of
the model to knowledge and information about tta sgstem. Much of the direct structure
testing of the model occurred as an integral platth@ writing of the earlier sections of this
paper.

The review of criminological literature on the seddj of capacity utilization provided
the basis for the model structure described inhipothesis section. Each structure in the
model has a basis in the literature: the struodfithe prison population is based upon the
concept of the bifurcation (Bottoms, 1983), thetadies formed as a result of the crime
level are based in Tim Newburn’s (2007) researdi, the capacity sections are loosely

based on Sterman’s (2000) supply chain modelsh&urthecks on the structure of the
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system were made through interviews with crimindtsyand the system dynamics team at
the Ministry of Justice. Their contributions earty the development of the model have

been invaluable in understanding which areas tédgmovide the most useful insights.

The model parameters were based on an extensiveiredgon of the database of
information available from the Home Office and Mimmy of Justice. Wherever possible,
real data was used to provide benchmarks, anchigeithesized behavior of the model
during the building process. Within this researcie @f the largest problems of tackling
overcrowding was uncovered: data inconsistencwllithe datasets there is a clear proviso
that the individual parts of data sets will not agidthe totals. For example the total number
of people entering a prison cannot be establisheddding together the sum of the
categories for entry into prison. Methods and typeslata have also changed regularly
during the last 20 years. In order to minimize pineblems caused by data errors we have
attempted to match the home office data with data sompiled by other authors in the
field.

Structure orientated behavior tests

Sterman (2000) recommends several different kirfidstracture orientated behavior
tests. In this paper we have concentrated on tedtow the system reacts from an
equilibrium state to shock population inputs. Tettthe validity of our hypothesis key
loops were cut out of the system cutting feedbadpé’. Details of extreme condition

tests and sensitivity tests are contained in agrehd

Equilibrium shock test

The model was initialized in equilibriufh Applying a sudden shock of 1000 extra
first offenders each year should cause prison daypatlization to rise sharply, before
falling rapidly to a value below 1. After this it small disturbance capacity utilization
will gradually rise to a higher peak, before slovilgginning to return to its equilibrium
state.

This behavior was observed in Figure 27.

1n this paper we do not detail the cutting of IsbR1, R4, R5, B4 or B5. The effects of these loapse
found to be very closely related to the effectotbfer loops in the system — so in the interestspate they
have been excluded from the text.

2The attachments to this paper include a modelgdesi with switches to set it in equilibrium, turff o
model sectors, and apply shocks to the first oféerfidw, and the prisoner entry flows.
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Figure 27: Response to a shock input

The initial spike in capacity utilization is thestgms immediate reaction to the sudden
increase in inflow. Capacity utilization’s peak afall occurs as capacity production
increases to match the new population level. Pépunlashould also be reacting
simultaneously to get back into equilibrium. Duringial the period of increased capacity
utilization, sentence lengths fall and recidivisises. As recidivism rises, the judiciary
imprisons a greater fraction of people, driving plagion upward. All the time prison
capacity is trying to catch up to a previous levepopulation. The next sections will cut

out individual loops to see how they contributerte equilibrium shock reaction.

The Building Strategy Loop Bl

According to the Building Strategy Loop B1, there@se of capacity should be a
delayed reaction to the growth in the prisoner peatpan. The size of the difference
between the two stocks should affect the slopeapfcity utilization. If our hypothesis is
correct the rise in capacity utilization shouldrade with an initial oscillation in prisoner
population. The two stocks should eventually coinsear together before both settling at a

higher equal level. This was reflected in the b&bran Figure 28.
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Figure 28: Relationship between stock reactionscapacity utilization

In order to see the effect of the Building Stratégpp B1, we can cut the loops from
the model. Cutting Loop B1 can be achieved by ngkine flows in and out of the stock of
Prison Cells equal to the flows in and out of thaal Prisoner Populatidh Cutting out
loop B1 should put capacity utilization into a ctam state of equilibrium, as the two

stocks it is derived from now move in unison. Tles observed in Figure 29.
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Figure 29: Cutting Loop B1

13 Equalizing the outflows is complicated by the prese of two stocks for the prisoner total. The fEobis
remedied, by making the capacity Depreciation Raeal to the total of the Less Serious Offender and
Serious Offender flows.
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We can conclude form this that the delay times oo B1 and the forecasting
methods used are at the heart of capacity utiimgiroblems. As long as loop B1 is active,
capacity utilization problems will occur whenevle thumber of prisoners changes. As a
small experiment we reduced the gap adjustment tiond year. Lowering the gap
adjustment time should create a system more aversapacity shortages. This behavior

was observed in Figure 30.
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Figure 30: Behavior after reducing the gap adjustrtiene

Sentencing Strategy Loop B2

We hypothesized that high capacity utilization wbghorten sentence lengths due to
the Sentence Length Strategy Loop B2. We cut oap IB2 by setting the Capacity
Utilization Effect on Sentence lengths to 1 to aeleaf this was true. The observations in

Figure 31 support our hypothesis.
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Figure 31: Sentence lengths with (1) and withoyi¢gp B2

The shortening of sentence lengths should lead gm@othing out of disturbances in
capacity utilization, so the amplitude of the catyaatilization behavior should be greater

without loop B2. This was observed in Figure 32.
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Figure 32: System behavior with (1) and withoutl(@pp B2

The level of oscillation in Figure 32 signifies tHaop B2 is a strong lever in the
control of capacity utilization. According to ourygothesis loop B2 acts to stabilize
population levels. The more stable population ésrtiore stable both capacity and capacity
utilization will be. Without Loop B2 the oscillatig in population, are worsened by the

delay in constructing new cells.
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Cutting the Rehabilitation Strategy Loop B3

According to our hypothesis there are additiondluences on sentence length
operating through recidivism and rehabilitationcilezism is controlled by two loops: The
Rehabilitation Strategy Loop B3 and the PunitivedLoop R2. We tested the effects of

these loops by cutting off one loop at a time.

Loop B3 was cut by setting the two completion mtto their equilibrium values.
Cutting here assumes that amount of rehabilitatioocessfully performed in prison is
unaffected by sentence length changes. We predibtgdcutting loop B3 would cause a
drop in recidivism. With loop B3 active sentencadgths were allowed to fall below their
equilibrium value. With lower sentences, the amanintehabilitation that can take place
was been limited. When we removed loop B3 the ptedi drop in recidivism was

observed (Figure 33).

» Recidivism PRISON FRACTIONAL RECIDIVISM: 1-2 -
/ —1\
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Figure 33: Recidivism with (1) and without (2) loBg3

The effect on capacity utilization, of cutting loB@8, should be a lower amplitude but
a longer duration of time spent with capacity shges. This behavior was observed in
Figure 34 - capacity utilization does not returrittoequilibrium state until 2097 (beyond

the scale of Figure 34).
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Figure 34: Capacity Utilization with (1) and withq2) loop B3

Cutting the Punitive Focus Loop R2.

Next loop R2 was cut by making the values of the lear table function, Capacity
Utilization Effect on Rehabilitation Delivery equdl. Cutting Loop R2 rehabilitation
should allow rehabilitation to take place withowincern for capacity constraints. As a
result recidivism should be lower and sentence tlengyill also be lower. Whilst
recidivism was indeed lower (Figure 35), there wa$y a minimal impact on capacity
utilization. The impact on capacity utilization wast any greater with a higher offender

completion ratio.
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Figure 35: Fractional recidivism with (1) and witlid2) Loop R2

Cutting the punish recidivism loop R4

Recidivism usually increases the number of peoplagyto prison. So with loop R4
switched off the amplitude of capacity utilizatiproblems should be less severe. Loop R4
was cut by setting the imprisonment fraction toeidgiilibrium level of 0.27. Our predicted
behavior was observed. Capacity utilization withimaip R4 had a less aggressive reaction

(Figure 36).
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Figure 36: Capacity utilization with (1) and withid@) loop R4

The capacity utilization behavior occurred becaofsthe differences in the prisoner

population behavior (Figure 37).
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Figure 37: Population comparison with (1) and with(2) loop R4

The differences in population development were igiyrt caused by changes to

recidivism.
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Figure 38: Prison fractional recidivism comparisaith (1) and without (2) loop R4

Cutting Loop B6

The cut to Loop R4 also affects probation; as I&&pis cut automatically. It was
predicted that the probation system population @aybw much slower if there were no

changes to the imprisonment. This behavior wasrobde
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Figure 39: Probation population with (1) and with2) loop B6
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Cutting Loop R7

Cutting loop R7 the probation hiring strategy laxgm achieved in the same manner
as the cutting of loop B1. The in and outflows flee probation population were made the
same as the in and out flows from probation muéglby the desired worker offender
ratio. The results from equalizing the probatiopamty and population should have very
interesting implications foprisoncapacity utilization. We believe that cutting loB@ will

cause prison capacity utilizatiom be much lower. This was observed in Figure 40.
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Figure 40: Comparison of prison capacity utilizatigith (1) and without (2) loop R7

The logic behind this reduction in capacity utitipa can be found by considering
the imprisonment ratio. The equilibrium imprisonreate is 0.27, meaning that 73% of
offenders are headed towards probation. Reductiopsobation fractional recidivism will
therefore have a larger impact on the inflow topghson system than reductions in prison
recidivism. Removing the delay from loop R7 imprevke worker to offender ratio, which
reduces probation fractional recidivism (Figure.41)

51



# Recidivim Probation Recidivism Fraction: 1-2 -

1 1

l
14}\ ,\/\f\/ T

1 0
1988 2005 2023 2040 2058
Page s Years
Comparison of Probation Recidivism Fraction
= ?

