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Abstract. In this paper we describe an investigation into the prediction
of emergency bed demand - bed demand due to non-scheduled admissions
- within a NHS1 hospital in South London, U.K. A hybrid methodology,
incorporating a neural network and an ARIMA model was used to predict
a time series of bed demand. A thorough statistical analysis of the data
set was performed as a preliminary phase of the research from which a
classical linear predicting model was developed. The prediction errors or
residuals from this model were then used as input to a neural network.
These methods represent a novel approach to the problem of e±cient bed
resource management for hospitals.

1 Introduction

NHS hospital bed mangers face a di±cult task in attempting to allocate their
beds between emergency admissions and so-called elective admissions { those
admissions that are planned and, in general, referred by the patient's doctors or
consultants. Depleting the bed stock in an attempt to clear waiting lists runs
the risk of being unable to admit emergency cases. On the other hand a policy
of reserving too many beds for emergency admissions has an obvious impact on
waiting lists. Forecasts of demand are desperately needed for bed management
in the NHS. The report [1] identi¯es that around a quarter of Trusts2 make no
assessment of likely bed demand for more than a day ahead. Moreover, whilst
the National Audit O±ce acknowledges that it is di±cult to predict emergency
admissions with precision, it strongly urges NHS Trusts to \make more e®ective
use of their knowledge of patterns of emergency admission to assess the likely
demand on their resources", [1]. In this paper we describe an investigation into
the prediction of emergency bed demand carried out at an acute hospital in
South London, U.K.
Time series data consisting of approximately 5 years of daily maximums,

aggregated on a weekly basis, of emergency bed occupancy was released to us
by the research sponsor { Bromley NHS Trust. A central goal of the research is

1In the UK the state provider of health is the National Health Service { abbreviated to
NHS throughout this paper.

2Within the NHS a Trust is a collection of hospitals with ¯nancial autonomy, charged with
implementing governmental health policy and accountable directly to government.



to develop a reliable means of predicting peak or maximum emergency demand
on a weekly basis so that more informed and reliable strategic decisions can be
made by bed managers without committing unacceptably high risks of depleting
the bed stock for emergency cases.
We report here only on the one-step problem for our data. This means that

we consider the problem of developing a model for the prediction of the weekly
maximum for one week hence. Discussions with bed managers reveal that this
is likely to be an extremely useful indicator and theoretically will allow planners
to allocate bed resources in a more e±cient manner by anticipating the likely
demand on bed stock during the following week.
The research reported here builds upon that presented in [2], which can be

considered as the starting point of this investigation.

2 Methodology

There are perhaps many competing approaches to this type of problem. In terms
of the way in which data was gathered over time it seemed perfectly natural to
treat the problem as one of times series prediction. Central to such a study is
Takens embedding theorem [3] which loosely says that there is an integer d such
that the dynamics of the time series can be reconstructed by embedding the
series as a sequence of vectors (x1; : : : ; xd) 2 R d. Our chosen methodology for
estimating d is presented in the next section.
In summary we investigated many models (in particular regime switching

models of the SETAR variety and an FIR neural network with temporal back-
propagation) but we settled upon a hybrid one, prompted by [4], wherein a
forecasting model consists of a stochastic linear model, Lt = L(xt ), and a neural
network, N , such that if et is the residual of the ¯tted linear model L,

et = xt ¡ Lt

then the hybrid forecast will be

xt = Lt +Nt (et ):

We followed a classical Box-Jenkins approach to the ¯tting of the linear model
(see [5]), very brie°y summarised in the next section.
Perhaps the ¯nal justi¯cation of the chosen model is the accuracy of out-of-

sample predictions. In fact our model contains considerable predictive power.

3 Model Development

3.1 Linear Model Development

The material in this section will be very brief, we refer the reader to [5] for an
exposition of the theory and practice of ¯tting linear models of the ARIMA type.










