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ABSTRACT 

In developed countries, small and medium-sized enterprises (SMEs) represent the majority of all businesses, e.g. 
99.9% in the UK. Given this significant proportion, any disruption to the operation of SMEs will have a 
negative impact on a nation’s economy. In the context of flooding, this paper reports on the use of agent-based 
modelling and simulation (ABMS) to assess SMEs immediate response and short-term recovery. In particular, it 
focuses on the interactions between manufacturing SMEs and mutual aid partners, and retail SMEs and 
companies specializing in refurbishing premises. Results show that a manufacturing SME with a mutual aid 
partner can reduce loss in production by approximately 6% over a 7 working day period. In relation to retail 
SMEs, those with employees able to be allocated to refurbish its premises recovered faster than SMEs 
employing a refurbishment company, potentially one day earlier. 
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INTRODUCTION 

Disruption caused by flooding to small and medium-sized enterprises (SMEs) can result in a significant impact 
on a nation’s economy (Coates et al., 2014). For instance, the UK’s 2007 summer floods had an estimated 2.3 
billion of total economic costs (Chatterton et al., 2010). A considerable portion of these losses affected SMEs 
which they represent 99.9% of all UK businesses (Rhodes, 2015). The term SME indicates a business with a 
given number of employees that differs based on the country of origin (Hallberg, 1999). The upper limit is 250 
employees in the UK (Lukács, 2005) while the number increases to 500 employees in the United States 
(Ayyagari et al., 2003). 

SMEs are often at high risk of flooding and other natural hazards (Crichton, 2008; Wedawatta et al., 2010). 
Also, SMEs usually have limited resources in terms of manpower and finance (Omar & Fraser, 2010; Sullivan-
Taylor & Branicki, 2011; Van Gils, 2005), and tend to lack organisational disaster mitigation plans (Jones & 
Ingirige, 2008; Li et al., 2015). Thus, due to the importance of this proportion of businesses to a developed 
nation’s economy, this paper aims to assess small manufacturing and retail businesses immediate response and 
short-term recovery from flooding. More specifically, the paper examines mutual aid partner’s effect on 
manufacturing SMEs recovery and the effect of refurbishment companies’ on the recovery of retail SMEs. 
According to Stier and Goodman (2007), mutual aid is defined as the sharing of suppliers, equipment, personal 
information, or other resources between two parties. Also, it is indicated that mutual aid is useful when local 
resources are insufficient to meet a business needs due to the disaster that has occurred (Sutton & Tierney, 
2006). Furthermore, businesses are encouraged to improve their disaster response through contracts and mutual 
aid agreements. However, mutual aid agreements can be limited in scope, in which it is impossible to anticipate 
every eventuality (British Columbia, 2014). 

Simulation models, such as agent-based models (ABM), have become a common tool in many disciplines for 
solving complex systems created of autonomous entities (Grimm et al., 2006). Agent-based modelling and 
simulation (ABMS) represents a powerful analytical research tool that can be used to investigate complex 
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processes (Shim et al., 2017). ABMS is commonly recognized as an effective tool for solving complex problems 
in business and social science (Dignum & Tick, 2007; Gilbert & Terna, 2000; North & Macal, 2007; Prasad & 
Chartier, 1999). Agents can be defined as an entity acting within a virtual environment that act based on 
predefined rules (Labarthe et al., 2007; Macal & North, 2010). Autonomous agents can be modelled to represent 
individuals or organisations with a set of attributes to personalize them, and rules to regulate their interactions 
with the other agents within their environment (Macal & North, 2010). In relation to ABMs’ specifications, 
Helbing (2012) stated that the interaction network must be defined. Also, the initial values of all variable and the 
boundary conditions should be determined in advanced.  

ABMS is used in this research in order to represent the large number of SMEs, each with a set of attributes and 
behaviours, which interact with related organisations. The approach involves interactions between SMEs and 
related organisations such as suppliers, customers, electrical contractors, plumbing contractors, IT service 
providers, refurbishment companies, mutual aid partners, Environment Agency, cleaning service providers, and 
insurance companies. Each of these types of related organisations provides SMEs with assistance or a service to 
support their post-flood recovery. 

