Optimality and resilience of fire service staff rotas
Supervisor: Juergen Branke (Warwick Business School)
Co-supervisors: Ben Brooke (West Midlands Fire Service), Colm Connaughton (Complexity and Mathematics)
External stakeholders: West Midlands Fire Service
West Midlands Fire Service (WMFS) has committed to a clear 3 year rolling strategy focused on providing an evidence based service to our community.  Through academic research we have evidenced that a 5 minute response time is critical in relation to survivability resulting in the need for 41 fire engine and 19 brigade response vehicles being available.  The organisation has historically done this through having a ridership factor of 1.42 (This is 1.42 people per position on a response vehicle to enable leave, training and absence).  Due to large budget reductions a different approach to staffing is required.  

WMFS operates from 38 response points.  Each response point has the following vehicles:
	Response Point
	Vehicles

	1. Dudley Fire Station
	1 x PRL, 1 x BRV (L)

	2. Stourbridge Fire Station
	1 x PRL

	3. Binley Fire Station
	1 x PRL, 1 x BRV (L)

	4. Fallings Park Fire Station
	1 x PRL, 1 x BRV

	5. Smethwick Fire Station
	1 x PRL

	6. West Bromwich Fire Station
	1 x PRL, 1 x BRV, 1 x BSV

	7. Haden Cross Fire Station
	1 x PRL, 1 x BRV (L)

	8. Bilston Fire Station
	1 PRL

	9. Aston Fire Station
	1 x PRL, 1 x BRV

	10. Tipton Fire Station
	1 x PRL

	11. Foleshill Fire Station
	1 x PRL, 1 x BRV

	12. Bloxwich Fire Station
	1 PRL

	13. Canley Fire Station
	1 x PRL

	14. Hay Mills Fire Station
	1 x PRL, 1 x BRV

	15. Erdington Fire Station
	1 x PRL

	16. Bournbrook Fire Station
	1 x PRL

	17. Ward End Fire Station
	1 x PRL, 1 x BRV

	18. Kings Norton Fire Station
	1 x PRL

	19. Ladywood Fire Station
	1 x PRL, 1 x BRV (L), 1 x BSV

	20. Oldbury Fire Station
	1 x PRL, 1 x BRV (L)

	21. Billesley Fire Station
	1 x PRL, 1 x BRV (L)

	22. Willenhall Fire Station
	1 PRL

	23. Sutton Coldfield Fire Station
	1 x PRL

	24. Perry Barr Fire Station
	1 x PRL, 1 x BRV

	25. Wolverhampton Fire Station
	1 x PRL, 1 x BRV

	26. Highgate Fire Station
	2 x PRL

	27. Solihull Fire Station
	1 x PRL, 1 x BRV, 1 x BSV

	28. Sheldon Fire Station
	1 x PRL, 1 x BRV

	29. Bickenhill Fire Station
	1xTechnical Rescue Pump (TRP) 

	30. Wednesbury Fire Station
	1xTechnical Rescue Pump (TRP)

	31. Tettenhall Fire Station
	1 x PRL

	32. Woodgate Valley Fire Station
	1 x PRL

	33. Brierley Hill Fire Station
	1 x PRL, 1 x BRV

	34. Coventry Fire Station
	2 x PRL

	35. Walsall 
	2 x PRL

	36. Northfield 
	1 x PRL, 1 x BRV

	37. Handsworth
	1 x PRL, 1 x BRV (L)

	38. Aldridge
	1 x PRL


Key: 
PRL = a traditional fire engine with a crewing level of 5

BRV = a smaller fire engine with a crewing level of 3

BSV = a fire safety vehicle with a crewing level of 1

BRV (L) = a BRV crewed at 3 staffed only 1000hrs – 2200hrs

Historically we have had 1322 fire fighters to put these vehicles on the run over two shift patterns:

· 2 days (0800-1800), 2 nights (1800-0800), 4 days off (4 teams)

· 4 days (1000-2000), 4 days off (2 teams)

The current situation is that we have approximately 1300 fire fighters available and this figure is reducing by 7 per month due to retirements over the next 2 years (going down to approximately 1168).  

Consideration needs to be given to resilience (all vehicles need to be on the run at all times) and the need to keep fire fighter movements from one station to another at a minimum.  

The brief is to find the most efficient and resilient staffing arrangement to keep all vehicles available at all times in the following scenarios: 

1. With no restriction on shift systems other than the European Working Directive

2. Whilst maintaining our 2/2/4 and 10/10 shift systems 

