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Kent area context
• Sustainability and transformation plans (STPs) started to be 

developed in 2016/7 with the goal of building NHS services around 
local areas rather than institutions.

• The Kent & Medway STP footprint is a £3.6 billion health and care 
economy, covering a population of 1.8 million and made up of 
hundreds of health and care providers commissioned by a few 
commissioning organisations each covering specific geographical 
footprints. 

• To date, a number of internal & external partners have carried out 
demand and capacity planning in support of the STP using varying 
methodologies and assumptions. 



Creating a community of practice

• With the help of a fund from the Health Foundation’s Advancing 
Applied Analytics programme, we have developed a Community of 
Practice (CoP) in Kent which focuses on the use of System Dynamics 
(SD) modelling locally as the bridge between Sustainability and 
Transformation Programme (STP) strategic challenges and the 
contribution that analytics can make. 

• This talk will describe the approach to embedding a system dynamics 
approach into strategic planning arrangements in this large health 
and care economy via the creation of a CoP.

• Three models will be showcased.



Aim of the community of practice
• By establishing this CoP over 18 months our aim was to oversee the 

development, validation and use of a set of models (using SD 
methodology) to underpin a consistent dynamic approach towards 
STP demand and capacity planning using locally linked data (from the 
Kent Integrated Dataset) to generate robust assumptions for model 
design and development. 



Method
• Membership

• Friend - interested

• Associate – intelligent customers

• Core – have software, prepared to model

• Workshops
• Theme based – “workforce planning”

• Problem based – model based

• Technical support
• From Whole Systems Partnership 



East Kent critical care 
simulation modelling project

Mark Gregson, Consultant at WSP

Kate Doughty, Darzi Fellow at KCC



What we were asked to do 

• A system dynamic model of the East Kent Intensive Care system, with 
data tailored to the local population in order to forecast bed numbers 
required from now until 2028. 

• To simulate the impacts of a service transformation – reducing the 
units down from 3, to 2 or 1.

• To gather a set of outputs and conclusions to the above.



Why is this important – nationally and locally?
• A recent survey by the Faculty of Intensive Care Medicine demonstrated a number of intensive 

care units across the UK are either currently experiencing or moving towards a capacity crisis. 

• Dr Carl Waldmann, Dean of FICM:
• “The Faculty of Intensive Care Medicine recommends that the Departments of Health and each 

Health Board and Trust make modelling of critical care need and resources an urgent priority”

• Data analysed by Mark Snazzelle (Consultant Intensivist EK Hospitals) suggests that they have 
been in a critical care bed crisis for some time; but this crisis isn’t fully understood.  They also 
have a number of unfunded beds across their bed base.  No comprehensive and robust modelling 
of the issue has been achieved.  

• There are three ITUs in the region, and there are concerns about the sustainability and safety of 
running all three both in short and long term. 

The question therefore…

‘What is the estimated critical care bed requirement for East Kent Hospitals NHS 
Foundation Trust from now until 2028, in keeping with safe and effective levels of 

care?’



Initial problems 
• Critical care data wasn’t running into the Kent Integrated Dataset.  

• Therefore access rates to services for population health cohorts wasn’t going to be available without further work. 

• We decided then to focus on the operational aspect and develop a Discreet Event Simulation (DES) 
model – to model the flow of individuals, rather than aggregating cohorts and controlling them 
through rates. 

• This needed a lot of data

• We decided on the empirical approach, as variation across critical care is high.  With relatively low 
numbers in activity, yet relatively high variation in length of stay and numbers being admitted. 

• We  were to model using real data of 2017/18, and simulate a number of scenarios to understand 
the optimal capacity requirements through this period to improve occupancy levels, and how the 
system might respond to a transformation in bed placement.