Contribution of this paper 

The agent-based modelling and simulation reported in this paper focuses on the recovery of manufacturing and 
retail SMEs from a severe flood event in Tewkesbury, UK. Further, it reports on the interactions between SMEs 
and ten different SME-related organisations (suppliers, customers, electrical contractors, plumber contractors, IT 
service contractors, cleaning service providers, Environment Agency, mutual aid partners, refurbishment 
companies, insurance companies). However, the paper focuses on presenting only the interactions between (a) 
manufacturing SMEs and mutual aid partners, and (b) retail SMEs and companies specializing in refurbishing 
premises; although other SME-related organisations are modelled. Also, for manufacturing SMEs, their 
recovery has been assessed by making use of the trapezoidal rule to establish the level of production loss due to 
the flood event. 

AGENT-BASED MODELLING AND SIMULATION APPROACH 

An agent-based model has been developed and used in simulations to assess the potential effects on SMEs’ 
immediate response to, and short-term recovery from, flooding of a range of precautionary measures deployed 
in the manufacturing and retail sectors. In this research, the ABMS approach is made up of three main 
components as indicated in Figure 1: (i) flood-event simulation; (ii) a modelled geographical environment 
(MGE); (iii) agent-based modelling and simulation. Firstly, flood event simulation represents the input data (e.g. 
inundation data) that feeds into the MGE component. Next, the MGE combines Ordnance Survey (OS) data 
(e.g. Topography, Integrated Transport Network (ITN), and AddressBase Plus layers) with the input from the 
flood event simulation to enable the identification of the flooded and non-flooded organisations. Consequently, 
the identified organisations, including flooded and non-flooded SMEs in addition to related organisations, are 
modelled as autonomous agents and simulated over three time frames: pre-flood, during flood, and post-flood.  

 
Figure 1. ABMS Approach Overview 

MODELLING SMES FROM THE MANUFACTURING AND RETAIL SECTORS 

Overview 

Manufacturing and retail SMEs are modelled as autonomous agents with a different set of attributes, behaviours, 
and predefined precautionary measures. Behaviours, along with their typical durations, attributes and 
precautionary measures were established from various sources: (i) semi-structured interview transcripts with 
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SMEs having experience of flooding or being at risk of flooding; (ii) EA guidance; (iii) academic literature. 

Attributes can be static (e.g. business name, size, and location) or dynamic (e.g. power available and the number 
of employees at a premises). SMEs’ behaviours can be carried out in the pre- and/or post-flood period as 
discussed in (Alharbi & Coates, 2017, 2018). These behaviours are classified in terms of their type (e.g. generic 
or specific), priority execution order, required number of employees (e.g. single or multiple) required to enact 
them; pre-flood behaviours are as indicated in Figure 2. Further, each of these behaviours has a duration range 
obtained from transcripts of semi-structured interviews with SMEs, which introduces a degree of stochasticity 
into the model. 

 
Figure 2.  Pre-Flood Behaviours 

 

In Figure 2, all the possible SMEs' pre-flood behaviours for both sectors are presented along with their 
associated priority execution order. Also, as shown in Figure 2, the colour used to represent pre-flood 
behaviours signifies the type of SME sector: green for the manufacturing sector; red for the retail sector; white 
for both sectors. 

In relation to SMEs’ precautionary measures, these are implemented by businesses prior to a flood event taking 
place and are intended to: (i) prevent or reduce water entering an SME’s premises (e.g. build bund wall) or (ii) 
remove the need for, or reduce the duration of, some behaviours (e.g. raise the location at which raw 
materials/stock are stored). 

