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ABSTRACT

Flooding can result in significant financial losses to a nation’s economy in part due to the damage and
disruption caused to businesses. In the United Kingdom (UK), Small and Medium-sized Enterprises
(SMEs) are crucial to the economy as they account for 99.9% of all businesses. In recognizing the
economic importance of SMEs, and their limited resources and tendency to lack disaster mitigation
plans, there is a need to investigate ways in which these businesses can improve in terms of flood
preparation. An agent-based modelling approach is being developed to facilitate investigations into the
effect of a range of precautions that SMEs can take in preparation for flooding. With a focus on
manufacturing SMEs, agents representing these businesses have been modelled as having behaviours
that can be enacted pre- and post-flood. Agent-based modelling and simulation (ABMS) has been used,
coupled with a case study of the 2007 flood of the Lower Don Valley in Sheffield, to investigate the
influence of different types of insurance coverage and financial status on the response and recovery of
manufacturing SMEs exposed to different levels of flooding. As expected, results indicate that SMEs
with comprehensive insurance and funds available, along with allocating employees to clean-up its
premises, leads to a reduced recovery stage. However, in addition, results provide an indication of the
degree of influence of combinations of these attributes on SME recovery.

Keywords: small and medium-sized enterprises, agent-based modelling and simulation, flooding,
business recovery.

1 INTRODUCTION
Flooding is one of nature’s most destructive events that causes damage to almost every sector
of an economy [1], [2]. The UK’s 5.4 million SMEs are essential to the country’s economy
as they account for 99.9% of all businesses [3]. In the UK, an SME is considered to be any
business with fewer than 250 employees [4]. Furthermore, SMEs are categorized as micro-,
small- or medium-sized according to employee numbers: a micro-sized business has 1-9
employees; a small business 10-49; and a medium-sized business 50-249 [5]. However,
despite SMEs economic importance, in recent years this sector has proven vulnerable to
extreme weather events [6], [7] due to their limited resources [8], [9] and their tendency not
to implement disaster mitigation plans [10], [11]. Flooding, in particular, has caused
significant financial losses to UK SMEs and remains a serious threat [12]. According to the
Environment Agency (EA), UK businesses’ losses due to flooding in 2007 were in the region
of £740 million [13]. In England, it is projected that the annual loss suffered by residential
and business properties due to flooding will exceed £1 billion [14]. Thus, mitigating the
potential risk and disruption caused to SMEs by flooding has become an issue of key
significance [15]. SMEs preparation for, response to and recovery from disruptive events —
including flooding — depend on a myriad of complex and interdependent processes [12].
Agent-based models (ABMs) — computational constructs used to simulate the actions and
interactions of autonomous agents representing particular entities — are widely recognized as
an effective tool for solving complex problems in business and the social sciences [16]-[19].
Indeed, it is well established that ABMs constitute a useful predictive and analytical research
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tool that provide insights into complex social behaviour and generate new theory [20]. As
Chappin et al. [21] point out, while ABMs originate from research domains such as artificial
intelligence and social science, they are flexible enough to be used in a wide range of
applications, including disaster management. Clarke [22] indicated that ABMs are preferred
when the goal is the simulation of a behavioural unit, such as a person or household, and
when the model represents interactions among one or more types of agent. This paper
investigates the effect of a range of combination of insurance coverage and financial status
of SMEs on their recovery from flooding.

2 MODELLING AND SIMULATION APPROACH

The research reported in this paper builds on earlier work [2], [23]-[25] with a focus on the
development and use of ABMS to investigate the effects on recovery of a range of flood
related precautions and behaviours adopted by SMEs in the manufacturing sector. The
approach involves linking a modelled geographical environment (MGE), flood event
simulation and ABMS. The MGE consists of three layers of OS MasterMap®, namely the
Topography layer, Integrated Transport Network (ITN) layer, and AddressBase Plus layer
[26]. Using these data layers enables a specific geographical area to be modelled in which
the location of each individual business can be identified. In addition, within the MGE, flood
event simulation generates inundation data at regular time intervals (half hour) such that the
water depth at all locations throughout the area modelled, some of which coincide with the
location of an SME’s premises, is known. ABMS involves autonomous agents representing
manufacturing SMEs exhibiting a range of pre- and post-flood behaviours and able to
administer a number of potential flood-preparedness precautions. In addition to
manufacturing SMEs, related organizations are modelled such as customers, suppliers,
insurance companies, the Environment Agency (EA), cleaning service providers,
electricians, plumbers, and IT specialists.