Figure 41: Probation Fractional Recidivism with §hd without (2) loop R7



Sensitivity analysis

Building Delays

In line with my hypothesis, cutting loop B1 showitit the model was potentially
sensitive to changes in the delay times in thedingl module. Sensitivity analysis was
conducted on the construction time for prisons. SDouction times of 1 year, 3 years and 5
years were tried. The difference was very smalicaithg low sensitivity to building

changes.
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Figure 42: Sensitivity to changes in constructiomet
The same test was also run on the capacity adjustimee. The capacity adjustment
time produced more dramatic differences. Most rigtalith an adjustment time of 1 year
the system becomes unstable. Reducing the capatjilgtment time has the potential to
reduce capacity utilization quickly, but the vergesd of this reaction could cause
difficulties of overcompensating and the buildirfgecess cells.
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Figure 43: Sensitivity analysis on Gap Adjustmémiet

Rehabilitation schemes

The model was tested for its sensitivity to thesetiveness of rehabilitation schemes.
Sensitivity ran at intervals of 33.3%, from 0% etfeeness to 100% effectiveness. As
expected, higher levels of effectiveness from rditation reduce the levels of capacity
utilization further. However in the long term thaig from 0% to 33.3% and from 33.3% to

66.7% are far greater than those from 66.7% to 10€l8abilitative effectiveness. In the

long term any increase in rehabilitation’s effeeness does have benefits.
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Figure 44: Sensitivity analysis to changes in rdhation (0%, 33.3%, 66.7%, 100%)
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If we assume 100% effectiveness from rehabilitaticmemes and change the effect of
capacity utilization to a flat value, we can seatsensitive the model is to this parameter.
We ran sensitivity at values of 1, 0.75, 0.5, 0&%] 0. The effect of capacity utilization
had a visible effect on reducing capacity utiliaati
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Figure 45: Sensitivity to different flat rates iapacity utilization effect on rehabilitation

The results of this test suggest two alternatifeghabilitation can be delivered in a
shorter time or if sentences can be lengthened; gams can be made in capacity

utilization control through improved rehabilitation

The probation workforce adjustment time

As the majority of people are going through protyatutting recidivism in this area
should produce significant reductions in the flofarecidivists into the prison system. It is
possible that the effect on capacity utilizationfam these gains will be greater than that

from direct action in the prison system.
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We ran a sensitivity analysis on a workforce adnestt time of lyear, 3 years and 5 years
(Figure 46). The capacity utilization was sensitwvehanging the adjustment time. Longer

adjustment times led to shorter but more amplifeattions to the initial shock.
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Figure 46: Capacity Utilization sensitivity to chygas in probation workforce adjustment time

The Time to Change Recidivist Perception

Changing the adjustment time for the recidivistcpption should have a dramatic
effect on capacity utilization. The longer reactibmes are the longer the duration of
disturbances to capacity utilization and the lowlee aggressiveness of the capacity
utilization reaction. The changes in capacity zdition are rooted in the changes caused to
sentence lengths, offence seriousness and theswompnent fraction. All three of these
variables should be smoothed by a longer adjusttmant

The behavior predicted in capacity utilization vedserved in the equilibrium shock

test.
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Figure 47: Capacity Utilization reaction to changeperception of recidivism adjustment time

Testing table functions

The next section goes through the table functissedun this paper and provides
justification for the influence of these functione curve of a table function reflects a
parameter assumption that needs to be testedrikether assumption. We detail the tests
undertaken on three table functions: the effecpdlitical punitiveness, the effect of the
recidivist fraction on the judiciary, and prisongerceptions of the benefits of crime.
Wherever a selection of curves is presented tha @arve in the sequence is always the
one used in the model.

Effect of political punitiveness

Three different policy curves were tried for théeef of political punitiveness (Figure
48). No significant difference to the developmehtcapacity utilization or the prisoner
population was observed by changing the policy euivhe third curve was used in the
model. It was felt to accurately reflect the limgkleniency and harshness within which
politicians must reside. In the current model tiaisle function provides the only avenue
for politicians to exercise restraint in legislatidt was felt that the restraints on political
punitiveness could be adequately explained bydhige. However a future exploration of

the structures limiting political punitiveness waide an interesting future model t&sk

4 Any such analysis should include seasonal econemistraints, as well as using capacity utilizatsna
measure of humanitarian constraints on the groffiolitical punitiveness.
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Figure 48: Different policy curves for the effedtgmlitical punitiveness on sentencing

The effect of the recidivist fraction on the judioy

The effect of the recidivist fraction on the judigr has a significant effect on
sentence lengths and recidivism; however it had @iminimal impact on the actual
behavior of capacity utilization and population.réé different curves were tested (Figure
49). The third curve was used in the model. Theetdlnction used in the model was
settled upon using Stephenson’s (1999) descripgfotne behavior of the judiciary. The
curve represents the conservative nature of thieigugl, less inclined to rapid changes in
punitiveness. The thresholds for the effect on giadlipunitiveness were also set quite
narrowly, representing the limits imposed by legfisin on judicial decision making. If any
further harshening were to take place it would hmveome directly from the legislation.
Similar reasoning was used to choose all threeesur@lating to the influence of recidivism

on judicial sentencing
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Figure 49: Different policy curves for the effedtrecidivist fraction on the judiciary

Prisoner perception of the benefits of crime

Changing the shape of the curve for the perceptidresime was found not to alter
the behavior of the system. We used the third ctineesteep incline followed a slower
more gradual rise is indicative of a situation véherore crime equates to more benefit, but
the increase in benefit from crime diminished asenwime is committed in society(Figure
50).
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Figure 50: Different policy curves for prisoner peption of the benefits of crime

Capacity utilization effect on sentence

Changing the curve of the capacity effect on sex@dangth can significantly alter the

amplitude of the capacity utilization behavior. Tewerent curve was chosen as it appears

to be the best fit to the use of early release narmog since 1990. Alternate curves could

provide a good guideline for establishing cleaigyobn how early release schemes would

be used in future. Having an agreed upon planacemay make the use of early release

use slightly less controversial.
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Integration method and Choice of DT

A DT set to 0.025 provided stable results.

The oscillatory nature of overcrowding suggestethgiRunge Kutta integration,
however as some logical functions are used in tbdeiEulers integration method was

used.

Recreating the reference mode

In this section the model was initialized with bist data wherever possible. Where
data was not available estimates of historic valwese used. Using historic estimates
allows comparison between the behavior of the béggaof interest the historic behavior.

According to the criterion in Theil’s hypothesis wan judge the fit to the reference
mode on three criteria: bias, variation and coatan. Little bias was found in the model
(Figure 51). The historic and modeled behaviorsevieund to have a similar mean value.
The historic and modeled behaviors were found tewary very well, a point to point
correlation was found between the majority of vaces. There were some issues with
matching the amplitude of variations. The differendn amplitude variation were not
thought to be of significant harm to the validitytbe model.

ﬂ 1: UK Historic Capacity Utilization 2: Prison.CAPACITY UTILIZATION
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Figure 51: Historic (1) and modeled (2) UK capacitijization
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Comparison of historic and modeled population aahcity behavior

The problems with our data fit became more easiljeustandable when we examined
population and capacity separately. The trend pufaiion development was similar to the
historic trend however an initialization problemsaapparent in the 1988 to 1992 period
and there is a clear issue reproducing the popualagrowth around 1997 (Figure 52).
Sensitivity analysis indicated that the initialipat problem is related to the perception of
recidivism (appendix 5). The length of the peraaptof recidivism adjustment time was

found to affect the initial fit.

&} 1: UK Historic Total Prison Population 2: Population.PRISONER TOTAL
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Figure 52: Historic (1) and modeled (2) populatitavelopment

The fit to the 1997 period is a problem which weéhgaced in every version of our

model. It occurs in the reproduction of both pofinlaand capacity (Figure 53).
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Figure 53: Historic (1) and modeled (2) capacityedlepment

What is apparent from seeing these two graphsisnithe development of capacity

is a smoothed version of the historic trend in pafion development (Figure 54).
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Figure 54: Reference mode reproduction

Though our population development does not comiglétack the amplitude of the
movements in the historic trend we feel that tHeresce mode behavior achieved in the
model is sufficient to assume that there is sonidityain the assumptions of the model. A
model that produces partial results can in facimmee useful than a model that exactly

reproduces the reference mode. The ultimate conakethis model is that capacity and
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population react together. Though the current maléhr from a complete picture of the
prison system we can still draw useful insightsrfrthe model which may be hidden in the

real world due to the complexity of the system.

Reference Mode Sensitivity to changes in the pé¢imef public, and political adjustment

times

In our hypothesis section we converted Newburn’®07 hypothesis that
incarceration rates reflected a delayed percemfdhe crime rate to a modeled structure.
Due to the method chosen to shock the system Jiiegeédhat the effect of changes to the
public and political perception adjustment timealdmot be observed.

To understand how public and political adjustmemes affected the model
behavior we ran the model from its historic valt@sest how sensitive the system was to
changes in these adjustment tife$he results were a partial match to the evidémdkee
literature and guided our choice of parameter \&al\ide predicted that the system would
be most sensitive to changes in the time to peecelanges in crime. Changes in the time
to perceive changes in crime will have a doublecatffchanges to public punitiveness will
alter sentence lengths and changes to offendee@vas of crime will reduce recidivism.
The predicted behavior in capacity utilization vehserved (Figure 55).

ﬂ Prison.CAPACITY UTILIZATION: 1-2-3-4 -
1: e

Figure 55: Capacity utilization sensitivity to clggs in the time to perceive changes to the crifee ra

1> Brief tests were also run to test the equilibritgaction to a shock in the crime rate. These areleiailed
in the paper as it was felt that the sensitivitydference mode replication provided sufficienbmifation.
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There was a more subtle but significant reactiorctitanges in the time to change
public punitiveness. The results indicated that kbeger the time to change public

punitiveness, the less volatile the resulting cdpauilization behavior (Figure 56).