94%614-76/$%&'29G"'

Manufacturing businesses represent a key component of developed countries’ economies (Haraguchi et al., 
2017). In the UK, manufacturing SMEs account for 5% of businesses, 10% of employment, and 15% of 
economic turnover (Rhodes, 2015). Manufacturing SMEs are modelled with the following dynamic attributes: 
raw materials (RM), production machines (M), employees (E) and power (P). These attributes vary during the 
course of a simulation and contribute directly to the SMEs’ performance, i.e. production level (PL). At each 
simulation tick, (a) production level and (b) raw materials available at the next simulation tick are both 
determined. If the amount of raw materials available at the current tick !"# $ %&' ()*+, "-, then both (a) and 
(b) are determined as follows: 

./ 0 %&' ()*+, "-(1 (233!! ! ! ! ! ! ! ! ! "#$!

!"#45 0 !"# 6%&'((7*+,"8! ! ! ! ! ! ! ! ! "%$!

In equations (1) and (2), both (a) and (b) are determined according to the relationship between (i) the ratio of 
production employees working on production, *+

+, to total number of production employees, *#
+, and (ii) the 

ratio of machines available, "9, to total number of machines, "#. However, if the amount of raw materials 
available at the current tick !"# : %&' ()*+,"-, then the production level is determined according to the 
amount of raw materials available at the current tick as follows:  
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In addition to these attributes, manufacturing SMEs are modelled with a different set of generic and 
manufacturer specific behaviours along with a set of precautionary measures (e.g. raise the location at which 
machines are placed), which may be implemented by an SME prior to a flood event occurring. These behaviours 
and attributes have been identified from a series of semi-structured interviews with SMEs involved in flood-
related events and/or are located in flood-prone areas. Details of the attributes and behaviours of manufacturing 
SMEs are provided in (Alharbi & Coates, 2017, 2018). 

,#74$)'29G"'

The retail sector refers to the wholesale and retail sale of any type of goods or their associated services (United 
Nations, 2008). In the UK, retail businesses account for 33% of turnover and 19% of employment (Rhodes, 
2015). Furthermore, it has been reported that the retail sector is among the largest job creators in the UK (Omar 
& Fraser, 2010). In this research, retail SMEs are modelled as agents along with their pre-defined static 
attributes (e.g. name and size) and dynamic attributes - power (P), stock (S), sales equipment (SE), and 
employees (E), and environment condition (EC) - along with a different set of precautionary measures. 

In terms of the dynamic attributes, the relationship between them is presented in Figure 3, demonstrating that the 
availability of each is necessary for service capability, i.e. the capability to offer a service to customers. 

 

 
Figure 3. Retail Dynamic Attributes Relationships 

As mentioned previously, these dynamic attributes may change during a simulation and contribute directly to a 
retail SMEs' performance, which is measured as the service capability level (SC). The flood event is simulated 
at 30-minute intervals, each of which corresponds to 1 simulation time step or tick (ts); the service capability is 
determined at each half hour interval (or tick) throughout the simulated period. Post-flood, a flood-affected retail 
SME’s service capability can be resumed if: 

(a)! the power supply is restored to the premises, i.e. ; = 1 (; = 0 indicates that a retail SME's premises has 
no power and thus it is unable to operate), and 

(b)! stock is available, S > 0, where S is the percentage of stock available in its premises, and 
(c)! sales equipment is available, SE > 0, where SE is the percentage of an SME’s available sales 

equipment, and 
(d)! employees are available, E > 0, where E is the percentage of an SME’s employees available to work, 

and 
(e)! environment conditions are acceptable, EC > 80%, where EC is the percentage of the work 

environment conditions are in a state suitable for the SME to operate. 

In relation to (c), sales equipment is replaced if damaged. Replacing damaged equipment affects the recovery 
profile, prompting retail SMEs’ status to be either in recovery, i.e. SC = 0%, or fully recovered, i.e. SC = 100%, 
providing the other dynamic attributes are greater than zero. For the environment conditions (EC), a value of 
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80% was selected signifying that if 80% of the premises was refurbished to an acceptable state making it 
possible for customers to visit the premises then the retail SME could operate, if the other dynamic attributes are 
greater than zero.  

