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CHAPTER I 

T!XTRODUCTION 

Need for the Study 

Highway accidents and other medical emergencies 1n the State of 

Oklahoma are occuring in an increasing number each year. According to 

the Oklahoma Department of Public Safety [6DJ the traffic trend for the 

State between the years 1969-1980 shm·iS an tncrease 1n the number of 

accidents, injured cases anc deaths by 22 percent, 12 percent and 8 

percent respectively. Th•.:: daily traffic accident toll shmvs there wer(~ 

234 accidents or l e.ccidcnt every 6.1 rni'"lutes; 2.7 fatalities or 1 cas,~ 

every 9 hours; 95 
. . . 
1:1_1uru~s or case every 16 minutes. The total 

eco:1omic loss Lrl terms of wa;~e.s, medical expenses, property repairs, 

r e p 1 a c e m e n t c o s t , and i n s u r an c e ad m i n i s t r a t iva c o s t f ,) r t h a 1: sa me y e a r 

~"as zstimated to b,., ovec· !~63 milll:1n dollars. Other medical emergencies 

that include heart attack, strokE, home or industrial accidents are also 

amon~ the J,~ ad ills c1uc,es of death [62]. As a r;~sult, the ~rovision of 

adequ&t.e er:1ergency meJical service (E;v!S) in the state has become a very 

important component in the planning of the genc,ral health care system 

{ 63] • 

In 196,c., n.sti~"r,Ii.d.:; lrcgic:L:tion (?L-89-56/+) <:ntitlo:l "The national 

1 
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Highway Saf·~ty Act o[ 1966" was pas~ed requiring stares to have a 

highHay safety program developed in accordance; with uniform standards 

designed by lhe Secretary of Transportation. Standard ll of that act 

focused on the importance and r·:::quirements of ?lanning for emergency 

medical serv1ces. Because of t:itis le;sislation, Oklahoma is making a 

statewide effort to 1mprove the life-saving capability of emergency 

medical serv1ces through personnel training, pro?er equipment, 

communications, operational coordination, comprehensive planning and 

research. 

As a consequence, many E~1S systems are being analyzed each year by 

local officials as they attempt to provide E\18 within their budget 

constraints. This is evidenced by the fact that the Emergency Hedical 

Service Division of the State l1ealth Department and the Oklahoma State 

University Cooperative Extension Service complet~d 110 county a.1d 

community EHS studies in 1980, 1981 and the fir'3t 9 months of 1982. 1 

The studies are a response to inquiries by local decisionmakers for: 

(1) current and future E~1S needs; (2) optimum location of service3; and 

(3) estimat·~d cost.s and revenues of dlter:1ative E~.·1S systmes. This 

information is pr.ov~ded in the county and cor.1munity stJdies. 

As local systems are being plann·2d, problems arise because local 

decisionmak·~rs do not look at the "big picture". For instance, a county 

system organized under the Rural Ambulance Service District Act [21] 

allows the creation of an E·IS district funded by a::l. valorem taxes. This 

1 
For 

( 0 k l d h ;) :1 3 t :t L r~ :.1 t" ,a l ~ r-i D ,·_:~~a r L ~i~ e: n L ) u r Ge r -;: j d ;:.... ::. :·:.·.~ n ~ A~:::.:_· i c u l t u r ;:1l_ 

Econotetics ~;,,pdrt;nent,. Coop,o;:-ative Exu~nsi..:>n S:.;n:i,~2, Oklahoma St:at:e 
TJ n i ve -c ~; i t y , :~; t. _i t I r.,; a ( ,?- r , () ~.-:1 a h ·)~11 a . 
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act allows the <;;reation ,Jf E:-:s district for areas und,'r 8,500 population 

and permits liT-ited taxat~ion forth~ support of the E'1S syste:n created. 

The community organizes 3n E'1S district containing their school district 

which lS 1n both counties. Since the neighboring county system was 

organized first, it collect,:; the milla;:-;e fo1· the county but since the 

community just across t:1e county line 1s much closer to the people, the 

residents call this system for serv1ce. In essence, the residents 1n 

the county near the community in the other county are pay1ng taxes to 

the county system but receiving services from the community system 1n 

another county. An equitable solution to the problem has not at this 

time been reached. If a complete analysis had been undertaken the 

problem could have be<~n brought to the attention of the county officials 

and the current problem way have been avoid0d. 