ﬂ Prison.CAPACITY UTILIZATION: 1-2-3-4 -

2 il
2\ N\
v

2t 3

1 1
1 1
1988 1993 1998 2003 2008
Page 5 Years
ﬂ ? Capacity utilization comparison

Figure 56: Capacity Utilization sensitivity to tinh@ change public punitiveness.

Capacity Utilization was less sensitive to chanigeke political punitiveness

adjustment time.
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Policy

The policy tests in this paper fell into two groupslicies aimed directly altering
prison capacity, policies aimed at directly or nedtly controlling the population. In both
cases it must be remembered that these are pohuiss$ fall under the control of the
National Offender Management Service — which exetudirect control of variables such
as the crime rate, inflow of first time offendensdasentence lengths. The three policies

tested® were the quick build strategy, improving rehahtiibn, and custody extra.

Policy Option 1: The Quick Build Policy

Our literature review, hypothesis and analysispalint to the building loop Bl
(Figure 5) as a key factor in the control of capadatilization. Policy 1 or “the quick build
strategy” is an extension of a study done in 20pBburne. We have followed the data in
Bourne’s (2005) paper to add a policy to build siitat have shorter construction times
than specially designed prison units. The policynes into effect whenever capacity
utilization is high.

Policy Option 2: Improving Rehabilitation Policy

Capacity utilization problems can also be addredsedooking at the input of
offenders. The editor of the prisons Handbook rdgenommented the“targeting
reoffending has got to be the cornerstone of theoprservice. If a hospital discharged
patients and 67% came back with the same illnesd @lese down the hospital’(Leech,
2010). In our literature review and hypothesis sections laid out the argument that
recidivism was one of the major causes of the acagbn in the prison population that is
part of the reason for our current capacity utilaa problems. The first policy we will try
in this area (Policy 2) is to increase the effemtiess of rehabilitatioH.

Policy Option 3: Custody Extra

Policy 3 is an extension of a combination policgttis currently being tried in areas

on England. Our policy is called “Custody extraOffenders serve their sentences part

'8 An additional policy, the “state of emergency pypliwas also tested and is detailed in appendix 6

" The next step would be to cost all of this polimd give a cost effectiveness analysis to see thbatosts
would be to make such a reduction in recidivismerehhave in fact been recent calls for exactly tihibe
done.
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time but over a much longer period. For examplg gpend half of the week in prison but
are allowed to be monitored at home for the otlagtsdThey are able to continue working
etc under this type of scheme, and more importaiatlynaintain family ties. As their

sentences stretch for longer they are more likefynish rehabilitation schemes.

Analysis of the Quick Build Policy

We have interpreted the Quick Build policy by addanew structure (Figure 57).

ffect of cap util
on construction

Mormal capacity utilization
Ciuick build palicy 1
N

.
Quick bulld construction time-
N

pacity Lifetime

3 reported capacity utilization
Quick Build 5
epreciation rate

tirne to change

efiange to reported
CAPACITY capacity utilization

UTILIZATION

Frisan
ordef rate  Under Con

depreciation rate average

@ life of cell ‘

Population.PRISONER TOTAL

Figure 57: Quick build policy structure

A second outflow called the Quick Build Units Canstion Rate (QBUC) is added
to the prison cells under construction stock. Capautilization is run through a delay to
allow it to be reported. Once capacity utilizatexceeds the value of one the QBUC rate
kicks in. The QBUC rate has a shorter construdiime than the ordinary construction rate,

so should allow faster compensation for capacitplams.

The effect of Capacity Utilization on Constructioonverts a maximum of 10% of
all normal construction to Quick Build units. Thdfeet begins whenever capacity

utilization exceeds 1. As capacity utilization wams the proportion increases (Figure 58).
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Figure 58: Effect of capacity utilization on consttion

Quick build cells have a lifetime of 30 years rattiean the 60 years (Bourne, 2005).
We also feel that the adjustment to the lifetimgpp$on capacity could at least partially
represent the extra strain put on the existingstfucture — ie plumbing, heating etc of the
existing blocks. The pricing implications of thespes of cells have been evaluated, and

they have proven to be competitive (Bourne, 2395).

Analysis of Improving Rehabilitation Policy

Improving rehabilitation was made through paramatfustment in the year 2008.

Analysis of the Custody Extra Policy

We have built an extra co-flow structure in the mlot describe Custody Extra.
We treated the policy as if every less seriouspis was required to serve pardl@Vhilst
this is not an exact recreation of part time seritgnit does provide an indication of the

effect.

8 The quick build structure could be further improuey taking into account real life planning issudsw
would funding be allocated? Would the change ofacip type really mean that less normal capacituldio
be built or would quick build capacity be builtaddition to the existing planned normal capacity?

9 This structure can again only give a rough esensdithe impact of the policy. In reality the inases to
the probation population would happen during anatais sentence. The current solution has beentased
explore the idea, with the ultimate plan of upgnadihe structure to track offenders simultaneoaslying
half their time in prison and half on probation.
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Figure 59: Policy structure: Custody Extra

We have also tied the scheme to electronic tagdiisg of tagging can reduce the
strain on probation officers who are able to de#hwnore offenders. We have simulated
this by lowering the normal offender ratio. Thisosld allow the larger number of
offenders being supervised under custody extraetddalt without damaging the worker to

offender ratio.

Policy testing

We have tested our policies in two ways: (1) efuiim to understand how the
policies are working, and (2) scenario testingele Bow the policies might work in practice.
In the equilibrium tests the system was initializecequilibrium and subjected to a shock
input of prisoners as in earlier tests. In 2008wileintroduce each new policy to see how
the system is affected. Scenario testing used rigatoparameter settings and three

different projections of population and crime rdexvelopments.

The Quick Build Policy Equilibrium Shock Test

When tested the new policy brings down capacitiization much more quickly
than under normal conditions (Figure 60). The pohowever overcompensates leaving
the system operating with spare capacity for a rermob years (until 2077). Running with
extra capacity is in the long term good for theteysas it allows growth in population to
be absorbed; however there are additional costsviad in maintaining the empty cells.
The maintenance cost of over capacity vs underatigpaould be a very useful topic for

future research.
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Figure 60: Equilibrium shock test before (1) anathe quick build policy (2)

The extra capacity added also has the side effiecicreasing prisoner numbers
(Figure 61). Whilst the prisoner number increasesdoot appear to have an adverse effect

on capacity utilization it will have other cost ifigations for the prison system.
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Figure 61: Prisoner population development with@ditand with quick build policy (2)
The prisoner number increase is due to a rise ntesee lengths as the need for

early release policies are less necessary. Whiistdoes increase the population (more

people for longer) it also reduces the rate ofdig@m, a major contributor to population

growth.
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This policy is sensitive to changes in both in thege and the shape of the policy
curve. The steeper the initial slope of the cuive more pronounced the behavior it

produces.

Improved Rehabilitation Policy Equilibrium Shockste

Doubling the normal effectiveness of rehabilitatim 0.4 has a significant impact
on capacity utilization (Figure 62). However praati questions would need to be asked
about how rehabilitation could be improved by #msount.
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Figure 62: Equilibrium Shock Test: Rehabilitatiofie€tiveness

Custody Extra Policy Equilibrium Shock Test

Despite the extending time available for rehalibia and improving probation
provision Custody Extra does very little in the giQuum test (Figure 63). There is a small
oscillation at the onset of the policy and a tiegluction in capacity utilization. We believe
this is because short sentence lengths with custrttg are still less than that required for

completion of a rehabilitation program.
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Figure 63: Equilibrium Shock Test: Custody Extra
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Scenario Tests

The next set of testing is conducted with histdrparameters. As we do not have
predicted crime rates or population for the nextyg8rs we have created three possible
futures (Figure 64). The national population hasrbget to increase along its current trend
and in each potential future the crime rate becopregressively worse. The worsening
crime rate will change the population. In Scendrithere will be a slow decline in the
prison population. Scenario 2 will have a slow gitown the prison population. Scenario 3

will have a growth rate faster than our presentidam.
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Figure 64: Future prison population scenarios.
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Quick Build Policy: Scenario Tests

The quick build policy operated well under bothlaws (scenario 2) and a fast

(scenario 3) growth rate. In the declining popuwolatiscenario (scenario 3) the policy

successfully brought down capacity utilization, lewen a slight decline in the prisoner

population the system will resulted in excess cepac
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Figure 65: Quick Build policy under 3 different segios
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Improved Rehabilitation Policy: Scenario tests

The parameter induced rehabilitation policy produtfee most dramatic results.

Drop in demand from slowing the inflow of reciditgsis very effective in reducing

population and capacity utilization. It does howelead to excess capacity in the declining

population scenario.
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Figure 66: Improved rehabilitation policy underdaardifferent scenarios
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Custody Extra: Scenario tests

Custody Extra performs well under all three scasarCustody Extra needs to be
combined with a capacity expanding policy in scenar At least part of the performance
weakness seen in scenario 3 is due to the shddrsmntimes spent in prison by offenders
in a overcrowded prisons. Even though the senténoe is essentially doubled by the

policy it is still not enough to complete a fulhabilitation program.
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Figure 67: Custody Extra under three different acies
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Other potential policies

Another set of potential policies exist throughegtig the adjustment times for the
public perceptions of crime, and political punitress. The test on this set of policies has
been documented in appendix 7 contrary to our lngsis the effect on capacity utilization
behavior proved to be minimal. The testing in thisa showed one large problem with
trying to control capacity utilization through adfment times: the affect diminishes after
1998 (Figure 55 and Figure 56), due to the shagheotrime rate curve. Unless there is a
longer term reduction to the crime rate, the pupkecception of the crime rashouldbe
high. The only way to bring the perception of thiene rate down would to give the public
a much longer adjustment time, or to actually redadme for a longer period than has
been achieved.

