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ABSTHAC'1' 

Despite the recent appearcmce of a numbe,r of reports and. their 
recommendlltions on improving emergency ambuiance systems, there is 
reason to believe that th~ actual changes and improvements in most large 
urban operations are small. A maj or pro'ult,:m is the difficulty encountered 
by an administrntor in trying to translate zaneral reCOnllllCndntionEl into 
speCific proposnls ,,.d th regard to the type and the size of the operation 
with \7hich he: is conce:rned. This document attempts to provide a rational 
frame~·lOrk for deciSion-making so that en admj.nistrator may initiate 
changes with some degre~ of confidence. 

The analysis of the emer.gency ambulance serllic~ is based on the 
importnnce of the time elapsing bet'<1een' the occurrenc~ of the emergency 
and the first arrivalc.f a propedy equipped ambulance ar.::! :'ts w~ll 
trained cr.e~·l. This response time is considered in terms of t\.;ro components: 
the dispatch delay (the time between the recertion of the call and an 
ambulance being available to respond) and ,the travel delay (the time 
taken for the ambulance to travel to the"scene of the emergency). As a 
first approach to modelling the dispatch delay simple results from the 
theory of queues are invoked to relate thfl probability of a dispatch 
delay and its expected length to the rate at which calls arrive, the 
time taken to service calls, and the number of vehicles assi.gned to t.he 
service. As a result cf the i.nsights afforded by this modelling effort, . 
another model is de~cloped to show ho~v a higher qu.ality, reduced cost 
service may be provided using "secon!dary" ambulances. By making simplify­
ing assumptions about the sp8tj.al distributIon of dellland and the ~itreet 
layout in a city t models of the expected travel dela:! arc developed for 
different dis tributiol1s of' ambulances. 

Using cstj.mates of the costs of vehicJes, equipment and manpmwr it 
becomGs possib Ie for the nr..buluncc sC!'" • .'icc admini3tratcr to cO::1p.:.rc the 
level of service, in terms of the response time, wi th the expected cos ts 
of providi.ng such a service. This crJpability is important in the desj.gn 
of emereency ambula11ce systems,' in predicting budget requirements in the 
future, and evaluClting alternative methqds for providing the service. 

-3-
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I 
qaAPTER ONE: INTRODUCTION 

1.1 Background 

For many ccntttries men have pursued Hars "'ith great ea:c~.estness 
" \ 

and concern. It Has not, hovever, until th~ Napoleoilic Hars of the 

early ninete0.nth century that history was able to record an interest in 

the well-being of the soldiers ,.,ho ,.,ere wounded in these bloody conflicts. 

.Baron Jean Larrey, Napoleon's Surgeon-General is the man to whom credit 

must be given for fil:st organizing the transport of the injured to 

facilit:l.es located away from the battle, where medical'treatme'1.t was 

r 10] 1: 
adminis te red. l . 

Alnhulanc0. tnmsporl:.atj,on first can!e to 1',merica through another 

soldier, Dr. Edt'lard B. Dalton, Hho ar.ranged for the transport of injur.ed 

members of the Army of the Potomac during the C:Lvil tVDX. Not sllrpl:i!?-

ingly, perhaps, emergency arnbu1::mce transportation has retained a lo •. !-

priority position in our present highly developed, urbanized society. 

H:!n hc:;.vc always been more cOt~cerncd Hi.tll the relatively glamorous pub15.c 

service tasks of apprehending crimin·:lls and e}~ting1.iishing fires, than 

with transferring sick or injured pcopl(~ to hospitals. The result is 

that \1hile cities and to~ms across the. COUl1t.ry have tightly organized 

police forces and fire dcpnrCm~mts Hith their relatlvl:ly ",ell paid 

llI~mbers,. the provision of erm?rgency medical tran::;portatioll has been left 

*Numbers identify references list:ep at the end of the document. 
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to the consciences of civic-minded people. Consequently the provision 

of emergency ambulance service across the country appears to be a dis­

organized and haphazard potpouri of people and intel:ests. 'rhe list of 
• 

organizations providing such a service includes morticians and small 

private operatioM Chat often struggle to stay in business, municipal 

police and fire departments that include ,ambulcmce services as an 

adjunct to their other work, srnnll groups of volunteers, and such 

unlikely cand5.dates .as ta:l-:i-cab fleets and gasoline staUons.. Among 

many of these groups the quality of the care and tronsp0l:tation leaves 

much to be desired, not necessarily because of obtuseness, but often 

because of a lack of information and finq.l1ce. 

In the chaotic p1.cture of ambulance serV'ic~s, there are dis.cernablc 

trends to ,.,ldch we shall rctul'n :i.n a latCl~ chaptcl.·. These arc the 

r~suJ.ts of cite.nges :tn the political and legal (>.nvi1:onrM~)lt in vll'!ich the 

services operate. These changes hllve developl:ld fol1o~ving u erel'lt sm:se 

of :J.nterest in the subject over the last fOUL' or five ye£ll's. 'For more 

than t~'70 decades the m~dical fraternit~t hM complaitwd in its journals 

about the ste,te of emergency health services in the netion, and about the 

emergency <tl.1bul.mce se,rvices in particuVtr. It was not until the publica­

tion in 1966 ~f "Acd.dcntnl Deaths: . The Neglect.ed D1.scose. of Hodern 

Society" [1] by the Natiol1tll Academy of Sciences and the National Research 

Council that the concern over poor standards of hoth equ:Lpm~nt and , 

attendants' training becarn~ natioml'i$lc. 1his monograph pointed out tht1t 

, deaths from accidents ~7el:e rising at an alarmiusrate, e8pecially those in 

"'. 
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automobile accidents: We reproduce some relevant statistics in the 

table below: [16] 

Table 1.1: Deaths from Accidents in the U.S.A. 

Deaths Deaths per 100,000 
(1000) population -----_. 

1950 1960 1966 1950 1960 1966 -
All accidents 91. 2 93.8 113.6 60.6 52.3 58.0 

-- - -

~ Hotor vehicle 34.8 38.1 53.0 23.1 21.3 accidents 
-II 

----- . 

The link bet'olean an aC('.:ldent victim <:incl the hospi.tal in \"hich his hopes 

for sur.vival m~,y l1.e is the. c8crgcncy nmbulancc and its crE;1·1. The 

impoi."to.ncc of t;h, .. t had beci:! a neglect(':d .sm.-vIce recc:i.ved attention 

for: the first tirii~. 

Tht:!re tv.::!re other c:l1lrlC;CS in our society that have helped to focus 

attention on the stat.e of emergency snlbulance services. Thlt:! r;'sing costs 

of medic;-;l C,:lre m:e too \-lell kum'lU to require doct\fM::ntation. In addition 

there h~B been a stcndy d'=!clhv.! in t.ho number of physician::; in general 

Pl:Cicticc, C'.c if' inct:i.catecl in the follOi.7ing te.ble: [16] 

---.- -------
Table 1.2: Phys icii31~D in the USA: Number Per 100,000 Population 
----. 

1950 1955 1960 1965 1967 

Active Physici ans . 141 141 140 145 150 

Private Physl ci,lns 109 102 98 100 100 

General Praeti.tioners 72 59 47 39 36 
-----------_. --

l~ _____ _:.__~ _______ ......,...----~---------~~ 

-13-

The net result is that many people can neither find nor afford a private 

doctor. Instead of receiving treatment.at home, they must.travel to the 

emergency ward or. the outpatients' department at a local hospital. In 

cases of sudden severe illness or. accident, these people may need to use 

an emergency ambulance service. The steady increase in the use of these 

services as documented extensively in the r.eport, IIDescription and 

Analysis of 18 Proven High"1ay Emergency Hed±cal SystE:ms
ll 

by Cooper et 

a1. [2] confirms the above hypothesis, as do the overworked ambulatory 
[3,14,15,22,23] 

service facilities in hospitals allover the country. 

Fina1ly,we note the ~7arning sounded by Dr. David Rutstein in his 

book, liThe Coming Revolution in Nedicine,tl{18] that the trend tOivards 

the regionalizatiol1 of: medical carc can only be accomplished with "care-

f 1 J -I d "'fficic11'L' t~·_<>'l~l~ortatiol1 cud. communications system." .u p .t"L1nJ.ng an _ C:.n '" ...... ~ , 

ill b 'in the Under regionalized haspi tal sys telilS, there ,., e an l.ncrease 

volumo of inter-hospital traffic. In addition, with &ospital~ specia]~z-

iog in particular types of treatment, ambulances will have to be. dis-

patched to emergency w~rds that are appropriate to the condition of the 

indi vidual patient. 

As a first step tOt-l3rds understanding more c1eD.rly ~vhy problems 

exist in the provision of ambulance service, \-:e shall briefly revieW' the 

different methods of ,?peration. Since there exists no national coordinat~ 

. . j th organiz~tion of services, the variety encountered ing body to superv.se e 0 

is not really surprising. He may divide the different operations into 

four broad groups: 
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(1) Private concerns 

(2) Volunteer groups 

(3) " Hunicipal services 
-~ 

(4) Combinations of the above. 

1.2.1 Private Concerns 

1. 2. 2 

According to a survey reported in ,reference [7 ], until about 

five years ago 91 percent of the, munic5.pal operations in the U.S. 

were in the hands of private companies. Of these about 80 percent 

,',ere funeral homes. The survey lo1as taken over cities of very 

differen.t sizes, the maj od ty of which had populcltions of less than 

25,000, and it is thcref:Oi:e difficult to drcHIT strong conclusions; 

but it 1.s knm-m that until very recently morticie.l1s operated nearly 

one-half of the n;;J.tioa's LIO,OOO artlbulanccs. 

The same survey indicates thc1t funeral homes are the major 

emergcney Clll!bulrmce pur'veyor in the southern states of the country, 

while private companie~ (non-mortician) a~e by far the most prominent 

on the Hest Coast. Horticians and private companies gencrn11y pro­

vide the emergency service in sI)la1l tCl'.vtlS, usually as an adjunct to 

the regular, rtlore routine a:otbulc;mce trans fers that form the maj or 

p'art of ~he private operation' 8 bUSiness. T~'10 very large private 

emergency services are in Seattle, Hsshington and Dade County, Florida. 

Volunteer Groups 
, 

In small·to~'ms, rural areas cmd even soma of the burgeoning 

suburbs, men'hcrs of the community have banded together to provide a 

. 

.'~ , 
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servi('e staffed entirely by voluntee:!:"s. By removing ,salaries from 

the expenses of operation, it has been possible to provide emergency 

trai.1Sport wher.e economically it appeared i'i'lfeasible. Funds are 

usually collected from the community bY,means of charity drives. 

As \'1ea1thy an area as Bethesda-Chevy Chese in Maryland I for 

example, is served by a volunteer service. 

1. 2. 3 Hunicipa1 Services 

In most of ~he large cities, New York, \1ashington, Chicago, San 

Francisco, Boston, Baltimore, the emergency ambulance service is pro­

vided by one or anQther municipal agency, usually free of charge to 

the PQt~ent. . The ty· pes of agency can conveniently be broken into 

thl"ee groups: 

(a) Police: Station \o1agons J "<'0 and paddv "',~Qons used fo1:' pat.co! duties 

have 'been eql1 pre l'1~ n an c;,;', 'J i d 't' b da~ns splints, O}~uCfen tanks, and 

stretchers, and respond to requests for emergenc.y transporta-. ' 

Cion received by the police dispatchGr. Since the police 

vehicles a,re on continuous patrol throughout the dty, the 

tim~ (J.'. c., the tim~ ben;1'ecn the reception of a call response _ 

and the ar:dva1 of an ambulence) to an emer.gency is ver.y 

small. The cost of, this type of syatem is lew, because time 

not spent on a,mbulance duty is spent on preverltive patrol. 

The disad'vantages of the operation are that the vehicles do 

not meet current state specifications as ambulances, and that 

the first aid tl'aining received by policemen is minimal. 
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cities provid:J.:ng the service in this manner are 'Boston and 

Louisville, Kentucky. 

(b) Fire Dcpartmints: Fir.emen have all'lays received first aid as a 

part of thei'L t-raining~ and most fire departments have rescue 

compani'7s (or squa.ds) whose tasle. it is to rescue and treat 

inhabitllnts and firemen injured in burning buildings. The 

rescue squads use vehicles designed to transport patients and 

equipped ,dth firs t aid supplies. In small cities the fire 

department therefore often provirl,es the non-fire emergency 

service. A typical example is the city of Cambddge, 

Hnssachusetts. In other i,nstances the fire department has 

been the nucleus around t-lhich a volunteer ambulance service 

has fOl1G:~d. In Chicago Clnd Baltimor.e the fire departments 

have fOl"ned a separate squad to provide citY-Hide emergel}.cy 

service. 

(c) Hospitals: Despite their. close ,i:!ssoc.iations vi.th the ambulance 

sel:vice there ap1)Car to be relaUvely fei., hospitals that provide 

an e11l8rgellcy service. SOlnt! hospitals do have. their m-7n 

ambulances, but one of th!:! fe\'l cities ,-lith a hospital based 

emergen~y ambulance service is ~e~; York. Ambulances located 

at hosp:i.t<tls throughout the city respond to calls in regions 

associat.z:dwith each hospital. Patients are usually taken to 

the hospi tal f ro:n t.,hich the arni)ulance was dispatched. An 

. advantage of'thfs system is the possibility of the attendants 

receiving training at the hospital, and perhaps of ''lorking in 

-17-

the emerge1}cy wa~d. A disadvantage is the long r~sponse time 

from ho~,pitals servi.ng large regions hecause the ambulances 

, are not dispersed geographi.t',ally. 

1. 2.4 Combinations 

It is not difficult to imagine the possible combinations of the 

systen~ descr.ibed above. In almost .any city, the police by the 

natura of their work, play some part in the emergency service. Very 

often the police department dispatches the ambulances, and police 

vehicles, even "Then not the primary emergency service, tran.sport 

people wi.th minor injuries to hospitals. In the city of Cambridge. 

Hass., the police department receives calls for transportation, and 

also handles minor injuries. The fire dnpartmcnt provides the major 

emergency service, t'l~,th support from a private company. In one Rhode , 
• 

Island community, Pa; ... tuck(~t, the fire rescue squ2.d answers calls, 

administers tl.~eatment and then tUl.·ns the patien·t over to a private 

company for transgort to the hospital. 

1. 3 Rece11t Developrne.E!.:~ 

The first response to the recent appeals fo;: improved ambulance. 

services came '"lith the passage of st.ate laHs specifying min:1.TIn.lm st.andards 

of oper8.tion for those engaged in the serv:1.ce. These covered the train-

f b I personnel, the equipment carried on the ing and licensing,o am u ance 

ambulance an.d sorr:e features of th'e veM.cle' s design. A typical example 

of these standards is included in this document as AppendiX C. 
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A significant step occurred in 1966 when ambulance personnel were 

included in the provisions of: the Fair Labor Standards Act, and thereby 

quaUf!~d for a minimum wage of $1. 60 1\,an hour. Previously, operators 

running an ambulance business that was only marginally profitable kept 

salaries beIoi'" the minimum ~·lage. An obvious result was that the people 

employed I3.S ambulance attendants were th~~ .who were unable to fint! 

other, more lucrative Hark, and therefore not necensarily the most suit-

able for the job. 

The, Departmerit of Transportati.on, \i'hich is the Federal agency most 

closely connected with improving the quality of emergency transportation, 

has funded a number of studies. Thene have included issuing guidelines 

for the operation of services, analysis of exist~n~ operatJ'.ons, nug~n~tnd ... ~ - .., ~'"''' , .. , 

train:i.n~ progn'.'l1s, :~nd fair.ly c1etd.led economi.c analysc1S. 

Finally, the extcmd.on (If the Hedicarc and Hedicaid programs to 

incltid'3 r.'edically necessary transpqr.tation hc:s eased the financial bunkn 

on ~;o:ne ambulance operators, and a1lo;.;ed U{e improvcm~nt of cquipment arId 

the increase in salai:ies. In addi.tion, under the Hight·my Safety Act (1966), 

some mO!1ey has been made available to subsidize the provision of 

emergc.1cy services related tq highti'<lY accidents. [17) 

The passage of hi8h-minded legislation, while .it may connote 

concern abput a social p'rob1em~ does not nccessarily reflect complete 
\ 

understanding of the causes of the problem nor an intention to provide 
.. ~ . 

the means to ove~come these. The legislation defining minimum standards 

-19-

of' ambulance practice, ti'hile a necessary step 1\'1 improving the quality 

of emergency care, did not provide the means for carrying dut the improve­

ments. Mamy small private companies operating their emergency ser"ices 

close to the margin ha~e simply declined to continue this aspect of their. 

work when faced ,dth the prospect of increased costs to meet higher 

standards. Even in some of our larger cit~es the emergency ambulance 

service is provided as it always was at standards that are nrni' legally 

unacceptable because no money is forthcoming to carry out improvements. 

Even where money has been available (under the Highway Safety Act, 

for example) it has been left largely untouched because of the difficulty 

encountered by administrators in trying to translate general reconm1enda-

tions into specific pro?osals with regard.to the type and size of ~he 

operation t·lith t'lhich t.hp.y are concerned. One of the main concerns of. 

this r.eport is an attempt to .provide a rational. frait1e~'7ork for decislon-
\ 

mald.ng so that the adminis trator might initiate changes with some degree 

of confidence. 

In the natiomd . .cle survey reported in reference no. 5, the following 

were the maj or problems outlined by admin1.strators of C\lrrcnt ambulance 

systems (in order of importance): 

(a) The hiring and retention of reliable personnel: Lm., salarles 

and poor tvnrking conditions combine to discourage most people 

from' a job that involves great: personal responsibility and 

. emotional stress.' A ~onsequcnce has;"'b~t!n that very often 

people employed as ambulance att'2.ndants .are those least 

qualified to r~act appropriately j.n an E:'mergency situation • 
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(b) Finances: Collecting payment for ambulAnce transport in an 

(c) 

emergency situation appears to be a problem in most conmlercial 

operations. At the time of the emergency it may be impossible 

or improper to request payment, so that the operator must rely 

on postal. b1.lling. Because the patient's bill rE~flects the 

average rather than the marginal cost of his trip~ it usually 

appears to be excessively large' in relation to the services 

provided. Consequently private operations expend a great deal 

of effort trying, of ten unslIccessfully, to collect payment. 

Travel distc~'nces anCi' rc~ponce ti . ,,-.. . ., ., meH • These are often great, 

either because th~re arc too few vehicles allocated to an area 

or because the vehicl'3s are poorly located. Som~ of the 

models precented in th:ls . ~~cument should help administrators 

to overcome this probJ.E!m. 

(d) COl!llTIunicat:1.ons and cCoordina.tion: The emergency ambulance 

communicatio:l and .coordination problems pr:esent in most 

communities exist because there is no individual or group of 

individuals responsible for the operation of the system. Rac.l:i.o 

dispatching ambulances and notifying emergency wards of 

imp~nd:tng arrivals are \d thin the c.apabili tics of mos t sys teli13 , 

yet they a}'e functions oi:ten poorly perforlned. The coo.:dina-

tion of the dif f crell t emergency sys tems lli thin a communi ty is 

a more difficult problem, as is tlie task of inter-community 

*I.e., 'the p<1t.l~::!1..!. pays the cost of h[lv:i:n~ ambulances ava:llable to 
respond imi':~C!icteJ.y to er:tergcncies ill his community. 

-21-

coordination. These are unlikely to be solved until there il~ 

some central responsibility for thcdr solution. 

From the patient's point of v1.etol the problems are very similar. 

The perceived delay until emergency assistance arrives is usually enlarged 

for the victim of an emergency and his. relatives. Hhere this delay is 

s1.gnificant from a~ objective point of vk:.] r' it tdll appear to be enormous 

to the patient. The quality of the care administered by untrained 

individuals is unlikely to be ignored by the victim in an emergency \.]ho 

is very rnlarc of the consequences of mismanagement. F:l.nally, as He 

mentioned before, the financial burden that the patient bears may seem 

inequituble, for the pat:i.cnt pnys not the cost of the ambulance and its 

crc'I'T undertaking the jotlrney, hut a cost assodated Hith ahlays havins 

emergency 1'1r.:rvice cwa:i.J.a.blc t·o eve!)' mCl'1ncr of the community. Host of 

ollr large cities have adopted the liberal view that, as ,deh fire: [,n'<.1 

.' 

police service, the community should spruad the risk of emergencies by 

shar:i.ng the costs assad.ated ,dth providing ambulance serv-ice. 

1.5 Related R~sea~cll 

Until J.966 most of the research into the prohlem of em~rgency 

ambulance services "7as confined to repOi:ts enumerating the shortcomings 

of operations in p~rticular cities, arid to the private research of 

concerned docto'Cs pub lished ill medical j ollrnals. In that year the 

National Academy of Sciences published "Accidental Death and Di.sabiU.ty: 

The Neglected Disea~e of Hodcrn Society.fI[l] In 1967 Hanegold and Silver 
~ 

published 41n article[14] in the Jonrnal of the Am.;ri.can Hedical Association 
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in which.they.qua1itatively discussed the emergency medical "system." 

The article spedfit;.a11y isolated the delay bett'1een the incident and the 

ar~val of an ambulance as an important factor, and tried to formulate 

the quality of service,in system terms. At the end of 1967 David C. 

Dimendberg of the' Net'1 York City Department of Hospitals published the 

results of a month-long survey of ambulance transport in 'the city. [3] 

Ueing some of the results of that survey Emmanuel Savas underto.ok a 

detailed study of the King's County Hospital district in Brooklyn. Using 

a computer simulation model Savas demonstrated that the average response 

time and the average service time could both be reduce.d considerably if 

some of the c:!mbulnnces stationed at the Kings County Hospital were 

traIlsferred to a garage located in an area in the district in vlhich the 

call dens1-.ty Han extr.emely. h:l.gh. Additional recommendatiolls from this 

report wel;'c that the emergency service be separated frop\ the hospitals, 

that ambulances be as ~'1idely dispersed as possible and tha.t dispatching .. 
be from one central point direct'ly to the ambulance Hithout ;;Iny inter­

mediaries, [ 21] 

In 1968 Dunlap and Associates issued the results of a study of the 

economics of emergency ambulance transportation. [5] The report included 

the results of the first nationwide survey of emergency an~bulance 

services, and it indicated changes in ttle type of pur~eyor (specifically 

a decrease in the nUlIlbt!r of mOl-l:iciaus) e.nd the problems experienced by 

operators. The Dunl.ap report used a very simple queuing model to predict 

the availability of ambu1cl11ces, and suggested some simple procedures for 

locat~ng ambulances. Both of these ''liD. be considerably expanded in 

H: 
Ih~_.· ________ ~~ ______ ~ 
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this document. The Dunlap study indicated the availability of funding 

to aid communi ties in es tablishing . emergency ambulance f acili ties; and 

attempted an analysis of the efficiencY of helicopter ambulances. 

1.6 Scope of this Document 

In this document we develop simple analytical models that describe 

some parts of the emergency ambulance sys'tem, and that can be used to 

improve its design and operation. In the previous section He outlined 

the s:!rr:ulation modelling tvork of Savas in Net'1 York City. He have chosen 

to taclc:le a s:f.milal' problem by ..analytical means because computer simu1a-

tions are expensive undertakings, especially when they involve a great 

deal of data-gathering. Furthermore, detailed simulations of one locality .. 
may require extensive data-collection and ~rogram design before being 

applied to an.other location. Simple analytical models, ''1hile p:t'ov~ding 

less pre.cision, can give approximate results that axe· applicable in a 

wide variety of communitins. In most instances the:i!e models offer 

ins:J.ghts thn.t can reduce the computations in cases v.'here simulation is 

~ the only alternative. 

He begin by isplating the tl'snsportat:ion subsys tem of the total 

emergency ambulance service system and identifying the relevant elements 

that bear on total system pCl'formancc. He noCe that as in many public 

syst.ems the output of the total system, the patient's condition, il'; not 

(!asily measured, and that surrogate measures need to be found. One 'of 

'these, the time that a patient t-1aits'bel~~'een the occurrence of the 

" emergency and the arrival of the ambulance, il'; believed to be particularly 

crud.al. The ''1aiting time is reduced to its three components: 
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(i) the time until the emergency ambulance servj,ce is notified of 

the cmernepcy 

- (ii) the time until an ambulance becomes available to respond to 

the emergency 

(iii) the time that the ambulance tCJkes to travel to the scene. 

Since (ii) and (iii) are within the compass of the emergency ambulance 

service, it is on these that we concentrate, identifying their sum as the 

response time, 

In the first part of Chapter 4 tole develop a queuing model that 

alloiols the determination of the probabili ty that an ambulance is 11l1ava:H­

able, the expected delay before the dispatch of an ambulance, and the 

ambulnnce utilization in terms of the average rate at t.,hich C:'mergency 

calls arrive, the time t.?kCc!l1 for. an alilbulclUce to complete such a call, 

C1'1c1 the. u'l:;-her of ,:::;"hllJ.t~I.I"IC'.l.".n lo'11 tll'_' c:c· ... · .. · .. :.cc. I tl ' 
.... _. J n . 1e SCeU!iCi pr.trt of 

Chapter 4 ue calctll~te the appi:oximntc e~~pected tim£! for nn anthulance to 

travel to the scene of the ereergency. By' quoting on import~ll1t result on 

the expected distance bet\ ... een an incident and rcmdomly distribt.ltcd 

vehi.cles du"_ to L":'.·on[13] t' .. 
hLg , we can ca lomaLe an up~er bound on the time 

for LIle ncarc~st ava:i.J.al.>J.e mnbulanr::e to get to an em'~rgency. By using the 

dispCltch delay till:}! and the travel ti.me modeln in combination, we can 

demonstrate a procedure to allocate a given number' of all1bul~.mces to a 

region so th,tt the expected rE:sponse time is minimized. 