Understanding & Analysing the data 

Critical care 

start date

Critical care 

level 3 days

Critical care level 

2 days

Critical Care 

start time

critical care 

admission 

source

Critical care 

admission type

Critical care source 

location

Critical care discharge 

date

Critical care 

discharge time

Critical care 

discharge status

Critical care discharge ready 

date

critical care discharge ready 

time

Critical care discharge 

location

Critical care 

discharge 

destination

Site

29/02/2016 2 0 20:00:00 01 01 03 01/03/2016 12:00:00 01 01/03/2016 09:00:00 09 04 K&C

29/02/2016 2 0 19:15:00 01 04 01 01/03/2016 17:55:00 01 01/03/2016 16:35:00 09 04 K&C

29/02/2016 2 0 15:06:00 01 04 01 01/03/2016 13:25:01 01 01/03/2016 10:00:01 09 04 K&C

• Admission and discharge time we know to the minute, thought the levels of critical care are aggregated to days.  
Therefore we needed to create proportional amounts for each stay to each level.

• The level in which patients are admitted or discharged from are unknown, therefore an assumption is made that people 
always enter level 3 then move to level 2.  This doesn’t affect bed occupancy, but may skew the outputs towards a 
higher level bed requirement than necessary.

• A patient may be at both levels during a 24 hour period.  In the data recording level 3 trumps level 2, resultingly someone 
may spend more time in level 2 during a 24hr period than level 3. However data will show a day at level 3 and none for 
level 2.

• Using NHS digital data dictionary we requested the following data points, and received 2016/17 & 
2017/18 data for K&C, WHH and QEQM.

Arrive KC LOS KC LOS DELAY KC LOS READY KC KC los L3 KC los L2 kc los L1 less 4 KC los L1 over 4

1 10 55 7 48 48 0 4 3

2 14 25 6 20 20 0 4 2

3 53 179 54 125 125 0 4 50

4 64 24 6 18 18 0 4 2

5 67 41 2 39 39 0 2 0

6 70 50 0 50 50 0 0 0

7 107 5 0 5 5 0 0 0

This demonstrates the 
model import sheet 
following analysis of the 
above data 



Logic of the model
• The simulation runs in hours through the 2017/18 period. A total of 8760 hours (24hrs x 365 

days).  There was, for example, 995 periods of activity for WWH through this time (more than 
one period of activity may have been attributed to just one patient)

• Each activity would an arrival time & length of stay at each step throughout the model.
• Each ‘stock’ below represents a bed, activity must flow through each stock and discharge occurs 

at the end.
• Each ‘stock’ represents the same bed, but each requires a different level of resource/workforce.
• Splitting the delays between ‘less than 4 hours’ and ‘over 4 hours’ allows for simple simulation, 

answering the question ‘how many beds would we need if we removed long delays?’

The flow of activity through the critical care system



Patient 1
Patient 2

Patient 3
Patient 4

Patient 5
Patient 6

Level 3 Level 2 4 hour & under delay Over 4 hour delay

• Patients arrive into Level 3, and have a length of stay.  They then move through to each of the stocks, 
each with a length of stay.

• Many will have ‘0’ lengths of stay in some stocks.
• Summing each of the stocks provides the output of the number of beds for every of hour of the year.

The model is ‘arrayed’ (copied) over 
the number of episodes/patients.  
Each patient has their own journey

Logic of the model



The stock and flow 
bones of one hospital 
(K&C)

• Each hospital is separated out but feeds into main model
• Allows modelling of variations in how each hospital operates (e.g. WHH 

cath lab)
• Currently the model is generic and currently the same across each site, 

though we expect to model variability as things develop.  

“Everything should be made as 
simple as possible, but not simpler” – Albert Einstein



The top level of the model 

• This layer allows  simplification 
in bringing each of the 3 units 
together.

• Allowing to simulate how the 
three sites operate as a critical 
care network

K&C

QEQM WHH

EAST KENT NETWORK



1. Clicking this button selects all 
critical care activity at WHH.  It 
includes all delays.

2. Moving this selects the bed 
capacity.  Defaulted at the 
capacity available through that 
time.

3. This is bed occupancy [((number 
of episodes*Average length of 
stay)/total capacity over time 
period)*100]

4. The total percentage of time the 
unit is at or over capacity.

Early outputs: 
scenario 1 (WHH)

Simulating all activity with no 
adjustment to capacity



Early outputs: scenario 2
Modelling by removing “over 4 hours” delays



Vs. scenario 1 “do nothing”



Early outputs: scenario 3
Impact of moving a bed from K&C to WHH on the East Kent system



Vs. scenario 1 “do nothing”



Early outputs: scenario 4
Impact of scenario 2 (“>4hr” delay and moving a bed from K&C to 

WHH) on the East Kent system



Scenario 4:
moving a 
bed and 
removing 
>4hr delay

Vs. scenario 1 “do nothing”



But some key points..