A final potential policy which could be considernsdry and influence exactly what
the public is measuring when developing punitiven@&se use of publicity regarding local
level recidivism reductions in probation based e® could reduce the public
punitiveness. The perception of how well the prisystem is performing in terms of
recidivism would be an area where the National @ftg Management Service has some

influence and therefore a better potential candifiat prescribing penal policy.

Conclusions from policy testing

The policies used by NOMS in tackling overcrowdimave to be robust under all
future scenarios. The prison system must cope avithinpredictable input - that can both
rise and fall each year. Under all policies there problems with excess capacity in
scenario 1. In scenario 1 the reduced growth isopripopulation and the delay in
correcting prison capacity (due to the long lifegimaf prison capacity) results in excess
capacity. All the policies performed well under saBo 2. The quick build and
rehabilitation policies showed the better resuiemtCustody Extra in scenario 3.

If the judgment of these strategies is on whiah keep the prison system running at
as close to optimal capacity without causing exceggcity provision the quick build and
custody extra plans both do well. The quick buitdigy has perhaps the best all around

results and would therefore be our recommendation.
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If excess capacity is not a problem then the rditaiion strategy is by far the best
performer. Understanding whether excess capaciiyy tis a problem requires an
understanding of what the real costs are of runrémgga capacity and rehabilitation
improvements. Our final recommendation is a add#istudy to this study: adding a cost
effectiveness analysis. Such an analysis wouldvalle to measure and compare the long
term costs of running with different capacity lesxdhteresting questions about the relative

costs and benefits of each of the policy methodsdclbe more effectively judged.
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Conclusion

From our research, the modeling process and theéati@n of our model we have
gained insights into the levers controlling prissmercrowding. From our research we have
developed policies designed to address the thres mmportant factors in overcrowding
development: the demand for punitiveness, capaoitytrol, and population control
through recidivism.

The model provided an insight into how Tim Newbsr(2007) hypothesis could be
applied, but the results from our initial policyestigations (appendix 7) indicated that
there are still developments to be made in moddimg area. So despite the fact that
changing the delay times can affect capacity atiicn we have opted not to form policy in
this area. Instead we recommend a renewed focuth@narea of the generation of
punitiveness and its effect on public policy depatent.

Reducing the building delay was found to have angtrrole in controlling capacity
utilization. However its effects were not straifrward. In our hypothesis and analysis we
demonstrated how the provision of excess capaoitiddmpact on prison sentence lengths
— in effect ratcheting up the prison populationcréased attention to rehabilitation
provided the best method of reducing the prisorufaijon in the long term. This too could
cause problems of excess capacity. We felt thatctsts of high population vs excess
capacity need to be evaluated by conducting aeftesttiveness analysis.

The rehabilitation policy also raised the questioh how improvements to
rehabilitation can actually be achieved. Our fipalicy “custody extra” was an attempt to
answer questions of how to deliver increased rditatimn. Custody Extra was aimed to
create a system with sentence lengths long enaugleliver more rehabilitation training
than at present. As an initial policy it was promgsbut ultimately in the face of sharp
increases in the prison population it could noivéelthe results seen in policy based on
reducing the building delay.

Our paper has provided some insights into how tfierdnt parties involved in the
prison system are affected by the events withinsystem. The policies developed have
also shown that there are multiple methods of imipig capacity utilization. Ultimately
the questions of which policies are best shouléJauated in a future study concentrating

on the cost effectiveness of policy, and the natirthe structure of public and political
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interactions with the prison system. We feel th& paper provides a valuable basis for the

development of work in these two areas.
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Appendices

Appendix 1: Equations

This model was designed in ithink using modules frfodules used were:
Attitudes, Population, CAPACITY: Prison, CAPACITProbation, Recidivism.

Attitudes:

Judicial_Punitiveness(t) = Judicial_Punitivenessiff) + (Change_to_judicial_punitiveness) * dt
INIT Judicial_Punitiveness = .36*(1-Equilibrium_Sweh)+.27*Equilibrium_Switch

INFLOWS:

Change_to_judicial_punitiveness = (Effect_of redggti fraction_on_judiciary-
Judicial_Punitiveness)/Time_to_change_judicial_pueness

Perception_of crime_rate(t) = Perception_of crirage(t - dt) + (Change_to_crime__ rate_perceptioai) *
INIT Perception_of _crime_rate = .065*(1-Equilibriuwitch)+.05*Equilibrium_Switch
INFLOWS:

Change_to_crime__rate perception = (CRIMES_PER_FERS
Perception_of_crime_rate)/time_to_percieve_charigesrime
PERCIEVED_RECIDIVIST_FRACTION(t) = PERCIEVED_RECIBIST_FRACTION(t - dt) +
(change_to_recidivist_perception) * dt

INIT PERCIEVED_RECIDIVIST_FRACTION = .6*(1-Equilibum_Switch)+.5*Equilibrium_Switch
INFLOWS:

change_to_recidivist_perception = (Punishment_Systeecidivism_fraction-
PERCIEVED_RECIDIVIST_FRACTION)/time_to_change_rauidt_perception
Political_Punitiveness(t) = Political_Punitivendssqt) + (Change_to_political_punitiveness) * dt
INIT Political_Punitiveness = Public_Punitiveness

INFLOWS:

Change_to_political_punitiveness = (Public_Punitegs-
Political_Punitiveness)/time_to_change_politicahitiveness

Public_Punitiveness(t) = Public_Punitiveness() +d(Change_to_public_punitiveness) * dt
INIT Public_Punitiveness = Perception_of_crime_rate

INFLOWS:

Change_to_public_punitiveness = (Perception_of ernate-
Public_Punitiveness)/Time_to_change_public_punitbss
Adjusted_Extra_Statutory_Sentence =
Recidivism.CAPACITY_UTILIZATION_EFFECT_ON_SENTENCEvge Extra_Sentence
Adjusted_Statutory_Short_Sentence =
Recidivism.CAPACITY_UTILIZATION_EFFECT_ON_SENTENCHRverage_Short_Sentence
Average_Short_Sentence =

MAX(0.1,Effect_of political_punitiveness_on_senterg*Normal_Statutory _Short_Sentence)
Avge Extra_Sentence =

MAX(0.1,Effect_of political_punitiveness_on_sentergzNormal_Statutory Extra_Sentence)
CRIMES_PER_PERSON = the_future*(1-
Equilibrium_Switch)+Equillibrium_Crimes_Per_Pers&uuilibrium_Switch
Crime_perception_time = 3

Equilibrium_switch = .Equilibrium_master_switch

Equillibrium_Crimes_Per_Person = .05

ExtraSentence = Adjusted_Extra_Statutory Sentefileeteof recidivist fraction_on_sentence
IMPRISONMENT_FRACTION = Judicial_Punitiveness

LongSentence = ExtraSentence+ShortSentence

Normal_perception_of crime_rate = .05

Normal_political_punitiveness = .05

Normal_recidivist_fraction = .5

Normal_Statutory Extra_Sentence = 1.2*(1-EquilibritBwitch)+.55*Equilibrium_Switch
Normal_Statutory_Short_Sentence = .35*(1-Equilibriswitch)+.25*Equilibrium_Switch
offence_seriousness = effect_of _recid_on_Offenceo@mess

Publicity_change =5

Publicity Policy =0

Punishment_System__recidivism_fraction =

(Population.prison_recidivism_rate*Weight attachted prison_recidivism+Population.Probation_recid_¥
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e)/(Population.First_Time_Offender_entry_rate+Pafpah.Probation_recid_rate+(Population.prison_rigc
ism_rate*Weight_attached_to_prison_recidivism))

scenario =1

ShortSentence = Adjusted_Statutory_Short_Senteffeeteof recidivist_fraction_on_sentence
the_future =

IF(scenario=1)THEN(nice_future. CRIMES_PER_PERSOMELBE(IF(scenario=2)THEN(OK_future_CH
MES_PER_PERSON_2)ELSE(horrible_future_ CRIMES_PER®EN_3))
Time_to_change_judicial_punitiveness = 2
time_to_change_political_punitiveness = 2
Time_to_change_public_punitiveness = 2
time_to_change_recidivist_perception = 3
time_to_percieve_changes_in_crime =
If(Publicity_Policy=1)then(If(time>2007.5)then(Pidity change)else(Crime_perception_time))else(Crin
perception_time)

Weight_attached_to_prison_recidivism = 1

Effect_of political_punitiveness_on_sentencing =
GRAPH(Palitical_Punitiveness/Normal_political_puvéness)

(0.00, 0.39), (0.5, 0.39), (1.00, 1.00), (1.504},22.00, 1.44), (2.50, 1.61), (3.00, 1.70), (3.506), (4.00,
1.76)

Effect_of recidivist_fraction_on_judiciary =
GRAPH(PERCIEVED_RECIDIVIST_FRACTION/Normal_recidsti fraction)

(0.7, 0.18), (0.8, 0.195), (0.9, 0.223), (1, 0.21)10, 0.365), (1.20, 0.392), (1.30, 0.4), (1@4a), (1.50,
0.4), (1.60, 0.4), (1.70, 0.4), (1.80, 0.4), (1.99), (2.00, 0.4)

effect_of recidivist_fraction_on_sentence =
GRAPH(PERCIEVED_RECIDIVIST_FRACTION/Normal_recidsti fraction)

(0.6, 0.88), (0.7, 0.88), (0.8, 0.88), (0.9, 0.92),1.00), (1.10, 1.12), (1.20, 1.30), (1.30, 1,5%7.40, 1.74),
(1.50, 1.86), (1.60, 1.91), (1.70, 1.94), (1.804}. (1.90, 1.96), (2.00, 1.96)

effect_of recid_on_Offence_Seriousness =
GRAPH(PERCIEVED_RECIDIVIST_FRACTION/Normal_recidsti fraction)