SME RELATED-ORGANISATIONS 
SME related-organisations, which may include other businesses, can interact with SMEs to provide assistance or 
a service, such as electricity repairs, to support their recovery. These organisations include electrical contractors, 
plumbing contactors, cleaning service providers, and IT service contractors; these are modelled as either 
regional or national. On request, regional organisations arrive quickly at an SME’s premises, but are limited in 
terms of numbers. In contrast, national organisations are likely to arrive later than the regional service providers, 
but are greater in number. For cleaning service providers, they could have a pre-defined contract with insurance 
companies to provide such a service to insured SMEs if required. Thus, a cleaning service could be interrupted 
while working for a non-contracted SME at any time when it is contacted by an insurance company with which 
it has a pre-defined contract. In this case, the affected non-contracted SME would need to contact another 
service provider; otherwise its employees may need to be allocated to clean up. In terms of suppliers and 
customers, a supplier provides manufacturing and retail SMEs with raw materials and stock respectively, at 
regular intervals, e.g., daily, every three days, weekly, or every two weeks. For manufacturing SMEs, customers 
take delivery on a daily or weekly basis based on the type of products, daily if light products whereas medium 
and heavy products are delivered weekly. 

As shown in Figure 4, manufacturing and retail SMEs can interact with electrical contractors, plumbing 
contractors, the Environment Agency (EA), suppliers, customers, cleaning service providers, and insurance 
companies.  In addition, manufacturing SMEs can interact with IT service contractors and mutual aid partners, 
whereas retail SMEs can interact with refurbishment companies. While a cleaning service can be provided to 
both manufacturing and retail SMEs, refurbishment occurs only in retail SMEs. This refurbishment behaviour 
refers mainly to renovation and redecoration of retail SMEs’ premises 

 

 
Figure 4. Interactions between SMEs and Related-Organisations 

AGENT-BASED SIMULATIONS 

Case Study 

The case study presented in this paper is related to the 2007 severe flood event in Tewkesbury, UK. This 
geographical area was considered due to the high water levels reached, which significantly impacted homes and 
businesses. According to Tewkesbury Borough Council, more than 1800 houses and 300 businesses were 
flooded (Tewkesbury Borough Council, 2018). In Figure 5, the locations of two micro-sized businesses of the 
349 modelled, labelled ‘M’ and ‘R’ for an SME from the manufacturing and retails sector respectively, are 
identified in (a) before the flood occurs and (b) after 3 days of rainfall. 
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(a)'Tewkesbury Before Flood                      (b) Tewkesbury After 3 Days of Rainfall 

Figure 5. Case study area: Tewkesbury 

The flood event simulation generated inundation data representing the water depth throughout the area selected 
modelled at 30-minute intervals over a 318.5-hour period. After coupling the OS data, including the 
AddressBase Plus layer, with the inundation data, a total of 920 organisations were identified in the area under 
consideration with 207 of them flooded at some point during the 318.5 hours simulated. Table 1 presents a 
breakdown of these organisations according to the International Standard Industrial Classification of all 
Economic Activities (ISIC) (United Nations, 2008). 

Table 1.  Organisations in Tewkesbury 

ISIC Organisations 
Flooded Not flooded Total 

Administrative services 10 39 49 
Accommodation services 8 30 38 
Agriculture/forestry/fishing 1 2 3 
Arts and entertainment 5 11 16 
Education 0 5 5 
Electricity/gas/steam 1 2 3 
Finance 0 6 6 
Construction 1 3 4 
Human health / social work 7 100 107 
Information/communication 0 8 8 
Manufacturing 16 107 123 
Mining and quarrying 0 3 3 
Other service activities 4 29 33 
Professional services 0 3 3 
Public administration 8 16 24 
Retail 4 222 226 
Transportation and storage 92 118 210 
Water 50 9 59 
Total 207 713 920 

 

According to statistical data related to businesses in the UK, 99.9% of all businesses are SMEs with 96%, 3.3% 
and 0.6% being categorised as micro-, small- and medium-sized respectively (White, 2016). Thus, the flooded 
manufacturing and retail businesses are modelled (see Figure 6) in these proportions given a random number of 
employees generated for every SME corresponding to their respective size. That is, a micro-sized business has 1 
to 9 employees, a small business has 10 to 49, and a medium-sized business has 50 to 249 (White, 2016). 

