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ABSTRACT:

Police forces are expected to achieve year on
year efficiency gains whilst continuing to improve
performance against a range of outcomes.
Process timeliness is recognised as a key
determinant of many outcomes; with 80% of
overall costs related to people, it makes sense for
forces to focus on matching the right level of
resource to where and when demand occurs.

This paper explains how the integration of
computer simulation with shift pattern design
software can help police forces manage demand
more effectively.
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1. INTRODUCTION

This paper explains how the techniques of
computer simulation and shift pattern design,
when combined provide a much more powerful
solution than when deployed individually in a
customer service context.

The approach outlined has been developed in the
context of police incident response. Section 2
explains the background to some of the
challenges faced by the police service in the UK
and why more effective demand management is
important. Section 3 explains the approach
developed by Process Evolution and section 4
explains the advantages of the approach and some
of the early benefits that have been realised.

2. BACKGROUND

An independent review of policing (Flanagan,
2007) highlights the need for police forces to
deliver efficiency savings in the light of future
slower funding growth projections.

At the same time, police forces are challenged to
improve the rate of detection of crime, to reduce
the overall level of crime and improve the
public’s satisfaction with the police.

Process timeliness can impact on the outcomes of
many police processes. The ‘golden hour’ of an
investigation (Rogers and Lewis, 2007) is an
often quoted phrase. It refers to the increased
likelihood of obtaining evidence that will lead to
crime detection during the first hour after a crime
is reported. Exploitation of new technology is
also dependent on timely processing of the
outputs. For example, the Livescan system
enables the -electronic capture of suspects’
fingerprints in custody and their launch on the
national fingerprint system in order to see if they
have left fingerprint marks at other crime scenes.
The benefits from this technology are realised if
resources can process these fingerprints whilst the
suspect is still in custody.

As with most service industries, timely response
and the capability to respond in line with
promised service standards directly impacts
customer satisfaction.

2.1 COMPLEXITY OF DEMAND MANAGEMENT

Policing is a 24 hour 7 days a week service
(24/7). Managing response to calls for service
effectively is a challenging task. Peak workload,
normally occurring on a Friday and Saturday
night is typically 5-10 times greater than that at
the quietest times.

The breadth of incident type further complicates
the problem Some incidents may require
‘Immediate’ response within 10 minutes whilst
others can be deferred for 4 or even 24 hours.

Demand is also random; it is not unusual for
weekly incident volumes to vary by over 100%
week on week. Minor incidents may require one
patrol to attend for 15 minutes whereupon the
incident is closed; if an arrest occurs then one
patrol may be tied up for several hours processing
a prisoner whilst others may be required to take
witness statements etc.

Most forces will carry out risk assessments to
determine their crewing policies. For example,
these may dictate that a minimum number of



patrol vehicles must be on patrol at any one time,
even at very quiet times of demand. Further, there
may be a requirement to double crew vehicles at
certain times (typically at night). These
constraints  clearly impact on  staffing
requirements and mean that analysis of demand is
not just a case of multiplying incident volumes by
process times.

Officer abstraction is often underestimated in
many forces. In addition to holidays and sickness,
officers may be unavailable to respond for a range
of other reasons, such as attendance at court,
training and special events. Often total abstraction
rates are in excess of 30%.

2.2 WHAT HAPPENS WHEN DEMAND AND
RESOURCES ARE NOT WELL MATCHED?

When demand and resources are not well
matched, queues of work arise at times of
understaffing, whilst spare capacity exists at other
times.

Figure 1 below provides a typical example of
incident workload (line graph) plotted against
resource availability (shaded area).
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Figure 1: demand vs. resource profile

Symptoms that we have observed in police forces

include where this situation occurs include:

e High levels of overtime

e Increased abstraction through sickness

e Backlogs of unresolved incidents

¢ Additional workload in command and control
as callers redial to ask why their promised
response has not materialised

e “‘Sticking plaster’ solutions to address
backlogs which are costly and ineffective

2.3 THE IMPORTANCE OF SHIFT PATTERN
DESIGN

Clearly the ability to match resources to demand
depends on scheduling the right number of
resources to be available at the right time.
Research shows (e.g. Harma et al, 1998) that the
characteristics of a shift rota can impact on

employee welfare and ability to perform
effectively in the job. Working time regulations
oblige organisations to adhere to certain
constraints in the scheduling of shifts.

Ergonomic criteria such as the number of
consecutive night shifts and their duration
therefore impact on the ability of organisations to
match resources to demand. Our own work within
the police sector has shown examples where
undesirable shift patterns appear to be
contributing directly to excessive abstraction
rates.

Shift pattern design therefore impacts on the
efficiency with which desired staffing profiles can
be met but also the overall capacity to respond.

3. AN INTEGRATED SOLUTION

Our solution to these challenges faced by police
forces is to combine computer simulation with
shift pattern design software. Figure 2 below
illustrates the methodology adopted:
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Figure 2: Response Profiler methodology

Response Profiler is the name we have given to
one of the software components. It comprises a
static calculation of resources together with a
simulator that enable alternative resource
configurations to be tested.