3 AGENT-BASED MODELLING OF MANUFACTURING SMES
3.1 Overview

Manufacturing SMEs are modelled as agents with behaviours, static attributes (e.g. name and
size) and dynamic attributes — raw materials (RM), machines (M), employees (E) and power
(P). As discussed in [24], SMEs’ dynamic attributes change during the course of a flood event
and contribute directly to performance. For example, in terms of a manufacturing SME’s
performance, in each half hour period (i.e. simulation tick, ts), if the premises has power, the
raw materials available exceeds or is equal to the amount to be used, the total of machines
available to be used is equal to the total number of machines at the premises, and all
production employees are available and work on production, then production level will be
100%. However, should any of the dynamic attributes not be as stated, then production level
will fall below 100%.

Agent behaviours can be undertaken pre- and post-flood. Also, behaviours have a priority
in terms of the order in which they should be undertaken and are classified according to
whether a single or multiple employees is required to undertake them. Decisions to enact
behaviours depends not only on their priority but also on (i) flood onset time and duration,
and (ii) precautions implemented. Precautions are implemented by an SME prior to a flood
event occurring and are intended to prevent or reduce water entering premises, and/or remove
the need for (or reduce the duration of) particular behaviours.

WIT Transactions on The Built Environment, Vol 184, © 2018 WIT Press
www.witpress.com, ISSN 1743-3509 (on-line)



Urban Water Systems & Floods |1 145

Pre- and post-flood, SMEs implement various allocation strategies to assign employees to
work on behaviours depending on the situation at hand. Under normal (no-flood) conditions,
an SME will allocate all of its available production employees to work on production.
However, pre-flood, once an alert from the EA has been received, signalling a flood is likely
to occur, an SME may allocate production employees to work on pre-flood behaviours while
the remainder continue to work on production. EA alerts may arrive 36 hours prior to an
expected flood occurring [27], [28], whereas EA warnings may be received up to three hours
prior to an expected flood; SMEs trust EA warnings and so always act on them. Thus, once
an EA warning has been received, all available production employees will be allocated to
work on the behaviours to prepare for the expected flood event. Post-flood, i.e. in the
recovery stage, production employees will be assigned to complete the behaviours required
to be undertaken to return to normality, e.g. clean-up the premises. If possible, at the same
time, some productions employees may be assigned to work on production.

3.2 Pre-flood behaviours

Employees work on production until an EA alert or warning is received or water enters the
premises, in which case employees will evacuate. On receipt of an alert or warning, SMEs
may allocate all or a proportion of production employees to enact all or some of the
appropriate pre-flood behaviours, such as: placing sandbags at doorways; covering air-bricks;
lifting-up IT equipment, documents, raw materials, light machines, and products. The
aforementioned behaviours may be enacted simultaneously or sequentially based on (i) the
number of production employees available, (ii) the number of scheduled pre-flood
behaviours, (iii) the time at which the alert or warning is received, and (iv) the precautions
implemented.

3.3 Post-flood behaviours

The post-flood period begins when the water recedes from company's premises. At this point,
an SME performs the required post-flood behaviours to restore normal production. The term
“normal production” refers to when an SME has resumed its pre-flood level of production.
Thus, the power supply must be restored initially or repaired. For the latter, an electrician
must attend the premises to carry out the necessary repairs, whereas the employees can do
the former. Simultaneously or sequentially, SMEs may need to perform a range of necessary
behaviours such as repairing sockets; contacting insurers (if insured) as well as plumbers, IT
specialists, and cleaning service providers; allocating employees to clean-up premises; and
returning the lifted-up items to their normal pre-flood positions.

3.4 Precautions

Precautions are implemented well in advance of a flood event taking place and are intended
to prevent or reduce water entering the premises and/or remove the need for some behaviours
or reduce the duration required to carry them out. For example, SMEs registered for EA alerts
or warnings will be likely to prepare more effectively, by carrying out pre-flood behaviours,
than those not registered. Similarly, insured SMEs, may be expected to recover at a faster
rate than non-insured SMEs. In addition to the aforementioned precautions, the remainder of
this set are intended to improve a company's level of preparedness; examples being setting-
up and maintaining an emergency financial reserve, installing flood-resilient flooring,
maintaining an electricity generator on site, raising the location at which IT equipment is
placed, maintaining sandbags on site, and installing flood barriers at doorways.
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4 SME-RELATED ORGANIZATIONS
SMEs interact with a range of organizations such as customers, suppliers, insurance
companies, cleaning service providers, electricians, plumbers, and IT specialists. Post-flood,
the process followed by an SME in relation to insurance is illustrated in Fig. 1.