 

© Crown Copyright and database right 2019. All rights reserved © Crown Copyright and database right 2019. All rights reserved 
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 Figure 6. Manufacturing and Retail SMEs Modelled as Agents 

2$36)47$*%'GKE#/$3#%7"'

Four simulation experiments have been carried out with each representing different collections of precautionary 
measures implemented by a micro-sized manufacturing and retail SME referred to as ‘M’ and ‘R’ in Figure 5. 
This size of businesses was chosen due to its prevalence within SMEs. In Table 2, these four simulation 
experiments are defined with a focus on an SME’s interaction with related-organisations. 

 

 Table 2.  Simulation Experiments 

Experiment SME sector Mutual-aid Refurbishment by 

S1 
Manufacturing (M) 

Yes Not applicable 

S2 No Not applicable 

S3 
Retail (R) 

Not applicable Employees 

S4 Not applicable Refurbishment company 

   

I,GH>9>?!,L',G2BH:2'

For the SMEs located in Tewkesbury, Environment Agency (EA) alerts were received on day 2 at clock time 
(<= 0 >? 33) and simulation tick (<@ 0 A>B, i.e. 36 hours before the flood commenced. Subsequently, EA 
warnings were received on day 3 (<= 0 >? 33(and <@ 0 23A), that is 3 hours prior to the expected flood 
commencing. According to SEPA (2019), EA alerts can arrive 36 hours prior to the expected flood commencing 
whereas warnings may be received approximately 3 hours in advance. After receiving an EA alert (<@ 0 A>B, 
SMEs’ employees were allocated to prepare for the potential event and thus the pre-event production level 
fluctuated between 0% and 100% (see <@ : CCD in Figure 7). Specifically, employees were allocated to place 
sandbags at doorways, cover airbricks, lift-up paper documents, and contact suppliers to pause raw 
materials/stock dispatch. For the manufacturing SME, employees were additionally prompted to lift-up IT 
equipment, raw materials, light and medium products, and contact customers to pause product delivery. 
However, the retail SME’s employees were allocated to lift-up sales equipment and lift-up stock. 

94%614-76/$%&'29G'2$36)47$*%'GKE#/$3#%7"'

In the two simulation experiments undertaken S1 and S2, for the micro-sized manufacturing SME, the flood 
commenced at <@ 0 CCD (<= 0 2E? 33 on day 6) and receded at <@ 0 FAC (<= 0 2G? 33 on day 16), reaching a 
depth of 0.403m in the premises, as indicated in Figure 7. The flood duration of 516 ticks (i.e. 258 hours), 
coupled with the depth of water reached, led to 100% of machines and raw materials stored at ground level 
being damaged. Furthermore, this SME had a total of seven production employees (HI

J 0 F) but only six 
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available (HK
J 0 D) in the first day after the flood water receded, then all seven available thereafter. 

In Figure 7, two simulation experiments are presented: (i) the red line refers to simulation experiment S1 in 
which the manufacturing SME has a pre-defined mutual aid partner; (ii) the green line represents simulation 
experiment S2 in which the manufacturing SME does not have a mutual aid partnership. Note that in the part of 
Figure 7 labelled (a), for S1 and S2 in the period <@ 0 3 to >2D, the production level is the same thus the red line 
is hidden by the green line. 

 
 Figure 7. Simulation of Manufacturing SME – Production Level and Flood Water Depth in 

Premises 

In relation to the manufacturing SMEs recovery, given the flood receded outside working hours, (<= 0 2G? E3 on 
day 16), the SME was unable to immediately commence actions that would start the process of recovery. 
However, at simulation tick <@ 0 FD> (<= 0 >? 33 on day 17), employees in the SME simulated in S1 were 
allocated to contact their insurance company and their mutual aid partner simultaneously, whereas employees in 
the SME simulated in S2 were only allocated to do the former. 