One of the insights into emergency c!mbulance operat5.on afforded by 

the 11lodels in Chapter. 4 is the lou utiliz;:ltion of resources in smnll 

oper.ations. Chapter 5 is devoted to explorino
CT po~sibJ.e m' etllods of r d ~ I e uc-

ing costs, nnd includes a model rtf the .",l',tup tiol1' h' 1 d .. '" 1n -\'1 1C 1 a secon ary 

source of ambulancC!!; is introduced in support of the primary source. From 

, -
1 
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the analysis :f.t appears that a service Hith a highly paid secondary source 

can operate at a lower coot and at n higher level in terms of ambulance 

avtd.labiUty than a single source. 

Two problems that are of related interest have been relegated t9. 

the appendices. in Appendix A He develop the probability 1m1 describing 

the total "service tim~" of an ambulance responding to emergency calls. 

The s~rvice time is defined as the sum ,of. th.e times for the ambulance to 

travel to the scene, to ad111inist(~r treatment at the scene, and tC) trans-

port the patient to hospital. Because of its importance in our models, 

WE~ need to refine OUl'.' estimates of the service time probability distribu-

tions if we are to improve the accurncy ~7ith which the _models reflect 

real:f.ty. The effort seems wortin.hile HheI1 one recalls that other' munici-

pal service operat:i.ons encounter similar service Hme configurations. 

In Appendix B 'ole develop C1. simple graphical algorithm for direc,tiug 

arnbulances to the hospital nearest the scene of the emergency. The pro-

cedure :I.nvolves describing a reg-ion around each hospital so that an 

incident located insid~ hospitnl XiS region is closer to that hospital 

than any other. There is a surprising need for systematizinr; Ruch a 

procedure, since. patients are often taken to distant hospitals according 

to the uhims nnd h:abits of the alllbulc1Ilce personneL 

Finally, Appendix C contains a set· of specifications which the 

State of Hassachusetts requires to he observed by ambulance operators in 

the state. It is included as an example of tHe legislation. slo' .. Tly being 

enacted across the country. Hhile its effect is probably to prompt 

~im?rO~emcllts in operating staudards, I.lnti~ the means for financing 

improVclilt:n.ts are mc::.de available, ambulnnce services \011.11 operate in 
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violation of these specifications or else \o1i1l close dO\m. 

In summary, this~ document approaches the Jlroblems of providing 

emergency ambulance service analytically, through the development of 

mathematical node Is • TheBe models arc the "outputs" of, the study, and 

they (~an be used in the foll~dng Hays: 

(i) As guideH.nes to ambulance service adminis trators in alloca#:­

ing their resources (vehicles and men) among different shifts 

in various parts of the c~.ty or to\m ?eing served. 

(ii) As rr.eans for predicting resource rcquirements for admillistra-

tors designing ney] services or improving old ones, and 

attenpting to appropriate funding from the municipal budget. 

(iii) As sourees of insight into the \<iay an emergency sys tem 

operates " hOH thQ vad.0t13 elem~n" .. c: inter"'ct ""1l th . f. • - 1. " ,~l\ • e.re ,ore os 

guides to policy-maldng. 

(i-,) As aids to futere modelling OT, simulation 'cfforts undertaken 
" . 

to better achieve the above. 

(v) In modellin~ otI:-er munic,ipal service sys terns like the police, 

fire and sc:ni tati0'l1 services. 

The reader \:d.ll be rel::ittaed c.onstantly 'in the succeeding c.hapter.s 

that anL!lytical models, \}hile providing a frame\vork ~]ithin which to 
. , 

appro'rlch the problem, are based on simplifying assumptions about system 

functioning. In practice, an amb1.l1~;1.ce operatiqn faces a host of 

political, bureaueratic and labor constraints that may ovel:ride, or' at 

least compromi.se,. thE! solutions suggested by modelling efforts. 

CHAPTER 2: SOME STATISTICS OF ENERGENCY MffiULANCE OPERATIONS 

2.1 Introduction 

Chapter 1 gave some historical perspective to the problems of 

successfully providing emergency ambulance service, and gave a general 

indication of current conditions. Gaining specific information and 

"hard" data about emergency ambulance s.ervice is particularly difficult. 

This is a problem shared by many municipal services, and it is compounded 

in our case by the fact that accounting procedures differ among different 

systems according to \\1ho provid::!D the service. For example, if the 

police provide the emer.gency ambulance service, every call for police 

s~rvice that hC1G an em;:n~[wncy \7n1'<.1 as its fiual disposition might be 

counted as an er.:~rgency call'. On the other h;;md, ylhen SOme other ,~gcncy 

provides the emergoncy service, emergency ambulance-type transport 

carried cut by the pol:i.ce is often ignored. Then again, ~.;hen the 

emergency ambulance sc,rvice is hospi tal-based, the tally of emergency 

calls l!1UY include a significant number of routj.ne patier.t transfers 

(hospital-to-hor::e and vice--versa, or inter-hospital), which are usually 

undertaken by the private ambulance companies. 

The purpose of this short chapter 'Hill be to cull from the little 

data that is avaihlb Ie descriptors of the emergency ambulance sel"vice~~ 

i:The reader is reminded that th .. 'OtlcillOut t1;li,s. document we are con­
cerned about emergr:!nSY., ambulance service. He shall not consider the 
routine transfer of paticntG to and from hospiftt'l in-patient facilities 

~ in this category. 
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that l-lill provide details of real operations and facilitate their 

comparison. Hhat foliot'lS has been accumulated Ollt of observations and 

studies by the author in the Greater Boston area,.and reports in the 

literature, especially two issued by the U. S. Department of Transportation: 

"Economics of Hight~ay Eme:rgcncy Ambulance Services" (Reference No.5) and 

"Description and Analysis of 18 Proven Hi~llway Emergency Medical Systcms" 

(Reference No.2). 

.' 
2.2 The Provision of E_~gency Ambulance Service 

In 1967 the Dunlap study group[S] undertook the first extensive 

natiomlide survey of el~~rgency ambulance sel:vices. The SUl."Vcy rece;ived 

responses f 1'/)11\ 1763 munic:i.pa)'ly-·based and 535 count.y-based serv:I ces. 

\~c shall drrc:., on the resultH of: tho survey to indicate thc distribtltion 

of emergency ambulance. service by th'c t)·pe of operHtor, und to support 

~ 

SC):11C of the n::marks made in Chr;,pter 1 about: current trend<:: in sen'icc 

provis:I.on. The survey is very he£:.vily biased tmwrcJ, operations serving 

populations of less than 25,000, which e":plains the prominence of the 

volunteer squads in Table 2.1 belo,·,. In that tnble He indicnte the 

distribution of service by purveyor. He note the contint1ed importance 

of the mortician in the em~r.gency nmhu1ancc service, and the very small. 

role played natiom7ide by hOBpital--bu::.:ed emergency mnbul:::mces.'': It is 

apparent from other j.nformatj.on received in the survey that the morticinn 

purveyors are mainly concentrated in the Southern States., that private 

*Ne\-l York City, l-lhich provides the largest service ,i,n the country 
uses hospital-based emergency ambulances. 
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Table 2.1 Dis tribution of Emergency Ambulance Operations by Type 
~ Percentage of the Percentage of the 

Type of Purveyor Hunicipal Services County Services 
Surveyed Surveyed 

Funeral Home 27.8 34.7 
Private Company 23.8 lS.l 

Voh.tnteer Squad 24.0 26.0 

Local Government 
Agency 20.2 14.8 

Hospital 3.7 8.0 

Other 0.5 '1. 4 

companies are most prominent on the West Coast, that local government 

agencies predominate in the North-Eastern part of the country, and that 

volunteer' squads m:e generally ,.]idespread and confir..ed to small services. 

In approxim2.tely J.O% ,of both the municipal and country respondents 

to the survey, there had been a chango in the type of purveyor with:l.n 

the previous 5 years. For those services in which a change had occurred, 

we shO' ..... ill Table 2.2 the distributions of the type of purveyor, both 

prior to and fo1lot·ling the change. From the abo'le, there are a number 

of discernable trends in the t~ay in ,·]h:i.ch emergency service is changing: 

(i) A definite end drastic movement aHay from the mortician as a 

source of emergency ambulance service. 

(ii) An increase in the number of local government agencies taking 

responsibility for providing emergency ambulance service. 

(iii) An increase in the number of volunteer squads in operatiO!l, 

possibly the result of disillusionment ldth morticians, but 
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Table 2.2 Distribution of Emergency Ambulance Operations by Type 
Prior to and Following a Change in the Purveyor 

Percentage of the Percentage of the 
Municipal Services Co~m,ty Services 

Type of Purveyor Surveyed Surveyed 

Formerly Currently Formerly Currently 

Funer.al Home 72.5 2.6 , 78.3 1.7 
" Private Company 19.1 43.3 16.7 18.3 

Local Government 5.6 21.3 5.0 25.0 
Agency 

Voluvt"eer. Squad 0.6 13.4 0.0 13.3 

Hospital 1.1 4.4 0.0 6.7 

Conlbination 0.0 12.4 0.0 35.0 

Ot.her 1.1 2.6 0.0 0.0 
----------_._--

probahly becnuse a volunteer squad \.,as perceived as the .. only 

alternative to a small cor:ununity \.,hen a morticinn decided to 

. 
discont:lnuc his eraergcmc.y ambulance service for financial 

renSOlls. 

(iv) An incr.ease in the number of municipal services employing 

private companies. This is probably a refle-ction of changes 

on the \-lest Coast Hhere the priv,,~te compafly is a favored typ.e 

of purv\.'!yor. 

(v) No ,real indication that hospitals are becoming involved in 

the emc\rgency ambulance ser.vice. 
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2.3 The Generation of Emergency Ambulance Patients 

A commonly quoted rule of thumb among ambulance operators is the 

statistic: 35 emergency ~bulance patients generated per thousand 

population per annum. lVhile this is a useful indicator of the number 

of ,emergency ambulance calls that we might. expect annually from a city 

or region, it is very approximate. From. the little information available 

to the author, the statistic seems to hold up reasonably well for popula-

tions below 500,000 (see Figure 2.1). For larger popul2.tions the 

statistic :f.s much less consistent and reflects socia-economic factors 

and the difference j.n accounting procedures mentioned in Section 2.1. 

Ideally (i.e., under conditions \vhcre patient accounting procedures ,.,ere 

i~entical cVerY1;·7h8!.'c) the expected nur.lblu' of ambulance patients per 

thoUSc'.l1d population per annum could be used: .. 
(i) To predict emergency ambulance needs in the face of changing 

population. 

(ii) To cornp~re ?ifferent cities or regions and to invest:i.g.:lte the 

ce.uses of e:<treme devic:.t:{,ons in the number of pat5.ents 

generated per 1000 people. 

Unfortunately t.hese ideal condHions do not cXist, and 1;'7hile the compm:i-

son of the above stntistic among different emergency ambulance services 

may be interesting and infol"Tl1ativc, it does not justify the popular 

conclusion that serl1ices v7ith a h.1.·ge U:umber of emergency ambulance 

patients per 1000 popltlation are being misused. 

~ompounding the above is the steady .annual growth in the number of 

emerg~ncy ambulance calls gencrated. l'his rate. exceeus the population 
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grotlth rate and requires cons'tant expansion of the emergency ~mbulance" 

service. In Table 2.3 we indicate the annual number of calls answered by 

. [2 2?] 
three very different emergency ambulance services. ,-

Tabl~ 2.·3 Annual Number o~ Calls Anst"ered by 3 Emergency Ambulance 
Services 

Service ·1962 1963 ' 1964 1965 1966 1967 

Boston, Mass. (Police) 27,834 29,274 29,211 31,658 34,035 37,068 
" 

Baltimore, Hd. (Fire) - 37,597 37,59 1• 39,185 1!:p»000 41,910 
'. 

Chevy Chase, Md. , 5,478 5,719 5,832. 5,900 6,008 -(Volunteer) 

The causes of these increases are numerous. There has been a rise 

in the number of higlm'ay accidents, "'hich often const'itute 25% or more of 

the emergency 8.mbulance load. The decline of the general practitioner 

has driven a lot of patient$ to municipal emergency t-lards, especially 

among the poor. Urban civil disturbances over the last five years have 

made notable additions to the emergency ambulance load • 

. ~. 
2.4 The Costs of Pl."ovidin;J an Emcriiency Ambulance S~rvice 

~------"f:-':o.=",-,-- -~""'-'-'-

The' cos t. of providing an emergency ambulance service is a function 

of the type of service, the location and tl~e. quality. In the next 

section \ole shall give n fet-l sp-ecilic examples. In this part of the . ,~. 

chapter \ole sha~_l give a general put line of the distribution of costs 

among' the various functions in the service. In Tab le 2.4 we indicate 
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as a percentage of the total budget, the proportions' for \vhich different 

aspects of the op~r8:;tion are responsible. * 

Table 2.4 The Distribut5.on of Emergency Ambulance Costs 

Item 

Atterldnnt Salal:ies 
and Benefits 

Support Personnel 
Salaries 

Insurance 

Equipment Depreciation 

Repairs and Maintenance 

Stnt::i.OL1 ltf.!L',taJ, anr.1 
Opcrat:l.on 

Percentage of Total Budget 

65.- 80 

10 - 15 

1 - 2 

5 - 7 

2 - 3 

1 

3 -5 

-"---,---"--- ~.---'-'-"--'-'---" ---.".----._-~ .. -------.-.-----

the total cost tbat is due to attcndcni: salad.es. In general, r.:un:i.cipc] 

ope:cators reported nttendent sala·d.<':3 at the upper· end of the range, 

",hill? private or..:~rators in rural are<:8 report:~d sal:J:dcs at. the lo·,.rex­

end. [5] Hith the outlook be:!.ng tmycxd hi~;hcr rather th:?H loHcr sularjes 

for attC!lldents, attenc.1.::nts \·,i11 in the:: fl1tu::-e be respons:i.ble for an even 

larger fr.action of tota] CO!1t. Under these circutnst~nces \'7e shall feel 

ju.stified in Chapter 5 in appro:dnating emargo:!acy ambulance costs as a 

linear function of the number of ambulances manned during the day. 

*These proportions reflect the results of the surve.ys carried out in 
References 2 and 5. 

,./ .J, 
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2.5 Some General Descriptive Statistics 

From the general data pub lished by "emergency ambulance services 

about their operations. it is possible to derive a fetv infolillative 

statistics. Because of the way the data is . collected, these statist:i.cs 

do not make reasonable measures of systen performance. Instead they are 

essentially descriptive, and at best giv~ insights into general operating 

procedures. The follewing is a list of' the mor'e useful of the statistics 

that can be easj.ly obtained from the aggregated data of most emergency 

ambulance services: 

The number. of emergency calls per thous'and population per 

annum. 

(ii) The cost per paUent transported. 

(iii) The cost per resic.1ent per annum , 

(iv) The cost per ambulnncc per annum 

(v) The nUli1~er of patients per ambulance per day. 

All of the above give a general indication of current loads and costs, 

and will pl:ovidc, guidelines for some. of the more theoretical t'lOrk of 

future chapters. (v) above is indicative of the very 1m·, utHizatinr' of 

ambulances in Cllrre:lt operations. In Te.ble 2.5 He provide examples of 

these statistics for 6 different cities, Hith very different character­

istics and different types of emergency ambulance servIce. [2,3,22] 

The reader is lvarned against dratdng dramatic conclusions from 

Table 2.5. Instead his attention is dr~t\'m to the large variation in the 

statistics He have identified, the gener.ally high cost per patlent, the 

relatively 10';,1 annual cost per resident, and the low utilization of the 
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CHAPTER 3: THE EHERGENCY MD;ULANCE SERVICE SYSTEM: 

3.1 Introduction 

In thia chnpter we consider the emergency ambulance service as a 

system, and thereby provide. the fralile\-lork within which some aspects of 

the service may be rationally analyzed. Very simply, a system confJists 

of a number of components or elements, all hopefully directed to~mrd the 

same purpose, '~licll operate on a set of inputs to produce a set of out-

pu ts. Characteris tically the inter.action of the elem·zmts is complex: 

altering O::1e Cll:l,l:!nt in the system aff:e(:l~ the other E!lem~mts in a ,.,ay 

that is often not stT.'aightfol"'Hard. Typically the process of systems 

an~11ysi8 cn~:aih\ the de£in:i.tion of the objectives. of the system, the 

g~'ll·::!l·c':'lt:i.(m of a1 tern~tive \-lays of meeting the obj ectives, the definition 

of r.1ef:DlI):-~·a \dth "1hich to eva"lunte the a,lternetives, clnd the ultimate 

selection of the "bP.8 ttl alternntive. 

\']e begin by div Idi!13 trie gmergenc.y embulcnce service sys Ccm into 

three cOlllponent s\,1h,~;yst(!:n ... 'l: Cor.·unllnicatiol1l3, Hcdical Scrvic.as ~nd 

Transportrtio~.* r~hc fOCliS of thic docu~:mt is primarily on the 

trc!L1Sp0rt:ct:tcm con;pr:mcnt J and so, after lJo;-ae diDcussi<:n of the other 

b·lO, we pl·oc::\"d to a c.:;refuJ. e):~mination of the elements of the 

Trm)sport .. :t:i.on syst~m. This involves a eonsid~ratior,l. of the nature of 

the demand for emerBl?nc)· tt'ansportation, the nature of tl}e response, 

the consequences of constraints that result in delays in response, 'and 

* This division is due to Savas [ see Ref. 21] 
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the alternatives to the current methods of respondinB to emergency 

demand. By the end of this chapter the ground will have been laid for 

the development of models in Chap tors 4 and 5 to aid in the allocation 

of ambulances in cities and to~ms. 

3.2 The Emergency Ambulance Service System 

Emergency ambulance serv1.ce is a part, although seriously neglected, 

of the o'i'el'all Hedieal System. Its purpose. is to deliver the victim of 

an emorgency, in the best possible state given the circumstances of the 

emergency, to an appropriate medical car,e facility. The statement of 

tM.s objective leaves a lot of room for interpretation in specific cases. 

It usunlly re.quires the rapid transport of trained attendants and equip-

ment tel the scene. of the emergency. It d095 not usually require very 

rapid transport of the patient to the neare~t hospital. If the ~Qtient's 

conditic'n has been stah:i.lized at th~ scene, the advantage of delivering 

him at a hospital ~-lith facilities appr.opriate to the treatment of his 

injury or complc.l.nt ~d:ll ge.ncrally outtleigh the dieutility of a longer 

time spent in the ar:lbulance •. 

t'1e shall fin.d it convenient for the purpose of ~iscussion to divide 

tIl(! ambuJ,snce Djstem into the thn~e CO!:l?OTlents mentiom~d in the 'Illtroduc-

.. [211 
tion: CO\i1Uiunications, Hedicnl Services and Transportation. 

3.2.1 Communications 

The Commun:i.cat~.ons sub-system inc11.ld!s the means and methods' 

b'y which info-rmation alJout the existence, location and nature of the 
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emergency is transmitted through the emergency ambulance system. 

Figure 3.1 is a very simple representation of the sygtem. At the 

center is the Dispntcher who is first notified of the ex:l.stence of 

the emergency by a citizen obsel~er (usually by telephone), by the 

polic,e (hy radio), or by a telephone operator. In many large cities 
o(~ 

10 
the dispatching of emergency ambulances is done by the police dis-

patcher, whether or not the police actually provide the ambulance ,. 
j .! 

I 

service. lvhere the Fire Department provi.des the ambulance service, I 

the established dispatching facilities of the Department are used. 

As in the case \>1here a private company provides the service, the 

Fire Department: usually has a direct l"adio link. to Police .Head-: 

quarters, vlhcre a great. many emzrgency ambulance calls are received. 

The Dispatcher ma~' attempt an assessm~nt of th(~ seriousness of 

the call, bat ill general cOY.\CI:mtrates on getting def:ails on the 

nature and lC'tcation of the cm~ligency from the caller. Contact is 

then cstablishad ,,,Uh an ambulance, either vcr~ally if the vehicle 

and the Dispatcher arc at the same location, otherwise by radio. In !. , 

the event that 110 ambulances are ava:!.lable, the Dispatcher might 

contact a neighboring ambulance sc.rvlce, either by radio or by r 
I I 

tclephon~t and request: an ambulance from that service. 

Once the a.mbulance haa been dlrel~ted to the emergf.."".cy, the 

Dispatcher contact',!> the hospital to ':lhich the patient 1s to be 

taken in ordel: to cllo;'7 preparation for the arrival. At preserit 

this is usually done: by telephone, either through normal telephone 

channels or via one of the "hot lin~s"(direct telephone lines) 
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that link some Dispatchers t-1ith the hospital emergency rooms in their 

are~. The Dispatcher may call the hospital again if radio contact 

with the ambulance gives rise to additional important information 

about the emergency. It is con'ceivable that in the future there 

will be communication bebvcen the ambulance aud local hospitals 

(brokcn line in Figure 3.1) that ,'11lJ; al,lOt" doctors at a hospital to 

monitor the patient's condition and advise ambulance attendants on 

appropriate treatment. 

In those urban emergency ambulance services uith "lhich the 

author is familiar', most of the elementary functions described above 

are carriE!d out, although notification of the hospital of a patient's 

arrival is sometimes' neglected. SOIac of the early "scandals" 

associated Hith smsll rural servic'Z!s revolved around the fact that 

the vat'ious parts of, the system could not communicate in the manner 
. 

,,"'e have descl.':tbcd, and as a l:esult patients ,suffered long delays 

before ambulf!Uces arr.ived, or vjere delivered to hospitals that \'1cre 

unprepared or incapable of reccivj.ng them. 

The most serious problem associated l'lith the communications 

fuuct5.on is that of trying to judge. the nature of a call for enlergency 

service, l.'.nd to make some m:;zessm~nt of its priority ''lith respect: to 

calls ,that nrl:.~~ht arrive in the near future. B(~cal\~e the responsi-

bilities nssociated with misjudging tIle seriousness of a call and 

delaying ambulance dispatch are so great, the Dispatcher makes little, 

if any, attempt to distinguish among calls. Most calls are treated 

as being of. equal priority, which implies that any de,l,ays are imposed 
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1W'::lth equal chance on serious calls (where they may have dire conse­

. quences) and on non-serious calls (where there may be no effect at 

all). 

3.2.2 Medical Services 

The elements in the Medical Services sub-system are the most 

intangible of all. The quality of these services provided by the . . 
emergency ambulance.system is the criterion in terms of which this 

component of the whole system is judged. Quality of service is an 

ultimately subjective measure, being a conglomerate of the training, 

experience and skill of the attendants, the equipment carried on the 

ambulance, the design of the veh5,cle, and the degree of access to 

appropriate expert medical care. 
, 

One of the most ob~ious failings of emergency ambulance ser-

vices in the past has been tha.t attendants were often unsuited for 

, d· [1,15,22.] Th mi i t the job ,and very poorly tra~n~! • e pro nence g ven. 0 

emergency ambulance service recently has had a numbe,r of effects: 

(1) Pressure has increased to make the position of ambulance 

attendant a para-medical one, giving the attendants 
, ' 

increased responsibilities and opportunities for making' 

a career in the service t This will mean raising salaries 

at least to the levels received by policemen and firemen, 

and will probably force the service to be taken over or 

at least heavily subsidized by the community. 



..... , , 

-44-

(ii) Under the auspices of the Department of Transportation 

training programs for ambulance attendants are being 

improved, and publicity is being given to existing emer­

gency ambulance services that do operate particularly 

well so that ~hey may be imit8.t;ea. l2 ] 

(iii) The design of the ambulance has L,een improved, with 

functionality rather than appearance determining the 

shape of the "ehic1e •. , A much larger interior space 

a110t-7s the relatively unimpaired administration of first-

aid inside the ~.mbule.llce, the storage of more equipment, 

and the transport of more than one patient at one time. 

The last is particularly important becmJne automobile 

accidents (recponsible for 25% of the patients trans­

porteci in one service obs,:rved by the author) often 

involve more than on0. person. 

Technological d~ve'lopm~nt6 :J.n medical te1e·metry may soon a11ot-7 

doctors, monftoril~g the patient's condition from a dis tanthospi tal, 

'to supeivise more sophisticated tr~~tm~nt at the scene than can be 

provided by 'the attendants alone. These developments may be the 

only hope of reducing the number of deaths from cardiac fa:i.:lure 

(by far the biggest 'cause of deaths among urba~l, eulergency victims) 

'where drastictnadica1 actioll has to be taken very soon after the 

onset':of the cOfldition if the patient is to survive. 

3.2.3 Transportation 

The important elements :I.n the Transport;;(tion sub-system are the 
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ambulances, their number and location, and the location. of, the ' 

hospitals in the community. Other elements are the area of the 

region served, the availability of good. road£), traffic conditions 

and other j.\'llpediments to travel (rivers., mountains, etc.). 

We discussed improvements in' the design of ambulances and 

mentioned possible technological in~ova'tions in the previous section. 