The need for comprehensive n~gior..al and/or state study is evident 

1n the above situation. As more r:;s di .. stricts are organized, problems 

like the one discussesd above will bc:COFte more nunercus. This research 

1s intended to assist local d::.cisionmalc.~rs as they plan E·1S systems 2:1d 

also provide information to stale planners as they work ~o1ith local 

groups. 

Objectives 

The overall objc.:tiv'~' of this research 1s to dev2lop planning tools 

for Et>-1S systems 1n the State of Oklahoma. Tt is mainly designed to 

decisionnak··~s os tlwy plan fer efii.ci··~nt, effective and equitahle f~1S 
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systems within their financial constraints. More specifically the 

objectives are: 

1. Devising methods to analyze a county EMS system. 

involves: 

This 

a. determining the expected number of current and future EMS 

calls; 

b. determining optimum loction(s) for ambulances; 

c. estimating costs and revenues of alternative EMS systems; 

and 

d. estimating the number of times multiple EMS calls can be 

expected to occur. 

2. Devising methods to analyze regional and statewide EMS systems. 

This includes: 

a. determining optimum locations for basic life support 

systems (BLS), fir-st responder systems (FRS) and advanced 

life support systems (ALS) at the regional level; 

b. estimating average response time, maximum response time and 

expected number of E~S calls at the regional level; 

c. estimating the expected number of current and future EMS 

calls at the state level; 

d. designating service demand locations by EMS areas at the 

state level using minimum average response time as 

criterion. 
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The Study Area 

Seventy-five counties, consisting of about 66 percent of the 

population of the State of Oklahoma were included in t!1is study. 

Oklahoma and Tulsa cou:1ties were excluded because they are metropolitan 

counties an(l the emphasis of this research is on rural and semi-rural 

counties. 

The State 1s facing an upward trend in population growth. Based on 

the statistics of the Bureau of Census [85], the State's growth rate was 

1.82 percent per year between the years 1970 and 1980. Without 

including Oklaho:ua and Tuls,1, the rest of the area grew by 2.2 percent 

per year during that period. 

In 1980 there were a total 0f 173 E~1S facilities in 164- locations. 

This is based on the 1980 E~cl ~egistry [58]. There were 118 (68 

percent) of tLe basic ambulance services, 47 (27 percent) basic life 

support sy£tems, 6 (3 percent) advanced life support systems. The rest 

were either spe.:ial or uncategorized. About 22 percer.t '"ere public, 16 

percent private, 1.3 percent hospital based, 11 percent funeral hom·~s. 

The rest were either volunteer, paid volunteer, volunteer fire 

department, puid fire depart~nent, <::tc. In ret;ard to management, 67 (39 

percent) were city managed, 32 (19 percent) privat•~ and tLe rest were 

funeral homes, hospital.s, count.y, etc. Xeth;Jds of financinc; variE:d. 

Forty-nine percent used charges; 2L~ percent use city subsidy, county 

subsidy or both; and th~ other 27 percent used other :.-,ethods such as ad 



CHAP IE]{ I I 

REVIE\~ OF LITERATURE 

As local leaders plan EMS systems, many cirtical questions ar1se 

concerning (l) future needs for the service; (2) best location(s) of E'1S 

facilities (first responders or advanced life support systems); (3) 

costs and revenues of alternative systems; and (4) the probability that: 

the system will be adequate to neet most emergencies. At a bro.Jder 

level 1s also another problem related to equity which defines the 

relationship between those who pay for and those who benefit from a 

given serv1ce system. 'l'his pro::,I.em often arises because local 

decisionmakers do not look at the entire service area to be covered 

especially w~en such services cross county lines. 

The focus of this Chapter t>:ill be the theoretical and empirical 

aspects of the problems posed above. First, the de·;elopment of syst8ms 

analysis \>Jill be discussed. The area of E'1S demand analysis will be 

considered next. As a third aspect of importance, the area of optimal. 

location of serv1ce facilities will be reviewed, fo!lowed by a 

discussion of the relevanc~ of probability theory in 813 analysis. 