(0.7, 0.18), (0.8, 0.195), (0.9, 0.223), (1, 0.21)10, 0.365), (1.20, 0.413), (1.30, 0.435), (121a48),
(1.50, 0.463), (1.60, 0.463), (1.70, 0.465), (1(BaE8), (1.90, 0.468), (2.00, 0.468)

horrible_future CRIMES_PER_PERSON_3 = GRAPH(time)

(1988, 0.078), (1989, 0.074), (1990, 0.077), (19009), (1992, 0.104), (1993, 0.109), (1994, 0.10BE)95,
0.102), (1996, 0.099), (1997, 0.097), (1998, 0.088)99, 0.087), (2000, 0.098), (2001, 0.101), L00O
0.098), (2003, 0.104), (2004, 0.113), (2005, 0.1@A)06, 0.105), (2007, 0.103), (2008, 0.1), (2@NO91),
(2010, 0.122), (2011, 0.12), (2012, 0.11), (201329), (2014, 0.148), (2015, 0.155), (2016, 0.148)17,
0.122), (2018, 0.124), (2019, 0.129), (2020, 0.14)21, 0.152), (2022, 0.178), (2023, 0.193), L02
0.191), (2025, 0.136), (2026, 0.13), (2027, 0.17X)28, 0.178)

nice_future CRIMES_PER_PERSON_1 = GRAPH(time)

(1988, 0.078), (1989, 0.074), (1990, 0.077), (190Q9), (1992, 0.104), (1993, 0.109), (1994, 0.10BE)95,
0.102), (1996, 0.099), (1997, 0.097), (1998, 0.088)99, 0.087), (2000, 0.098), (2001, 0.101), 00
0.098), (2003, 0.104), (2004, 0.113), (2005, 0.1@A)06, 0.105), (2007, 0.103), (2008, 0.1), (2@NO91),
(2010, 0.088), (2011, 0.095), (2012, 0.092), (2@B885), (2014, 0.08), (2015, 0.0755), (2016, 6)P7
(2017, 0.077), (2018, 0.0835), (2019, 0.0895), R@2095), (2021, 0.095), (2022, 0.0915), (20238105),
(2024, 0.087), (2025, 0.092), (2026, 0.0885), (2@RF815), (2028, 0.0855)
OK_future_CRIMES_PER_PERSON_2 = GRAPH(time)

(1988, 0.078), (1989, 0.074), (1990, 0.077), (19009), (1992, 0.104), (1993, 0.109), (1994, 0.10BE)95,
0.102), (1996, 0.099), (1997, 0.097), (1998, 0.088)99, 0.087), (2000, 0.098), (2001, 0.101), L00O
0.098), (2003, 0.104), (2004, 0.113), (2005, 0.1@A)06, 0.105), (2007, 0.103), (2008, 0.1), (2@NO91),
(2010, 0.088), (2011, 0.095), (2012, 0.095), (2@B93), (2014, 0.0895), (2015, 0.089), (2016, 6)P9
(2017, 0.111), (2018, 0.111), (2019, 0.103), (2@0965), (2021, 0.0975), (2022, 0.106), (202310)1
(2024, 0.113), (2025, 0.115), (2026, 0.107), (2@RX06), (2028, 0.109)
Prisoner_perception_of the benefits_of crime =

GRAPH((Perception_of _crime_rate/Normal_perceptidnciome_rate))

(0.00, 0.00), (0.25, 0.075), (0.5, 0.205), (0.7819, (1.00, 0.56), (1.25, 0.68), (1.50, 0.735)7%10.775),
(2.00, 0.79), (2.25, 0.81), (2.50, 0.82), (2.7829. (3.00, 0.82)

Probatee_perception_of the_benefits_of crime =

GRAPH((Perception_of _crime_rate/Normal_perceptidncome_rate))

(0.00, 0.485), (0.25, 0.485), (0.5, 0.49), (0.75),0(1.00, 0.5), (1.25, 0.505), (1.50, 0.535)7%1.0.585),
(2.00, 0.62), (2.25, 0.65), (2.50, 0.67), (2.7, (3.00, 0.69)

ne

Reference. CRIMES PER_PERSON = GRAPH(time)
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(1988, 0.078), (1989, 0.074), (1990, 0.077), (190A9), (1992, 0.104), (1993, 0.109), (1994, 0.1(B)95,
0.102), (1996, 0.099), (1997, 0.097), (1998, 0.08E)99, 0.087), (2000, 0.098), (2001, 0.101), 200
0.098), (2003, 0.104), (2004, 0.113), (2005, 0.1(&)06, 0.105), (2007, 0.103), (2008, 0.1), (2@DOI1)

CAPACITY:
Equilibrium_switch = .Equilibrium_master_switch

CAPACITY.Prison:

Prison_Cells(t) = Prison_Cells(t - dt) + (constioist rate - depreciation_rate) * dt

INIT Prison_Cells = Population.PRISONER_TOTAL*Iriti capacity _gap/desired_capacity _utilization*(
CAPACITY.Equilibrium_switch)+Population.PRISONER_T@AL/desired_capacity_utilization*CAPACIT
Y.Equilibrium_switch

INFLOWS:

construction_rate =

IF(Quick_build_policy=0)THEN(Prison_Cells_Under_Gtmuction/construction_time)ELSE(Prison_Cellg_

Under_Construction*(1-Effect_of cap_util_on_constion)/construction_time)

OUTFLOWS:

depreciation_rate = Prison_Cells/average _life @f ¢

Prison_Cells_Under_Construction(t) = Prison_Celisdé&l Construction(t - dt) + (order_rate -
construction_rate - Quick_build_units_constructiate) * dt

INIT Prison_Cells_Under_Construction = depreciati@ie*construction_time

INFLOWS:

order_rate = indicated_orders*pct_of _gap_funded

OUTFLOWS:

construction_rate =

IF(Quick_build_policy=0)THEN(Prison_Cells_Under_QGtmuction/construction_time)ELSE(Prison_Cellg_

Under_Construction*(1-Effect_of cap_util_on_constion)/construction_time)
Quick_build_units_construction_rate =
Prison_Cells_Under_Construction*Effect_of cap_util _construction/Quick_build_construction_time
quick_build_cells(t) = quick_build_cells(t - dt)(®uick build_units_construction_rate -

Quick Build_Depreciation_rate) * dt

INIT quick_build_cells =0

INFLOWS:

Quick_build_units_construction_rate =

Prison_Cells_Under_Construction*Effect_of cap_util_construction/Quick_build_construction_time
OUTFLOWS:

Quick_Build_Depreciation_rate = quick_build_cellsi€k_Build_Capacity_Lifetime
reported_capacity_utilization(t) = reported_capaaitilization(t - dt) +
(change_to_reported_capacity_utilization) * dt

INIT reported_capacity utilization = 1

INFLOWS:

change_to_reported_capacity utilization = (CAPACITTILIZATION-
reported_capacity_utilization)/time_to_change

Adjst_decision = If(cell_gap_adj_connector>1.03pitdeelse(5)
adjustment_for_cells_under_construction = (desipeidon_cells_under_construction-
Prison_Cells_Under_Construction)/construction_gdjusiment_time

average__life_of cell = 60

Capacity_connector = IF(time>2007.5)then(Quick_dbyilolicy*reported_capacity _utilization)else(0)
CAPACITY_UTILIZATION = Population.PRISONER_TOTAL/PBON_CAPACITY
cells_gap_adj_time = if(State_of _emergency=0)thmi¢g(Adjst_decision)

cell_gap_adj_connector = IF(time>2007.5)then(Stateemergency*reported_capacity _utilization)else(0
construction_gap_adjustment_time = 5

construction_time =5

construction_time_weighted_average = constructiore*(1-

Effect_of cap_util_on_construction)+Quick_build_sbmction_time*Effect_of cap_util_on_construction
desired_capacity_utilization = 1.00

Desired_Cell_order_rate = desired_replacement_paiton_cells_stock_adj_rate
desired_prison_cells_5_year_forecast = prison_tion_5 year forecast*desired_capacity_utilization
desired_prison_cells_under_construction = Desiredl_Grder_rate*construction_time_weighted_averag
desired_replacement_rate = expected_depreciatien_ra

=
1

D

expectation_adjustment_time =5
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expected_depreciation_rate = smth1(depreciatioa,engbectation_adjustment_time)

indicated_orders = MAX(0,adjustment_for_cells_undenstruction+Desired_Cell_order_rate)
Initial_capacity _gap = .86

Normal_capacity_utilization = 1

pct_of gap_funded = (0.85+sinwave(.15,10))*(1-
CAPACITY.Equilibrium_switch)+1*CAPACITY.Equilibriumswitch

perceived_cell_growth_percentage = 100*smth1(tiéridén_Cells,1/3),1)
perceived_pop_growth_percentage =
100*smth1(trend(Population.PRISONER_TOTAL,1/3,p@bain_growth_percentage/100),1)
population_growth_percentage = 0

prisoner_capacity per_cell =1

PRISON_CAPACITY = (Prison_Cells+quick_build_cellpjyisoner_capacity per_cell
prison_cells_5 year forecast = Prison_Cells*(1+peed_cell_growth_percentage/100)"5
prison_cells_stock_adj_rate = delay(prison_cell éaryforecast_adjustment,1)

prison_cell_5_year forecast_adjustment = (prisolh_ga&p 5 year forecast/(cells_gap_adj_time/3))
prison_cell gap_5 year forecast = (desired_prisells &_year forecast-prison_cells_5 year forecast)
prison_population_5 year forecast =
Population.PRISONER_TOTAL*(1+perceived_pop_growtbrgentage/100)"5

Quick Build_Capacity_Lifetime = 30

Quick_build_construction_time = 2

Quick_build_policy =0

State_of emergency =0

time_to_change =1

actual_Prison_Capacity = GRAPH(time)