One current innovation in emergency·transportation has been the 

introduction o'f helicopter ambulances. Hhi1e their use in an urban 

environment app':R,rs to be limited to high\-7ay rescue operations, in 

sparsely populated areas and near large water surfaces they may be 

extremely effective: in an nmbu1ance role. Be.cause of their high 

costs (capital outlay is approximately $100,000 for one helicopter, 

and operating expenses are at least double those for a grou~d 

ambulance) they hav~ n~t been extensively in~orporated in large 

services. The City of Chicago has one of the most active helicopter 

ambulance services (399 calls in 1967), but 75% of the helicopter 

eme7:getlcy trips undertaken in Chicago in 1967 Hl:!re connected Hi th 

boat mishaps in L~ke l-~chigan. [2] We'shall therefore not devote '. 

very much· attention to their use as ambulrtnces in our considera.tion 

of urban em~rgel1cy services. 

There remain the problems of hot'1 many (ground) ambulances 

should be located in"Hhich part of the region being served, and l-7hat, 

if any, their spatial relationship should be to local hospitals. He 

have seen that one of the important reasons l-1hy some private 

operators provided poor service in the past was financial. About 

80% of the COD ts of operating an emergency ambulance service are 

--.. "---.. --.-----.....;.....------~---------------- ----~--""-=. 
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connected with personnel salaries and benefits which depend on the 

number of ambulances allocated to the doily l\Tork shifts. It there-

fore seems reasonabl~ to devote the energies of this document to 

the exploration of improved ambulance allocation procedures that 

would reduce'the delays suffered by patients and the costs encountered 

by operators. 

3.3 Analysis of Emergency Ambulance Transportation 

The time-sequence of events involving the emergency ambulance service' 

that are initiated by an emergency is illustrated in Figure 3. 2. Fol1o~'1-

ing the occurrence of an emergency there is a delay until it is detected 

and cont.act is made Hith the Ambulance Dispatcher. This delay may be a 

matter of one or tHO minutes in a busy metropolitan street, or possJbly 

hours on em isolated highway. If an ambuJ:ance is s\'aj,lable it is dis-

patched almost imm'1diately. Othendse there ,is a time lag until a 

previoi.,sly' busy ambulance reports that it is free (Dispatch Delay). Once 

it has been dispatched the arr.bulance consumes time travelling to the 

scene of the emer.gency (Travel Delay). This time is a function of the 

relat:l.vc locations of incic1ent and a-.bulance, the loc;al street patterns, 

and traffic COllditions. At the scena Or the emergency the attendants 

.render firs t-aid in order to s te.bilize the patient' s conditio~ prior to' 

transporting him to ll'£l emergency l·mrd. 

The primary o~jective of the Trnn5portation sub-system is to respond 
. / / 

as rapidly as possl.\ble to the demand for emergency service. Doctors 

have stressed the need for the ilrrivol of'medicai aid as soon after the 
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[14] occurrence of the emergency as ponsible. In this study we shall be 

primarily concerned with allocating ambulances in such a way as to keep 

the Respo~se Time (see Figure 3.2) down to a reasonable level. In 

Chapter 4 ~e deveiop some simple measures relating the number of ambulances 

in the eme'l:'gency sys tern and their loeation to the Response Time. 

A secondary objective of the Transportation sUb-system is the reduc­

tion of the Service Time - the total time that an ambulance is occupied 

with one call (see Figure 3.2) •. Red~~1ng the Service Time increases the .. 
probability that an ambulance is available to respond immediately to an 

emergency call. This reduction can be achieved.by reducing Ennecessary 

delays i.n ambulance response and. in the time spent travelling from the 

scene to a h03pital.Unnecessary delays in ambulance response are the 

result of too fet'! vehicles partic:f.patirlg in the service and/or their 

being poorly lo~ated relative to the inc:Ld~ncc of emergencies. This 

prob lern lv!ll be e:x:amin~d in the succeeding chapters. Unnecessary delays 

in transporting the patient 'are the result of travelling to hospitals 

located far away from the inc~dent while viable alternatives exist close 

at hand. Appendix B is addressed to this issue, and describes a method 

for selecting the huspital nearest to. the incident. 

We shall nmv focus on the Respo:t;lse Time, specifically on the Dispatch 

~d Travel Delays, outlini~g the problen~ that are encountered in develop­

ing stochastic models. We begin with a general. discussion of the nature 

of the demut1;d for emergency ambulance service 

3.3.1 The Arr:J.val of Emergency Calls at the Dispatcher 

From the author's observations in and around the city of 
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Boston, it seems reasonable to assume that emergencies are generated 

randon:ly, 1. e., the tiffie and 'location of any emergency are independ­

ent of the times and locations of all other em.~rgencies. There are 

obvious exceptions t~ this general rule, for example, natural 

disasters (hurricanes, floods, ear.thquakes), airplane crashes, large 

structural fires and multiple highw~~ accidents, but these are rare 

events and so \~e shall assume the random (Poisson) arrival of , . 

calls in our modelling efforts • 

Randomness does not imply uniformity, and, in concert with the 

fire and police services, a problem for emergency ambulance 

operators acco~~odating the almost continuous Change (both spatial 

and temporal) in the rate of call generation. Figure 3.3 illus­

trates the temporal chanr,es in the demand encountered by the. 

emargency ambulance service in Cambridge., He-Iss. dUl:ing a 24-hour 

period. In addition there are variations by day of the week, and 

also seasonal fluctuations. Superimposed on the temporal variability 

are the differences in the rates at \-1hich calls are generated from 

different Pal':ts of the region served. These differences are due to 

population densities, socia-economic factors end the presence or 

absence of busy high~'lays. These diffcl:enccs are not clearly under­

stood, although studies carried out by the author suggest thut 10.>1:­

income neighborhoods generate more emergency calls per capita than 

,h~gh-income' neighborhoous. This .is apparently due to the fact that 

the poor have little or no access to private physicians and there .... 

fOl'e have te· be taken to a hospital for medical treatment. 
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Som~times the changes in the temporal and spatial demand rates 

may not be independent. For example. the demand for emergency 

service eXisting in the business district of a large city during the 

day becomes almost negligible when the office l-10rkers leave the 

area at night. There may then be an increase in the occurrence of 

emergencies at night. especially over '\~eekends, in those parts of 

the citY devoted to entertainment: . 

The realities of staffing an emergency service do not permit 

the continuous changing of the response force to meet. a continuously 

changing demand rate. Except in very small trn~ns served by 

volunteers called from their homes, ,~e can reasonably assume that 

the staffing of an emergency amllu1anoe service is in terms of t~'10 

or three daily shifts. In making our allocation of anlbulanccs and 

attendants to eD.ch shift m,~ shall assume that the day can be ciivided 

into n equal shifts so that the weight~d sum of the variance~ of the 

demand rate in ench shift is minimized for any n. Ideally l-l:::l should 

like n to be larg~. In practice n will be con5trained to be 2, 3 

or perhaps 4. We shall then use the nlean dctiland rate in each shift 

to. make allocations to those shifts. 

3.3.2 The Type of Emergency Call 

Not all calls for emergency amhulance service are ~qual1y 

~rgent. In fact, wi.th the disappearance of the general pt'actitioner 

who used to treat minor emergencies (cuts. sp'rains, dog bites, etc.) 

in the home, there has been a recent. increase in the incidence of 
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[23] 
non-urgent emergencies serviced by the emerge,ncy ambulAnce service. 

~¥-. 

Dls,tinguish£ng bebleen urgent and non-urgent emergencies would allow 

greater system flexibility resulting ill lower costs a~d better 

service to the victil'l'.s of serious em2rgend.es. Non-urgent emergen-

eies might be transPbrte~ in vehicles that would provide comfort 

and support without satisfying all the specifications of Appendix C. 

These vehi,c1es could be staffed by personll;e1 ,.,ho had not acquired 

all the skills of experienced ambulance attendants, but were trained 

to deal wi.th the victims of non-urgent emerr,encies. In Cambridge, 

Mass. fully 50% of all those transported by the emergency ambulcmce 

service are the victims of non-urgcnt emergencies. They a~e trans-

ported by th,e police at a significant saving in cost to the city. 

If the Dispatcher could asseSG a prj,ority on an incoming call 

for sel;vice, it would be pOAsib1e to :qdjust the type of t:espons~ 

accordingly. The Dispatcher 1l1ight even delay the response to a 

10iv-priority call during a busy period even though an ambulance 

\.lere available. This , ... ould leave the vehicle free to answer a 

higher priority call arriving subseque~tly. In practice, making an 

assescment on the' urgency of en emergency call ov~r the telephone 

is extremely diffj.cult, and carricn ll1ith it .seriou~ lenal and ethical 

responsibilitiea. Thel~e£(lre there is litt] e c:..ttempt to assess 

. priority, and in. our modelHng 'ol'e shall assum~ that in general the 

Dispat~her does not have this option. 

3. 3.3 The Ha;. ting Time 

Be-tween the oCC'.urrence of an clnal:gency and the arrival of an 

- -----
-- --._-- -~------
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ambulance at the scene there are thrae components of what we have 

called the Waiting Time in Figure 3.2. It is generally recognized 

in the medical profess:i.on that this delay is a critical period in 

the passage of a p;,l.tient through the emergency medical system, and 

should be kept as small as possible.lI4] 

The three components of delay a.re: 

(i) rhe delay until not:ification of the emergency 

ambulance service of toe incident. (Notification 

Delay) 

(:ii) The delay until an arrhulance becomes available for 

dispa,tch to the incident. (Dispatch Delay) 

(iii) The delay bet~'lcen the dispatch of the ambulal1ce and 

its arrival at the incident. (Travel Del~y) 

\ole shall focus our attel1tion on the las t ttvo cotr.ponents of the 

Waiting Time in otlr modelling .efforts because they appef.lr to offer 

the greatest hope of reduction. We c~n discuss the components of 

the Haiting Time briefly as fol1c;,j~: 

(1) Notification Delay: In i\1l)st urban areas this delay j,G usunUy 

small becal,.\se of the prl':l::<im.ity of other people. On isolated 

highl·;rays, however, notification presents an acute prob1om as 

is indicated by the high proportion of rural highHay aCciden,ts 

that result in death. Current attempts to reduce the Notifi­

cation Delny involve the installation of te1ephones along 

highways, experiments with alarm devices triggered by imI)tlct 
~ . ""~ 

0,' ,a highway guard-raj.1, and illcrea~ed aerial and ground 

pat~ol by hi.ghway police. Hith the introduction of the 
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universal emergency telephone number, 911 (operative in New 

York City at this time and expected in other cities around 

1972) notification of the emergency ambulance service will be 

expedited. In the past, because of the low priority given to 

ambulance service, and because of the great variety of purvey­

ors, members of the public Here . ~ftcn at a loss in deciding 

h~H to go about contacting the em~rgency ambulance service. 

(ii) The Dispatch Delay: Any emergency ambulance service consists 

of a number. of ambulances \Y'hich respond to randomly arriving 

calls for service, and are exclusively occupied ~dth each 

call until the admission of a patient to an 'emergency ward. 

Nc-w it is quite feasible that for some period of time all the 

ambulanc~s Might be busy. Every call arriving in this period 

will be delayed until an ambttialtce becomes free to respond to 

it. He are assuming chat there arc no alternative sources of 

ambulances. 

The number of calls that wait and the length of time that 

each wait~ is a function of the rate at which calls arrive, 

of the time taken to serve a call, and of the number of 

ambulances in the service. Conceivably, the Dispatch Delay 

might also be affected by the order in ~ ... hich the calls are 

aI1Sl'7ered. The Di~ipatchcr might assign the moat urgent from 

Dmong a 9ucue of delayed calls to the fil"st available ambu­

lance regardlp.Ds of its position in the queue. Another 

po~siblc strategy is to assign ·to an ambulance that call f1r·om 

------------,------------ - ------- -----
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the queue of delayed cal1s which is clot::;est to the vehicle. 

While these are both feasible strategins, they are not gener­

ally used. Instead a first-come, first-served diSCipline 

prevails. 

(iii). The Travel Delay: .tVhile the Dispatch Delay is encountered by 

some patients (unless the ambulance service has so few 

ambulances tbat there is alwa~s a queue of patients implying 

that ail patients experience a Dispatch Delay), the Travel 
" -

Delay is experienced by every patient. The Travel Delay is a 

function of the relative locations of ambulance and incident, 

the layout of streets and traffic conditions in the area. As 

traffic congestion in che large cities gets ,,~orse the Travel 

Delay component of the Haitine Time increases. This has led 

to the consideration (If he1icopt~~s as ambulances, eaped-cIly 

in connectiun with high't"ay accidents. In NeH York City some 

doctors are travelling by foot and by sub~Y'ay to get to the 

victims of cardiac' failure quickly.' In the near future ,,,e . . 

may see ambulance attendants on ~otor-scooters beating the 

traffic and the ambulance to an eme£'gency victim. 

, Unfortunately, very little has been done in most emergency 

services' to relnte the location of the arr.bulances to the 

incidellc~ of emergenc:-ycalls. This has resulted in unneces...:. 

sarily long Travel D21ays that could be reduced by a simple 

relocation of the vehicles. 



.' . 

-56-

3.3:.1. !I~e Service Time 

The last element of the Transportation sub-system that we 

shall consider is the Service Time (se~ Figure 3.2). -The Service 

Time is the sum of the time taken by the ambulance and its crew 

after d:i.spatch to rench the patient, the time to administer first-

aid at the scene, and the time to tr1.nsport the patient to a hospital. 

tSinc.e we assume that call arrivals are spatially independent. it 

seems reasonable to assume that the Service Times are independent. 

We undertake a fairly detailed analysis of the Service Time 

in Appendix A,developing a description of the Service Time distrihu-

tion. From this work the Service Time is certainly not distributed 

as the negative exponential. Nevertheless, to facilitnte. ou.r illitia1 

modelling efforts in Chapter 4, ,,1(; shall as~umc that the Service 

Tim~ is d:i.ntributed ac thcnegat.ive~iponential. We ~hall be Llble 

to discard the ansumption in Chepter 5. 

Separating the Emergency Ambulance SClvice System into its three 

component sub-systems: Commuuicatioml, Hedical Se:rvices and Transporta-

tion, hD!'; allowed us to consider br:f.efly the importantele:aents of each. 

It appeat's that the Transportation SUb-system has elements (amenoble to 

analysis) ,~hich offer the best opportunity of improving system perform-

ance by explicitly relating.alloc3tion to demand and reducing costs 

through the more effi.cient usc of resources. 
, . 
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The ultimate me~sure of the perforn~nce of the emergency ambulance 

service is the condition of the pcltient in the hospital enlergency ward. 

Since this is a some~-1hat intractable measure, we need to develop surrogate 

measures that give some indication of the patient's condition. One of 

these measures is' the Waiting Time (Figure 3.2). A long naiting Time in 

general has an advers.e effect on the emergency victim's ultimate condi-

tion, and therefore constitutes a measur~ of· the Transportation sub-

system's performance. Ignodng Notification Delay allows us to use the 

Response Time (Figure 3.2) as a measure. 

We therefore proceed to Chapter 4 with the picture of the sequence 

of events fo1l~wing an emergency afforded by Figure 3.2, the assumpticn 

of ran.dom call arrivals and exponential se.rvice times. In Chapter 4 we 

shall analyze the components of the Rm,ponse Time c.md the).r rel~tion to . , 

system configuration. A restilt of the ana1y~ds ~,rill be a proccduJ:e 

whereby ambulance service adminis trat.ors may rationally allocate vehicles 

in re~ponse fo demand, taking account of the si?e of th'3 area be.ing 

served. 

.. 

" 

" 



! ' 

, . 

:i .' 

.. 

CHAPTER I.: MODELS FOR AMBULk~CE ALLOCATION 

4.1 Introduction 

In Ch~pter 3 we identified the Response Tin:c of atl ambulance to be 

one possible criterion by which to measure system performance. Consisting 

of tHO components, the Dispatch and the T~avel Delays, the Response Time 

is a function of the numher of ambulances in the area served, their loca­

t:i.on, the spatial and temporal distribution of emergency calls and traf.fic 

and road conditions in the area. In this chapter lve consider t,.,o very 

simple models Hh:1 ch allow us to s.nproximate the number of anbulances (and' 

their lo.cr.tion) required to provide either (1) an acceptably low response 

tim!! or (ii) the lmvest attainable response time given municipal budget 

t . te> T.l,,, shalJ. ar:t:)u.rne throuP,hout ,the e chapter th~t er,l~rg~w.:.y coi.l:~ ·ra:tn i:>. IV_ - _ 

a;',hulance service is provided e:f.ther free of charge by the comrrlutlity, or 

at a fixed rate per pat:i.ent "lith b<.1d d(~bts absorbed by the community. 

\ole begin by modelling t:he Dispatch p"llay ill Section 4.2, invoking 

results from the theory of queues. From the model we develop m~asures of 

ambuJancc availability J' average dispatch delay, and ambulance utilization 

in terr.1S of the demand for. cmergC!ncy service and the nUI:1ber of ambulances 

allocated to thf.:l area. In addition the inodel provides useful insights 

into, the problems c'ncountered by Gmall private operators trying to provide 

an e~~reency ambulance service. 
", 

In Section 4.3 \-1e make assllmptions about the layout of streets in a 

city and mod-~l the time taI~en by an c:.n:bulc;nce to travel' to the scene of 
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an emergency. It is a simple matter to shm7 that dispersinn ambulances 

around an area l:educes tt'avel tilllC compared to a single location. Using 

a result derived for allocating poHce patrol cars we can find an upper 

bound on the time for the nearest available ambulance to reach a call. 

Combining the results of the two models a110.·rs the calculation of an 

expected response time, and the all()catia ... l of anmulances around the ci ty 

such that citY-Hide response tim~ is min:i,mized. A dyntl.mic program,1ling 

method of making the allocation is demonstrated at the end of the chapter 

by means of a si.mple. exemple. 

Because of the restrictive assumptions neccnsary in order to apply 

..,. analytical mod~ls to real-vorld sitll('l.tions (regularity of street pnttern, 

constant aV(",j:ng~ travE'.l speed, approx:T.nw.tcly constnDt average call rnte., 

etC.) the reGults of thC:lGC modelG camwt be tukcn [,8 finn1. '.chey ,<:),re, , 

instel~, guid8S to planning an em~rgcncy service, indlcRtive of the 

approximate reqldr.;:~mants of a ):.:!kl!30IW1:.d.(~ service. Ouce the scrvi.cc is 

:f.ll opercltion, cw:hulnnce alJ.ocet:tona for a particular \·lOrkah1.fl: m~y have 

to be changed slightly becanse of otiler considerations. Ho,,'(wel.', by 

taking into account as m~my of the variables as possibJ.e, t'le can Dwke 

estimates of arr.b'Jlance requirr,:::l!~llts that: \'lil! nl1o~·] bucget prediction and 

plan.:1.ing in response to chansr~z in dc;mmd Bud the cos 1: of service. 

Incorporating the aS511mptio;.1s made 2.bout the gcn~ra~iml of calls 

(i. e. PoiseoI'!) and the probabili ty din tribution of the r;ervice tim~ (i. e. 

ncgativc:cxponentinl), ~o1e ohell nOH proceed to d~velop a model that "V7ill 
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allC:-1""'the estimation of the probability that an emergency patient 

encounters a de.lay before an ambulance can be dispatched, and the 

expected delay time. We assume thnt N ambulanc('1s ar.£:! assinned to a 

region during a working shift to l'espond to randomly arriving calls. If 

an ambulance is available t~hen a call arrives it is dispatched immediately 

and travels to the scene. If all the ambulances are occupied on other 

calls, then the patient has to wait until an"ambulance becomes free to 

respond. If a nuwher of calls for emcrgcn~' service arrive while the 

system is sRturated, they form a q1.1,cue and are a."1swered accord:i.ng to a 

first~comc, first-served rule. An mtbulance is unavailable "'hen it is 

travelling to the .Gct~n~ of an emergency, treating a patient at the scene, 

or tratlsferr:i,l1G the pat:::'ent to a hospital.. \.;re shall not connlder the 

pl:e-ciliptj,(h'l of an r,-.:hulonc.l! en route to on,:: e!~,~r.gcncy by another, nKn:e 

serict'.£, call since these npp'cm: to cons
4

ti,tute a very smaJ1 fraction of 

. [24) 
all calls. These nssl\mption~ £lxr"! sllr.r.larizetl in Table tl.l for the 

rendel." D conv~nience. 

4.2.1 Thcprobabil:l.tyof a Delay 

'I'he aSIJufIlptions 'mc:c1e [lbovc def::I.ll<;~ the ext(.'msivcly studied N-

servo>: queuing model. Hith calls a1:rivhl~ :i.n a Po:i.sson llwnner at a 

mean r.ate A calls per hour, each be:i.ngsa,rvec1 j.n a tiu'IU drmm 

indcpench\ntly ft:om th<;! l1cg~tive exponential distribution with l:t~an 

1 
lJ hours, we lnay quote tha £oll(:1ing result from a standard text on 

queuing theory~·~ .. 

*Refet'Emcc No. 20, page 343,.: 

-------,.".---;----~-;:;~--- - - --.. 
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Table 4.1: Summary of Assumptions in J\,mbulnnce Dispatch Delay Hodel 

1. 

2. 

3. 

5~ 

6. 

Calls for emergency service arrive in a Pol.sson mann2r at mean rate 
A calls per hour 'during a given ",orking period. 

A total of N ambulances are ClssiBnad to respond to these calls. 

The total timn to ser.vice eln e::mergency call is independ::mtly dravll 
frolil the negative e}:ponenti::>,l distribution ldth mean l/ll hours. 

A call is delayed when all the N Cllabulanc£!s are uua\'ailClbl~ for 
dispatch. 

Delayed calls form a queue e.nd nrc a:-Isuered as ambulances become 
ava:i.lnble in a firs t-come, firs t-scl'ved manner. 

There are no external sources of ambulances. 

7. Once assigned to a enll a,1) [If.1buJ,ance does not desert that call fo}: 
another. 
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Hhen the service is in the steady-state, the probnbility 

that an emergency call exper:f.cnccs a. di.spatch delay, QN' is n 

function of A, p and N aD follcws*: 

(4.1) 

Fot' convenience we havQ used p, ,defined as the "dem::md 

intensity," ,."her.<::: p ::::: ~. Equatj,on 4.1 is the well-known 

Erlang Dnlay Formula uced j.n telephone traffiC' theory. 

QN is plotted in figure 4.1 asaj.nst the demand intensity p ~vith 

N, the nU!i1ber (If ambulances a!1 C1 param~ter. Each cOI!lbination of p 

, and N dctenrd.m~s a par.-tJ.cnln!: valu:::! of QN'. We should like to keep 

the proh::!hlltty of a disp~t.ch delay m~ lou as possible. From Fig1.'Te ' 

4.1 m~ can c!8t:imatc the "uh!~ of Q'N for any value of p in the r,~.nB~ 

o to 7, Ho shaJ.,J. d(?f:i.i'J~ QN to he the "level of scrv1.ce" at the 

specifj.e valu~ of p cncc)'wnterecl by our service. For e=-:ample, if. 

the In3cl{1 call rate. dl.,r.il1g one shift is such that the demand interwil:y 

P is equal to 3, then em Cl.l':'!bul?nco:: s~n1ict! H:tth 6 vehicles lo1ill 

pr.ovirk a 1O;{ level of G€:i:v;j.t;:c (see F:i.gu;:e 11 .. 1). Th:i.s I:"aUiJ.G that 

than or equal to 10%. Alte.i:1l<".t5.vely ,an "§:::.£E.<3.8~ of 10% of .ell cnns 

arl:iving dut':i.ng t.h~ sh:lft \V1.11. cnCOL'.ntel." C'. dispatch delay. 

In Fi.8urc 4.2, Hldch i8 ea::lHy derivC!d frmll Figure 4.1, we 

inc1icet:e the number of ur;l0uhnces needed to p.rovide respectively (at 
. ' 

-----,-------------
~'~A list of the symbols u::;cd i.n this chapter ic incluc!cd LIS Teble 4.1,. 

on p.rge 91. 

--------------------~------------ --- ---

>-
:5 
LoU 
0 

:r: 
U 
t-

o: 
VI -
0 

u... 
0 

>-
t-
-l -en 
<C 
en 
0 
ex: 
CL 

LoU 
:r: 
t-

..:.4 
o::i 

(,!) 

u... 

2 

o 
~ 

" 2 

0-
Il 

2 

00 
II 

2 

I"-
M 

2 

'-0 

-. 

z _____ 

I.f\ 
II 

Z 

~ 
II 

z 

t" 
Il ----z 

N 
II 

Z 

~ 
II 

Z 

I.f\ ...... 

-63-

---
0 ~ r-I 

----... -. ,,-----

I"-

tl.. 

\0 >. 
:!:: 
VI 
C 
Q) ...... 
C 

"0 
U"\ C 

ro 
E 
Q) 

0 



, ' 

" 

d 
LL.. 

Cl> 
> 
.5 
Cl> 
u 
'E 
Cl> 

C,f) 

~ 
0 ...... 

-\ Cl> 
> 
Cl> 
--I 

.~'\ c: ..... 
<1> ~ 
Vl \ : 

\ : 

" 

-64-

0 

\' ...... 
\ 

\ 

0 ...... 

\ : 
\ i 

\, ..... , .. \ : l \ : 
\ : , . 

,~ ...... u. 