6 
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Emergency Medical Service Syst~m Planning 

For many years, EHS systems planning had taken a back seat to other 

national problems. The lack of serious attention to this problem was 

first documented by the National Academy of Sciences [56] whose 

recommendations became a precursor to the development of emergency care 

planning. The Highway Safety Act of 1966 created a Federal-State-local 

partnership to improve and expand safety programs. Among thes:-. 

programs, standard 11 specified that 

Emergency Hedical Service is to provide an emergency care syst•om 
for quic'-<. identification ar:d response to accident injuries, to 
sustain life through first aid and to coordinate the transportation 
and communication necessary to deliver definitive medical care to 
the injured in the shortest possible time [87, P. LJ2] 

One source of stimulus fer a systems approach to f:\!S was the 

"Emergency Hedical Service System Act of 1973," enacted by the U.S. 

Congress. It was set up to provide direction and funds for a system 

approach 1n establishing emergency medical services. 

The State of Oklahoma, among other states of the nation, 1s working 

under its own laws concerning EMS to have eff,~ctive, efficient and 

equitable EXS systems 1n the state. The synem approach developed by 

Doeksen et al. [21] nm< provid,~s an excellent guide for E:,1S operation 

especially for rural and semi-rural environment typical of much of 

Oklahoma. It places emphasis on a holistic approach to nroblem solving. 

This includes the need for common undt:rstanding of EMS problems by the 

and the public. Tbe l.ts:.:: of pr~:J~cr analyti_cai t:ool.s en .solve C01Ji1h)£1 
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problems 1s also emphasi.Z'.:!d, Since the [)Urpose o [ an E>!S System is t0 

create a coordinated response to the immediatt~ needs of an e:nergency 

patient, its planners are expected to consider and provide a coordinated 

working relationship with hospitals, ptlblic serv1ce agencies and the 

1 ike. 

Theoretical and Empirical Studies of EMS Utilization 

In convent ion a 1 microeconomic theory, a rational consumer chooses 

a set of goods and services in order to mmamu:e his/her welfare or 

utility subject to budget constraints. This Hould provide a procedure 

for deriving the individual's demand function by hypothesizing that 

demand for a g1ven good and/or s<C:rv1ce is related to the price of the 

product, the price of cumpetit:lv.::: or substitute goods and serv1ces, 

1ncome of the individual and/or other relevant variable(s) such as 

tastes and preferences of consumers [84]. Such theory assumes, among 

other things, thst given all releva:1t iaformation at a given time and 

space, the individual consumer 1s capable of evaluating prices and 

quality 1n making a choice of that particular product. HoHcver, 

emergency service 1s not provid<Od on the basis of user's ability and 

willingness to pay. 

On the supply side, the theory of the firm assumes that a producer 

max1m1zes profit subject to cost constraints or minimize costs subject 

to one's production function. This le-'lds to the procedure of del-iving 
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willingness of the supplie': to prc)v]de the product at alternative: 

prices. The int0raction ot supply and demand determines the 

equilibrium price and quantity of a good and/or service. 

The economics of the g~neral health care system 1s much more 

complex than can be represented using the simple behavioral theories of 

the consumer and the firm described above. The complication arises due 

to the nature of EHS demand, mari~et imperfection in the production a:1d 

distribution of health services, third party settlements, subsides, etc. 

In studying theoretical health service analysis, very little 

attention has been given to emergency medical services. They are either 

assumed implicitly in the health service catt?gory or not considered at 

a 11. Examples of such studies include that of Ne\vhouse; Manning, ct 

al.; Sotddart and Barer; Intri.lligator [98]. The work of Grossman [32] 

also provides insight: to the theoretical approach to h.~alth care demand 

1n genera 1 form. 