(1988, 41994), (1989, 44179), (1990, 45427), (192804), (1992, 43875), (1993, 46239), (1994, 45646
(1995, 48291), (1996, 50239), (1997, 53152), (198329), (1999, 61253), (2000, 62369), (2001, 63346
(2002, 63530), (2003, 64046), (2004, 66104), (260%05), (2006, 69394), (2007, 70686), (2008, 71374
(2009, 73452)

Effect_of cap_util_on_construction = GRAPH(Capaaitynnector/Normal_capacity _utilization)

(0.9, 0.00), (0.933, 0.00), (0.967, 0.00), (1.0009, (1.03, 0.018), (1.07, 0.037), (1.10, 0.0%7)13, 0.08),
(.17, 0.1), (1.20, 0.1)

CAPACITY .Probation:

Probation_staff(t) = Probation_staff(t - dt) + (ihiag_Rate - Quit_Rate) * dt

INIT Probation_staff = Population.PROBATEE_TOTAL*eed_worker_to_offender_ratio
INFLOWS:

Training_Rate = Trainees/training_time

OUTFLOWS:

Quit_Rate = Probation_staff/Average_Service_Length

Trainees(t) = Trainees(t - dt) + (Hiring_Rate -iflag_Rate) * dt

INIT Trainees = Quit_Rate*training_time

INFLOWS:

Hiring_Rate = desired_hiring*pct_of gap_funded

OUTFLOWS:

Training_Rate = Trainees/training_time

Actual_worker_to_offender_ratio = Probation_stadfBlation.PROBATEE_TOTAL
adjustment_for_trainees = (desired_training-Trag)minee_adj_time
Average_Service_Length = delayl(Normal_Service*€&ffef Caseload_on_Average_Service Length,2
Custody Extra=0

desired_hiring = MAX(0,adjustment_for_trainees+dei hiring_rate)/Hiring_time
desired_hiring_rate = desired_replacement_raterategirison_cells_stock_adj rate
desired_prison_cells_stock_adj_rate = (workforce Gayear forecast/(workforce_gap_adj_time/3))
desired_replacement_rate = expected_quit_rate

desired_training = desired_hiring_rate*training_dim

desired_worker_to_offender_ratio = .025

desired_workforce_5 year forecast =

probation_population_5_year forecast*desired_worteroffender_ratio
expectation_adt_time =4

expected_quit_rate = smth1(Quit_Rate,expectatian tiate)

Hiring_time =1

Normal_ratio = if(CAPACITY.Equilibrium_switch=0)tmg€policy connector)else(.025)
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Normal_Service = 10

pct_of gap_funded = (0.85+sinwave(.15,10))*(1-
CAPACITY.Equilibrium_switch)+1*CAPACITY.Equilibriumswitch
perceived_pop_growth_percentage =
100*smth1(trend(Population.PROBATEE_TOTAL,1/3,pagidn_growth_percentage/100),1)
perceived_workforce growth_percentage = 100*smtba¢t(Probation_staff,1/3),5)

policy connector = .025%(1-
Custody_Extra)+(If(time<2007.5)then(.025*Custodytra)else(.02*Custody_Extra))
population_growth_percentage = 4*(1-
CAPACITY.Equilibrium_switch)+0*CAPACITY.Equilibriumswitch
probation_population_5_year_forecast =
Population.PROBATEE_TOTAL*(1+perceived_pop_growthrgentage/100)"5

trainee_adj_time = 2

training_time = 2

workforce_5 year forecast = Probation_staff*(1+pered_workforce growth_percentage/100)"5
workforce_gap_5 year forecast = (desired_workfdscgear_ forecast-workforce 5 year forecast)
workforce_gap_adj_time =4

Effect_of Caseload _on_Average_Service Length =
GRAPH(Actual_worker_to_offender_ratio/Normal_ratio)

(0.00, 1.06), (0.333, 1.06), (0.667, 1.03), (11D00), (1.33, 0.956), (1.67, 0.902), (2.00, 0.12)33, 0.62),
(2.67, 0.542), (3.00, 0.495), (3.33, 0.47), (3®4b), (4.00, 0.45)

Population:

Awaiting_Trial_and_Sentence(t) = Awaiting_Trial_ai@kntence(t - dt) + (First_Time_Offender_entry r3
+ prison_recidivism_rate + Probation_recid_rateob@tion_entry rate - Prison_Entry_rate) * dt
INIT Awaiting_Trial_and_Sentence = 42000*(1-Equililbm_Switch)+2000*Equilibrium_Switch
INFLOWS:

First Time_Offender_entry rate =
crimes_resulting_in_sentence*fraction_of _crimes_gitted by _first_offenders+FO_SHOCK
prison_recidivism_rate =
(RELEASED_OFFENDERS*Recidivism.PRISON_FRACTIONAL_RBIVISM)/recidivism_detection_ti
me

Probation_recid_rate =

Released _ Probatees*Recidivism.Probation_Recidivisaction/recidivism_detection_time
OUTFLOWS:

Probation_entry rate = Awaiting_Trial_and_Sentefite*
Attitudes.IMPRISONMENT_FRACTION)/Processing_Time

Prison_Entry_rate =
(Awaiting_Trial_and_Sentence*Attitudes.IMPRISONMENHRACTION)/Processing_Time
CUSTODY_Extra_Population(t) = CUSTODY_Extra_Popidlaft - dt) + (LSO_Entering_custody_extra -
LSO_Release_from_custody_extra) * dt

INIT CUSTODY_Extra_Population =
LSO_Entering_custody extra*LESS SERIOUS_OFFENDERoIBalength

INFLOWS:

LSO_Entering_custody_extra = If(Probation.Custoditr&=0)then(0)else(Cplus_connector)
OUTFLOWS:

LSO_Release_from_custody_extra =
CUSTODY_Extra_Population/LESS_SERIOUS_OFFENDER_[Ratength

ON_PROBATION(t) = ON_PROBATION(t - dt) + (Probatioantry_rate - Probation_Exit_Rate) * dt
INIT ON_PROBATION = Probation_entry_rate*Probati¢éength

INFLOWS:

Probation_entry_rate = Awaiting_Trial_and_Sentefite*
Attitudes.IMPRISONMENT_FRACTION)/Processing_Time

OUTFLOWS:

Probation_Exit Rate = ON_PROBATION/Probation_length

PAROLE_POPULATION(t) = PAROLE_POPULATION(t - dt) (Entering_parole_rate -
Parole_Release_Rate) * dt

INIT PAROLE_POPULATION = Entering_parole_rate*Parolength

INFLOWS:

Entering_parole_rate = SERIOUS_OFFENDER_RELEASE_RAT

OUTFLOWS:

ite
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Parole_Release_Rate = PAROLE_POPULATION/Parole_treng

PRISON_POPULATION(t) = PRISON_POPULATION(t - dt(Prison_Entry_rate -
LESS_SERIOUS_OFFENDER_RELEASE_RATE - short_sentenoempletion_rate) * dt

INIT PRISON_POPULATION = Prison_Entry_rate*Attitusi&hortSentence

INFLOWS:

Prison_Entry_rate =
(Awaiting_Trial_and_Sentence*Attitudes.IMPRISONMENHRACTION)/Processing_Time
OUTFLOWS:

LESS_SERIOUS_OFFENDER_RELEASE_RATE = PRISON_POPUION*(1-
Attitudes.offence_seriousness)/Attitudes.ShortSerge

short_sentence__completion_rate =
PRISON_POPULATION*Attitudes.offence_seriousnesstattes.ShortSentence
Reformed_prisoners(t) = Reformed_prisoners(t +dfPrisoner_Reform_rate - Offender_Death_Rate) * ¢
INIT Reformed_prisoners = Prisoner_Reform_rate*Angr Lifespan

INFLOWS:

Prisoner_Reform_rate = (RELEASED_OFFENDERS*(1-
Recidivism.PRISON_FRACTIONAL_RECIDIVISM))/recidiuis_detection_time

OUTFLOWS:

Offender_Death_Rate = Reformed_prisoners/Averadeshan

Reformed_Probatees(t) = Reformed_Probatees(t~ @Rjobatee_Reform__rate - Death_rate) * dt
INIT Reformed_Probatees = Probatee_Reform__ratef#ge Lifespan

INFLOWS:

Probatee Reform__rate = Released__ Probatees*(1-
Recidivism.Probation_Recidivism_Fraction)/recidimisdetection_time

OUTFLOWS:

Death_rate = Reformed_Probatees/Average_Lifespan

RELEASED_OFFENDERS(t) = RELEASED_OFFENDERS(t -Ht)
(LESS_SERIOUS_OFFENDER_RELEASE_RATE + SERIOUS_ OFBER_RELEASE_RATE -
Prisoner_Reform_rate - prison_recidivism_rate) * dt

INIT RELEASED_OFFENDERS =
(LESS_SERIOUS_OFFENDER_RELEASE_RATE+SERIOUS OFFERDEELEASE_RATE)*recidivis
m_detection_time

INFLOWS:

LESS SERIOUS_OFFENDER_RELEASE_RATE = PRISON_POPUIOAN*(1-
Attitudes.offence_seriousness)/Attitudes.ShortSerge
SERIOUS_OFFENDER_RELEASE_RATE = SERIOUS_OFFENDER&#les.ExtraSentence
OUTFLOWS:

Prisoner_Reform_rate = (RELEASED_OFFENDERS*(1-
Recidivism.PRISON_FRACTIONAL_RECIDIVISM))/recidiuis_detection_time
prison_recidivism_rate =
(RELEASED_OFFENDERS*Recidivism.PRISON_FRACTIONAL_RBIVISM)/recidivism_detection_ti
me

Released _Probatees(t) = Released__ Probateesft (Ribbation_Exit_Rate - Probatee_Reform__rate -
Probation_recid_rate) * dt

INIT Released__Probatees = Probation_Exit_Ratedigisin_detection_time

INFLOWS:

Probation_Exit_Rate = ON_PROBATION/Probation_length

OUTFLOWS:

Probatee Reform__rate = Released__ Probatees*(1-
Recidivism.Probation_Recidivism_Fraction)/recidimisdetection_time

Probation_recid_rate =

Released _Probatees*Recidivism.Probation_Recidivisattion/recidivism_detection_time
SERIOUS_OFFENDERS(t) = SERIOUS OFFENDERS(t - digRort_sentence __completion_rate -
SERIOUS_OFFENDER_RELEASE_RATE) * dt

INIT SERIOUS_OFFENDERS = short_sentence___completate*Attitudes.ExtraSentence
INFLOWS:

short_sentence___completion_rate =
PRISON_POPULATION*Attitudes.offence_seriousnesstattes.ShortSentence

OUTFLOWS:

SERIOUS_OFFENDER_RELEASE_RATE = SERIOUS_OFFENDER&#les.ExtraSentence

Average_Lifespan = 55
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Cplus_connector = If(time>2007.5)then(LESS_SERIOUBFENDER_RELEASE_RATE)else(0)
crimes_resulting_in_sentence =

fraction_of _crimes_reported_captured_and_proceetgminst*Total_crimes

English_population = The_once_and_future_Englisputstion*(1-
Equilibrium_Switch)+Equilibrium_population*Equilibrm_Switch

Equilibrium_population = 20000

Equilibrium_switch = .Equilibrium_master_switch

extra_pop = Untried_Prisoners + Non_Criminal_Préssen+ Convicted _Unsentenced_Prisoners
FO_SHOCK = (step(1000,1990.5))*.FIRST_OFFENDER_%hoc

fraction_of crimes_committed_by first_offendersl*(1-Equilibrium_switch)+1*Equilibrium_switch
fraction_of _crimes_reported_captured_and_proceenginst = .11*(1-
Equilibrium_Switch)+1*Equilibrium_Switch

LESS_SERIOUS_OFFENDER_Parole_Length = AttitudestSlesmtence

Parole_Length = Portion_of_sentence_on_parole*iftds.LongSentence)

Portion_of _sentence_on_parole = .2

PRISONER_TOTAL = PRISON_POPULATION+SERIOUS_OFFENCHE=Hextra_pop*(1-
Equilibrium_switch)

PROBATEE_TOTAL = ON_PROBATION+PAROLE_POPULATION+CUS®SDY_Extra_Population
Probation_length =1

Processing_Time = .5*(1-Equilibrium_Switch)+1*Eqbiium_Switch

recidivism_detection_time = 2

REFERENCE_TOTAL_PRISON_POP =
actual_sentenced_Prisoner_Population+Convicted nteiseed Prisoners+Non_Criminal_Prisoners+Un
d_Prisoners

Total_crimes = English_population*Attitudes. CRIMBEER_PERSON

actual_probation_pop = GRAPH(time)

(1988, 75000), (1989, 79000), (1990, 87000), (199D00), (1992, 90000), (1993, 89000), (1994, 97000
(1995, 97000), (1996, 97000), (1997, 100000), (1998000), (1999, 115000), (2000, 110000), (2001,
109000), (2002, 109000), (2003, 116000), (2004p0R}, (2005, 128000), (2006, 137000), (2007, 14¥0C
(2008, 150000), (2009, 147000)
actual_sentenced_Prisoner_Population = GRAPH(time)
(1988, 38000), (1989, 38000), (1990, 38000), (138D00), (1992, 35000), (1993, 35000), (1994, 33000
(1995, 36000), (1996, 39000), (1997, 43000), (199800), (1999, 52000), (2000, 51000), (2001, 53000
(2002, 54000), (2003, 57000), (2004, 59000), (2@60B00), (2006, 62000), (2007, 63000), (2008, 68000
(2009, 68000)

Convicted_Unsentenced_Prisoners = GRAPH(time)

(1988, 1551), (1989, 1664), (1990, 1819), (199B83)8(1992, 1942), (1993, 2013), (1994, 2714), 6199
3188), (1996, 3069), (1997, 3161), (1998, 31899¢] 4116), (2000, 4899), (2001, 4214), (2002, 3261
(2003, 5204), (2004, 5177), (2005, 4779), (200804,7(2007, 5003), (2008, 4457), (2009, 4690)
Historic_English_population = GRAPH(time)

(1988, 5.7e+007), (1989, 5.7e+007), (1990, 5.7e}QQ®91, 5.7e+007), (1992, 5.7e+007), (1993,
5.8e+007), (1994, 5.8e+007), (1995, 5.8e+007),§19Be+007), (1997, 5.8e+007), (1998, 5.8e+007),
(1999, 5.8e+007), (2000, 5.9e+007), (2001, 5.9e}Qq@002, 5.9e+007), (2003, 5.9e+007), (2004, 6&¥0(
(2005, 6e+007), (2006, 6e+007), (2007, 6.1e+0@D0NE, 6.1e+007)

Non_Criminal_Prisoners = GRAPH(time)

(1988, 270), (1989, 227), (1990, 220), (1991, 201992, 300), (1993, 308), (1994, 574), (1995, 640)
(1996, 649), (1997, 633), (1998, 557), (1999, 56H)00, 548), (2001, 581), (2002, 1129), (2003,831
(2004, 1145), (2005, 1017), (2006, 1069), (20022)4(2008, 1289), (2009, 1520)
reference_frac_recid_rate = GRAPH(time)

(1988, 0.55), (1989, 0.54), (1990, 0.52), (199%3D.(1992, 0.52), (1993, 0.54), (1994, 0.57), H,9858),
(1996, 0.57), (1997, 0.58), (1998, 0.6), (1999),Q8000, 0.65), (2001, 0.61), (2002, 0.67), (20D8H),
(2004, 0.65)

reference_imprisonment_fraction = GRAPH(time)

(1988, 0.55), (1988, 0.53), (1989, 0.5), (19905D.41991, 0.46), (1992, 0.45), (1993, 0.43), (19243),
(1995, 0.45), (1996, 0.42), (1997, 0.43), (199821.(1999, 0.43), (2000, 0.44), (2001, 0.43), @aN43),
(2003, 0.42), (2004, 0.42), (2005, 0.4), (20067R.8007, 0.37), (2008, 0.36)
The_once_and_future_English_population = GRAPH(time

(1988, 5.7e+007), (1989, 5.7e+007), (1990, 5.7e}00Q¥91, 5.7e+007), (1992, 5.7e+007), (1993,
5.8e+007), (1994, 5.8e+007), (1995, 5.8e+007),§19Be+007), (1997, 5.8e+007), (1998, 5.8e+007),
(1999, 5.9e+007), (2000, 5.9e+007), (2001, 5.9e}0@002, 5.9e+007), (2003, 5.9e+007), (2004, 6&¥,0(

(2005, 6e+007), (2006, 6e+007), (2007, 6.1e+0@M0E, 6.1e+007), (2009, 6.1e+007), (2010, 6.26+007
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(2011, 6.2e+007), (2012, 6.3e+007), (2013, 6.3e},0@014, 6.3e+007), (2015, 6.4e+007), (2016,
6.4e+007), (2017, 6.4e+007), (2018, 6.4e+007),9264e+007), (2020, 6.5e+007), (2021, 6.5e+007),
(2022, 6.5e+007), (2023, 6.5e+007), (2024, 6.5e)},0@025, 6.6e+007), (2026, 6.6e+007), (2027,
6.7e+007), (2028, 6.7e+007)

Untried_Prisoners = GRAPH(time)

(1988, 9611), (1989, 9776), (1990, 8679), (1997,180(1992, 8215), (1993, 8076), (1994, 7960), 6199
9169), (1996, 7950), (1997, 8432), (1998, 8563941 8358), (2000, 7932), (2001, 7219), (2002, 63801
(2003, 7877), (2004, 7896), (2005, 7716), (200@430(2007, 8064), (2008, 8387), (2009, 8750)

Recidivism:

actual_change_to_recidivism(t) = actual_change etmdivism(t - dt) + (change_to_recidivism_reduc}itn
dt

INIT actual_change_to_recidivism = potential_delatde_recidivism_reduction
INFLOWS:

change_to_recidivism_reduction = (potential_delxe_recidivism_reduction-
actual_change_to_recidivism)/time_to_implement_ctida

Reported_Capacity Utilization(t) = Reported_Capadittilization(t - dt) +
(CURRENT_CAPACITY_UTILIZATION - Experienced_CapagitUtililzation) * dt
INIT Reported_Capacity_Utilization = 1

INFLOWS:

CURRENT_CAPACITY_UTILIZATION =
Prison.CAPACITY_UTILIZATION/Capacity_Utilization_ngort_time
OUTFLOWS:

Experienced_Capacity_Ultililzation =
Reported_Capacity_Utilization/(Population.recidiisdetection_time*.5)
Reported_ratio(t) = Reported_ratio(t - dt) + (Cutreatio - Experienced_ratio) * dt
INIT Reported_ratio = Current_ratio*Population.Patibn_length

INFLOWS:

Current_ratio = Probation.Actual_worker_to_offendatio/Caseload_report_time
OUTFLOWS:

Experienced_ratio = Reported_ratio/Population.Ptiobalength
Capacity_Utilization_report_time =1

Caseload_report_time =1

Completion_time = 1

Equilibrium_switch = .Equilibrium_master_switch
Fraction_potentially_completing_programs =
(Less_serious_offender_completion+Serious_Offermenpletion)/Total_release
Less_serious_offender_completion =

Population.LESS SERIOUS_OFFENDER_RELEASE_RATE*Sheehtence_length_effect on_completi

n

long_sentence_and_completion_ratio =
(Attitudes.LongSentence+Population.Parole_Lengthyifletion_time