\ . 
\ : , : 

\ : \: ....... . , . 
, : 1\· : 
'. : '~ ....... . , , , . 

. , 

,: ...... .. 
'---~ 

.0- 00 r- -0 ~ .q 

VI - <1> 
0 U 

C 
:v~-
.c::lZ 
E.c-
::lE 
Z~ 

('t'\ N ...... o 

-c 
C 
ro 

~E 
Q,l 

o 

N 

o 

_-----",--~~c----- ________ _ -,-----------_. ------------

-65-

least7 a 1%, 5% aud a 10% level. of service. Hith a mean call rate 
, 

such that p::4, we should require 8 v(?hicles at the 10% level, 9 

ambulences at the 5% level and 10 ambul.ances at the 1.% level of 

servi.ce. According to the desired level of servient ambulnl~ccs 

ma;f. be allocated to each \'7orking shift on the basis of the antici­

pated demand intensity, p for thet shift. 

4.2.2 The Expected Dispatch Delay 

}o'rom the same queuing model that gave us equation 4.1 ,,,e can 

find the condit1.onal e;.:pcC'tc~d dii3pntch delaj', i.e., the expected 

dispatch delay encountcr~d by that group of p~tients 'vho e:-ip\!.t':l.enc~ 

a non-'ze1'O dclny. From Reference No. 20, page 345, ,.,c se~ that the 

conditional e);pectcd d1.spntC'h d81~y is 

E[D ] c 

where all the qur:nt:"t:i.·:w C.re c.~~ dcfi.ncd previmtf!ly. 

(4.2) 

The unconditioncll d:tsp~Ldl (hl;-~y is simply given by the product 

of 4.2 tlrld the prob!'.b:tli ty of a dispatch delay, QN. Therefo;:c, tha 

uncond1.t:iClnnl ei:pect,cd dispatch clcl.:lY is 

'QN 
E[D] - .-~-. 

" p{N-p) 

\o,here QN j.s clt2£ined by cquat5.on '/.1.. 

(4.3) 

He observe. that the ccndit:f.onal d~spatch delay, ~lhich is ~ 

better rnensure Qf the ~ctual ct:::lay e:lcoul1tered by ~atients than the 

ull~~ondit:l.onal delay, is a fUl1ct1.on of the mean service time, ;;:,nd 
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depends inversely' on the numbnr of ambula.nces. 

Figur~ 4.3 aga1ns t demand intensity p with N as a pnrnmat:er. On 

tM.s graph lle superimpose the conditions rcpres~ntC\tive of the 1%, 

5~~ and 10% service levels. We can make thj:ee ohservations from the 

gr.aph that suggest that the "level of service" concept must be used 

with great care: 

(i) At the same level of service E[D ] is lO;'ler for services c 

with a hieh demand intensity, suggesting that larger areas 

with hieh dmnnnd are better than smaller ones. 

(ii) For very &mall ser.vices (1, 2 or 3 ambulances) E [D ] i:-; c 

extremely large even at the 1% level of service:, s1.Iggcst:l.ng 

an inadequacy of that rl18cwurc in this case. 

(iii) Fot" large services, the introduction of anothe1.' 8!\ibuJ.nnce 

at the Sm,1(! d81ncmd :i.nte:n~i ty does li ttlc to rcdllcc tll(! 

dispatch delay for those \o1ho enCOUl1t:er it. (Although the 

fra.ction of. all pnticn ts ellcountedng such a delay f.:11s.) 

If. 2. 3 The Utiliu.t:ioa Qf thE! Ambu1nnce Servj,ce 

He shall (bfj.nc th~ Uti.J3:I.c.>.tion U of the cmbuJ,ance service ~1.S 

the l..'aCio of the total number of. ambulance hours Spi~nt servicing 
f 

C,,~lJ.D (tran.'lpCll:ting cud tr~.:lt:Lnii patients) in a working period to 

the total tlllllil)et' of a!ubulanr.c-,hours available in that period. In 

a ~eriod of lc.nzth T, an 1'1··ci1:bulanc0. serv:l.cc has NT a11lbulance-holt'Cs 

availnb Ie. The numher of clJibulance-hotlrG actually e~=pencled servicing 

elllerger~cy c?lls emi be repn:sented by Uw' where 
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\'lhere Pi io the steady-state pl'obabiHt.y thc-t there are i patients 

blOling served aud \-laiting to. be sV1!ved (1::.:0,J.,2, ••• ). From the same 

theory as gave us equation 4.1, "7e can sho;., that 

/. 

'thcrcfor.e (4.3) 

Fot' small QN ,QN-l (1. e., \"hen opcrattng at a high service level) 

u:::£ 
N 

(4.4) 

Equt'ti.orl 4.'\ implies t}wt ,:In eSUtnat0 of th0 Util~_7.atiol1 Cftn be made 
... _' ... -

from F:i.g\1l:c 11.2, for say Q'T equal to Ii. £!.nd 51;, simply by divid:f.ng 
.~ 

the v.::ll\H~ of r by the m'.mbei· of wi~btlJ~~':1ces ;~t' a particular service 

In Figure if. I, "le pl.ot equation 4.3 as a futlct:l.on of p, tdth N 

Dr'l ;:0; p~trametol" end the. condidom: rcpl:esenti.ng the 1% and 57~ service 

lc.vcds sl·pc.rimpoDcG on th~ Ir,a.in graph. From this gl'nph an obvious 

c.oncQ.i.ito.ntto a h:i.gh levDl of service is an extl:emf'ly lOt" o.tilizn-

tioa, mId therefo:cc a re.J.f'.tively high. operating 'C05t per p<:,tient 

treated. 'fhiB is pn1:ticuJ.?J:ly prC:H01lI1Ced ~.,hcre the demand j.l;ltensity. 

is 10~'1, e\ld helpD to e};pln:i.n "7hy n,ortidans, earages and ta~d-cab 

fleets have pl\")v1.d0.cl e!l:~rgcncy cmbulance 'service in small tm·ms in 

the past:. Vlhcl:e.:!s this is unfortunat.c. it i.s. not l\nuf:;ua1 in other 

c:nn17gc:r •. cy-typc s~rvic8s ,·,here callH arrive ra~ldot!ll.y in time. The 

util:L:T.nl:;i.o'L of fire depnl:tm~nts is at a similarly 10TH' level. Police 
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FIG. 4.4: UTlLlZAT ION OF AMBULANCES 
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patrol cars spend a considerable fraction of the worl~in::; pC'.riCld :I.n 

"preventi va patrol," a fun ction that £i lls in time between ans""cring 

calls for police oervice. 

Where, because of the 10 .. 1 utilization, the cost per patient of 

an acceptable emergency service has become p~oh:l.bitively high, the 

only alt(ll:native 't-lould appear to b( +11<:: partial or complete subsi-

diz&tion of the scrvice by the community. Coupled ,011 th an intensive 

search for. ,.,.,ays to reduce costs (which ,.;e shall investieate in later 

Cho.ptCl"B) ;mcl SC,jl1{~ Federal subsidization for the provision or' 

emer.gency services to high\-Hl)' accidLmt victill1S, community sharing 

of rOGporls1b1.l:l.ty for em~T:gency {!ll1bulnnce ser.vice is becominG ;nore 

and n:~)l"e 
[2 5 8 22] 

co~n!l:(ri1. "s 

I:. ?./I Tbe UtiJ.:Lty of the Djspl:ltcil DelL'j' H"dcl 

f:ll:GI: L'.S .. 1ft aid to the ad'.ilinist:1'<:itOT.of an ,,,-r.:bulance service. and 

Sf.:corhl C~1 a SOU~C8 of:. ins1.ght :into the opcrr.tioll of the crnorgcncy 

Cl.rnl'l\lcnc .. ~ tn:msportui.:.ioi"! sYf!. t:er:l. An aciiJinistrator armed Hi th Figun"! 

' •• ? and ti.:-r8.:LH oJ: tl1E! bC.!lG .. .'lor o~ tho e.xp~cted dispntch delay (fl. 2.2) 

C[;i.1 make c:\ rour;h r.~:J I:.tl"01.te of the nu"lber or nmbularlces neccl.::!(l to 

pi'O'.'ic'e e."!, C\c(:0:pt<".bl r; level of t;cnTice in any ,~o:cldng shift. 

section p!.-oduces a more: compr~henr:;ivc mer.Sl1re of the system's, 

pcrforr.!<lllC.:c. for. the allc:cntion of ambulances. One deUcatc proulem 

is the definition of an ac.c.;.:ptahlc level of service. It is unlikely 
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that the distinction be.t't-7een a 1% and a 5% service level is meaning-

ful to anyone. On the other hnnd the distinction bet"leen a 5% and 

a 25% sc.rvice level is much clearer, and does all0\-1 the allocation 

of available ar,ibulances and attendants to those shifts in \o7hich they 

are needed most. 

The insights into system operation provided by the lUodel may 

almost be more important than anything .else in this instance. We 

have noted the 10-:1 utilization of sm[lll services endeavor:i.ng to 

provide a high level of service. In addition, the cond1.tiol1al 

expected dispntch delay for st,,:>ll services (p < 1) is relatively 

h5_~:.h, even fot' very high ser.vice levels. Finnlly. it appears that 

to :hlprove t.he system's oper:ution at .the mn:-:gin is a costly rroposi-

t:i.Ol'l. Fj.gure. 4.2 Sl.'s[:'<\f.'ts that in order to ill;?r.ovc a £;el~vice fro;;1 
" , 

the 5% to the 1% lcvl'!l r(!.q\.l:J.rc~3. an increase of. ,"bout: 20% in the 

nm::her 0'£ amhul<mce~: If, as ,,,e hav3 sU8g~stcd, 80% of th.3 co::: t of 

the em2rgency an;bulnl1cc !j:Jrvicc is j.ncurred in mc'\'uning ambulances, 

then itn?roving servic;e: to 4% of the patients i:eql'ircB a l?% rlsc 1 n 

cos ts. '.fnile this :I.s not lIne;<~)(.,ctcd, it dOGS se!"ve LIS a Sptil: in the 

search for an nltern:.;t:lve 11:'=:thod for reSp0110.illf.j to c;:tlJ.s d~le.ycd by 

sys tom saturat.:lon. 

The cecond COT.lPOlt(;>lt of the Respcmse Time in Figure 3. 2 is the 

Travel Delay, the time heb'lCei1 the dispntch of an amhul~nc.eand its 

2.rr~,.vtil nt the scene of an j nciccnt. Thii:; delay is a ftll1cti.on of the 
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dis tallce between the 3u(Dulance at the mon:ent of d:!,opatch and the incicknt, 

and of the speed at which the vehicle is able to tra\fcl. . That speed is 

itnclf C! fUllction of traffic ctmdit:i.ons wh:r.ch \-7111 val'Y considerably 

dl..n:j.ng tIie'day in most urban al:eas. 

In order to C01<1'3 to grips w:J.th the tit.le spcnt in travel He shall 

mnke sor.:~ simplifying assumpt:J.ons that \Jill n11m.; us to explore the 

consequentcs of different ambuJ.<lnce location policies. Currently the 

loC'P·tio~1 of aTIlbulnnces varies accord:f,ng to the agency providi.ng' the 

sen'ice. Pol:i ce vehicles, for e,xample, patrol the streets cont:f.ll1.1ously, 

arH~tll~'lcr,~; adf11inistercd by Fir.c Departli1(:!nts arc housed in fire-stations 

m7Dtmd the city, private operntions l181 . .!1'!11y hm'f! one c0atr.al location, 

Clnd L1!,hll,lr.ncC'!s assor..:iutcd ,dth hospitf.ils are llsvally bnscd .:>.1: one of 

thena iustitutions. 

He chaII begin with n very sinJl)lc dUSCT.iptul' of the distance bctl';'ecn 

l:esultr. dc,:ivcd in Ap?c'~idi;~ 'A ere usc.d in thi~ section (md tht! reader 

inr.~ [urtb(:),'. 

4.3. J. Tho T):avel Dis t8.nco 

\~e shall assume th:lt 01.:!' aH1bul,:\l1c'2!, sel:vice is to be locate<J in 

a city in t"hich the streets are ,l~:i,d out in il rectangular grid 

pnttCT.n~ Le., streets are r,ic1tlt::\1J.y pl~rpcncH .. cl\lnr, say rumd.ng North-

All the G t!:cets are E!osumcd to be tt.10-'tvay :md 

the d:i.8t~nc,e lK' .. t'·;'CCll mly t\~'(J points is simply the sum of the East-

.. 
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West and the North-South distances. By establishing the origin of 

a Cartcsi.:?n coordinate 3ystc~n 1.n th~ bottom left-hand cornel' of our 

hypothetical city ~le can represent any point therein by an (x,y) pair. 

(Sec FiGure 11.5.) The dis tance be t\-1cen any t"JO points (xi' y i) and 

(>:j'Yj ) is given by 

,If Vx and vy are t!:.e variables representing the respective speeds in 

the x and y directions, then the expected time to travel between 

(Xi,Y i ) ann (xj,Y
j

) is 

t" ::: E[ L Ix.-x.' 
1J Vx 1 J 

We shall assume throughout that v ::: v ::: v, so that t .. is simhly 
x Y 1J ~ 

t ij = E (i ( I xi -xj I +.1 Y i -y j I )J 

4.3.2 'f):C!vcl Time 83 a Funct1,c.:1. of f ... ::bttlal1c'!~ 1,,0C:.;:::ion 

(i) One Al~i:':)Ulance in th 1:\ Ci. ty: 

If OLl::! e;;;hul:.n(,:~ has DC(;n as~dsncc1. to the hypotr.ettcul c.L ty of 

Fieure II.S, the cD.lctllnti.on of the c;:pE:ci.:~d Tn,vol Dcl~y is C. sili!plc 

m"':_t"..... A. tl! ·11 r. -' ~~ .t'~smae 1[t~ eel S J:or (';;;r:rgency cl;!l'vicc ere unifornly 

distributed spatJc.lJ.y and GCCllr il)d~pcHdc:ntlr of e.:::ch othC!r r,nd of 

the positio;'1 of. the n~lbulance. Fro:n the t'forl: dOlle in Sect:totl A.2 of 

Appendix A He nli!y quo::e tii2 follo,-1lng renl~lts: 
.~? ... 
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(n) If the ambulance is located in the center of the city, the 

expected Tt'avel Delay :1.s 

E[t ] ." 
C 

(from A. 6, page 13J) 

If the region is a square of area A, then we' can w'rite 

Eft ] c 
JK 

c --
2v (4.5) 

r'chis appro~dmatio~"1 C2.n be shcMn to be reasoneble even Hhen 

the area is not square [l2~ 

(b) If the 11mbulance is not located at the center of the city, 

but instp.ad hss ita position described by a spati~lly 

rCmc10Cl' d:tstrihuUO~l, it then foJ.10\1's from 11.7, pn.ge D2. that 

the c::-:pccted Travel Delay is 

E[t J 
r 

2/A 
c--

3v (4.6) 

Thus, if there :I.::; only O!1C C:l:ipn13nce in the ("ity, pro-·pc3itlonl.118 

the vehicle ~t the c~ntor 1c;:ds to a lo,.;ocr Trcll!el Delay thr.J.l if the 

vehicle wero rUndO!llly loc~~t:cd. HO~'7evcr, if the demand H1:!re sL~ff.i-

ciently larGe, there lwuld ahTe.ys exist a qucus of \>laitin3 call.o. 

If, the hospitals are randomly located around the city, the e.mbulclnce 

would respond to each call from some rando.n loc,()tio.n and the expected 

travel time would accordingly be apprOXimated by 4.6 • 

~ 

I 
I 
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(ii) N Ambu.1ances in the Ci ty 

If instecd of only onl;: ambulance, N ve~d.clc:; are allocated to 

the city the determination of the exp~ctcd Tr:'Nel Dalay becomes I'lore 

dif H. cul t. 
~ 

There are at lca9t thre~ pos~1ble strategieD for locating 

the B.'mbulances: 

If nll the mnbul.f!.nces are located l.n the cent~~r of the . 
c1 ty then, as long ru.; there is at leas tone nmbu lance 

available, the e;-:pectcd Tn.i'lel Jblay i!:> idcnticC!l to thnt 

for the s1.ngle eTllbuJ.f'nce 

i.e. E [t' ] 
NC 

fr.om 1,.5 

If, at the m,TlvaJ. of em (:i;,·:.rgc~11cy cnD., \?overy ar.lb\.\lnnc,.::~ 

is bUGY, then the f:i.l:St. v~h:!~cli! to becoil:8 avaiJ.ahle .is 

dispC:tchcc1, m:d the ej,p'8ct(~d trewel tim<:; for that vc:h:i.clc 

is id~nticnJ. \7:1.th thct: fo'!: a raudo7'11y locntecl md)ul,1UCC 

(on the nf:u\.;mr't:i.cn that tlw city's hospitals are randomly 

located) 

i.e. E[ .. 11 ] :-: 2-M. 
"NC . 3v 

Thm:efore, in gen0.rtJ.l', the cxpel;:t.~c1 Travel De1Ci,Y for 

centl.'C.\ll.y loC'.c?tcd a~l\hul.::mcer; j,G giv .. m by 

= (l:.Q ) .Yfi. + Q ?JK 
N 2v N 3v 

::: .i§ (3-1'QN' (4.7) 

.. " 
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where QN' the probability of system saturation (or of a 

dispHtch d~lny) is defined by equation 4.1. 

(b) If, insteacl o~ being centrally located, the f.lmbulances a'ca 

dispersed randomly around th~ city the calculntion of the 

expected Travel Delay becomes more complicated. \ve assum~ 

that, 1.f a number of ambulnnces ara available ~'lhQn a call 

for service ardves, the neareDt vehie.Ie is dispatched to 

the call. If no ambu12nccs arc available, the first 

vehicle to bCc.:Ol'·;~! free is dispatched. A f 1J quc',le 0 en .S 

is dealt ,V'ith on & first-come, first-se)."ved b~sis. 

If, at the instant an cm~rgcncy call is received, 

there m.:a n a..~bl\lances c'vcilable (0 < n ::. N), then 't:,:: need 

to fi.ncl the d:J.r:: trib'lt.J 011 u~f tI1'" t',\i:j·I".,'.U.c.! [\ ':1 " J '" • .L 0 ~ t:'i~ n Ci·.~ I;U,lCCS 

bel,.·een tile inci(l(:·L~t :··.·1,1 tll'· r:"r.,"d 0',". J.'.7 1 . d 'J l_ .• - ~ ~ __ • _ oca~c amou .cnccs. 

2 !If VA • Thercfore 

the probability c1~nsity function for the: r,iinir:,l1m travel 

t1m'~ t."R' gi ':"11 1'. of tll('>_ I" vch:1,clc~ '1 b' ( ) ~ ~ ~ ~ DV6~ 2l~G "> 0 is 

f , (C) 
tNR 

From ~·~hich, i t follc\~'s thtit 

E [ t ' ] :;: 1.... /2·Il:.\. 
NR 4vV n 

t > 0 

If no ambulc:nces are 'lvc.:ilnblc theil aeain the c:<p<;cted 

travel tin:e is t.hat of lI. randr):nly 10cat'·d a'-b'll " "til , ance. 
~---.-.------.---

*RF.yll,!igh Prob.:hility Density FUr,ction: f (x ) c £i2x x 0 0 

2 2/2 -<], x 
o 

e [Ref. 4] . 
Note that this approximation i:~ somewhat unsati,sfactory-:':or small n, 
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i.e. E[t" J 2Ji. NR :00 3v 

We may c01.ibine thee!? ClS beforc to get the e:i-:pected Travel 

Delay 

E [ ]:,:> p !.-(-: 2 A + 2 .. A ~" P N-l "jPt fA GO 

'. tNR 1:00 1 4v N-i . 3v &'IT i 
(4.8) 

where P is the steady-state probalJility that there are i 
i 

patients being served and '·iait5.ng ~.::o be served (i=0,1,2 ••• ). 

A te1:m-by-term COlllPEH"1.son of 4.7 and 4. 8 sho~~s th(1.t 

E[tNRJ ~ B[tNe ], inr.ico.t1.ng that a distlribution of the 

aTnbulances around the ci ty reducer: the (~y.pccte(l Travel 

Dcl.:i.y over a centr. .. tl lOC'.ati.on. Equality of the tuo delays 

13, pn6c 330.) Th,~ en'poet.cd t~"v.:::l t5t!\c E[tNRJ h?s beC:!n 

, A 
nO'i.',lr.l:t;;;t:!d by expreso:tnS it 1.a terh;S of; N' 

(c) Finally. :i.f ,:).ns tCF,d of rar.do1;lly locnt.ing the ambulances, 

such a loc~ticn }:nttC'.rn and thto intcrul".tlo·,iiJ m::ong the 

\ole shill resort to l1s:i.ng equat:l.on· 4.8 as an uppeE bounc! on 

.. 

-79-

FIG. 4.6: NORMAliZED EXPECTED TRAVEL TIME FROM RANDOML.Y 
LOCATED AMBULANCES TO RANDOMLY DISTRIBUTED EMERGENCIES 

(Due to Larson, Ref 13) 
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• expected Travel Delay, keeping in m1,nd the apprm:imation 

, .. hen usi.l1;3 the expresrdon for E [tNR ] • 

I].'he calcuJ.<?tion of the Rcsponse Tir.:o.,ls nCH a simple matter of •.. 

cm::b:l.ninr; the Dispatch and Tr"wcl Delays from the pr.evious tHO sections. 

We shall car.ry forwtli:d 211 om: nS5umptions f'l~om these sections in dcriving 

the Expected Reopousc1 Ti.me. S1.nce t1ispers~.ng ainbul~mces ~lrol.md the rceion 

scrlled l:N1\l1tS :i.n a lo:-:er expected Ttavc.l Time than the alternative singln 

central 1ccat;.o~lt ",e shnl1 use equi?t::I.('In 4.8 in OUT calculations. 

In e, city li.l~'3 that dep1.ct.cd in Fi~urc 4.5 and clcacr;i,bnd in Su(;t:ion 

4. 3.1~ \.:hcl'C em~~gcncy co.l1s nn:ive at r,laan l'ute A 1.n. a Po:i.!.wcn l;li~l'i·I(';r. 

r,mclOt!11y d:U,l U:ibutcd throughout the ci,ty, the. Expected R~!SpODSn Time io;:; 

E[R] ~ ErD) + E[t ] . NR 

l,'f1!:e eVCl~YillH::l'e. To take tl.CCOlll'1t of this vm::i..ntion "~it: shall d:l.v:tde. the 

city into rC8:!.ona such that: the menn cull r.ate A. :tn r&giol1 j is roughly 
J 

const .. mt ~cross the i'egion in any '-lcrking shift. We can'then allocate 

ambulflncNl rnndoi.11y aC':O$O c"ch ).·;;:gion, ~nd assume that the. Diann service 

1 C:J.n:f! :l.s equal to ii· hours in all rcgiO't)s. He shall add the. fUj~~her. 

"~'~"I'+<>_~'!'''''c;..,.~, .. y",,_,,~:.,._~--:' ... '",--- -'-'~,- 'c ~ ...... ---=.-...,;;-_ ..... - ~--
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restrictive assumption that nn inte.r-ragiona1 ambulance dispatch occurs. 

While this does not _~curntelx reflect the behavior of either eXisting 

or possible future systems, by making this c:.pproxim:ltion we are able to 

make. rough entimatcs of the number of ambulances to allocate to each 

region. 

U~der these. assumptions it follows tha~ the Expected Response Time 

in rcgj,on j, E[RjJ is equal to the. sum 'of th'e Expected D:l.spatch Delay in 

region j, E[DjJ plus th'e. E~pe.ct d T 1 D 1 " .. e rave e o.y in re.gic;m j, E [tN·}' J. 
l 'j 

i.e., 

for j~1,2, ••• ,n if there are n regions. 

The. .£~.tY-Htde expected Response Time,' ErR)' :l,s i J S lnp .. y the t"cir;h ted S\lttl of 

the cxp(2cted Rcsponse 'rime in ench of the, say r 

n A 
E[It] ::: 5""' tErR. J 

F1 J 

n regions. 