Empirical studies for E:-lS demand for eitht:r urban or rural areas 

have been made in the recent past using one or a combination of factor3 

related to sociodemographic and eco~omic characteristics [1, 15, 16, 19, 

20, 22, 48]. One of the earliest E~!S guidelines emerged in 1968 by 

D u n 1 o p a n d i\ s s o c i a t e s [ 2 2 ] w h i c h s u g g e s t e d t h at EH S need s c a n be 

estimated using the size of population of a given area. The study 1"as 

based on a survey of some 80 ambulance services in the United States. 

According to this study two equations \vcre estimated. One equation v.'as 

used for pr.:dic1~ing E"l'S calls for areas of population under 10,000 and 

the other for areas of fJOpulation ex.tendi.ng over 10,000. About thrc~ 
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operating public emergency ambulance and developed a model to predict 

and explain the variation 1n the number of various types of emergency 

calls 1n the Los Angeles area. The linear regression model included 26 

exogenious variables related to social, demographic, and economic 

indicators such as housing density per capita, acreage per capita, race, 

age, marital and employment status. The model was used to predict total 

demand, auto accidents, cardiac arrests, poison, other illnesses and the 

number of "dry runs." Models like this typically encounter the problems 

of multicollinearity and lack of appropriate data. Data from 1960 

census are used to represent that of 1964-1967, 

Along similar lines, first and second order regression models were 

used 1n two studies to predict and explain EMS call rates for a large 

metropolitan hospital 1n Atlanta by Deems [19] and K\1alseth [48]. 

Multivariates related to social, economic, land-use and transportation 

were employed as exogeneous variables. Unlike that of Aldrich, et al. 

[ 1], they used exogenous variables whose values were derived during the 

same period as the endogeneous variables and emphasized the relative 

importance of each exogeneous variable in terms of its contribution to 

the variation in each classification of ambulance calls. Individual 

models were formulated through stepwise regression for different types 

of emergencies and obtained highly significant fits. 

King and Sox [42] attempted to do a systems analysis of the 

operations of EMS in the San Francisco area with specific objectives of: 

(1) determining the rate and distribution of emergencies and the 

sequence of time from occurance of injury to discharge of the patient 

and ( 2) analyzing cases of patients who were dead on arrival. While the 
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study provided an invest;_gation of 2n E~1S system in t,~rms of its 

components and their interrelat.iens, the predictive mathematical model 

1s not clearily or explicitly presented. 

In general most of these studi'-'':3 presented the same conclusion. 

The number of EMS calls per unit tim~ is highly predictable by using 

social, econom1c and geographic variables. A detailed treatment of such 

studies can be found in Andrews [2]. 

Doeksen et al. [20] u1 their pioneering study of EM.S Systems in 

Oklahoma's Great Plains provide procedure for estimating emergency 

medical serv1ce calls that can be easily used by local decisionmakers. 

Ambulance calls are classified into three types: (1) highway accidents; 

(2) transfer calls (hospital-to-hospital); and (3) other medical calls 

related to heart attack, =;trc:ve, hork or indstrial accidents and other 

illnesses). For highway accident calls, data from the OklarL)ma 

Department of Highway wc=>r-;; obtained to dctermiae average number of 

high~,o1ay 
. . . 
lnJUrles. Transfer calls were estimated using local hospital 

data and/or information provided by ambulance operators. Finally, 

utilization rate for other medical calls •.·7en~ determined according to 

the distribution of population by age cohorts. All utilization rates are 

occasionally updated as seen 1n [21). 

The study of Daberkow a~d King [16] 1s another example where 

population 1s used as ?.n independent variable to estima::e total E\fS 

calls. Number of c:ills per 1000 population was regressed against area 

population .vith and '-Vithout int·~rcepts for two sit:1ations. The first 

one T..:as used ':o estimate calls for all counties in California and the 
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Factors such as pr1>: and inco:ne L=vels have received very little 

at ten t i o n in t }I<~ d e t e r min a r: 1 o n o f E !1 S c a 1 l s • In fact demand for 

emergency care 1s hypothesized ro be insensitive to price and income. 