Normal_capacity_utilization = 1

Normal_ratio_of sentence_to_completion = .96

Normal_Rehab_Effect = rehab_connector

Normal_reported_capacity utilization = 1

Normal_short_sentence_completion = 1

potential_deliverable_recidivism_reduction =
(poterntial__recidivism_reduction*Effect_of CAPACITUTILIZATION_on_rehabilitation_program_deli
very)

poterntial__recidivism_reduction =

Round(Normal_Rehab_Effect*Fraction_potentially cdetipg_programs*10000)/10000
PRISON_FRACTIONAL_RECIDIVISM =
MAX(O,(Attitudes.Prisoner_perception_of the_bersefif crime-actual_change_to_recidivism))
Probation_Recidivism_Fraction =

Attitudes.Probatee_perception_of the_benefits_ohefEFFECT_OF WORKER_TO_OFFENDER_RA
IO_ON_RECIDIVISM

rehab_connector = rehab_equilib_input*(1-
Rehab_Policy)+((If(time<2007.5)then(rehab_equilitput)else(Rehab_policy _input))*Rehab_Policy)
rehab_equilib_input = .2*(1-Equilibrium_Switch)+2164*Equilibrium_Switch

Rehab_Policy =0
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Rehab_policy _input = .4

Serious_Offender_completion =
Population.SERIOUS_OFFENDER_RELEASE_RATE*Long_Seoée length_effect_on_completion
short_sentnce_and_completion_ratio =
(Population.LESS_SERIOUS_OFFENDER_Parole_Lengthtuslits. ShortSentence)/Completion_time
time_to_implement_reduction = 2

Total_release =
Round(Population.SERIOUS_OFFENDER_RELEASE_RATE+Ratmn.LESS_SERIOUS_OFFENDER|
RELEASE_RATE)

CAPACITY_UTILIZATION_EFFECT_ON_SENTENCE =
GRAPH(Experienced_Capacity_Utililzation/Normal_rejed_capacity _utilization)

(0.6, 1.34), (0.65, 1.34), (0.7, 1.33), (0.75, }.%3.8, 1.32), (0.85, 1.31), (0.9, 1.30), (0.921}, (1.00,
1.00), (1.05, 0.795), (1.10, 0.618), (1.15, 0.5Q4.0, 0.45), (1.25, 0.426), (1.30, 0.408), (1(38396),
(1.40, 0.39), (1.45, 0.39), (1.50, 0.39)

Effect_of CAPACITY_UTILIZATION_on_rehabilitation_jmgram_delivery =
GRAPH(Experienced_Capacity Utililzation/Normal_ceipa_utilization)

(0.8, 1.10), (0.85, 1.10), (0.9, 1.10), (0.95, }.94.00, 1.00), (1.05, 0.9), (1.10, 0.86), (1.0582), (1.20,
0.805), (1.25, 0.8), (1.30, 0.8)
EFFECT_OF_WORKER_TO_OFFENDER_RATIO_ON_RECIDIVISM =
GRAPH(Experienced_ratio/Probation.Normal_ratio)

(0.00, 1.41), (0.333, 1.34), (0.667, 1.20), (11D00), (1.33, 0.933), (1.67, 0.909), (2.00, 0.8¥3)33,
0.888), (2.67, 0.877), (3.00, 0.874), (3.33, 0.83)%7, 0.863), (4.00, 0.863)
Long_Sentence_length_effect_on_completion =
GRAPH(long_sentence_and_completion_ratio/Normaib raf_sentence_to_completion)

(0.00, 0.005), (0.2, 0.01), (0.4, 0.055), (0.666)1 (0.8, 0.595), (1.00, 0.75), (1.20, 0.825)401.0.875),
(1.60, 0.93), (1.80, 0.95), (2.00, 0.955)

Short_sentence_length_effect_on_completion =
GRAPH(short_sentnce_and_completion_ratio/Normalrtskentence_completion)

(0.00, 0.005), (0.2, 0.01), (0.4, 0.055), (0.668)1 (0.8, 0.595), (1.00, 0.75), (1.20, 0.8254010.875),
(1.60, 0.93), (1.80, 0.95), (2.00, 0.955)
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Appendix 2:

Full Causal Loop Diagram
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Appendix 3: First Offender Inflow

As there is no pre existing statistic for the numbg offenders who have never
been to prison or through the probation system aeetcreated an input based upon the
English population and the crime rate. Sentencitagissics give us an indication that
approximately 10% of crimes result in sentence. fraetion of first offenders has been
taken as 13%. This reflects the number of offendatsring prison who have never before
received a caution, fine or other form of punishtnén reality both of the fraction of
crimes resulting in sentence and the fraction rst bffenders sent to prison would change
from year to year. Observation from elsewhere endfsstem indicate that the first offender

fraction, and crime resolution trend actually hguée a low variance.

fraction of
crimes cominited
by first offendgrs

Firgt Time Offender
entrj rate

crimes resylting
in&entenc

fraction of crimes reparted
aptured and proceeded against

Attitndes. CRIMES PER PERSON  Enalish population

Appendix 4: Extreme Condition Test

If a model continues to operate according to ptedicbehavior under extreme
circumstances we can be more confident that theehuqaerates as intended under normal
circumstances. Whist creating the model each nemabla was tested according to its

behavior at both ends of the spectrum. Variableagons were only accepted if they
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provided the hypothesized behavior or gave grouadsprove the hypothesis. Extreme
conditions test were repeated as model structuree wonnected together. Extreme
conditions tests provided key insights into therapen of recidivism and rehabilitation in
particular. In this section we will drop a key \abie value to zero in each seéfor
Extreme values will be applied to sentence lengties effectiveness of rehabilitation, and
building delays.

» Short Sentence Lengths fall to 0.001

Dropping normal statutory sentence lengths to Opvdduce a division error. In order
to test its extreme value we therefore set it @0. It was predicted that with a low short
sentence length the prisoner population will inyafall, as prisoners are released. The
prison population would then bounce back as pditis and judges alter sentence lengths.
Prison population will eventually fall into equitiom at a level near 0. Actual sentence
lengths will follow the same trend. Capacity utiion will drop sharply, before rising
again to a level lower than its initial value. Laweapacity utilization, should invoke
Braess law; as capacity increases there is a tegdenuse the capacity more — causing
sentence lengths to rise once more. The drop iacigputilization and rise in serious
offender sentence lengths will increase rehahkiiteand force recidivism to fall.

The predictions were mostly proved correct. Howetver recidivism rate does not
quite behave as predicted. The logic for the adhadlavior is quite sound. There is an
initial spike in the recidivism rate caused by sielden release of prisoners. After the spike
the recidivism rate falls. The unpredicted behavwsothe s shaped growth in recidivism
after 1997. As capacity utilization rises once mé@&mess law has a lower effect on

sentence lengths. As sentence lengths go downviscoidincreases.

? These tests were also conducted at extreme hlghsia
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Appendix 5: Reference mode sensitivity to changgserception of recividivism

adjustment time
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Appendix 6: State of Emergency Policy

The state of emergency policy will involve settimg emergency rule to shorten the
delay times in loop B1. Our analysis (in appendixntlicated that the system was most
sensitive to changes in the cell gap adjustmer.ti®o in the emergency policy, whenever
the reported capacity utilizatiGhreaches a certain level the cell gap adjustmem tian
be reduced — so adjustment takes place over 3 yesdesad of 5 years whenever capacity

utilization is above 1.03.

Equilibrium tests for the state of emergency policy

We tested this policy in equilibrium with a condit that whenever capacity
utilization exceeds 1.03 the cell gap adjustmanetivill drop to 3 years (Figure 68). The
policy proved successful in equilibrium. Capacitylization dropped at a slightly faster
rate. The fact that the difference was marginahnisouraging when one considers just how

much the population varies from year to year inrtred world.

8 Frizon CAPACITY UTILIZATION: 1% -

1 {l=pesescoscascsonaaasacanaaasacanngenaonaaasaaaaaaaeaEEanEaRaEmaaGgEEEEaaEAaEEAREARaa5aaanaGa00aa0EAE00a0030500aG0030003803G0003033

ek 005 2023 2040 205
Page § ears
Yl o Capacity utilization comparison: Cell gap adjustment time condition at 1.03 CL

Figure 68: Equilibrium test: Before (1) and aftell gap adjustment policy

State of emergency policy: scenario testing

L Reported capacity utilization is delayed so weaaneally talking about ‘last years’ capacity wition.
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It is clear from the reactions to the three scesatfat reducing the adjustment time
does help to relieve problems of a lack of capagttyzation, with only a small risk of
running into excess capacity problems. However withremergency adjustment time of 3

years, there is only a limited gain in scenarioant 2.

& Prison CAPACITY UTILIZATION: 1-2 - & Prison CAPACITY UTILIZATION: 1-2 -

\ I'\z \

' ™ (A B

028 1008 2008 w018 202 958 1998 2008 018 202

& Frison CAPACITY UTILIZATION: 1-3 -

1

88 1098 008 0e 20

Figure 69: State of emergency under 3 differenhades.

One of the problems with this policy is that itiesl on an instant ‘switch’. The
increase in pressure to close the gap betweenastreopulation and forecast capacity is
more likely to happen gradually, and it is thatdg@i@on that creates a problem. If the

shortened capacity adjustment continues for tog tbe system will overproduce capacity.

Appendix 7: The Publicity Policy: Scenario Testing

The following graphs depict behavior under the ‘mity policy”. From 2008 the
perception of the crime rate is (1) kept the saf@edropped to 1 year, (3) raised to ten
years. The changes to the perception of the criate produced inconsistent results

between the scenarios and was therefore rejechexigiaphs below are of scenarios with a
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reducing prison population, near flat growth inspn population and a rapidly rising prison

population
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Appendix 8: Guide to the Control Screen of the nhode

Run and pause the simulation, clear

the graphs and navigateto the
model and front screen
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Appendix 9: A very basic model guide

Click on the module boxes to see

theindividual modules
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