Insured SMEs with comprehensive cover will receive assistance from a cleaning service
provider in addition to receiving financial compensation. In contrast, SMEs with basic
insurance cover will only receive the latter. As part of the SESAME project [29], according
to interviews undertaken with SMEs having experienced flooding, some of these businesses
chose to contact their insurer whereas others did not.
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Figure 1: SMEs contacting insurance company.
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The reason for not doing so was to avoid a potential increase in their future insurance
premium. However, in such cases, these SMEs needed sufficient funds to be in place to
ensure business continuity. If the insurance company is contacted by an SME, a loss adjuster
will be sent within seven days to assess the damage and produce a report [30] followed by
payment being released within five working days of the visit [31]. During this potential 12-
day period, SMEs may choose to allocate their own employees to clean-up the premises
rather than waiting for the cleaning service provided by the insurance to arrive. Alternatively,
if sufficient funds are available, SMEs may themselves choose to contact service providers.
In this research, service providers are modelled regionally and nationally in terms of their
location. Further, national service providers are only contacted if an SME is unable to secure
the services of a regional provider, which are limited in number.

5 AGENT-BASED SIMULATIONS
5.1 Case study

In this paper, the case study considered is related to the 2007 flood event in the Lower Don
Valley region of Sheffield in the UK. As discussed in [24], this region was selected due to its
high concentration of SMEs some of which have experienced flooding and/or are prone to
flooding. The flood event simulation generated inundation data representing, the water depth
throughout the region modelled at 30-minute intervals over a 45.5-hour period. Using the
MGE of the region considered in which 1463 manufacturing SMEs were identified, coupled
with the inundation data, 256 of these experienced flooding at some point during the 45.5-
hour event. Based on the statistical data related to businesses in the UK, 99.9% of all
businesses are SMEs, with 96%, 3.3%, and 0.6% categorized as micro-, small- and medium-
sized, respectively [5]. Thus, in this research, the 256 flooded manufacturing SMEs were
categorized as 246 being micro-sized, 8§ small and 2 medium-sized.

Fig. 2 displays the MGE and flood footprint at hour 25 of the 45.5-hour event. Also, in
Fig. 2, the locations of three micro-sized SMEs (“a”, “b” and “c”) are indicated in areas “A”,
“B” and “C” in which the majority of SMEs experienced light, moderate and severe flooding
respectively. Despite suffering different levels of flooding, these specific SMEs have been
selected due to the flood water reaching and receding from their respective premises being
the same. The SMEs highlighted will be referred to in Sections 5 and 6.

Figure 2: MGE and flood footprint at hour 25 of the simulated flood event.
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Table 1: Simulation experiments.

Experiment = Insurance cover Funds available Clean-up by

S1 Basic No Employees
S2 Comprehensive Yes Service provider
S3 Comprehensive Yes Employees

5.2 Experiments

The investigation presented in this paper involves three simulation experiments with each
representing different combinations of precautions implemented by an SME which, in turn,
leads to different pre- and post-flood behaviours being undertaken. More specifically, with a
focus in insurance coverage, the simulation experiments are defined in Table 1.

All three experiments were carried out for each micro-sized business indicated in Fig. 2
(labelled “a”, “b” and “c”) with each having the same number of employees for comparative
purposes.

6 RESULTS AND DISCUSSION

In all simulation experiments undertaken, for each of the three micro-sized SMEs selected
(see Fig. 2), EA alerts were received prior to the flood event taking place during working
hours on day 2 from clock time tc=8:00 to tc=18:00, i.e. from simulation time ts=49 to ts==69.
Thus, during this period, these businesses allocated their production employees to lift-up their
IT equipment, documents, light machines, and products; and to cut-off the electricity supply
to avoid damage. Subsequently, for SMEs “a”, “b” and “c” the flood commenced at ts=119
(t=19:00 on day 3) and receded at t==197 (&=10:00 on day 5), reaching a depth in their
respective premises, with no precautions implemented, of 0.38m, 1.16m, and 2.18m. All
three SMEs had a total of seven production employees (E¥'=7) although only five (Ef =5)
and six were available (E,fJ =6) on the first and second working day after the flood water has
receded. From the third day, all seven employees were available.