Howe v e r, if one had to c 1 ass i f y a J l E'-1 S c a 11 s into a rea 1 or 

life-threatening emergency and one that is less critical, the case of a 

real emergency may be considered perfectly ineleastic with respect to 

p r i c e , p r i c e o f a c o m fl e t i t i v e ( s u b s t i t u t e ) good and I or 1 n c orne • A 

similar assumption 1.s made by Dabarkow and King [16]. In a 

non-emergency situation however, a patient may be able to evaluate 

alternatives, given sufficient knor,Jledge about other services "'ith 

respect to his/her 1ncorae and pr1ce of the service. In this situation a 

downward sloping demc:.nd curv1-2 as exemplified by Intrilligator (99] may 

be appropriate. 

Another dimenc;ion to be considsred in the analysis of E~1S calls 1s 

the demand for ambulanc:.: i;:_,r;~ce r.:; be generated at random defined by 

some knO'-'ln probability distribution. Dearing and Jarvis [17] in their 

location model assll'ne stochastic dema,1d a queuing model. Similarly Du':ln 

[23] included a one-ambulance se·rver queueing model in his health 

serv1ce analysis and '"as able to determine the probability of excess 

demand, 1.e. the numb,~r of multiple calls that ·.vill be generated while 

the ambulance 1s out on serv1c2. To find capacity, the excess demand 

probability is related to ave:rage demand. This kind of analysis has an 

important place in tl~~.:: decision:nal:i.ng proce2s of EMS planners especially 

1n evaluating the sufficiency of the current serv1ce. A very high 

probability of a busy period for an. ambulance system would mean a 
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reduce the nu8ber of peopl~ waiting for servtce. This is one reason why 

a method to accurately d2t2rmin2 cu~rent and future demand for E~S would 

be useful. 

Location-Allocation Models 

General 

Location-allocation proble;ns are generally classified into two 

major categories. The first problem is one concer.1ing a location on a 

plane characterized by infinite solution space whereby central 

facilities may be located anyvh·2rE' on the plane and are not limited to 

any of the nodes of t.he not<,.,rork or to points on the li.nks betvJeen the 

nodes. The second category falls int0 location allocation problem on a 

network where a solution space consi.sting of poi:1ts on tbe network 1s 

considered and distance or time i3 ~easured along the network [61]. 

In a Heberian location 1.'10d21, the concept is focused on a point M 

to be located such that the sun of the distances from point}! to the 

three vertices of a triangle is m1n1mum. As an illustration, two points 

A an d B a r e t o b e c on s i d e r e d a s l o c a t i o n s o f t ''7 o s our c e s of raw 

materials and a third point C ·ls the marketing location. If w1 and 

w2 are the ~~eigr•Ls of raw mat2rirlls required from sources A and B to 

produce w3 units of output, where should the plant be located? 

According to this model, the plant His det':':'rmine-:1 by the lor,;est value 



respectively. This model can be exttonded to handle more than three 

locations and multiple sources and an algorithm for the numerical 

solution of such a problem is developed by Kuhi and Kuenne [47]. 

Weslowsky and Love [96] present a model for optimally locating any 

number of new facilities in relation to any number of existing 

facilities. Their objective was to minimize total load-times-distance 

costs 1n the system by considering rectangular distances as opposed to 

Euclidean Straight-line distance. 

Cooper [ 12 J examines the problem of simultaneous source 

determination and suggests an approach for solving a certain class of 

location-allocation problems. Given (1) the location of each 

destination; (2) the requirements at each destination and (3) a set of 

shipping costs; the problem is t.) determine the number of sources and 

the end capacity location of c:~ch :,uurce. Both exact external equations 

and heuristic method are presented for solving these tyoe of problems. 

The major concern in the dev~~1opment of location-allocation models 

evolves from the int~rest of alloc3ting scarce resources among competing 

ends. Linear programming 1s one of tbe set of analytic tools used to 

handle such problems. Hitchcock [381 and Koopmans (4!+) take credit for 

their independent formulation of a special transportation method of 

linear pt-ogramrm.ng. in th0 model, a homogeneous product of c: specified 

amount 1s to be shipped frum ";,;" origi11s to "N" destinations. The 

problem 1.s to find the amount "X .. " to be shipped s·.1ch that the tot:al 
l.J 

cost of transportation is r:tinimized. Koopmans [44] applied this theory 
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most efficient ufe of tr;;ru;portation ve:;icles. Further, Dantzig [16j 

found it useful to reformulate the problem in terms of a system of 

activities with various items in com.1on. The solution procedure, known 

as the simplex technique, makes it possible for solving transportation 

type problems that involve a large number of constraints and unknowns. 