• sensitivity to removing just one bed from a small bed base such a K&C 
can make a huge impact

• consideration to the wider bed base helps to flex capacity

• This model is a first step– and although provides a good indication, 
conclusions shouldn’t yet be drawn



Next steps
• understanding the ‘flex’ in the capacity – including opening of 

temporary beds.  

• impacts of workforce challenges – how does this affect capacity, do 
we have the data and can we model it?

• the model shows ‘activity’, not demand.
• Therefore: consider data for cancelled elective operations

• Modelling the impact of non-medical transfers between units

• Presenting the model to wider critical care team to spark further 
discussion, building intelligence and confidence.



Reflections

• Non analysts with support can model (but it takes time)

• Conceptualising – I know the system we are modelling

• Conceptualising – it’s a good way to show a system clearly to an 
engaged audience who understand the problem but not the 
modelling

• Local authority vs acute trusts – data can be a big problem, we don’t 
measure the right things 

• Transitioning between an add-on to day job and incorporating into 
“business as usual”



Reducing avoidable hospital admissions
among children with a learning disability and/or autism

Mark Gilbert, Senior commissioner, Kent County Council



Purpose

• Support development of resource allocation options for the Kent & 
Medway Transforming Care Programme

• Support commissioners to make informed decisions about the 
different scenarios associated with for early intervention to avoid 
unnecessary hospital admissions



Process

• Stakeholder discussions to determine modelling question:

“What level of community provision is required for CYP with LD/ASC in 
order to ensure Tier 4 placements remain below 10 at any one time?

• Factors / variables:
• Population prevalence of LD / ASC among CYP
• Split between those receiving and not receiving community support
• Capacity for community support and waiting lists
• Rate of admission to Tier 4 (pre- and post- community support)
• Tier 4 admissions and discharges
• numbers ‘needed to treat’ for community support



Model Overview



Reflections and Learning

• Relatively easy to build conceptual model of early intervention with 
long-term benefits

• Challenges of lack of joined-up data children’s journey across the 
system (i.e. through community health and acute services)

• Stakeholders open to discussion but want to see conclusions and 
impact of the modelling work

• Crucial to recognise scope of uncertainty at the outset of the work



Next Steps

• Systems Dynamic Modelling and scenario planning work on 
Transforming Care Programme is on-going

• Modelling techniques are being applied in other areas of children’s 
social care commissioning



Systems Dynamic Modelling as 
part of the Transformation of  
Children and Young People’s 

Mental Health System 
Jo Tonkin, Public Specialist, Kent County Council

Emily Weitzel, Senior Analyst Children and Young People’s Mental Health 
Transformation, Kent County Council, 



Our SD journey: 

• Through influencing the population cohort model informed by data 
from the KID ( Kent Integrated Dataset) 

• Building understanding of the approach through seeing the 
visualisations 

• Getting access to the software 

• Working with WSP – coaching 

• Immersing ourselves with the SD  world

• Committing time  



Models: 

• Population level : What is the impact on of the onset of mental ill 
health in childhood , efficacy and capacity of treatment on the burden 
of ill health in adulthood ? 

• Service Specific:  What is the capacity required for ‘Mind and Body’ 
to meet all self harm need amongst children and young people in 
Kent ?

• Pathway Specific: What is the impact on the capacity of the pathway 
for neurodevelopmental  interventions of   discharge arrangements in 
primary care ? 



What is the burden of mental ill health in the adult population 
when need in childhood is not met and not effective ? 