,,,here: f. i th' t j s e m(':!cn ra e at which emergencies m;e 

.gencl:'ated in region j 

A is the. mean rate at ,ddch (:m~rB(!llcie~ are 

gene.rated in the uhole city 

(4.11) 

The allocation of b 1 : ~111 u ances to c.he n r.egiom.: nOH procaccio very 

Simply. He allocate o.mbt\lnnr,!c.:; onc!-by-onc, a~d in each case thea alloc~­

tion is to that region that produces the greatcs t 'reduction in the ci ty-

\-]j.de f~xpecte.d Response TitTle given by l •• ll~ This allocation procedllre 

continues until either. the.re are no ambul.qnccs left to allocate, or \.Je 

,1 

'1 
i1 
i1 

II 
Ij 
,~ 
t, 
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have satisfied somt: criterion relating to the expected Response T:1.me 

.. ) He shall demonstrn::e the n1cthodby menns 
{either city-;dde or regional • 

. .t S ti 4 5 \Ve p.nuse at this point to of a very simple example J.n ee on • • 

made in this chapter, y7hich arc listed in 
SUf.unm:ize the aSDumptions 

4.5 A Si1")1J.e, NumE:r.ie~t1 E;<.§mple --------_ .... - .. -

f tl1 ~s r.·x.-:..m.1 pIe 'V1e shall use the hypothetic.al ci ty 
For the purposes 0 ... "'-

. l' 1 11 the ass'.1mptio;.".s of Table tf.2 hold. 
S\W.Hl in Figl,n:e tl. 7, for t·: UC 1 a " 

He 

f the demand pattern in the city, there 
DSSUii~t~ that af tor eomdder.atioi.1 0" 

'mea.n rate; of call 
i t 3 die:-:i net reoio;u:; ac.ross c<,:ch of \lh:tch the ex s ,,- . (j , .' W' 

. '1".~"'; ""to nt", t:iT~o 1) criod is appr. o;.;i\i\C\ tell' gCi"t<::,.1"c:tJ.on ~ ~ ...... ,; IJ " 

eot1zte.nt. Ansuming 

i . it' our tack is to alloc~te 
thG.t there areN ambulances availttlJle n t:ne c 'y) 

that. the dt"·-.07idc E}.pcctcd Response T:i,ms is 
tl~Cl'" to the 3 regi.ons so ./ 

mitlir:!i:~ed • 
v 

. 1 di .. F:t·,··:ibut:tnn of thl; N CliH~JU1~nG~n ~t~nong For <llly pnl"tl.cu <J.L ..' 
the thre.n 

i . 1 \ :i.n red.CI1t 2 and 1\} in l."e~ion 3 He can 
r.r"'Ii(· 1" r:<'!'V n

1 
n r~g)"on ,1 '}. c.. ,~~b' .:.,,' - .J .£. 

E:.;:pnCi.:ed P.espCi:.18C Tj.\'\(l is then n:f.tilpJ.y 

3 A 
_ ~ ~. E[R"] 

j~l A. J 
E[R] 

ratc 11 is the same cv'crY;;Jhcre in the city., 4.12 
Since the, t\'~':!e.n service to' 

'--.,I"~_'-

.-....-_-

-- -------------rJ--
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1. . The city or town to '-1hich the allocatiQl1 is to be made is divided 
into n reglons, in each of which calls an:ive :i.n n 'Poisson mannel" 
at :I constunt avcruge rate. The average rate in region jis demoted 
by Aj calls per h~ur. 

2. The total tl.Tne to se~vice an emergency call is inc!ependently dr.:.;oJll 
from the negative exponentiel d:1.strihution ,·~ith mean lip hours for 
any call iu the ci ty. 

3. Ambulcmccs axe [(ssigned to each of the n reginno, randOlill:,' distl":i.bllted 
throughout each regions DDd respond 0111y to calls i.n the reg:tClll of 
asd.{;nm::.mt. In e.vary CftSO, the nC0.1"eS t ('H.lbulnnc'c in t:H~ raglon 1.s i 

dispatched to the incident. 

II. A call is dGlayed when all of the lln:hul.qnces in the region are 
unav"dl.;-.lJle for dispatch. Dclay(!d calle; form a qll(!lI(?, PHd ur.e 
al).rmered as F;'nbulenccs beeD!!:::: available em a first-COG;':', fit'st­
served basis. 

5. Thel:'e ",xe no extc}:nal sou:cces of ;wtbulD.nces. All cC\lls <H"e servic •. :cl 
by on.:::.o£ the aT!'lb\.\~.aiiccs allocated in thg dty. 

. 
6. The streets in the c:!.ty m:e lilutllal1y pe:cpendicular, lind the average 

travel speed is the s{~me aC1:osu' each rcr,i9E.' 

f 
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Figure 4.7: l!yp..9thet:i.cal City for ~tcal Example 

Region ~ 

). = 2 calls/hout"· 
3 

Area: 4 sq. miles 

Region 1 

). = 4 calls/hour 
.1 

Area: 2 sq. miles 

).2 ~ 3 ~al1s/hour 

.L ________ · ___ · -----------

Expected Scrvic0 Time: 30 rtliuutes in each reg:i.on 

j 1 and 2 10 tlph :I.n Reg .(,riS 

15 mph hL Reg:l.on 3 

h 1 '". t l " ." .• imilar to il d"uG~ly-popl.\l£'.ted Th~ city C)1)ove as c lm:f.:.Cl.e"t~g .: c", 
city of nbot\t 1 tdlliol1 people. 

------------------ -- - ------ _. --. - - - ---
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3 ~ 
E[R] = ~ p E[R.] 

j=l J 

where 

p c:: 

3 
~ p. 
j=1 J 

(4.13) 

The desired a.1location is that which among all the possible up n
2 

and 

n3 minimizes 4.13. Stated mathematically tole are seeking 

E[R*] = 1 
HIN - (P l E[R1 J + P2 E[R2 J + P3 E[R

3
]) n1,nZ,n3 p 

To si.mplify our calculations \·!c shall. ,.;ork Hith thc expression f017 

pE[R*], Hh:!.ch clearly does not :lffc(!t the optim:-11 ullnc.::.t.:iOil •. He shall 

invoke the Opdmality Prili.c1ple of' Dyn::!.!!1ic Pl:'ogrL~i:uiling[25] and alltlcutc 

the ambulances scqu€ntiaJ.1Yt asden:i.ng an mnbulanc(? at stage k to the 

region cmong th~ three \·lh1.ch causes the largest reduction in pE[r.~] fount! 

tit st:lge k··l. He carry out the allocation in N strtgc:s; and the l'usultunt 

distrihution has the minimum citY-Hido Expected Respon.se 1'iDle of all 

dist:~:i.butioli.~ ,-lith N ambulC'.ncc~. 

Using the approp!'1.v-tc valuer; f:Ol" the city given in Figm."e if.7 "10 can 

calculate, for. each region, the Expected Delay T:i.mf::!, the Expected Travel 

D~lay and the Expected Response Time. These are tabulated in colU!r.ns 2, 

3 and.4 of Table 4.3. In column 5 \'1e enter the. Expected Respomll~. T:1.m~ 

~ for the recion vieightcd by the demand intensity in the region. Deducting 

the\mighted' Expe.cted Respon::.e Time for region j with n. ambulances 
. J 

(nj .?:. 1) fnllii the m:d8ht!!dExpected Rc~p()r.se Tim~ with (n. -1) ambulnnces J . 

" 

II 

, , 

" 



, 
Ii 
! ..... -
I, • 

11 i 

I
t 

1 ~. 
, t 
i J 

i i 
: I jl , 

Ii 

'I t· 

I ! 
:1 I 

I 
1 

j 
! 

\. ... 
1 ..... : ••• -,. 

T~ble 4.3: C~lculations for A~~ulcnce Allocation Ex~mple; Region 1 

Re~iC!l .1: 
1 -= 
lJI 

30 mins.; Al ~ ~ calls/hour; PI m 2; kq. Travel Speed ~ 10 mph 

No. of Expected I Expected! Ex~ectcd j 
/I.1TI.bulsnces Delay Time I TraveJ. Time I Res::,c!1se Time I ~';ei3h ted Exp. 

Response Time 
Change in 

\~td. Exp. Resp. Time 

n1 E~D~J I' E[tl<;:ll I E[R~l i P1E[R1 ] MP1E[R1l) 

:m.n"". mit1~. I r.in". I mins. mins. 

I 

2 

3 

4 

5 

6 

.. 

I 

l\ 
I . j 

00 f- 00 I 
I ' , I 

00 

00 I ~ GO 

! 
9. l) 4.8 I 14.2 28.4 ()O 

2.6 3.9 i 6.5 13.0 15.4 
I 

0.6 3.t.J I 4.0 8.0 5.0 

0.0 2.9 I 2.9 5.8 2.2 
• r 
! 

Table 4.3 (Cant.): Region 2; Region 3 

Region 2: La 
1-12 30 mins.; A2 Q 3 cells/hour; Pz = 1.5; Avo Travel Speed -10 mph 

Order of 
Ambulance 
Allocatior 

1 

2 

6 

9 

12 

I
f No. of I I Ambu:.;nces I 

. 
Expected I 

Delay Ti:ne I 
Ern J l 

Expected 
Tr,wcl Time 

Expected 1 
Response Ti:ne./I 

Er Itz] 

Heighted Exp. 
Response Tiree 

Change in 
Wtd. E:~. Resp. Time 

Order of 
Ambulance 
Al!ocs-tion 

1 

2 

3 

4 

·5 

2 
mins. 

GO 

>15.0 

thO 

0.9 

0.2 

Rer;io!l 3: 

E[t
NR2

J 
wins. 

5. '. 
1 •• 2 

3.8 

3.0 

mit'!5. 

'" 
>20.0 

8.2 

!v. 7 

3.2 

1 
:: 30 mins.; A3 "" 2 

113 

~(T) 1 P2.t. ~\.2 J 

mins. 

CiO 

>35.0 

12.3 

7.1 

4.8 

L\ (PZE [R
2

]) 

nUns. 

Q) 

22.7 

5.2 

2.3 

calls/:,our-; P2 ~ 1; Av. ~rave1 Speed a 15 mph 

3 

5 

8 

11 

;-~--------~----------~----------~------------~~------------~------------------~----------~ 
n3 E[D3 J E(tNR3 J :qR3 ] P3E[rr3J 6(P

3
E[R)) Order ~f 
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L, 
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gives us the reduction in pE[R*] at stage (n,-l) resulting from the 
J 

allocation of one vehicle to j ,.,hen there are' already (nj -1), vehicles 

assign!Jd to j. Finally we list in columTl 7 the order ill which the 

ambulances are allocated, starting from 1. 

For the sake of the example \·1e shall assum~ that ~.,e have up to 12 

ambulances ava1.lab1e for allocation in the city. Inspection of Column 5 

ill Table 4.3 sho~.,s that ,,,e must allocate at least 3 ambulances to Region 

1, and 2 ambulances to both Regions 2 and 3 .in order to avoid theor.etically 

infinite re3ponse till:-:;S. Therefor.e, the first 7 Cl.mbulances arc allocated 

in this manner.. The allocation of the eichth ambulance to Region 2 results 

in the largest reduct:i.on in rE[R~'~] at stage 7. (22.7 minutes in R\'?8ion 2, 

as Ol'T'oocc\ to 15 .l~ miuutc!s in Region 1 and' 11. 5 minutes in ReGion 3,) 

The ninth ambulfmca i8 m;s:t::;ned to Reglon rand C.<l).l[leB ;l reduct:1.on :fn 
. . 

pft{R~] at stage 8 of 15,11 minutes. The tenth vchicle is as~:inncd to 

~egion 3, nnd co on. The final .:1J,J.oc •• tion of. 'l!(lb\.\J.anc(~s 1.s: 

Reeion J.: 5 c!nhulGnces 

Region 2: 4 [.:l.,bul£1nces 

Rcgiol1. 3: 3 a",ihul:mcc'3 

By substitution from T~.'cle [1.3 u;::. sec thnt 

:: l~. 5 minutes 

If budzet c.ol1stra:i.nts limited t.he numbet· of a,,~dlable Bmbulances to 

10, then. the tHO ambulances allocatc~ le.st [Nos. 11 and 12 in column 7 

of Tab le 4. 31\'1OUld be dis,cm:ded. The r.cs'ultitlt, allocation is: 
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Region 1: 4 ambulances 

Region 2: 3 ambulances 

Region 3: 3 ambulr.mccs 

As ue \;1ou14 expect the citY-ldde eXpect"'d Respon.<::e Ti i ~. _ me r ses, and \'le nOt·7 

find 

E[R*l = 6.7 minuteo 

re.l.axc an .mother In the event that budget. constraints Here ' d d 

ambulance purchased, column 7 in Table 4.3 indicates that it should be 

assigned to Region 2. The new i'" id E /" C ",y-i'7 C ,xpectcd Response 'l'imc is 

E[R*l :: 3.9 miuutes 

Instead of seeklng to minimize citv-v:l.de E".r;"\"'_ctccl J .C' Response Time, ,,,e 
could instead have chosen another criterl,' ort. F or exalTlplc~ "e might seck 

that allocation \71lich r('!qulres the rdnir.1l'.I!l nUl:1bcr or ni11'Gu1anc0.s that 

result!.! in ,rI."l E,v.p~.,.te·d R '''i ~ ... ~ '- espOI1:::e J. me in l'C!giOI1 of l€!sG thGi1 5 minutes. 

Im:pcction of column [~ in Table ll.~ i d' _ n' ;"'Cfl.t03 th.\'!: the r~quir.od nlloC'nt;i.ol1 

is 

RCfliuu 1: 5 ambulances 

Regj.on 2: II ambul~.nces 

Region 3: 3 fln:bul.nncc~ 

In sUlil,:,em:y, th:l.s e.{,3,mple h",:" dm,;,ons tnt ted hOi'1 an ambulance n,lml.n-

is tr.ator lIlip.h t ob tain h id J:t ~ roug gu' e ... nes to allocating ambulanc~::: ell."ound 

his ~.i ty, t£:.kilu!. into nccoun. t th~ co~ t i ~ ~ .... ~ const1,'Cl nts e.n\\ th.::. consequenC(lS 

,to Ule patient: in terms of the deJ..r.y experienced. Since the modelling 

of spatially c1istrtbui:c:d SC:CViCE~ ~yst('ms is only j.n its infancy, the 

. 
Dlea:H!r"'~ II 1 h \C_ sec ere cl.re graBs appr.o-,..iln::>. ti()n.c~. "', th 1 b 1 • c. _ ~'ieveT c. csn y mn dng use 
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of thes~ simple models bused on easily obtain'3d parameters ~ a rational 

flfirst-cut lf is a..,ailable for distributing vehicles. Th:f.s 1s dcfinitcdy 

an improvement on procedures in all but a fe"'1 citi<:.5 t:here rule}; of 

thumb, tradit:f.on and convenience govern the allocation of these resources. 

For the res-del:' I s conven:f.e.nce we include as Tab le I •• II a lis t of the 

sym!..l 015 llS cd :I.n this chap te r • 

'~e have su·::ccadecl in developing and lisj.n~ t\W simple emnlytica1 

mock:ls t:}l<lt can 'help em cciministrCltol: in allocating emergency n;nbL\lances 

tel ("1 city or tc.~al. ThcGC have Loth beeu prcdic<:.tecl on the not: ltm~C~180n-

cm~~J~~cnc:l, the bettel." uill be the pnt1 r:at'.s ChclnC8S of teeoyp;:y. 

The n:)cicls have tuo j.ll:pol:tcnt. O\ltPl.ltS thai' cali b,~ \J:wd by the 

Cil::.rgency ambulnnee adr.l:i.ld.strator: 

(i) Insinhts into System Operetion: The ve1:Y process of devcloilinfi 
" 

e;1cl.lytichl models helD pray lrle.d u.s \-1:i. th a 11t!ro:'.J~t' of insightt:: h~to 

£lspcctn of the ciU::!r[;:::i1cy ~fi:hulance sy~tem. In this chflpl:er ,·;e 

have scen thet 10\01 \!til:l.zflt:f.on of ~ch:tc1ca, cspcc:UdJ.y for 

sII\a11 serlllce3 J :1.!: an :I.ncvi.teblc cont(."1\it.~nt of 0 Id.gh If..lvel 

of service ~·lhan. co11s arrive rnndomly. The h"lgh cos t of pro-

vi dins an impl:oved service level at the nlDrgin promp ts a 

search fat" cheaper l>U:.ys of servicin3 the cnlls .causing satura-

tion. Section 4.3.2 demonstrated the advnntagcs of dispersing 

amhulances er~ opposed to havinn them nt .a si11g1e locnU.on • 

.... - ... - ... --~-.;..~ ."".".> 

---------- -_._--- - ------ ------

-91-

A: Area 

E[Dc ]: Conditional EXpected Dispatch Delay 

E [D J : Uncondi tiona1 Expected Dispa teh Delay 

E[~C]: Expected Travel Delay {dth N centrally 1C1cHted ambulnnces 

E[ ~K]: }o;Xpccted Tr.avel DelC\y with N r<:mdomly located ambl,lances 
f 

E[Rj J: Expected Response Time in Region j 

ErR): . City-\,rj.de Ey.pe~~ted Response T:1.rna 

In,n: Dimensions of a rec~nngular city 

Numb" . .: of aiTI1mJ.ancr:!0 al10cn ted to I1.cg:toll j 

St~~~dy-s tM:c pr.obab:i.H t .... · th~.'t i l)c..,t-l.~"ll(·,.: •. , •• ··t.J.1 t • • 
J r : ... ~ "'- y DC: Cil.lv.:1rgoU1G end 

l'.wai tins seJ."ViCf~ . 

Steady-state prcbtlbility thnt .::~ systeN "Hh N arnbul.:mccs ldll 
be saturated . 

u: Atnbu.h:mc~ Ut:i.lizat1.D:l 

Travel Speed 

Hean rate of call nr.rivC\l. 

NC.!).n r{-I.te. at ~·!hich calls ar(!. serviced 

p: 
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1;, 
Filtolly the worl-:.cd example in Section lJ.5demo.nstratcd the 

i.mportonce of the Travel Delay in determi.ning the allocation 

of ambulFinces [see Table 4.31. ltis totally inadequate to 

consider Dispatch Delay alone and to c:lssumc that the time for 

'the ambulnnce to reach the patient is ne3Ug:1.ble. 

(if) A H('i.:hodology for Ambulance Allocntion: Very gross esti,tnates . 
on the one hand, extremely cheap and easy to use on the other., 

these analytical models guide the ambulance adminl.s trt.tor in 

locating and allocnting vehicles to var:i.o1.ts parts of the city. 

They guide allocations by forc.ing the rf!cognition by the 

adminis trator of the cons t)~Dint:s 'under \·,hich he is operatins, 

i. e., fintlncial liroitaU01)S and :tntolur.ab le dcl<lYs to pat:f.ent:s. 

Hhereas CO!.;puter simulr..t:i.oli:J m~y proc\u;;.u more clCC\11:atc alloca-

tiona, thuGC arc not wi.dcly aVclil&blo hnd n-:c unlikely to be 

in very gC':nera,l usc in the ncai:'" fucul."c. Under tht,;::c circum-

stances the simple analyti.cal r •• :::>clel is th",: only resort: of: the 

arlmini,sti:atOl< \-1ho3C! aim in an a:'nbulai:cC', ~;(?1:..,ic::! tnU.oi:ed to 

taka account:. of the nl'.r.!her ,And loc<,;tiou of calls. By adopting 

tha P17oc::!dure outl:i.n-::d in Tnble 1>.5 th'3 r:mb\\1.nncc administrator 

has a tool for: 

(a) Uaking allocation!) of mnoul::;,r:cf.!s arou~ld thi'! city that 

reflect dcrr:~~nd for em~.1.·gcncy sC'h'Vice ;md tbc topology 

of the region. 

(b) Invest:i.gating the consequonce:,> of altern~tive 

strategies, especinlly '>lith regard to 31locating 

ambulance::: dU1:'ing different uOl"kiug shHts. 
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(c) Haking budget predictions, anc]; plnnning to rozet 

nnticipated changes in demand. 
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~.l~ 1 •• 5: Procenure for l.!siU8 the Analytical NodC?ls:!Jl Chapter 4 

1. Hec.sure or estimate the moan call arrival rates across the city at 
different times of the dn.y and the Heek. 

2. 

3. 

Divide. the d.ty into regions "There, for socio-economic and other. 
rellsonr., the moron arrival rates ar.e e.pproximately 1.nveriant 
spntinlly. 

HCD';ure: or es tinntc the mean tim3 to -service an emGi:gency call. 

'I. Cr.lctllatc the:: E:-!p:!c{'C!d IH.£ll-Hl.tch Del.:..\y "no the E,.:pectc:d 'i'ravel Time 
in each rF.!~~:~o:1 for diffenmt llllnct:(tioo8 of an\b\.\lnn'.:~s to the 
rC(;:i.oml. Hcilt.:e cr.lculate the Expectcd R~spol1::e Tim~. 

5, Cm,.llin:.- the Expo::ct<::d lknpol'lfle T:tm~s into a c:i. f:y-~<lide Expected 
RC~ipcns0 Time for val:iou~; nlloc .. ~ticms of' 8mbul.Rnce8. 

6, Select that allocation Chnt best satisfies budget .constraints with 
rm E)~pect".d r.esponsc Tim:::. that is ncceptably 10·,7 • 
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CHAPTER 5: PRIHARY Al'iD SECONDARY AHliULA,NCES 

In Chap ter 4 ,'7e proposed, and modelled an emer.gency Clll\bulnnce 

service in '-1hich a fixed number of ambulances were provided during a work 

sh:l.ft to respond to the demand during that shift. A measure oft-he 

effectiveness of the system was the Service Level, defined' to be the 

probabili ty that the random patient encounters a dispatch delay. \o1hile 

the system described is essentially similar to many real-Horld systc;ns, 

it is deficient in a number of respects: 

(n The utilization of the ambul.snces iA e=-:tremely lUi., for 

reasonnbly h1::;h levels of sm:vice (10\>7 pl"obab:ilities of 

delay) • 

(11.) It is extremely di fficult" to decide ,,,hat cons titutcs em 

adequate level of service • 

(iii.) The :;;ystcm is in£Je:dh:te. An un·~xpecteclly 1m.; de"land rate 

during l.l ~'JOrk shift rest.tl ts in idlE; cre,'w, but IlO l:eductj,(1) 

in cost. An une"pcctedly. high c1maaud tate. on the othel." hand 

causes a drop in th~ levE,\l of servic(:. 

(j.v) 'I'h~ system does not make use of all the ambulance facilities 

available 5.n most cities <lnd large to,.;rns • 

. In this chapter \-le ~;hall consider the introduction of a secondary 

sourco of ambulr:m·ces. An before \018 shall have a primary purveyor of 
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ambulance service, perhaps provided by the municipal [lovermncnt";, but in 

addition \w shall provide support vehicles from nnother so\trc~. The 

presence of these secondary vehicles rcmow'S' the need to pl:ovide suffj-

cient primnT.Y atr.bulculces to immC!diately resppnd to 957~ or 99% of all 

calls. (Ref.erence No.5.) A result of doing this seems to produce a 

si.gnific<lnt cost saving, even Hhen a Vc!''f..'j generous policy of re.imbursing 

the secondary operator:=: is follm.;ed. 

In the remaining sections of this chapter "1e develop a model that 
.<" ... 

dcsc.:tbes the ~itunt:ton ,·,hen a secondary source of atr.bulances is int1'o-

duceu. Fr.om tho wodel yJ8 can Gelect the le[!st·-cosl: number of pl':i,mary 

a.mllv.la;:.ccB to rr.'~C'.t a sp·::.c,ifi c dcr,Hlwl for sCi-vice. 13y appro:dmatj.ng the 

c.o~ t of operating an a::ll)ulnncc. BeJ:\1ic{~ by 2 +:i.nec.r function of the numher 

of prill\ary v\.;~hicJ.cs, He cnn compa'Ll:! the C03tS of.systcr::<: ,'11th and "it:hout . , 
s~CO!1<1m:y e.:::hu1.~lnC]s. 

stlpply of t:.econclary all1bu l::mces. Dud ng tho annlysis it \yj.JJ b0 co;n'~ 

.~ppar.::mt that i>lith high p!'o'Jabilit)' th;;. inc~:hi11,'stjbility can ht' achieved 

,.71th very [CH ,v.::hicles. After the an1.~Jy::;iG He shall d:i.scUSG alternat:5.ve 

~2 The Pr:i.marv-Seconciaw Hodelr; -----_._-------------.-----

vIe nCM post.ulate an emergeney ambnl~.nce s)'stem in "hicn t:here arc· 

*He shall a8Sltm~ that either the service ;,s pl'ovldcd free of charge 
or that patients are billed at n fized rate that j.s inrJr:.pendent of the 
mode of tnmsp01:t (primary or sceondary). 
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0.,0 sour.c~s of ambulances. The pr!lila"y "'ot r d1 h I<~ v 1 ce spate es ambulances to 
• I 

all' em:.H:gency calls as long as it ha.s an ambulance av~tilable. The costs 

incurr~cl by the primar.y purvc..:y01~ arc tho~;e of manni.ng a f:b:ed number of 

ambulnnces dur:1.nr.. each shift in the day, irrespective of the number of 

call.s ans<;'1cred. He have indj cated (in Chapter 2) th;::t most of this cost 

is due to attendant sala"ies d 1 11 h '.. »an ,.,e s H~ t crefortJ assume it to be a 

am U .~nces in each shift. The seeondnt'y linear fUl1ctiC?n of the. number of h J 

source functions as a reserve to th' . c pnmary soul.·~e, respondins to ca.l1s 

_ we S la, aESU1~le that arriving vlhile all the primm:y vehicles are. bup-·y. n 1 J 1 

j' ... "' ... basis by the the: secondary purveyor l.S guaranteed nayment on a P"o' r"'t" 

oper,,\tors of theprimnry ambulance service, Le. secondary cells are 

charged to the R.t:.lr.~_~pe·rat:·9.E.. a~, a f:b:eti r<tte.I?ELcall. 

. t'le cnn mod;;l the sys tcm de~cr;br . .l b _ ... _1I a O\'~ in \ycry much the sn!ll::! in:.)' 

as· lole moclc~lled the satllnltion delay ir.1 t' 4? sec 10:1 • ~. Let us nssu~e thQ~ 

in the..: time period under considcratJ',r." (·.:_111~ .,{·or tIle _ J< _ emergency ar~ulance 

sel~ice arl:'i.ve rando' J • t' .' III .y ~n ~!i1e at a eO~'lstanr: average rate, A CC1J.]S per. 

hour. ca .. is drruln from \~c f:.lj:thC'L' aG$lll!!!:) that the tih'8 to ser'."lce allY J 1 

the 8C'nere.l d:i.stribution ".1.fth f' :i 1 .... 1 n . tP. r.t0.nn -- hours. He unc~el:'::: tand th FIt 
j.1 

. . '" ,-l'evc .. , ing to the Dce1!'!' of the the Rcrvice time includes time '"'I)~nt·.· J1 

, ~... ~.\"O Finall',\' "7e aSGume lhat t'tl~J"'''' a"e ... 