Another important contribution in the area of location analysis is 

that of Stollsteimer [77]. The complete enumeration method under 

certain restrictions, per;nits the determin3tion of the number, size and 

location of plants which minimize total cost given total quantity of raw 

materials produced 1n varying quantities at different production points. 

The inclusion of plant numbers and locations as variables and the 

consideration of econ0mies of scale in plant cost are the distinguishing 

characteristics of the model. Even though the procedure does not 

consider a syster.1 that minimizes ass•::mbly, processing and distribution 

costs simultaneously, it has gained popularity 1n the general area of 

plant location analysis. 

Solution procedures for transportation proble:ns are varied and 

range from simple to complex. Such methods like tree-searching, 

branch-and-bound and heuristic programming a.re sum::wrized by Scott [70]. 

An algorithm developed by Brandt and Intrator [8] for exa:nple, deals 

\<lith a large tc-ansportation problecn t;.7~ere the number of destinations is 

much larger than the number of origins. The problem was a typical 

minimization of costs subject tn constraints. 

The area of political "districting" or redistricting has also been 

handled 1n the general lcnation-allocation problem. !he nature of the 
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g~ven a set of o sub-rr.:gions, each Hith d given population 
P., the problen is to <;ggr·2gate the subrc~gions into m major 
electoral districts or constit-uencies,- ~CO as to make interdistrict 
variation of population minimally small (P. 115). 

Along similar lines, Marlin [53] describes a procedure of partitioning 

an area containing many geographical locations each '"ith an associated 

activity or work load into districts called 11 tours. 11 The objective was 

to assign each location to a tour such that the total workload assigned 

to each tour falls withi:1 a specified limit a.nd the total cost to 

service the locations ~s minimized. 

Warehouse location problems have also been studied in great detail. 

For example, Maranzana [52] used a heuristic method to locate a given 

number of warehouses to serve a certain region of kno\vn demands by 

minimizing tran"port costs. Hueristi.c methods arP. a set of rules for 

the solution of a giv2n problem where an acceptable goal is to obtain a 

reasonable sol:.:tion as oppoc~ed t") c•;)t.:inal solution. Another example is 

to be found i~1 Kuehn and Hamberger [46]. The problem was to determine 

the geographical pattern of warehouse locations which will be more 

profitable t·.l a c:)mpany by e.quat:ing 1;~arginal cost of warehouse 

operations wjch ~ransportation cost savings and additional profits that 

would result from more rapid dtdivery. First, a finite number of sites 

1s chosen to serve as potenti2l locations for a set of central 

facilities. By locating the ceatral facilities iteretively, the ones 

resulting in the :-;realest improve:nent in the value of the objective 

function 1s chosen. A more general heuristic method for solving 

location-alloc2tion problems is proposed by Cooper [12]. 



Location Models Related to Emergency 

Mecical Services 

In the late 1965, Mitchel [54] evoked the lack of attention 

ambulance services deserve. He pointed out four areas or phases of 

problems that consist of (1) epidemiology; (2) patterns of ambulance 

service; ( 3) geographic and logistic; and (4) economic. Among these, 

the second and third could be associated with the problem of optimal 

location of EMS systems. The Division of EMS, Oklahoma State Department 

of Health has also recognized the fact that ambulances in the state as a 

whole are not optimally located to provide statewide coverage [63]. 

Consequently, optimal locations of EMS systems is becoming part and 

parcel of a comprehensive EMS planning and analysis in the State as 

evidenced 1.n the works by Doeksen, Frye and Green [20], Doeksen, 

Anderson and Lenard [21], NelsonandDoeksen [57], Oehrtman [58] and 

Oehrtman et al. [59]. This is a constructive effort to provide 

efficient, effective and equitable emergency systems for the public. 