Factors/Variables  

• Birth rate in Kent

• Prevalence of mental ill-health in children  and young 
people 

• % of children  and young people who receive treatment for 
children’s mental health 

• Efficacy of treatment interventions % reliably improve 

Model Overview 



Factors/Variables 

Context: 

Birth rate in Kent 

Population of 13-17 year olds 

Prevalence of self harm in under 18

Inputs: 

Number of under 18’s

Proportion of school referrals 

Proportion of community referrals 

Under 18 population

Staff per screening 

Staff per group

Staff per 1-1

Staff per assembly 

Process Indicators/Outputs: 

No. of children and young people 
screened 

Proportion of CYP accessing one to one 

Proportion of children who access a one 
to one who go on to receive a group 

Outcomes: 

Proportion of CYP who are discharged / 
positive outcome 

Proportion of CYP who drop out

Proportion of CYP who referred on 

Model Overview 

What is the capacity required for ‘Mind and Body’ to meet all 
self harm need amongst children and young people in Kent ? 



Factors/Variables  

Context

• Birth rate 

Process indictors 

• Rates of children  and young people who are referred to on 
to the neurodevelopmental pathway

• Rates of progress from triage, to assessment diagnosis

• Rates of discharge   

• Next stage: formulation / testing fitting, breaking the model 
down and extending the boundary of the model 

Model Overview 

What is the impact on the capacity of the pathway for neurodevelopmental  interventions of   
discharge arrangements in primary care ? 



What’s been easy and what has not: 

1) Problem definition 

2) System inquiry

3) Model conceptualisation

4) Model formulation 

5) Model testing and fitting 

6) Model simulation

7) Policy design , simulation and testing 



Context for Children and Young People’s 
Mental Health : 
• Multiple presentations  and high prevalence

• Data poor 

• Historic Disinvestment 

• Efficacy 

• Early Intervention – responding early on in the presentation  as well 
as in childhood rather than adulthood 

• Competing conceptualisations and sites of intervention , individual, 
family, schools  



Our learning about SD as an approach in the 
Transformation of Children and Young People’s 
Mental Health provision: Inhibitors
• Political gaze on the mental health system for 

children can stifle 

• Programmatic approach rather than a life course 
approach impacts negatively on prevention in 
childhood  

• A system under pressure with not enough 
investment inhibits stakeholder engagement 

• Data development is formative . Commissioners 
are data hungry. 

• Boundary issues 

• Cultures of siloed working 

• Providers inhibited from sharing information 
because of contractual relationships with 
commissioners  and competitive relationships 
with other providers 

• Distrust regarding interpretation of data 

• Its new! 

• It challenges of alternative methods of analysis

• It sounds complex! 

• Data Quality 

• GDPR raises questions of consent and 
confidentiality 

• It requires us to take systemic, life course approach 
to data collection  but we are not able to use  the 
NHS number to link children’s health education 
and social care  data. Adult data. 



Our learning about SD as an approach in the 
Transformation of Children and Young People’s 
Mental Health provision: Facilitators 

• Policy direction for children’s and young people’s mental health supports a predictive  
systematic, multi agency approach

• National target is linked to prevalence over time 

• View is long term – Five year Forward , Long Term Plan 

• Solutions are multi site, multi agency , 

• Area of growth in investment  and a need to do more for less 

• Crisis of demand requires innovation

• Intelligence and evidence based interventions win contracts 

• Kent Integrated Dataset ( KID )  and the population cohort model provides additional systemic 
intelligence to populate models 

• Intuitive  and engaging 

• Trust  and relationships  with a focus on the best possible outcomes for children 



What has been the reaction of our 
stakeholders ? 

‘ It’s a game changer!’ 

‘ We need to visualise the data to demonstrate the challenges we face’ 

‘We want to be able to scale up ! This will help us!’

‘Our population is growing ! This helps us to understand future 
pressures.’ 



Summary : Our learning  

• The technical skills are accessible but expert support  and a 
community of practice has been critical. 

• Adopt the 7 steps approach but be prepared to draft demonstration 
models .

• Systems thinking – Once you are there its hard to get out ! It can be 
lonely ! 

• Requires lots of soft skills – stakeholder engagement, understanding 
multiple perpsctives, relationship building and negotiation  

• ‘Don’t model the world !’  


