Theory

PSR Time-dependent stochastic modelling for IAN
Sri%nself'[ilgg research Emergency MEdicaI SerViCES in Wales cs

How should we flex the workforce to match fluctuating demands? practice
@ hmc? Drlulie Vile, Prof. Paul Harper, Dr Jonathan Gillard & Dr Vincent Knight CARDIFF

m
)

UNIVERSITY

Cardiff School of Mathematics, {VileJL, Harper, GillardJW, KnightVA}@ Cardiff.ac.uk (P:i: g{f’g\%

Health Modelling Centre Cymru

% Akin to most Emergency Medical Services (EMS), [ Figure 1: MATHEMATICAL MODELS TRACK PATIENT FLOWS THROUGH THE SYSTEM ]

the Welsh Ambulance Service Trust (WAST) is
under increasing pressure to improve performance (~ ) /SERVICE TIMES ARE / TIME-DEPENDENT \
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(2] My approach

s The next step involves converting the demand

¢ Prior planning models generally
forecasts into optimum staffing levels that satisfy the

assume demand is known as a y >
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smoothing models e.g. ARIMA, that |1 & % Service quality is measured by the probability of an

require restrictive assumptions. . excessive wait. My research adjusts the standard waiting
. o ~~-MON - -TUE . ) ] .
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other than potential structure to the
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data. It anticipates pea ks and troughs where py (t) = prob (n patients in system, excduing low priority patients in the queue)
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e inters (1) Decomposition: The time series is
| ARIMA 1 4 ||y || decomposed into a sum of the trend, where PUW'L(E) > x,) = P(j H's arrive in xp)
rty f periodic components and noise.

(2) Embedding: Specific components
are selected to reconstruct the series.
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s By embedding the developed formulae within
numerical (Euler) methodology and iteratively computing
the measures for different staffing teams, optimum hourly
staffing levels can be generated.

Avg Daily Ambulance Demand

T o e o Figs. 3 and 4 show that SSA forecasts
outperform traditional techniques.

s An approximate method (SIPP) is shown capable of
producing rough recommendations quickly.

Average MAPE _[SSA_______|Optimal ARIMA |Holt-Winters

Retrospective 2.05% 4.35% 3.96%
1-Day Forecast 3.40% (0.023) 3.45% (0.028) 2.98% (0.025)
7-Day Forecast 3.90% (0.011) 5.31% (0.023) 4.02% (0.024)
14-Day Forecast 3.64% (0.006) 6.16% (0.008) 4.57% (0.021)
21-Day Forecast 3.54% (0.003) 6.67% 4.78% (0.005)
1-Month Forecast 3.25% 7.63% 6.18%

+* Simulated Annealing heuristics are used to facilitate
the generation of inexpensive, high quality staff rosters.

Figure 4: FRONT-END INTERFACE

scheduling Options

“The work is an extremely relevant
contribution to implementing policy
and procedural changes at WAST”

- Clinical R&D Manager, WAST

¢ The methods are finally amalgamated in .
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friendly interface that can be used by WAST
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¢ A hybrid method is programmed within it e
which considers both numerical and

approximate  techniques  to  produce % The unique linking together of the
minimum coverage requirements. methods in a tool which captures time-

< The generic nature of the programmed dependency and two priority classes
techniques means the tool could be adopted enables  this research to considerably
by any ambulance service internationally. outperform previous research works.