A typical problem of optimum location analysis has been well stated 

by ReVe.lle et al. [67] in their analysis of private and public sector 

location models. The problem statement and objective are stated as 

follows: 

Given a number of demand areas for a certain product, each with a 
demand D.; and a number of alternative sites where facilities may 
be builtl.to satisfy these demands, determine where the facilities 
should be placed and which demand areas are to be served by a given 
facility. The objective is that the sum of the transportation cost 
and the amortized facility cost is minimized [p. 697]. 

17 
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Even though the above problem was stated for a warehouse or plant 

location, it has important implication for the location problems of EMS 

facilities. 

Solution methods have been suggested by many. For example, 

Tore gas e t a 1. [ 82] uses a linear programming technique to obtain the 

m~n~mum number of facilities and their locations such that each point of 

demand has a facility within 'S' time units. The objective function was 

set by assuming costs to be identical for all possible facility 

locations. From this, the number and location of the facilities that 

provide the desired service were obtained. 

The problem described as "Location Set Covering Problem (LSCP) was 

further developed by Toregas and Revelle [81] whereby a procedure known 

as "Reductions" is used to solve the location problem. The idea of the 

mode 1 ~s to identify the minimum number of location of facilities such 

that no demand point will be in an area that is farther than the maximal 

serv~ce distance from a facility within'S' time units. At least one 

site ~s chosen from all eligible locations in each set and thus coverage 

of each demand point ~s insured. Maximum distance or time is taken to 

be an important parameter. The solution of the LSCP would provide a 

pair of numbers consisting of maximal serv~ce distances 'S' associated 

with minimum number of facilities to cover so that a cost-effective 

curve is generated. Population size is not considered in the analysis. 

Church and ReVelle take population as an important parameter and 

develop a model referred as the 'MaximalCoveringLocationProblem 

(MCLP)' [13]. The difference between LSCP and MCLP is that LSCP uses 

max~mum service distance concept while MCLP uses maximum populatioin 
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coverage concept. Th-~ ;:)Jrpose o£ Lhe IiCLP 1s to locate a fi.xed number 

of facilities tn order to maximize the population covered \vithin a 

serv1ce distance 'S', while maintaining mandatory coverage within a 

distance ofT (T>S). The problem 1s solved using linear programming or 

heuristic approaches. 

A modification of the location set covering problem is proposed by 

Berlin and Liebman [6]. A dual problem consisting of ambulance location 

and allocation is considered. For the former problem, the LSCP is used 

while simulation is ea:ployed to solve the latter. The model is written 

1n linear programming format with zero-one values of the variable. 

Shuman e t a 1. [ 7 3 J pro vi de a site selection model for prepaid a 

group practice plan. The proble;n is to find the best location(s) for 

ambulatory care clinics ~-1ithin a metropolitan area such that enrollment 

1n a group practice plan 1s maximized. This 1s done by: (1) 

determining a utilization or enrollment matrix; (2) specifying 

constraints such a.s expc!lditure, clinic enrollment, assignment of each 

population unit to one clinic location using a heuristic algorithm. The 

best site is selected. One proble:n of an heuristic co.lgorithm, howevec, 

1s finding out how much the near-optimal solution deviates from the 

optimal solution. The authors have also included a sensitivity model in 

their analysis. 

Daber:kcH7 [15), concentrating on the EHS System in a rural northern 

California envirC)nffi('!l1t characterized by seasonal fluctations in 

population presents a location model to determine th2 most efficient 

(least--cost) number and location of ambulance facilities to meet the 
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incorporates resp0nse and servtce time standards into the analysis and 

indicate the trade-off bet·;.Teen cost and var10us time standards. The 

financial feasibility of individual facility location is also analyzed. 

Volz [91} introduced a point-to-point driving time model to determine 

the optimum location of ambulance stations by minimizing average 

response time to emergency calls for .1 semi-rural area of Washtenaw 

County, Hichigan. A discrete verston of "Steepest Descents" is used to 

carry out the minimization problem. The structural model presented ts 

relatively complex 1n nature and may hamper its use. As noted by the 

author, ther~ exists a local minima which makes it hard to verify with 

the true opt im~J:ct. 