. _ mary source w. t N manner vehicles End a sourct's of amln.tlanccp-: a p'l"i i h 

sec.ondery sourc(! "1ith an lmnpec1.fied numher .of vehicles. Thp. primary 

a'li~ul<.!r,ces l'es-lJOnd to rtf . eques's '01: emargency aid ,.,hencver a pl:'imnry 

• 
veh:tcle is available. The secondary ambulances respond only \\lhcn 

r.equeitcd to do so because no primary vehicle is free. He (lSSl1!T1C that 
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(1) 

(2) 

(3) 

(I:) 

(5) 
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Assumptions in SecoJ!.da.ry Atrbul,mce Source Hodel 

There exist tva sources of 8.1l11.llllances to respond to calls for 
emergency service: a primary source \ddch dispatches one of N 
pri1O<:l.1·Y ambulances to any call for lJhic}} such a vehicle is avC'lil­
able; end a secondary source \olhich dispatches secondary ambulances 
to calls that arrive Hhen all the prirl1ary ambulnnces are busy. 

Cullg arri.ve in a PoisGon manner at mean rate A per hot\r. fier:icc 
t1.mcs ar.e drmm from the general distribution with mean JI/1 hciurs I 
fOl' bot.!:!....t'!p~~f ambu],-~~.* 

'.rh(~ p!:obabili1:y that no second.,n:y v~hiclcs are available is 
nC[~lie:tbJ.y smH:U.~ . 

. 
The costs of oper[jt~.ng the prili1Ury <1.n.1 of thE! ser.vice can be apprm~~' 
:l.mnted as a linenr function of the number of primary vehiclos. 

The secondary source is paid on n pro l'ctta basis. 

1'It is unlikely that the mean service' time "'ill be the same for 
both prill~.:lr)~ and seconcl81:y vehicles. The assumption is made only to 
facilitate exposition and can be dropped when necessary. 
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the probability that no secondary vehicles are available is ner.ligibly 

small. All t:he~:c assumptions arc summarized in Table 5.1. 

Because the calls arrive in n Poisson l1)anner, the probability of k 

calls arrivine in time T is 

P(k;T) 
(}"T)k e-AT 

= k! T >0; k=O,1,2, •.• (5.1) 

The e):pected number of calls in time T is g~ven by 

E[k;T) = AT (5.2) 

After the sys tem has been in operation for a \-]hile the primary source 

,,7111 be in one of N+l "states" to lyhieh t\'c may attach a stcady-state 

pl:obnbility. For state i, the r;teady··sto.t:e probahility Pi is the pr.ob-

ability thc,t at any random time i of the. N pr:i.!w.u:y aL1bttlane~fJ are 

" flC r.vid.llg" emerge.ncy calls. (:t=-:O, 1, ••• ,N. ) \\Ie l:eci.1lJ. that thar(: can 

be no states gl:cater thnn N becr.:.ur,;c calls arriv:i.t1g ~oJhen t.he prhl.:1TY S01.lrC0. 

is in state N are. ans\ole~ed by secondary ambulances. flec.nuse thE!re are: 
>.' 

"of; 

.~ N+l 1ilutl.lnlly exclusive, collectively exhr~l\stive states \olC cc:n 'Hrite 

-, 
" 

(5.3) 

In the situation where we have calls arriving 8.t the prir.:::-,l:Y in a • 

Pois~ion manner at mean rate }.. calls pe):' hour and negative exponential 

1 
service times \·7itl1 mean ~ houl:s, it is easily sho~m that 

J}jjl)i 
i! 

= t.. (AIl.!)i 

i=O i! 

(5.4) 

I 
,:-:J 
1 I 
I ~ 
l· ',~ 
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It is a much more difficult task to show that: the same result holds \-1hen 

service times are dra"m independently from D general d:l.stribution with 

finite mean ~. He shall not carry Ollt the proo=, but the interested 

reader is referred to Reference No. 19. 

Using 5.1~, it follmols that the probability that all N primary 

ambulances are unavailable is simply 

(A!ll)N 
N! ± .LVll)i 

. 0 i! 
1.= 

,(5.5) 

Over a long period of time T, the primary suurce spend~ a time PNT in 

state N. All calls arr.iving during this tim2 are ans\vercd by a secondary 

ambulance, Therefore, the expected numher of calls ansHer.ed by the 

s.,;!colldm:y sour c:e. in time Tis. 

\ 

In uni t time. (one hour) the Secondary ambulan~es 8.mm(~r an averfige ;WN 

calls. Correspondingly, in the same time, the pritJun.)' sourceanR~·:cr~ 

\o1ith the ci'ld of these. s:i.mple results ,<10. can estimate the expected 

cost of opc-:rating the, primary-secondary system·. He shall assume that the 

cost of providing the pdmary servise is d~~ectly proportional to the 

mtmher of primary amhul~nces allocated to a shift. Le.t the primary 
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ambulance cos t be c per vehicle per hour. This includes all the do~ ts p 

associated l-tith the veh1.cle llnd its Cl"eH. In Chapter 2 we in.dicated 

that these costs account for about 80% of ~h~ total cost of providi~~' an 

runbul-ence service, and so they do represent a reasonable approximation 

to total cos t. 

We assunie that: the secondary source gets paid at the fixed rate of 

Cs per call ans\'7ered. Since the average time to service a call is t 
hours, the average fee to the secondary source per hour spent working :i.8 

C f == l1c 
s s 

Since l'le knoil l-ll it j.8 eaGY to transfer from one cost to the other. 

From all the assumptions we, have made we CDn nob' calculate the 

expected cost per hour of operating the sY8ter.l He have modelled: 

(i) The pl.'irnery cost , irrespective of tIle number of calls 

anm'lered is simply N.c per unit time 
p 

(5. I) 

(ii) The expected secondary cost is the product of the e:-:pected 

number of calls answered in unit time flnd the cos t per' call, 

and equals A.PN.C
s 

(from 5.6) 

(iii) lhe total expected cost per unit time is therefor.e: 

c _. N.c + >,.PN.c 
p r S 

or C=N.c +lp.c' 
p l-l N s 

(5.8) (from 5.7) 

Since c and c' are in the same nrdts He can \<1r:f.te . p s 

c' =- r.c . s p 

where r is the average ratio of the secondary.cost per hour of operation to the 
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• primary cost per hour. \.[e can therefore finally ,'1rite equation 5.8 as 

C :: C [N + rp P N ] .p 

. 
where 

(5.9) 

A p=-
~ 

Equation 5.9 has been graphed in Figures 5.1 and 5.2 as a function 

of p ~vith the number of primary ambulances, N as a parameter. We have 

arbitrarily set r=5. The curves representing equation 5.9 comhine to 

produce a minimum cost envelope, so that at each value. of p it is possible 
, 

to specify the number of prj.mary ambulances that result :I.n the minimum 

expected cost. 

5.3.1 The Value of r 

The re~de.r should note that unless r is greater than unity it 

is alt.·:oys I11m:0. econor,\icnl to provide the, whole service tls:inp.; ou1y 

\I secondary" amuul&nces. Evon if r is greater thelYl uni ty, there Hill 

be a critical value of p bele.:.; ,·,hieh it Hould be ml..;re econor.U.cRl to 

oper;.)te with the secondary e.mbulances alone rather than to i.ntroduce· 

a primary service. He offel.' the folloHing !:limple proof of these 

statements: 

F'roil1 equation 5.9, the expected C(!£}t of operation without: 

a primary source is simply C ." cprp • (PN = Po = 1, because 

thc:ce 8.l'e E..Q. primary vehicles.) The expected cost of operation 

with one primary nr:lbul.ance is c' = c + rp PIc 
p.p 

(from equa-

tion 5.9) In this case the prlmaryambulance can be in one of 

two stat(\s: available (,dtll probabiJ:lty P ) or answering a o 
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FIG.5d: COST OF PROVIDING AN LA.S, WITH PRIMARY AND 
SECONDARY SERV ICES (r '" 5) 
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call (\'7ith probability P 1) • From equation 5.4 :i.t follo~~s that 

p a--2-
1 l+p' 

Cleal~ly it becomes economical to employ a pl~ima.I'y ambulcnce 

, ... hen the expected cost ,,,ith that 81llbu1ance is less than the expected 

cost without it, Le. when C' < C 

when 
2 

c rp > c [1 + ~] 
p P '1+p 

From the above ,.,e find that a primary ambulance should be 

introduced only if r > 1 + ~. Therefore, if r ~ 1 it never 

pays to use prftnary vehicles. The Hhole service com be more 

econoillically provided by ambi.\l."J.nces paid on a pro rata basis. 

Even if r >. 1, if P < 11' it is economical to use only - r-

seconda):y vehicles to provide the ·service. Reference to 

Figures 5.1 and 5.2 shcr;07S that for 'small val\!~s of p no pril'wry 

ambulances are involvl:~d. 

To summarize, if a secondary source can be found that v1il1 

provide ambulance service on a pro rata basis such that r ~ 1, then 

there ia no reason to consider providing additional primary 

ambulances. Hhe.re the secondary to primary ratio is greater than 

~nity ea most probable event), if the demand intallsity p is small 

then it \-]ill still be economic.al to operate ~lith secondary vehicles 

alone. This is an obvious solution to the problem of providing 

emergency service in small towns Hhere the demand i.5 low • 
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5.3.2 The Avera~~ Cost per cali Ratio, k 

The rntj,o r relatj,ng primary cos t per hour to secondary average 

co:;t per hour \wrked is not a parnlneter t.hat is easily conceptualized. 

. 1'h'e average ri:i~~? of fhe. prima?-"y cost per ~al~ to the secondary cost per 

cnll, k might be mor.a attractive. Unfortunately k is a function of 

p and N, and is therefore not a constant. Nevel'theless it is 

poss:l',ble to derive a simple general rel'ationshirf defining k, and 

from it to drm-1 an interesting result. From previous work \"e kno\-1: 

The average cost per call for the seconda'ry ambulances is c s 

c s 

c' r c 
::: _~ :; _..--E. 

II }1 

The average cost per callior the prim~r¥.. ambulances is. given by 

N c 
C I = ----y._ 

p A ( J. -l? ~'1 ) 

c 
k 

s = C' 
p 

rp(l-P ) 
N 

::: ---_.o-
N 

rD - rpP
N 

- N = (k-l)N 

c [rp--]= (k-l) N 
. c from equntion 5.9 

P 

(,5.10) 

aluays lJositive '''hen both prImary nnd secondary sources nrc 

--------. 
'~ 
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used. From 5.10 it follO\"s that under these circuiilstances 

1<>1. 

Calculating values of k from Figure 5.1 for various values of 

p we ~ind that for r=5, k varies in the ra.nge 1'5 - 2'5. Effectively 

we have constructed a service ·in "lhich the secondary source is being 

paid a fee per call that is approximately t\vice the cost per call 

for the primary source. This is a deUberate effort to encourage 

participation in the emergency ambulance service by secondary 

sources by making it a financial:ly attractive prospect. 

5.4 

A m{lj or result of the modelling effort is the graph shc)';Yn :l.n Figure 

5.1 (antI 5.2) \-1hich a110\'7s the administrat.or,of a municipal em2rgcncy. 

ambulance sCl:vice to allocnte specific numbers of ar.lbu1ElHces to ,.;rork 

shif.ts givei.' SOI:le. knmvlcdge of the expected demand. A particular example 

of the minimum cos t envelope that results from the p:drnarY-5econdcry 
. 

system w·hen r::5 is presented in Figures 5.1 and 5.2. Along the absdsn:1 

in Figure 5.1 He .indicate the ranBe of p for \'lhich e. pa.rticular number 

of priMlry vehicles affords the lm'7ast cost of system oper.ation. 

In theory, at'Jilzd ",i th graphs like thos e in }'j,gures 5.1 and 5. 2 an 

adli1inis Crator could alloc8.te th e number of primary ambulances needed in 

each shift to meet the demand (represented by p) at the 1m ... est cost., 

UnfortUl:latcly, ju~tas in the sing:lc' ambulance source s:l.tuution of. 

Chapter 4, ~he avernge rate at Hliich emergenc}' calls arrive, A, is 

unlikely to be constant over the duration of th~ sh·Ut. Therefore eny 
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allocution of vehiclc3 will only be "optimal" for a limited period of 

time. In this case, as we shall see belm07, the consequences are only in 

terms of costs and not in terms of the quality of service offered to 

emergency victims. 

5.4.1 Advantages of the Dual-Source Sys~m . 

There appear to be a number of advantages to the system 

propc,sed in this chapter, which to the 'author's knowledge have not 

been full~ exploited in any co~~unities to date. 

(i) In genernl it appears that the dual source system offers 

much g~enter .. flexibiHty than the single source system 

discussed previollsly. Reasonably wide fluctuations in the 

demand xete may be accommodated withopt c,u8ing patients 

serious delays. Convet~~ly the consequ.ences of an CXl'oneous 

prediction in the expected demand in c shift would be less 

costly or les3 serious them :I.n a single-servict;! system. For 

ey.ample, .\·1hon p is less th~m the vnlue for \'1~1ich the alloeu--

tion of primary vehicles ,.,as originally made, then the costs 

of operation' fE.ll because less use is r,lade of the secondary 

vehicles. This i$ 1.n contrast to the single so~rc(~ sltuation 

,.,here cos ts are indepe.ndent of the number of calls anst-lered. 

On the other hand, when p increases above the level anticipnted, 

all calls continue to be ans>1ered (under the ~ssL\mption that 

- , .. if 

-~---------------
----- - -- - --- ----
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. secondary ambulances are never depleted*) in the duat-source 

case. The costs of the service rise above those for an optimal 

allocation of vehlcles at the new demand rate, hQtiTever the 

level of service (0% dispntch delay) is maintained. In the 

single·source situation (Chapter 4), as demand increases the 

level of service declines ""ith a fixed number of ambulances. 

Because maintaining a high p'ro?~!b.ility of immediate response 

is 'an importnnt criterion, under a system vdoth a fixed shlgle 

source of ambulances~ this requires the allccation of suffi-

cient vehicles throughout the shift to meet the highest demand 

rate. This inevitably leads to a Imv-utilization, high-cost 

service. 

(ii) Even more important than flc:xibil:i, ty may be the absolu to 
. . 

reduction in costs tb.::tt result from ans~07erj.ng marginal calls 

tdth a secondary ambul~nce. In Fif,ure 5.3 He compar.e the 

costs of providing 3 levels of sinr,le-source service with the 

~:AsfJume that there are an infi.n:i to rlumber of secondary ambulclUces 
and N primary ambulances. Then the probability of there being k secondary 
vdlicles busy 'at one time is ea::dly shOt-lU to ba 

-pP 
N 

e (pPN)k 
Pr [k busy J :: ---k-!--- k=O,1,2, ••• 

Therefore, the probability that more than one secondary vehicle is busy 
~ at a random time is 

Pr(k > 1] ::: 1 - (1 + pPN)e 
-PPN 

For the situation \·!hen r"'S 'ole can ShO\o1 b.y· checkirtg points on Fi'gure 5.1 
that this prohability is about 6%. He th2refore believ.e that our aSf'mmp­
tion about inexhaustible secondary vehicles is vnll.d • 
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FIG: 5.3: COMPARISON OF COSTS FOR DUAL AND SINGLE SOURCE MODELS 
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dual-source serv:f.ce in which r=5. It nppears that by pa~ing 

a secondal-Y source appt'oximately t\·1ice as much per call as 

the primary source (sec Section 5 .• 3.2) \ve can provide Cl 

service with no dispatch delay at. about the same cost as a 

single source operating at a 10% service level. The cost 

reduction is most significant for small demand intensity p. 

The r~ader should keep in mind that He have approximated the 

cost of providing the service as a linear function or the 

number of primary vehicles involved. 

(iii) A final consideration is that the existence of a secondary' 

source of ambulances alloHs the dispatcher SOT:U; discretion 

in the vehicle he choose.s to dispatch in response to a call. 

For eX<trnple, at a point at ,qhich 'very feu prii'1ary vchicl~s 

are free, the dispatcher has the option of sending <t seconrlnry 

ambulance to a call that he per~cives as non-urgent, and of 

keepj ng prlPmry vehicles in re!'-:erve for urgent calls. This 

strategy Hill in general prove to be more expcnshrt!. than the 

simple system of OUl,' n1odel, but it could provide better 

service to seriously injured people if the secondary service 

is of a lOiver standard· than the primary. Alternnti vely, if 

there is an available secondary ambulance in the neighborhood 

of an incident, t"rhile the nearest primary vehicle is a con-

siderable dis tance 8Hay, then dispatching the' secondary rather 

than the primary vehicle would r&duce the time the patient 

lHlits for the amhulance's arrivaL 

:, 
r 
l 
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The Exis tence of Secondary Sources 

So far we have assumed that sources of secondary vehicles 

exist without specifically exam;:tning "1hat these might be. Potentially 

the most i~nportant source would be private ambulance companies 
. 

engaged in the routine transport of patients between home and hos-

pita!. These groups have been at best ,reluctant participants in 

the emergency service because of t11e, difficulty of providing high 

quality cu.:-e at reasonable, (to the patient) rates, and the problem 

of collecting payment after an emergency call. If the prLvate 

Ijvmpanies could be guaranteed payment by the municipality at 

reasonably high rates for each emergency call undertaken, then it 

should be possible to persuade them t'o join the service and to 

maintain accept~blc standards. 

Another set of sec'ondary ambulances to a primary munid,pal 

service could be the primary ambulances from neighboring communities. 

This situation is more cOI!lpiex because of the interactions among the 

communi ties, and '''QuId require reeiomiide coordiu<ltion of emergency 

ser.vices among diffel:ent commun:Lties that does not exist at present. 

A third source of secondary ambulances are pol;ce station-

wagons (currently used as 'p_;:'~~;X vehicles in many communities) 

which could be used for. less scrio~s emergenci.es. On the 'Hhale 

they arc unsuitable for emergency ,.;ark, being very lightly equ:tpped 

and poorly c1estgl1ed for en route emergency treatment. Better 

designed and equipped [Ire the fire rescue ,mgims attached to the 

fire departn'.ents in Inoat cities. Unfortuna.tely the consequences ·of 
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the rescue wagon being unavailab.le ",hen nee dod at a fire mny; l1e too 

serious to warrant its use as a secondary atnbul:tnce. 

5.5 Conclusion --------
In thls chapter ,,,c have developed and discussed a nl'')del of a 

part:i.cule.r type of municipal emergency ambulance operation. The model 

is primarily an aid to decision-making and Hould be used by administrato:r:s 

for 

(1) . aln"c)ul"'tlCes to the dail ... • 'olOrki.n~, shifts f Allocating pruw.ry ~J ~ 

and updating these allocations as demand changes. 

(ii) Calculating budget requirel~nt& for the future operation of 

' .. and In:)lt1.'ng decisions nbout the purchase of new the servic~, ' 

cqulpment. 

CUi) Changing the primary operation in response to chanr.es in the 

fees requirod by seconc.ery np~rnt:ors. 

d t " J orecl 1.' n t'h)',s chapter appeal"s to The primary-sC!con" ary sysem e ... p... ,-

. t (rev~alcd in part by the modei) over the have the folloT.7ing aavan 'ases ... 

singlc--sourci.', service~ 

(j.) A reduced cos t at a higher level of service. 

fIe "'. -IJ)-Ility, l'C:!sultinC'ro in IO,ver costs ,.,then demand (j.i) Nuch greate): '''''' "-

drops Hi thin a working shift, and the llla:t,nte,nance of the level 

of service \-7hen demand rises. 

(ii'i) , 11 1 cost-r'ecluction over single-source operations . The sp~c1a y arge _ 

\-l.hen demand is 10\01, i. 'e. for small services. 



-114-

(iv) The voluntary incorporation of the private operator into the 

community emergency ambulance service, tvhich t-lould en~oura8e 

higher operating standards, and ",ould improve coordinilt1.on 

during dis as ter situations. 

One premise of thl.S modelli.ng effort "las that an increa~cd use of 

already availe.ble facilit.ie.s could produce an improved service. This 

docl1t!lenl 11013 01"11y considt.::rcd better use of facilities inside one 

COinI.\Unity. The ne.:·;t step is to improve the utilization of the facilities 

that exist ~,lithin a region consisting of: a number of COI;(;7Iun:i.ties. Th:!,s 

too could be aided by a modelling effort that ~'lOuld j.ndicate the alloca-

tion of: alPbl.1J.ances to specific communities and establish d3ciflion r.ules 

for inter-commllnity ahlbulance dispatch and ,tilE! relocation of ambulancc.3 

among co r.lmtlni ties ill t'l18pon~le to the dynmnics of: t1tt; d~lt,:?nd for emergency 

., 

I 1 __ 

i 

I 

------------,--~--~------

CHAPTER 6: SUHMARY ANn CONCLUSIO,~ 

6.1 Summary of the Document 

, 
In Ch~.pter 1 we outlined the rise of the emergency ambulance service 

from obscurity to somet.Jhnt depressing prominence. tole pointed out the 

great diversity of purveyors and indicated the complete lack of any 

'central responsibility for the emergency ambul;mce function. In rural 

areas we found that n~rticians and private companies provided a service 

that in genernl does l}~t satisfy standar.ds set by the medical community 

'>lith regard to attendant training and vehicle equipment. lile also found 

that they operClte under great finandCll strain in their efforts to 

collect adequate payme,l1t from czn~rgency victims alone. In the larger 

ffictropoH.tan arec:s He S<Xiv that the etl,=-rgency nmbulancc setvi('.c is morC! 

often provided by a nlunic.ipal agency free of chu!.f,.~ to the el~el."gency 

victim. 

The cstllbHE;hment of legal standards of ambulance opcraU.on hclped 

to define for the operator ~'Jhat son:a aspects of a good service might be. 

like, 'vithout contribut:tng significantly to their attainrwnt. The first 

.response to the promulgation of these B't:anclard3, and to the rise in 

amhulance attendant salat:'ies ~,ras the exodus from the eu:ergeucy service of 
, . 

the morticians and some of the private companies. This in turn led to 
~ 

the recognition that the emergency ambulance "ptol.ilemfl ~.,as, at least in 

part, . a fiuancial onc. Furthermore it be,came appc:rent that in order to 

-115-
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improve the quality of the servicededicat'ad professional attendants 

needed to be attract(~d. It ~Tas quite clear that the minimum wage was 

not gOing to be sufficient inducement. 

Through the literature' a new m7areness of the importance of the 

emergency 'ambulance service arose. There ,,,ere positive responses from 

municipal governments to medical pressure for improved ser~ices. This 

then generated a n(!~., dilemma: how did one go about designing an improveu 

service, and ho,,, much \(Tould it cost to operate? Standards hnd been set 

specifying attendant trainillg, vehicle design and equipment, and first-

aid procedure. Pers o1111el, \(Tho were apparently qualified to mnke good 

ambulance attendants, notably army medical corpsmen, were available and 

could be attl."acted into the service at the ri8h t salary. The problem 

facing the adrninistr·atol.· wns hCM r.wny of t.hese relatively l:igh-cost: 
, . 

arqbulance--atten.c1ant units should be allocated to which parts of the 

city to provide the m09t effective emergency sCl-vice. 

Our approach to the prc:blem began l-Jith the division of the emergency 

ambulcmc.e service system into t1n"ee component sUb-systems: communications, 

medj.cal servic~s and transportation. IsolaUng the lC1.st resulted in the 

proposition of the awbulance respons!3 time as a mensure of system per-

formance. The division of the l.'eOpOpDe t)tme into tt'70 corr-ponents, the 

d :i.spatch delay and the travol delay, al1()~'7ed us to develop mathematical 

mode'ls that related the ntlr;,ber. of an!bulanccs assi-gnad to the city, and 

their location, to the expected response delety. A number of assumptions 

that qualify the value of these models had to be made and these are 

discussed i~ Chapter 4. Nevertheless, it is a relatively simple matter 

, 
-; 

f 

I 
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for an ambulance service auministrator armed witl1 data on the aver.ate 

raf:e of call generation, mean service times, and ambulance speeds . " 

to estir-Iate the mean response time to an em~rgency call for a specific 

number of ambulances. The procedure in Chapter 4 gives order of magni-

tude estimates of the minimum e:-~pectecI responsE! time for a specific 
... 

number of a1i1bulances alloca.ted to various' regions in the ci.ty when no 

inter-resion dispatching is considered. Alternatively the procedure 

a110'\'1s the estimate of the minimum bud£et required to attain a particular 

10'.'; c'xpccted response tj.mc. 