6.1 SME:s in lightly and moderately flooded areas

For all three simulation experiments, S1 to S3, the recovery profile of production level was
approximately the same for both the SME located in the lightly and moderately flooded
areas shown in Fig. 2. Recall, the production level is a function of a number of dynamic
attributes as discussed in Section 3.1. In simulation experiment S1, post-flood, production
was restored at a level of 1% at ts=402 (tc=16:30 on day 9), whereas in S2 and S3 production
was restarted at a level of 4% at ;=207 (t:=15:00 on day 5), i.e. 195 simulation ticks earlier
than in S1 (see Fig. 3). This significantly earlier resumption in production was due to funds
being available enabling quick acquisition of services (electricians, plumbers and IT
specialists) without needing to wait for compensation from the insurance company.
Furthermore, at ts=241 (&=8:00 on day 6), in S3 the SMEs allocated their own production
employees to clean-up the premises despite having comprehensive insurance, whereas in
S2 the SMEs elected to wait (2 days) for their insurance company to provide a cleaning
service which attended at ts=393 (t=12:00 on day 9). In S2, during this waiting period,
SMEs allocated between 1 and 3 employees to work on post-flood behaviours and the
remainder on production thus consuming raw materials, leading to a drop in its recovery
profile.
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Figure 3: SME:s located in the lightly and moderately flooded areas.

As shown in Fig. 3, for S1, S2 and S3, production level was restored to 100% in the SMEs
located in the lightly and moderately flooded area at ts==581 (tc=10:00 on day 13), ts=493
(tc=14:00 on day 11) and ts=400 (tc=15:30 on day 9) respectively. Thus, in comparing S1
(SMEs with basic insurance and without funds available) with S3 (SMEs with comprehensive
insurance and funds available but choosing to allocate their own employees to clean-up the
premises rather than waiting for the insurance company provided cleaning service), it can be
seen that full production was restored 90.5 hours (i.e. 581-400 = 181 ticks) later.

6.2 SME in severely flooded arca

In simulation experiment S1, for the SME located in the severely flooded area shown in Fig.
2, production (PL=1%) was resumed post-flood at ts=402 (tc=16:30 on day 9), which
coincides with the resumption of production of the SMEs located in the lightly and
moderately flooded areas. However, as shown in Fig. 4, the production level of 100% was
reached at ts=740 (tc=17:30 on day 16), 159 simulation ticks later than for the SMEs located
in the lightly and moderately flooded areas. Similarly, in S2 and S3, production resumed in
the SME located in the severely flooded area at ts==433 (1c=8:00 on day 10) and at ts=290
(tc=8:30 on day 7) respectively. That is, 226 and 83 simulation ticks later than in S2 and S3
of SMEs located in the lightly and moderately flooded areas. This delay in the resumption of
production was due to the water depth reaching 2.18m in the SMEs premises thus causing
damage to raw materials, machines, IT equipment and documents that had been lifted-up pre-
flood as preparatory behaviours when the EA alert was received. Also, the machines damaged
required more time to be repaired due to the higher level of water reached in the SME’s
premises. Subsequently, in S2 and S3, production level reached 100% at ts=626 (tc=8:30 on
day 14) and ts=589 (tc=14:00 on day 13) respectively.
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Figure 4: SME located in the severely flooded area.

7 CONCLUSIONS

This paper presented an overview of an ABMS approach that enables simulation-based
investigations to be performed in terms of manufacturing SMEs resilience to flooding.
Specifically, the paper discussed SMEs flood-disruption related attributes and behaviours
and summarised an investigation into the effect of insurance coverage and availability of
funds, combined with an SMEs decision on who to clean-up its premises, i.e. its own
employees or a cleaning service. Three simulation experiments have been defined with each
representing a different combination of insurance coverage, fund availability, and SMEs’
decisions in terms of clean-up. Results indicate that SMEs with comprehensive insurance,
and funds available, which choose to allocate their own employees to clean-up the premises
(rather than waiting for the insurance company provided cleaning service) always recover
more quickly than the other simulations considered regardless of the level of flooding
experienced.

In term of future work, the ABMS framework will be further developed to model mutual
aid partners to enable SMEs from the manufacturing sector to resume production earlier in
the post-flood period than would otherwise be possible. Also, this framework will be
developed to include modelling of SMEs from the retail sector.
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