For S1, during the next day at simulation tick <@ 0 >2D (<= 0 >? 33 on day 18), one production employee 
(HJ

J=1) was allocated to work on the allocated machines (LM=10%) at the mutual aid partner’s site and thus the 
production level was restored to PL=10%. Meanwhile, employees of the SME at the flood-affected premises 
were assigned to drying machines while waiting for compensation to be paid by their insurance company, which 
would, in turn, enable them to hire electricians and plumbers to carry out repairs (assuming that the SME 
selected did not have sufficient funds available). At tick <@ 0 GDC (<= 0 G? 33 on day 21), the compensation was 
paid, enabling employees in the SME simulated in S1 to contact electricians and plumbers, who arrived at tick 
<@ 0 2322 (<= 0 G? E3 on day 22). At the same tick, the cleaning service provided by the insurance company 
arrived and carried out cleaning for 26 hours. Furthermore, at <@ 0 232G (<= 0 2E? E3 on day 22), with 
electricity restored, a proportion of production employees were allocated to repair machines, enabling a 
significant increase in production level (see Figure 7 (c)). At simulation tick <@ 0 22D> (<= 0 2D? 33 on day 25), 
the employee allocated to work at the mutual aid site returned and started working at the affected SME’s site, 
restoring production level to PL=100%.  

In relation to simulation experiment S2, compensation was paid at <@ 0 GDC (<= 0 G? 33 on day 21) enabling 
employees in the SMEs to contact electricians and plumbers who arrived at <@ 0 2322 (<= 0 G?E3 on day 22) as 
in S1. At tick <@ 0 232G (<= 0 2E? E3 on day 22), a proportion of employees were allocated to repair production 
machines and to work on production, resuming the production level to 2.5%; this was 203 simulation ticks later 
than the SME simulated in S1 (see Figure 7 (b)). At <@ 0 22C2 (<= 0 2D? E3 on day 24), it can be seen that the 
production level presented in the SME simulated in S2 (;N O(85%) is greater than that simulated in S1 (;N O
(81%). This is due to the percentage of machines repaired in the SME simulated in S2 being greater than those 
repaired in S1 (see Figure 7 (d)), which had fewer employees in its premises; recall, one employee of the SME 
simulated in S1 was allocated to work at its mutual aid partner’s site. Finally, the production level of the SME 
simulated in S2 was restored to PL=100% at <@ 0 22D> (<= 0 2D? 33 on day 25), exactly the same as in S1. 

The average production level loss (;NPQ@@) over a certain time frame (<K 6 <R) as shown in Figure 7, is defined in 
equation (5): 
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	× 100        (5) 

where 𝑥i is the simulation tick and 𝑓(𝑥i) is the corresponding production level. This method, which employs the 
trapezoidal rule (Kreider et al., 2005; Smyth, 2014; Trefethen & Weideman, 2014), subdivides the given interval 
[𝑡K, 𝑡R] which refers to the time period post-flood at what the production level is resumed (𝑡K)	and the time at 
which production level is restored to 100% (𝑡R). This interval is divided into 𝑛 sub-intervals of equal width ℎ =
IXo	IZ
p

. In this research, ℎ = 1 since 𝑛 = 	𝑡R − 𝑡K. Based on the method outlined, the production level associated 
with each experiment was used to determine the approximate average of production level loss (𝑃𝐿PQ@@). Based 
on Figure 7, the production level loss of the SME simulated in S1 is  𝑃𝐿PQ@@ = 69% whereas the production 
level of the SME simulated in S2 is 𝑃𝐿PQ@@ = 75%, i.e. 6% greater than S1. 