Estimate.s of the utilization of the arnbulenc.f.!s in services proviclinB 

reclSonably 10\01 response tirles .?xe found to be very smalt - an inevitable 

cha:r.C).cteristic of a service in Hhich Cl high pr.obability of ili1ii:ed:i.ate 

reSpOll'3e is cie3il.'cd. 
'~ 

LO\'1 utili2c1tiol1 of Ct1ubul.::.nccs in,pJ.:i.es a h::.gh cost, 

to the U:7er anel a consequent fee that Illay appeu'r. tel be cl:ispi:'opol"ticl1nL:cly 

large for the service bel.ng provided. 'h This HGB (1ne of the major: CPo.usce. 

of the financial cUf£iculties uncle!' \,hic.h in::i.vc;!:e c0111panic5 lahored, and 

effGrts to cut costs 't>7ere at least partially responsible fOl: the poor 

se,:vice provided. FortunHtely n ln~ge number of C01,Il\1lmtties, rno:; t of 

the big ci tics included, have realized that the benQ.fi ts of: an emergency 

ambulance service Hith the capability o£ immediate response are indirectly 

rece:i.ved by evel'ybody in the community, not just by those ~1ho have the 

----------------
~·IAssume that the mean service time is 30 minutes, thnt tHO attend<wt:n 

ar~ required per ambulance,' and that they are pa5.d $5 per hour (the same 
saJ-ary as policemen and firemen). If attendant salaries are 80% of total 
C(lst, and the ambulance opC:!r.ates at a 25/~ utilization, then the fee per 
. . 4 100 

patient to cover cos ts J.S 5 x 2 x"2 x 80 = $25. \ve recall fl~Ollt Chap tel.' 

2 th:lt this is a Bood approximation to actual coots. 
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need to lise it. Therefore the emergency ambulance service is increasingly 

being provided at community expense, or at least heavily subsidized by 

the COlnll'luni ty. 

Hith emergency ambulance utilization rates in the range 25-35%, 

there WOllld gc,0.nt to be aTJ1ple room for j.mprovement. In Chapter 5 vIe 

attcJ:lpted on tho one henld to produce .q more. reflH.stic model of the 

service, C\nd also to e}:emi.ne a method of redud.ng costs by making better 

use of e::-:isting resources. He SEll" that by ,using existing private 

arI11:1ttl~lncf.: comp.::mies as secondary SOUl:C(;r. (1£ emcrgnncy v(~hicles, the cost 

of. providing the flcrvice could be reduced over that \-,hen no secondari(>s 

\.,cre £lvdJ.~JbJ.Cl end that in adclj tion a higher level, mor(~ flexible 

Cltnptc:: If, ZJ.th0llgh the Travel Delay remains, anu. :In:blllanc.e allocations 

t-lOuld h.:~\le to be tn.:lrle snbj Get to acccp i:.eb le 1.1: avel Delays. 

Rcsem:ch :i.n theE:l'ii81'zcncy amblllnnce field Hill not unreasomlbl)· be 

dj.r~:ctcn tOinud th(· itt.[il-O\'Cl.1F:'!nt of the c{tl,-e delivered to the patient by 

of C(>;3tS. L~:I': us begin by rc.viE!;·ting quickly a [e\., strategies by \\'hich 

C()~ ts \1ii~;h t be reduced. 

6.2.1 Cost-l~~dn(!t:i.o:l Stri.itegj.es 
o 

He lwvc:;> Dlready investigated one cost-r.eduction strategy, thut 

of :1.ntrt;.Jducing a secOlld"ll:Y t~ourcc of ar.lbulances. ~'lhile there is no 

\'\0· 

~ii " .... ~,,_ 
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reason to believe that the secondary vehicles should neccssariJ,y 

come from private companies, they appear to offer the bes t altcl'na-

tive in terms of the quality of service they could provide. Other 

cost~reduction strategi~s that need to be researched are: 

(i) Hatching Response to Demn!l.d: Ideally \'le should like to 

assi.gn just those ambulances needed to meet the demand 

for service. In practice assignments are made for the. 

duration of a shift. Since the demand varies among 

shifts the staffing level Hill vary at different shifts. 

In order to accomplish an equitQbJe \vorkloc:>d, a schedule 

will need to be developed that an:bulance attendants find 

acceptable. This apparently simple problom is yet to be 

resolved by police depal.'tr\·ents in this country. 

(iJ.) Assigning Priorities to Emel:gency Callz: llcc8,use of the 

great r.c.1nge in the ur.;;ency ofcaUs r.eceived by the. 

em:!rgcllCY service, and because of the high cost of pro-

vid:i.llg :i.mmediate l'cspoflse, it l<lOulc1 be a grcnt boon to 

sys tCll1 operation if 10\'1 priority calls could endure a 

non-crucial delay ",hcn the service \.;as close to natura-

tion. He sm., Lh::lt the provision of secondary ambula,nces 

gave the dlspatcher the option of senMng one of these 

vehicles to a call that he suspected ~Tas of 1m'1 priority. 

There needs to be developed a net of options for the 
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dispatcher in responding to calls of different priority 

(i.e., send primary ambulance, send secondary ambulance, 

send police station-tmg(lrl, delay response, etc.) and a 

set of guidelines that relate the nature of the response 

to the state of the systew. 

(H.i) Combining Services: Figur.e /1.4 indicates that the 

utilization of ambulances (~nd hence the efficiency of 

s)'s tom opel:ntion) increases as the demand :i.nt(;msity 

increases. This suggests t:hat l-le might try to eggreeate 

the demand rate in some fashion. One method minht 

involv(~ combini118 the eiitc.re;cncy CtU::Julance sel'"'d.ce Hi th 

the fire rescue an;] of the fire serv:i.ce. A s('!concl 

altr.u~n"ttivc ,.70uld :f.nvolve tho combin~tion of a nUil1ber of: 

Ioeal jl'luepcmdcl1t er;:C!.l'ecncy alnbulenc0. scrvices j.nt;o vnf.'~ 

regicnCll emergency ~;er-I7:r.ce. This approach alJ.n~\'s, in 

addition, the use Clf helicopt'ers rLnd spacial ell1ty 

vehicles "'}Jose cost: "'Quld prohibit their irLcorpm:at:i.on 

into one smalJ service. A pr(>r~quisite for lh::i.s type of. 

ser.vice ~.,ouJ.d be the cstabIishment of a regior'~Y:l.cl~ 

emergency (!or:H:ltJn:tc~lt:tons net\vork, and a vm:y careful 

analysis of the points at Hhich the emergency vehicles 

would be located. If the region wel'e particl.llnrly large, 

there mi~ht be an advrlTltage to relocatl,ng ambulances 

during the dtl)' :1.n response to spatial changes in demand 

rate. 

6.2.? 
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All of the above places a heavy burden of 

responsibility on the dispatcher who::;a task has been 

compounded by a larger region, a possiJ.,lc increase in 

his response options~ and possibly a changing set of , 

ambulance locations. 

Oth'~r Are;:\:> of Rc~sear('.h 

In addition to some or the areas .of research outlined above, 

there are at le<,.Gt th1:ec. other important problems on ,,,hich attent:.i.on 

should be focussed Hhich do not relate to costs: 

(i) The coll;::ction of datl}. Cln~l the execution of scientific 

cxpeJ:im0nt;::tiol1 to e>;pJ.~in the BOIlCrat;i.oH of emernency 

• patiente. There ct"e uide variations in the nUil\her of 

emC!rgency an\bulel1ce pntj.cnts per capita generntcd in 

different cities '(Gee Chcpt~): 2). This is only pnrtly 

expla:f.n.:;d by account:tng procecbres. There are socio­

ecmlomic and other. focl.01:S invtllvecl, and by unclc:,,·st:<,.ntl-

ing these, ClI1.d perhaps by prOViding rnOl:e cor.~pi:('hensivc 

pt:ev,~mtive health .-;Cl'e through pub 11 c hOJpHnls some 

people may be spm:l~d eh'c 0pP0J:tunil.:y of becoming 

emergl.:lnc:tes. In adclition, the n:ore datn that: ex:i.sts 

descr:i.bing the gencre.t:i.on of emergency calls the better 

Cf.1l1 l>c the nlloc:1tion of ambulances to respond to these. 

The £0110;,,1ng is a lis t of data that might: be 

collected for eRch emerg~nc.y call on::mered by th~ 
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ambula.nce service: 

Location of the call 

By tvhom t,Tas tile <'-all rcporte.d 

'rime at t"h:i.Cl~ the call 1v.:\s rece;l.ved 

Dispatc1i dcl2y 

Travel dalny 

Dis tance travellNl by thp. ambulance 

Time spent treating the p~ticnt at the scene 

Time spent transporting the pat:tent to hm;pitnl 

Hospi tal to t"hid1 the patient "7US taken 

Ambulanco dispc:ttchcd: primm:y or secolldary, local 

or ot.llcr 

Nunbci: of Cl71,bu] anC~tf' nVililablc Hhen the call arrivect 

N[ltnl'e of tl' ( 1 . e .i.lr;! :8cncy 

Ult).Ijii'.te (Uspo:::i ti.ou uf. the:: pf\t:1.0.T.lt 

(-' ') 1'1 '. f :U. IE: J.uIH·OVC:r.:(!Uf.: o' l.lctlical servic.::!f:; at th8 Sl.!ene of: the 

emc~r.e{!!IC:y, ma1.nly through Lhe llSC! of more advanced 

CO!i:m~j11:i cations tcchnol{j£~y. 1'11'.' ins tnllat:i.on of eo 

cO!I'.TI1'.mi ct:\t:i.on~ n-u's t".I1.', tll'<'tt "1] c'·," " \"'rb 1 1 - -./ '- . "'" '.',,:, '" . ..,. a c;:c 'longe 

.bet~·lC(m hosp:i.tal am) c!lnbulance mid 8150 the ll1onitorlng 

of tl1.C 'llr,'"ll' ellt·.' 1", co'"'(Ht·1o 1 t th b - -" ......... ,a . 12 scene y c!octors ~ome 

distance Emay (£or c;,{ample, takinp, an electro-cardiog-caph), 

\vi11 a).1.o\l dras tic tn!a.tln~mt (fot" example.,. defibrillation) 

appr.opriate to .['11 el:;at~en cy si tl\~tion but currently 

confined to a hospj tal environment. 

, 
, , 

I 

; 1 

, 
, . 
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(iii) The further. development of analytical. models, especially 

those related to vehicle location, as a cheap and quick 

aid to the assignment of vehicles in (1n urban em·ironTnsnC. 
" 

The data collection ~uBgcst~d under (i) could be use4 to 

validate, utili7.c and extend the models proposed in this 

document. 

In this doct.\lllent ·\.;e have examined three analytical models related to 

one aspect: of the emeJ:genc.y ambulance servlce. The Dispatch Delay, the 

Travel D(!l£\y and the Dual Al:1buJ,ance Source Nocb1s all relate to the 

Tram:portation component of the Emergency Al.lbulc?llc.e SystC'.l~l. The, pril:llJl!-y 

ptlrp()sE'. of: thz docu::ient HCiS to j.nvestj.~ate the fear;ibility of us':'tli.; the! 

niodcJ.J.ing C::l1d analytlcal procedures of operations r.e-sear.ch in a "public 

sys temll like ron ambulnncc se,;vice. Clem:ly the. It\oc1elline prQcec1uJ.cs m:e' 

useful) offering both fa:i.:r1y sp<::cific .results (a.E;. ~1.1e super.iority of 

the dual S01.\L·CC. sY3tem; th0. service time distr~.b1.Jt:ion) an(l more gen~riJ] 

insigh ts (e, g. the l('l~ ut1.1ization of c:mbulc?w.::es; the high cos t of 

anSt-lering the marginal call). Becanse of the scarcity of data \1e have 

not 'lali.dated these models satisfactorily, and thel~efore. more "lork 

should be dOlle in this d:i.rection. 

From the. point of .vieH of the ambulance service administrator. the 

most interesting output of this docUlllcnt is the procedure recor:~cndcd 

for making a.llocations of ambulances to diffcj~ent parts of a city. This 

i$~ the t.Jm:k of Chapters If and 5, and ~"e snmmari?e it briefly here. 
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From data gathered in a similar bnsis as that described additional anlbu:'mv.::es will need to be added to these 

in Section 6.2, map out the rate at t;rhich calls are regions. Depa::ture from optimality necessitates a 

generated in different parts of the city at different search for a Par.eto-optimal sol\.ltion in \1hich the 

times in the day. Fr.om this "map," divide the city into allocations to each region may change, so that accept-

regions across each of Hhj.ch the call rate is approxi- able E:,r.pectctl Travel Times are produced at minimum cost. 

mately constant. B!?,callse of the number of .alt:ernatives the search might 

best be carried out by computer. 
(ii) Record the mean call ardval rate, mean vehicle speed, . 

and the mean se.rvice ti.mc in each reeion for every vorldng (v) Impleme.nt the suggested allocations and test f.or aber'r[{" 

shift' in the t-1eck. tions produced by particular conditions in the city not 

accounted for by the modeJ. 
(iij.) If there are no secondary arr.bulancesavailaLle, calculate 

for. each shift the Expected Jtcsponse Time in e:nch reeion As the dt:ies Emd tc~ms in the United States prepare to provide 

for different nunlbers of [n::bulanccs. Then usc the 
, . . better equipped, l:flp:l,dly respondi.ng cmcr.gcncy fH"bu],,gl1ces sel'vites ,one '.' 

methods of Section 4.4 to allocate anfuulanccG to each of the f:b:s t prob lens will be to prel>2.rc~ on dctail(!(l plnn of systm:1 

region stich that, the d ty-\ol:i.~c Expe.cteu RCSPOL1S(~ Tim~ ~n op:2ration <md antic1.pated CClst::;. The r,lodnl1~_ng procedures descr:i.bcd in 

minimized, or smce other criterion satisfied (c.~~ ~e~· this doeu:t1€!nt can be used [IS a frarr:cI·:o.rk \'1itld.n ,vh:i.ch to describe 
. . 

ianal e:,pected response times belo,;] a r;pcci.f:Lcd min:i.:wm). altel'native sys tam corifigul:al:iom3, to pl,'cpare budgets «nd thereLy to 

n:nlove some crf the currC'nt obstaelcs to action. 
(iv) In the:. 11101'0 likely event thnt secondary P ;blllm~ces ar~ 

available the s:i,tuGltion becor.lC~S COi,H;,:.\.,;h,at complicated. 

Allocate to euch region th~! utll:,berof primary ambulanc.cs 

that Dlinirnizes operating cost ill the region (Figure 5.2). 

Calculate the E:':pccted l1'\;,vel Tinlc in eClch regi.on. If 
'. 

these. ar.e satisfaC'.tory, then the ~olution is acceptable. 

If, on the othl?r hand, ther.~ arc SOUje regions in ~.;hich 

the Expc:c,tt!d Travel Time is ull':.J.cceptClbly large, 

:/ 

;Ji 
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above into Total Travel Time.. The Service Time is nm., the sum of t\VO , , 
independent tim.::ls: Total Travel Time and Trec:!tment. T:f.me. The Service 

A.I Introduction ---- -~., - .. _ .. _--_ ... - _ ......... 

Time !!~§_tr~l>u~.t~E:. is th::!n simply the cOI1volu.tion of the dis tributj.ons of 

the t,.,o component times. He begin hy modelling the dis trihution of the 

In Figu~D 3.2, pate 47 we de£iue~ B number of th~ p&rareeters undcr-

ly:i.ne the ambuJ.:'ll1ce transl)ol~l: o-lJera.ti.()1.1. 0 f h ne o. t esc is the Service 

Tiln~ t the t:;'tne het\'lecn the ~mbtilc"'tl(~'~ ~ 
R -- beiuE dispatchcrl ~nd its eventual 

distance bett·:ecn an emergency and the ambulance when l.t is dispatched. 

We can then find the! tj.tne taken to travel to amI from the. emergency 

(Total Travel Tirne). Finally '';-0 add the assl.l1:1ption that the time taken 
return to dnt:y after thn. pat~ '"-Tlt l'n.<: 1 d 1 '" ... '" '-, lC!cn e· ivc:rcd to the car.e of a 

hor-pi till. Sel:vict:~ Time is an i.ii~partunt compOl1F.:llt of trw modeJs ur.:c(l _ i.n 

to trent the p&t1.<?nt is dis tr5-butccl as the negative cxponentinl. 

tl)j~ doeWli::nt, but He h2.V.3 t t" • ren :cc ~ t ),11 CI curso,-)' f C!!-,h:L:lll) m.:tinly be c:::us~ 

it do~~ llOt. lend itsr~l[ to SJ' 1 h . 1 .m)) .• c Pl[d: ~'17i'l!:J.C<1 tre.:Jtmcnt:. 

In this apPc'n(l:i.x we sh~:ll c;·:plo!.·r: one posEd.b).€'. I!ll')dp .•. l,. f o. the. Servic;:, 
The context of oUTmodo3J. if) a city in ~.Jh:i.ch st)~c.ets ar.e laid out :i.n 

the form of c,! g1.'id. E!:l(?l'gc~l1cy calls occur in the dty and nr(:! distrihuted 

\·;11'idJ pilj rcstdct: thn rr."')[.l,~].,.~,,, ]. 
- - cllP ir~'·)::iu.ty to cities \·.'iUI P::ll·ti.clll;nJ~· rando;,;l), :;.11 [;pac;,!. Tlwl.'l!! arc a numb.::r. of: hospit.::~J.s located rendo;nly 

r~ .'"u 1;: r S!'. Tee;' l.t J. ,~'.7!.", • C('\r< ~, • • , 
~ -. ~"·Pd.~l.S(,:~:) "':J.t!'! t,·:O p;llh~llClnCC 0iJi:.·r:ltiol'':; in X'..!~.J 

~f 
throu.ghout the C~lty. Em8t'gency ar;,hulallcc ne1:vice :l.s provicl;~d by vchiclC!s 

Pdt terns (If 
n region around the h~gpital H0 shi111 assume that trj.ps 

out of the region concspond to a I1Gf,ligi.1d.e fract:L(ifl of the total Ullil\ber 

Ou;:, .:pprq,nch Hi,.ll u;·:· to c.oll.-:.'.rl'_"'r ' , t::c SC!rvi,c.e Ti;1:.! as tile sum of o[ a!!i1>ul~lucC dispatches. The [lr:-b~t 11':11(:(,;8 t.r:Gl\!~p()rt paticHts bud: tCI the 

hospital asscd.[-lted \'lith the rczion. For Bir:-.plic::ity \';0 can ['.99\\111<:\ thnt 

(i) The, til" to t,:£1V G_'l t tl. f • o .ne s('cn'3 0 tnc pr.lcrgcrrcy. the rq,,:i.on 1.s a rer.tllllgle ,dot!) s:i.de m nnd n Qistance units long, parallel 

(H) Th,,: ti::,'} to trC!at: th~ p2tien t et tlw s cell!:. to the street grid.· Locating ~!e ori8in of a Cart~sian ~oordinatc system 

(iii) 1'1 .. .103 til:'? to tro.ve.l [rOla the sec;'!e to the hospital. 
l!i 

in th(~ bottom left-hand corner of the region, He can represent any 

By assumln;?, that the ar.l1)ulnnce 1.s locat:/""l r.' 1: 0" v~, 4 near a hospital and that 
locat:t,on by ttn x and y components. [Sec Fi;3t1t'e A.l(H).] 

it trnnsport;:1 the pntient to that hoapi tal, we may cOwbine (1) and (:ti:i.)' Let the location of the hospital be at (»PYH)' h'e can denote the 
)/: 

posit5.011 of an inc:i.dcmt by (x. ,y.), '."her.c Xi and y. a1;'C indep~hdcnt of 
~ ~ ~." 
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ea.r~h other, and are un1.formly distributed over nand m respectively 
• I 

[Figur~ A.l(b) and (c) 1. Approximating the travel d).stance bet,.;reen the 

hospital end the incide.nt by the sum of the North-South and East-Hcst 

dis t ances, we can \V'ri te: 

and y = Iy -y I . r H i 

d = x + y r . r (A.l) o < x < n - r--

o < Y < m - r-

A little thought Hill confirm that the density functions f (y) and 
Yr 

fx (x) are as shO\oTQ in Figures A.2(a) and (b), and that the joint density 
r 

fUl,ct:l.on f (x,y) is described by Figure A. 2 (c). Specifically ue can 
xy r r 

--write tlu.·t 

f (x,y) :: 
x y 

r r 

4 
ron 

2 
nm 

1 
nm 

a 

0 

0 

< x < xH 0 ~ Yr ~ YH - r-

< x < }:r YH ::. Y r ::: tl-YU - r - 1 

< Y < Y Xu < x < n-'" 
-- l' - n r - "'a 

We can use Lapluce Tntnsfol'f~ lj.ctltClds to shm7 that the dcm;i ty 

function for the Travel Distance is: 

d 
:.~ m~ {If-2u_1 (do->:n) •. 2u_ 1 (do -n+:-~H) - 2u_1 (do -YH) 

, , 

(A.2) 

(A.3) 
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(C() 

(b) 

(c..) 
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The expectcd value of d, \.hich is qUite c<lsily obta:r.ned from. ehe Lap,l,acc 

Transform of fd (do)' is found to be 

2 2 
m+n YH Y1{ 

E [d 1 =:: - + - + - - xH - YH 2 m n 
(A.4) 

Let us no\. consider a fe~. special cases of, the above equation: 

(i) 

(ii) 

A. tj is a minimum ,~hen the haspi ta.1 is in the center of the 

n m) region at O2, 2 . In this case E (d] :;: % (mI'n) (A.S) 

The resulting density function ~D.y be dedved from A.3 and is 

depicted beloi7: 

lid ml-n 
a [ 1 (d n) l' (d ~) + u (d - ---) ] :: - 'r-Im - u -1 0 - 2 -"-1 0 ~ 2 -1 0 2 (A.G) 

'ImF~~~ --- -:------...1 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

o -----n;~- m;Z. 

If: ti)e rueion is a squnr • .: (i:e. m:::ll), the A.4 become~: 

-;-

, 1 '( 2 2) 
E[d] == n + n xH + YH - ~ - YH , 

If ·\le aSSUl1\c further that the hospital is centr.ally located, 

. then E[d] =:~, and the resulting dens:l.ty function is tdangular 

in shape: 
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O'~----------~----~------------

(li:i.) If the ~mhulRnce ~,;o':e n.ot located f.~t (xU,Y
ll
), but instc.:;c1. at 

sOlne point un:i.furmly distributed over the regiun, :f.t '-TOuld be 

neCC$f.j,:jry to tako the cxpe.ctr"\i.:ion of A.l: OV.:11'" the pCf!w1blc. 

pc.sitir.'l1s (;-;,y). Therefore, v~.th a t'i'lndomly l()c{It:~!cl tn.tbulnnce 

A.4 becomes 

B[d] 

If ~lC rogion is a squcre A.7 rcduc~s to: 

2 
Erd) ~'3n 

Or .v ,.'(~ chfi!l~ the Rl'ca of: the n">g:i.oi.1 [(8 bc:l.n.g cqueJ to A, 

. 
E[d] ~ ~, .fA (A. 8) )': 

--11--______ _ 
" .. . 

*Thesc are lhc S~.lmc CJ.S results derivC!d by I,m:fJ(jn in Refel~cnce 12. 

"" , , 

i .. 
i , 
I. 
! 

",' 

, 
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The total time to service an c.rr.ergenc.y c.a1l conrdsts of three 

components mentioned at the beginning of the chapter and depict~d in the 

diagrnm be1m·T. These are: 

(i) The time to trHvc1 to the scent. of the eftl(;rgency, t l · 

(ii) The time to administer t:l:~atlnent at the scene, tco 

(1i:iJ l'he time! to travel fro:ll the scene. to ho~~pi tal, t 2 • 

The totDl 

is locat~d CIt thE-: hospitnl and th.;:t t"raffi • .: cl1nd:i.tio;:s lrn:£,';.::ly dC::CT.!'lJnr., 

t:ravel speedF. so that the time to treveJ. to the scene is, th,,, same as the 

timC! to return, \'itl can der.iv;:\ thl; d:1.str:i.bution of th::; Toltal TrnveJ. Tj.lf'.~~) 

tr .. t1 -l- t2 from tlw results of' the previous section. 

c. * .' .. 
If the travel ,speed is v di.stance units per hour, t;hen the 

2d 
travel time can be related to trevel distance by tr :: -;, hours. From A.6 

,-
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in (i) of Section A.2 it follot-1s that 

4r2
t 

ft. (t) '" -- [1 - u (y - .!!) - u (t"".m) + u (t _ rn+n)] 
r mn , -1 v -1 v -1 v 

and Eft 1 m+n r ::: 2V 

2/\"1'\ ___ ----- r----.... 
I 
J 
I , 
I 
I , 
J 
J 
! 

o ----"'-, -----,-.----
'l(, ~J 

The LEI.place: Transform of A.9 :I.:; given by: 

f~ (0) .. _2.Y_~ [1 _ e-ns / v _ e-r;ts/v + e-(Tit{'n)s/v] 
r mt-.t; 

(A.9) 

(A.lO) 

, (A. H) 

Turlling our attention to the U1i1~ tC) admi.nister tr~atJii~nt to tl~e 

pe.Uent nt the scene (tt)' He shall ~£st\!a:? that: :i.t is exponc:1tl.alJ.y 

di,g tribltt:ed \lithmean }~ houl:s. tva have the £ollml'ing chm:acter.tzation 
llt . 

of this distribution: 

t > 0 

• i 
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1 , « --llt 
(A.12) 

.. 