The Response Profiler approach has evolved over
many consulting assignments delivered over the
last 3 years and beyond. It is the way in which the
components interact that is key to the flexibility
and practicality that the approach provides.

The components are summarised below.

3.1 DATA REPOSITORY

The Excel based Data Repository contains
information describing the workload in terms of
incident volumes and profiles, process routings
and times and resource availability.

The Data Repository also provides an interface to
the Simulator enabling configuration of scenarios
in terms of parameters, run length and
replications.
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Simulation outputs are also received by the Data

Repository allowing reporting on a wide range of
performance diagnostics, including service level,

waiting times and resource utilization.

3.2 CALCULATOR

The Calculator provides a static calculation of

resources required. It has two main purposes:

e It encourages users to consider all the
relevant parameters by offering a prescriptive
set of input screens in order for the
calculation to be provided.

e It provides a starting point for simulation to
optimise the hourly resource levels required,
enabling the ‘what-if’ process of simulation
to be speeded up significantly.

3.3 XIMES

The role of the XIMES shift pattern design
software is to develop shift patterns and rotas that
schedule the appropriate number of staff in order
to get as close as possible to the ‘optimal’
resource profile.

The Data Repository enables the optimal resource
profile (either determined from static calculation
or through simulation) to be transferred
electronically to the XIMES software.

XIMES then operates in two stages:

e XIMES OPA determines the optimal start
and end times of shift patterns and assigns the
correct number of staff to each shift pattern
in order to meet the desired resource profile

B

Figure 3
Figure 3 shows a dialog for giving weights to a
range of shift pattern characteristics, with a
comparison of staffing requirement and cover in
the background.

e XIMES SPA creates a rota that sequences
staff onto the shifts in a way that provides
ergonomically satisfactory solutions.
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Figure 4 shows a sample rota with an assessment
against a range of ergonomic criteria.

3.4 SIMULATOR

The Simulator is a generic simulation model
developed using the Simul8 software. It is capable
of accepting a range of scenarios configured
through the Excel based interface contained in the
Data Repository. The simulator fulfils two roles
within our approach.

Firstly, it is rarely possible to design a shift
pattern and rota that schedules the precise number
of employees required in order to achieve an
‘optimal’ resource profile. The Simulator enables
alternative solutions that are close to optimum to
be tested by quantifying their impact on response
performance.

Secondly, whilst the static calculator provides a
‘first pass’ estimate of the optimal resource
profile, the Simulator can be used to refine this
estimate by diagnosing the times of day where
performance dips or where there appears to be
spare capacity.

The nature of incident response processes is that
they do not conform to neat mathematical models
such as Erlang models often used by call centre
management tools, for example. Such models
cannot cope with the effects of varying degrees of
urgency of response and the distributions of
process time.

Simulation therefore provides a more robust
means of determining the optimal resource profile

4. ADVANTAGES AND BENEFITS

The benefits realised have been substantial in
organisations where this approach has been
deployed. North Wales Police, for example, are
claiming annual savings in excess of £1.2m within
the first year of implementation. We have



deployed the approach across a range of police
processes including incident response, crime
scene examination and call handling.

A key feature of the approach is its flexibility to
deal with a range of business contexts. In a recent
assignment to develop a national response
resourcing model, we were able to diagnose
resilience to cope with abstraction as the root
cause of performance issues; further, we were
able to show that certain duty systems coped with
abstraction better than others given a fixed
resource level. In other cases, shift patterns may
be fixed and the requirement is to determine
either overall resource levels or maybe to review
incident grading policies.

Without doubt, combining the power of shift
pattern design software with simulation is critical
to our success. Simulation is far superior in
calculating resource requirements than static tools
(such as FErlang) which make simplistic
assumptions on, for example, the distribution of
service time. Standard distributions do not work
when 20% of incidents take for times as long to
deal with such as when an arrest is made! Further,
they cannot deal with the effect of varying
response standards for differing incident types.

Conversely, simulation on its own does not
provide the entire solution. Simulation can be
used to determine the effect of alternative shift
patterns, but it is not a tool for designing shifts
and rotas.

Finally, the structured approach in conjunction
with the spreadsheet interface provides access to
the technology without the need for specialist
simulation knowledge.

REFERENCES

Harma et al (1998) “New challenges for the
organization of night and shift work”
Scandinavian Journal of Work, Environment
and Health, 24(3), 13-17.

Sir R Flanagan (2007) “The Review of Policing —
Interim Report™.

Rogers and Lewis (2007) “Introduction to Police
Work”, Willan Publishing Limited.

AUTHOR BIOGRAPHIES

PETER LOADER received a BSc (Hons)
Operational Research and Mathematical Statistics
in 1987. He is currently a director of Process
Evolution and has an extensive experience in
applying operational research techniques across

all sectors of industry, commerce and service,
latterly with a focus in emergency services.

22