Retail SME Simulation Experiments 

To investigate response and recovery from flooding, the retails SME referred to as ‘R’ in Figure 5 is simulated 
with and without a refurbishment company being called to attend its flood-affected premises. As shown in 
Figure 8, in the two simulation experiments for the micro-sized retail SME, the flood commenced at 𝑡@ = 223 
(𝑡= = 23:00 on day 5) and receded at 𝑡@ = 752 (𝑡= = 23: 30 on day 16), lasting for 529 ticks (i.e. 264.5 hours) 
and reaching a depth of 0.901m in the premises. This SME had a total of seven employees (𝐸I = 7) but only six 
were available (𝐸K

J = 6) in the first day after the flood water receded, then all seven were available thereafter. 
The recovery profile of service capability is relatively similar for both simulation experiments S3 and S4. 
Recall, replacing the damaged sales equipment with new equipment prompts the retail SME to restore their sales 
capability to 100% in a single tick.  

For the retail SMEs recovery, a proportion of employees of the SME simulated in S3 and S4 were initially 
allocated to contact their insurer to (i) enable the flood damage to be assessed, (ii) organise a cleaning service to 
attend the premises, and (iii) provide financial compensation. After receiving the latter, a proportion of 
employees were allocated to contact electricians and plumbers to request they attend to carry out the necessary 
repairs. Furthermore, once electricians and the plumbers arrived at the flood-affected premises, a proportion of 
employees were allocated to supervise these repairs, along with the cleaning service provider organised by the 
insurance company. Finally, employees of the SME simulated in S3 and S4 contacted their suppliers to resume 
delivery of stock, and also to return the lifted-up sales equipment and documents to normal locations. For the 
SME simulated in S4, employees were additionally allocated to contact a refurbishment company and to 
supervise them when they arrived.  

 

 
Figure 8. Simulation of Retail SME – Service Capability and Flood Water Depth in Premises 

In simulation experiment S3, the service capability was restored to 100% for the retail SME at 𝑡@ = 1065  (𝑡= =
12: 30 on day 23), whereas in S4 this was restored to 100% at 𝑡@ = 1119  (𝑡= = 15: 30 on day 24), i.e. 54 
simulation ticks later than in S3 (see Figure 8). This difference was due to the process undertaken in the retail 
SME simulated in S4, i.e. contacting a refurbishment company and waiting for them to arrive at the SME’s 
premises (as opposed to allocating their own employees, if able, to carry out refurbishment). 
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CONCLUSION AND FUTURE WORK 

In this paper, an agent based modelling and simulation approach has been presented to assess mutual aid and 
refurbishment on manufacturing and retails SMEs’ recovery from flooding respectively. Within the ABM, a set 
of pre- and post-flood behaviours have been implemented and examined along with a set of precautionary 
measures. Two micro-sized SMEs have been selected in the case study presented due to their prevalence in the 
geographical area in which the flood event was considered, namely Tewkesbury in the UK. This geographical 
area was selected due to the severe impact of flooding experienced by businesses in 2007.  

Four simulation experiments have been defined with each representing a different scenario for the SMEs under 
consideration. Results show that the manufacturing SME with a pre-defined mutual aid lost 69% of its 
production over 7 working days whereas the same SME without a mutual aid partnership lost 75% of its 
production in the same period of time, i.e. a difference of 6%. This significant difference allows a manufacturing 
SME to maintain production over a period that it would otherwise be non-operational. This provides a 
motivation for manufacturing SMEs to establish mutual aid partnerships as a way of assisting short-term 
recovery from a flood event. For retail SMEs, results show that the SME with employees allocated to refurbish 
its flood-affected premises regained its service capability faster than by employing a refurbishment company, 
i.e. 27 hours sooner. This difference motivates retail SMEs to allocate employees to refurbish premises, if 
possible, although it is understandable that not all SMEs’ employees are skilled or capable to refurbish. This 
research will be developed further to involve a larger set of behaviours and precautionary measures and to 
develop the level of interaction between SMEs and their related-organisations, such as suppliers and customers. 
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