Laplace Transform: 

1 
Q-

112 
t 

T llt 
f t (8) • -;. +s 

t ' t't 
(A.1J) 

Now the total service time, to is the sum of the independent random 

variables tr and tt' The Laplace Transform" of f t (t) is given by the 
. . o 

product of A.11 and A.1J. Evaluating this product atld inverting gives 

the desired result 

t > 0 - (A.H) 

Invoking our independenceasnumption it follo\vs from A.J.O and A.12 that 

(A~15) 

Equation A.13 has been ~Iotted in Figur~ A.4 for four different rcgipns, 

assuming 1- ~ 15 minutes and v.a 20 m.p.h. For any reasonably large 
}.It . 

region there is a considerable deviation from.the negative exponential 

distribution. It is t;herefore inappropriate to use that distribution in .. 
models of emergency ambulance services. 

_ " ~ J -" 
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A.4 Cogparison with Real Syst~~q 

In New York City the emergency ambulance service is provided under 

conditions somewhat similar to those of' our model. Selecting tvo very 

different hospital districts, St. Vinc~nt's on Manhattan Island and 

King's County in Br.ooklyn, we may compare actual service time distribu-

tions wi th those predicted by the model. In both cases we assume a mean 

treatment time of 15 minutes. In Brooklyn the speed was as'sumed .. ~ ... -' - .. ~ -.. 

to be 15 m.p.h. in ,accordance with a study in that reSion[7], and in 

Nanhattan the',~~e'~~~w~\~'a:Ss~~:? f~"~~~-nr~.p.h. --Oata 'obtained 

from !,C!ference No. 3 is co~n?ared with model predict'ions in Figure A.S. 

The agrcCT'1ent ispnt'ticularly good in the case of St. Vin.cent's Hospital, 

and the discrepancy in th~ case of King's COl1nty BOSi)i tal is probably du .. ! 
, . 

to the concent:cation of demand at one end of the region' resultins in at:; 

unusually large travel component 'in the serv1."ce time. 

The very lot" mean speedS' assumed 'in t~e model are not unus1;v;l for 

city travel. Very simi1ur ~~peeds are encountered by the p\::/~.!'i.ce in 

Boston - see Reference No. 12, page 85. The effect of mean speed on'the, 

Expected Service Time is graphically illustrated in Figure A.6. It is i' 

clear that in conges ted urban areas the tra,ti,;:l component may dominate the 

service time • 

A result fram the theory of sh:;,~le-server queues with Poisson 
,,;':" 

arrivals and general service times is that the Expected Waiting Time is 

proportional to the vari~~of the service tlme.[20] We assume that a 

somewhat similar result holds for more than one server. Since we should 

like to keep the waiting time (calle~ the dispatch delay in Chapter 4) as 
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small a3 possible, we should like to minimize the variance in 1...14. Not 

surprisingly this involves increDSing the speed~~a: red.tic;n~ the' , 
.t(~!c • 

dimensions of the region. For any given area and speed, the square region 

ndnimizes the variance. 

In summary we can observe that even with a host of simplifying 
',f;" 

assumptions the service time distribution is a somevhat involved function 
. -, 

. ;u 

of reg:!.on dimensions and atta1.nab1e spe~ds •. For any 1;'ealistic values of 

size ,~nd speed the nega~ive exponential distribution is an inad('qu~te 
. " 

descripto! of the service time distribution. As the expected wai~ in the 

queuing sys tern associated with such a service time dis tribtlti on :! s an 

inverse function of the square of the speed, 'l<?w speeds in' urban 

areas threaten to have an adverse delaying effect throughout the syster::. 

. . ."~; ::. .... 

";; .... 

. , 
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APPENDIX~: HOSPITAL DISTRICTS 

hl-. Ipt)~oduction 

In this document we have' concentrated on the events preceding the 

arrival of the ambulance at the scene of the emergency. We have assumed 

that I:he journey ~rom the scene to the hospital is not particularly 

critical. Whereas this is true in general, there have been situRtions 

in which patients have, been transported to a distant rather than a nearby 

hosp! tal, lo1i th co~sequent adverse effects. These unnecessarily long 

journeys are apparently the result of habit on the p~rt of the ambulance 

driver, or of a'relati,?nship existing between a few hospitals and the 

ambulance service.' 

In the next felo1 pages ,.;e outline a simple procedure that a1100-s u!': 

to relate an emerge,ncy at a particular location with the nearest hospital. 

In brief, we describe around each hospital a region such that an incident 

occurring inside one particular region is nearer to the hospital in ~hat 

region than to a~y 'other hospitel. While· it is unnecessary and inappro~ 

priate 'to insist that every pat::ient be taken' to the nearest hospltal, 

discouraging long and somewhat unnecessary journeys may: 

(i)' improve the chan.ces for recovery of some patients; 

(11) increase ambulance availability QY reducing travel times;, 

'(iii) re~uce the grossly disproportionateshating of emergency 

patients among the hospitals in some, towns and cities. , .. 
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B.2 The Travel-Time Nodel 
i. I 

We aS5u:::e a,~, befo:,e that we have a city or tOlm tdth str2cts laid 

out in the fom of a rectangular grid. The:'e are N ho~p:!.t.lls participat-

ing in the emergency service, and we shall cre;;ite N mutually exclusiv~ 

~nd collectively exhaustive regions in the city, each associated with 

one hospital. Using the procedure adopted in Chapter 4 (see Figu-:::c 4.5) 

and Appendix A we 'can 'identify 'each point i~ the city by x~y c~ordln~t~~. 

The distance betwcen an incident at point (xi'Yi) and a hospital 

located at (x4'Y4) is: 

We can associate ,lith each of the N hospitals a distance d iro;';1 the 

incident at (Xi ,Y i)' Alternatively ,.,re can consider that subset of ~:;.1. 

the points in the city 'l-ihich are closer to (xn ,Yli) than to ar.y (If thc 

remaining N-l hcs;?i tals. He begin by examining the situatic~ ~\Thcn t~1Ct:2 

are only b,'o hosp! tals in the ci ty. 

B.2.1 Two Hospitals 

"lith only bolO hospitals in the city, there are t;·~o regions to 

be defined. Incidents occurrins in Rebion 1 are cloocr to h03?ital 

1 [at ('1il'Yl-U)] than toho.3pita1 2 [at ("H2 ;YH2)]. 'The boundnry 

betwecn the rcg:f,ons must be defined by the equation: 

(B.l) 

There are three possible configurations that must be 

cOl'lsic1cred.First, referring to Figure B.len). ,.,re note thn::; 
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The implications of equation B.l in areas 2, 5 and 8 are easily 

shawn to be 

In area 5: 

In o)':"ea 8: 

These tr,ree crp.!Cltiol1s de.fine the boundary HH' shc~m in Figurp. 

B.l(b) bet:\oleen Region 1 and Region 2. 

An alte~:':"'ativc configuration of hospital location could be 

one so that: 

< 

(YH2-YUl) < (xH2-·xH1) 

The solution for this situation is derived in the same way as above. 

. and gives rise to the boundary NN' ~ho,m in Fieure B.l(c),. In t.he 

special case when (YU2-YH1) = (XH2-'1l1)' incidents located in areas 

1 and 9 are. equidistant from the two hoopitalz. 

All possible arrangements of the bolO hospitals can be fitted 

into one of the three siMple cases mentioned above. Hence it is 

• .......... -,~~. f,-' 
! 
1 , 
; I 
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possible to describe around each hospital a region so that incidents 

in Region j are close~ to Hospital j than to any other hospital 

(ja:l,2) 0 

B.2.l The General C~set N Uospitals 

The extension to more than tHO hospitals is achieved quite 

simply by conDidering the boundaries between each pair of hospitals 

_ N(N-l) 
in turn. In theory it should be necessary to consider -2--

bounda~ies f.or the cre8tion of N regions. In practice the numher 

of boundaries that are candidates for inclusion in the cor.~posite 

boundaries is considerably less. Hany can be eliminated by inspec-

tion. and it is usually only necessary to consider neighboring 

hospitals in constructing boundaries. 

As an cXalllple we include in Figure B.2 th.e regional pattern 

result:f.ng from the division of an area among fi~e. hospitals. 

Subsequent Hark, which is beyond the scope of th:l~ appendix, has 

shown that tnetrics other than the one used her.e (1. e. the sum of 

the X- and Y··component distances) give very similar results. 

Bo 3 ApEli,c:ltion to the Ci ~>f Boston 

The police department provid~s the emergency ambulance service in 

Boston. Because of conditions that existed some years ago, a tradition 

has been created whereby some 60% of the emergency victims are trans-

ported to two of the city's hospitals. This practice creates conditions 

of serious overloading in th.e emergency wards of the 0'10 hospi tals, while 
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other hospitals in the city have under-utilized emergency facilities. 

In addition patients have to undertake unn~cessarily lo~g rides in 

police ambulances • 

Usins,the minimum distance criterion described above, the city can 

be divided into eight regions' associated ,dth the eight major hospitals 

in the areo. Although Boston streets do Q,ot foUm., a rectangular ~rid 

pattern. the coordinate sys tern from which the regions l.,ere drawn was 

located so that it paralleled the largest number of streets. 7hese 

regions. shcTm in Figure B. 3. are not necessarily the "best" in any 

, 
sense. They do, ho~.,ever, represent a re!'alistic approach to ir.lprc·,;int:; 

the quality of care received by emergency victill'.3 in the city, by rcduc-

ing the time a patient spends travelling to hoopitnl, and balancing the 

dis tr!hution of patie'nts among the ci ty t S emerge~c:y ~,·ards. ..' 
Police 
District 
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MASSACHUSETTS DEPARTMENT OF PUBLIC HEALTH 

DIVISION OF HOSPITAL FACILITIES , , 

Rules and Regulations Relative to Antbulanc~ 

I. Definitions 

A. "Amhulance" is defined as any aircraft, boat or motor vehicle, 

B. 

c. 

however named, whether privately or 'Publicly o\>med, which is specially 

designed s constructed and equipped for the purpose of transporting 

patients. It shall not include a hearse. 

"Patient" shall mean any individual who is sick or injured. An 

injured person shall 'include a disabled person. 

"Person" shall include any individual, firm, pal:tncrship, association, 

corporation, trust, foundation, company or any group of individuals, 

hcr.vever named, concerned with the operation of an ambulance service. 

"Person ll shall also include' any governrnenta'l agency other than the 

Federal Government. 

D. "Alllbulance Service" shall mean regularly ~ngaging, within the' 

ConUllom~ealth, in the transportation by ambulance of the sick or 

inj ul:ed. 

E. A qualificd attendant shull mean an individual at least 21 years of 

age, certified as having completed the standard and advanced American 

Red Cross First Aid Course or have equivalent training approved by 

the Division of Hospital Facilitif~s. 

F. "Commonwealth" shall mean the Commonwealth of l>1assachusetts. 

G. Ifriepar~ment" shall mean the 'Hassachusetts Department of Public Health. 

H. "Divlsion of Hospital Faciliti~slt shall mean the l-fassachusetts 

~~-- r-.,.....,~ .. _~ 

.~ .. 
,j I 
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1. Defini~ (Cont'd.) 

Department of Public Health. 

<, 

"Division of Hospita~,lacilit1esu shall mean the Hassachusetts 

• Department of Public Health, Divlsion of Hospital Facilities. 

"Registered Motor Vehicle" shall lIIean a motor vehicle currently 

registered by the Commonwealth of H"'.".c;achusetts, Registry of Hotor 

Vehicles. 

"An Ambulan'ce Certificate of Inspection" shall mean :1 "Certificate 
" 

of Inspection" issued by the Department of Public Health tci an 

applicant fo~ a period of one year in accordance with the Rules and 

Regulations, pre3cribed and est.::1bl1shed under the authority of 

General LSi-1S, Chapter III, BB. 

"Original--Certificate
ll 

sha,ll menn a certificate issued for an 

ambulance not p reviott1'lly, certified, or a certificate issued for an 

ambulance in which there h~s' been a 'chan"ge in ~.,nership or location. 

"Disinfection" shall tlean any process, chem1.cal or ph~'sical, by 

means of which pathogenic agents or disease-producing microhes arc 

destroyed. 

"Sanitization" shall mean a process whereby organ~sms prese:1t on an 

object: are reduced in number to a level' considered safe for human use'. 

"Stedlization" shall mean any process' by means of uhich all forms 

of microbial life are ki.l1ed. 

II. Ambulance Certili.cate of' Inspection 

No person, either as Oi'1ner. agent or othenJis.e, shall operate, 

conduct,. maintain or profess by. advertising or otherwise to operate 

B. 

c. 

D. 
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II. Ambulance Certificate of Inspection (Cont'd.) 

conduct and maintain a business for transporting patients upon apy 

1 h h ld a current Ambulance way or place of the COrnIll'..ltmealth, un ess e 0 S 

~ 

Certificate of Inspection for each. ambulance issued pursuant to 

, 1 i Said Certificc.nte of Inspection shall these rules and regu at ons. 

be framed and conspicuously posted in, each ambulance and no official 

~ntry )Ilade upon an Ambulance Certi~icate of Inspection shall be 

defaced, 'removed or obliterated. 

fi t of Inspection shall not be required for a An Ambulance Certi ca e 
'. 

motor vehicle '07hich: 

1. . to certified ambulances in the case of Is rendering assistance 

a major ~atastrophe or emergency. 

2. from ~ location or headquarters outside the Common-Is operated ... 

wealth~ and is transporting patients to locations within the , 

Commomlealth. Hovrever, no such outside a':lbulance shall tJ;ans­
. , p 

from• one 'area to another ~..ri thin the Con::nomvealth, port patients . 

unless there is compliance with these rules and regulations. 

An Ambula,nce Cert5.ficatc of Inspection sh.::111 be issued fot' a 

antl· shall not be transferred to another c:rr.hula7l,ce. s~ecific ambulance 

the Dl.·vision of Hospital Facilities are authorized Repre~entatives of 

to enter 

properly 

and examine any ambulance', to determine if such vehicle is 

~taffed, maintained and equipped in accordance with these 

Any attempt to prevent any such representa­rules and regulations. 

or to examine tive to enter and examine any such ambulance 'or garage, 

i h "XIV records 3S r~quiredshall be punis?ab Ie in accordance w t 
. 

Penalty" of these Rules and Regulations. 



A. 

A. 
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III. Application for Ambu~~nce Certificate of Inspection 

Applicationsfot an original ot' reneHnl Ambulance Cer:if.icat~ of 

Inspection shall be mad~ in writing upon form.s provided by the 

Dcpar.tnent and sh3ll contain: 

1.. Name and address of ,the applicant and of the ",mer of the 

ambulance. 

2. l'rade or other llame, 1f any, u~der lo1hich the applicant dec::> 

bUSiness andlor proposes to .. do business. 

3. Training and experience of the applicant and attend~nts in the 

transportation and~re of patients •. 

4. Description of each ambulance, including th . k d 1 . e rna e, !nO e , year 

of t1anufacturej vehicle identification number; current 

H:tssachusetts registration number; and the color, insignia, 

na~e, monogram or other distinguishing characteristics, if any, 

to be used to deSignate applicant' s ambul~nce. 

5. Location of the place or places from which-it is· intended to 

operate. 

6. Such information as is necessary for the Department. of Public 

Health to carry out its responsibilities under these rules and 

re~ltlatirms • 

IV. Change in ~~nership 

Upon change of ownership, an Ambulance Certificate of Innpection 
'. 

shall terminate llnd the net., owner shall be required to file an 

apl>licc!ttion for an Ambulance Certificate of Insp~ct1on, in .conform­

ance with nIl therequirernents'for an original or renawal Ambulanc~ 

Certificate of Inspection, herein set forth. 

B. 

A. 

B. 

A. 

\.,.1 • , 

A •. 
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IV. Change .. in Otmership (Cont' d.) 

t~len a registered or cer.tified notice is received by mail by the 

Division of Hospital Facilities that a .change of m~nership of an 

ambulance has occurred or a new ambulance has been acquired, such 

notice shall have the effec~ of an ambulance certificate of inspec-

tien for a period not to exceed thirty 'days. 

V. Certification Procedur~ 

The Director of the Division of Hospital Facilities upon receipt of 

.m application for an Ambulance Certificate of Inspection shall 

cause to be inspected, the ambulance,equipment and premises desig-

nated in each application hereunder to determine compliance wHh 

the rules and l"cgula.tiol1s. 

The Department shall isSue an Ambulance Certificate of Inspection for 

a specified ambulance to be valid for a period of one year. 

VI. Revocation of Ambulance Certifica~ Inspection 

The Department may re\'oke an Arrbulance Certificate of Inspection 

issued hereunder for cause. Failure of a holder of an Ambulance 

Certi~icat.e of Inspection to co.mply l-lith the rules and regulations 

of the Department promulgated hereunder, shall be sufficient cause . . . 

for revocation, after a public hearing held in accordance lo1ith 
., . 

General Lal.,s, Chapter 30A. 

. ·VII. Return of Ambulance Certificate of Inspection 

Each Ambulance C·e:t1.ficate of ~nspection shall be returned to the 

Division of Ho~pital Facilities immediately by regi:.:;tercd "lr 



A. 

B. 

C. 
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VII. ,Return of Ambulance Cert:ificat~f Inspection (Cont' d.) 

certified mail upon: 

1. Lxpiration of certificate.' 

2. Revocation of certificate. 

3. Change in ownership of ambulance. 

4. Change of name of ambulance service. 

5. Discontinuance of use of vehicle as an ambulance 

VIII. Ambulance E~p'me~t 

Each ar.J..ulancc and its equipment shall be r.:aintained in a fumitary 

mcnn0T and in ~ood operating condition. 

Each a!!lbulance shall he equipped with the following: 

1. !,,10-.. 7CY radio con::nuair>stion system. 

2. Recording Tachometet. 

3. Siren, 

4. Flashing Red roof light', 

S. Fire extingui.!:her (Underwriter's Laboratory) npproved. 

6. Explosion proof flnshlight. 

Each c:mbulance shall be equipped with the fol1Ol~ing ,equipment: or its 

equivalcr.-:; \-:hcn apprcwed by the Division of Hospitnl Facil1.ties: 

l. Hiugedhalf-ring lowel' extremity split with weQ straps fC)r ankle 

hitch. 

2. Two or more padded hoards 4 112 feet long and 3 inches wide, and 

t\-:o or more similar padded boards 3 feet 'long by 3 inches Wide, 

of materIal comparable to four:-ply wood, fo~:coaptat1on splint­

ing of fracture of leg or thigh. 

D. 
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VIII. Ambulance Equipment (Cont'd.) 

3. T~.;o ot' more padded 15 inch by 3 inch wood, or cardpoard splints. ~ 

for fractures of the forearm. 

4. ~hort and long spine boa.rdswith accessories. 

5. O:h-ygen tanb:; tYith r~gulators and sin{11e use disposable masks of 

assorted sizes. 

6. Hand-operated hag-mask resuscitation unit with adult, child and 

infant size masks, capable of being attached to oxygen supply. 

7. Simple suction apparatus \'1i th catheter. 

8. }!outh to mouth, tWO-tolay resuscitation airways for adu1tr. <1;1c1 

chi.ldren. 

9. Oropharyngeal airtMYs. 

10. Houth gags. 

11. Uni,vcrs31 dressing 

12. Sterile gauze pads. 

13 1, 2 and 3 inch adhesi.va tape. 

14. Six :i.nch by 5 yard soft roller type bandages. 

15. Triangular br.ndages. 

16. Safety pins, large size. 

17. B~ndage shear~. 

18. Collapsible stretcher \d til straps. 

.19. Ttolo sandbaes. ' 

Linctlimd Pv,tient E.9uipmen:~ 
--- ----
1. At least tHO pil1C~'1S \-1ith-i:emovabie washable protect'ive covers. 

2. A J01il1i rl'.In1 of six individually packaged pillow cases, pref£:rably 
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VIII. Ambu1anc~ Equipment (Cont'd.) 

A minimum of six individually packaged sheets, preferably 

dis pas ab Ie. 

SuffiCient towels to protect the patient's head and face. as 

indicated. 

5. A sufficient number of washable blankets in accordance with 

seasonal requirements. 

6. A sufficient supply of laundry bags, preferably disposable, 
. 

including a special color~or suitable identific~tion for pre-

caution linen. 

7. A sufficient supply of tOHels, tissues (!nd paper baas. 

8. Emesis ,basins. preferably d:lsposable. 

9. Sonitized wrapped bed-pDn. 

J,O. Sanitized '''rapped urinal. 

Storage Facilities 

1. There shall be adequate 'storage facilities for: 

a. Clean supplies and equipment. 

b. Clean linen. 

C. Soiled linen. 

d. Waste. 

IX. Standards for Ambulance Cert~cation 

Each ambulance 5ha,11 contain equipment cO:lforming t.;ith the rules a~d 

regu~atiQns provided for herein and shall be~ 

1. 
Staffed at all, times \<lith a minimum of two qunlHi.ed nttendant~, 

one of who:n may be the drivt:!r. 

'-159- -

2. ~fnintained ill such a manner as to ino\lre the health and f'afety' I 

of the pntient. 

3. Used excluGively for the purpose of transporting f:ick, tnjurccl 

qr disabled persons., 

B. When not in service, an ambulance shall be protected in ouch' a mll~::ler 

that· it does not become unsanitary., 

X. Records 

A. ~ec0rds of service rendered shall be maintained and stored i~ ~ 

satif.factory manner for a minimum of two yenrs. 

B. Record content shall includi\ the follcMing: 

1. Date and time of arrival to transport patient, time of flT.'l.iv[,l 

at clt.,"!stination,. 

2. Name, addre~s, age and sex of patient. 

3. Transporto~l: From - - '1:0 

4. Name of attendants. 

5. First aid administered with date, time and signature of prrson 

administering same. 

C. Personnel Records 

1. A pflrsonnel file shall bc nlainta1.ned for attendants and shall 

include their qunlifications and training. 
, -, 

D. Records required herein shall be available for inspection byr~";,,re-

scntativC[j of the Division of Hospital Facilities. 
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VIII. Ambulance Equipment (Cont' d. ) 

l. A 'minimum of ,six individually packaged sheets, preferabl)' 

.dis.pos ab Ie. 

4. Sufficient :towels to protect the patient's head and face, as 

.1ndi·cated. 

5. A sufficient number of washable b.lankets 1n accordance with 

seasonal requ1retr.cnts. 

6. A sufficient .supply of launCfry bags, preferably disposable. 

including a special color or suitable identificntion for pre­

caution linen. 

7. A sufficient supply of tm"els, tissues ~nd paper bags. 

8. Emesis .ba~ins, preferably disposable .. 

9..S11nitized .. wT.apped bed-pan. 

10.. Sanitized "~rapped udna!. 

Storage Fadllties 

1. There shall be adequate 'storage facilities for: 

a. ,Clean supplies and equipment. 

b. . :Clean linen. 

c. Soiled linen. 

d. Was'.te. 

IX. . Standards for Ambulance Certificati'on 

Each ambulancesh,all 'contain equipment conforming with the . rules and 

regulat1:ons provided :for herein and shall be: 
. , , , 

1... ;Staifedst all ;times with a minimum of two qualified attendants) 

one of .whom maybe the drivlar. 

.. 
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XIV. Penalty (Cont'd.) 

1 ,I Certificate of Inspection, as set forth in these Rules and Regu ations, 

or whoever being a holder of an A-nbulance Certificate of Inspection as 

required herein, violates any provisic of these Rules and Regulations as 

established by the Department in accor'dance with General Laws, Chapter 

III, Section BE, shall be punished by a fine of not more than $500.00 for 

1 ff A separate and distinct offense shall be deemed any particu ar 0 'ense. 

to have been cornmi tted on every day during' which the violation continues 

after written notice thereof by the Department to the authority to whom 

the Ambulance Certificate of Inspection was issued. 

xv. S'eparability 

If an)' E:;ection, subsection, sentence, clause~ phrase or portion of 

~~hese Rules and RegulaUons is for any reas~~ held invalid or unconsti~u- " 

. ;ion31 by any court of competent ·jUrisdi~ti.on, such portion shall be 

deemed a separate, distinct and independent provision and sl1~h holding 

shall not affect the vali.dity of the remaining portions hereof. 

x"VI. ~'}}~rgencv Si tuatio,!l 

These rules and regulations shall not preclude the reasonable 

omission of any of the foregOing requirements when a law enforcement 

officer or a representative of a fire departtent determines an emergency 

exists. 

.. 
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XI. Personnel 

Ambulance Attendants 

1. The ambulance atte,ndants shall be well groomed, appropriately 

attired in uniform, and shall practice good personal hygiene, 
, 

including handwashing. 

XII. Sterilization, Sanitization ~nd Disinfection 
' . 

Equipment and supplies requiring steriliZation shall be p~ocessed by 

methods approved by the Division of Hospital Facilities. 

Written policies 'for the routine disinfection of the interior of the 

ambulance, and for the disinfection and sanitiZation.of.all.equ~pment, 

unless disposable" shall be established lll1d enf.orced. 

All equipment, unless disposable, sh'all be properly cleansed and 

sanitized after each Use. 

tfuen an ambulance has been used to transport a:patient kn~~n to have 

a communicable disease, the 'interior of' the ambulance shall be 

disinfected before the next patient is transported. 

XIII. Linen 

Linen, unless disposable, shall be laundered after each use. 

B. Disposable linens shall be discarded after each use. 

C. Soiled li?en, including disposable linen, shall be handled :tn such 

a manner as to avoid contam,ination of equipment and personnel. 

XIV. Penalty 

Whoever advertises, announces, es tab.lishes .or maintains an ambulance 

and/or aniliulance service, as defined herein, without the required Ambulance 
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