Grouping a set of points or subregions distributed in a plane into 

smaller numbe•:.- of major regions according to specified criteria 1.s also 

another exte:n.sion of location-allocation problems applicable to 

emergency services. An eJ:ampl.; of such a study is that of Bertolazzi, 

et. a l. [ 7 J '#1.1.0 dealt vlith the allocation problem of urban E\fS of Rome, 

Italy. The prob1em was stated as folloHs: 

Given a region with knov1n spatial distribution of demands for 
serv1ces and given:.; response unii:s, whose location is also kn0\·711, 

ho~-1 wou 1 d the region be parcioned into areas of primary 
re spons il• i lity (district:3) so that the service quality be the best 
possible? \p. 1 J 

The purpose of the study was to suggest an approach to the 

districti~1g problem in terms of ortimization of the entire system by 

considering overall tr:lvel time in the region. The resulting solution 

wuuld then assign a given emergency call from a certain location to an 

optim,1l stati,oo primarily responsible to that area. Even though the 
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A computerized transportation location model applicable to rural 

EMS system can be found in the works of Oehrtman [58], and Oehrtman et 

al. [59]. Local decisionmakers are asked to define appropriate 

objective(s) to be achieved given their constraints. Two most commonly 

identified objectives are minimization of maximum response time and 

minimization of average response time under constraints such as budget 

limitations, total service demand at each demand location and serv~ce 

capacity of potential locations of EMS facilities. The special 

algorithm known as Generalized Location Optimization Selection System 

(GLOSS) is developed to solve multiple origin transportation problems. 

It is designed to assign demand area to be served by each identified EMS 

location (origin). The model is versatile. It can be applied in 

traveling-salesman problem, emergency location problems such as fire 

department, medical service facilities and optimum location of patrol 

for police officers. A detailed description of the model will be 

presented in the next chapter. 

Probabilistic Approach to Emergency 

Medical Services Analysis 

The body of literature on location of emergency medical serv~ce 

facilities can be dichotomized into those models that utilize warehouse 

type or static optimization models or those that incorporate the theory 

of probability. The typical static optimization models have been 

sufficiently described in the previous section. Probability models 
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emnhasiz:": the randcmnes-; of LYS c<d.ls. By relating the distribution of 

EMS cal I. .s, patt2 ._~ns of E\f3 services and other related factors, problems 

related to the number of calls required 1n an area, the number of 

multiple calls during a year \<!bile an ambulance 1s out on duty, and 

other as~'>ociated problems can De handled. Queueing models have been 

used in the recent years for this type of analysis [80]. 

Be 11 and Allen [ 3) use a mode 1 that 1.s based on queueing theory to 

determine the nuid·,.~r of ambulances needed to provide specified standards 

of service. The ambulance fleet is assumed to be based at a single 

garage. The model assumes a queue1ng model with unlimiteed number of 

ambulances. Thi~' assemption 1s critical especially tn rural areas where 

the numbe:r of a;nbulances 1s usually limited. Along similar lines, 

Stevenson [76] :provides a single ambulance source model to estimate 

dispatch delay in ar:J.oulance service operation. Hinimum expected 

response time 1.s estima:::e.:' fp: ,1. given number of ambulances using a 

queueing uodel .,.,hich assumes a Poissonian probability distribution of 

arriving EHS calls and an exponenti:>.l distribution of serv1ce time. A 

dual-sour·'('e system referred to aE "primary-secondary system" is also 

suggested as a!J. a.lternative. The LC!Sult was reduced cost at a higher 

level of service, greater flexibility with respect to changing level of 

demand ac:',d red•:d:'.ed cost at lou deraand. The model however, doesn't 

include loc2tional :onsiderations. 

Another model tl!at deals with the application of queuetng and 

simulatio"'. approach to th2 problem of urban.EMS deployment can be found 

in Chaiket; and Larson [9]. Policies of allocation ~vith respect to size, 
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serv1ce areas and patterns of patrol. An interested reader is referred 

to Chaiken's "Probabilistic Models of Fire Company Availability and 

Dispatching" in the Rand Fire Project [65]. The synopsis presented 1s 

appli~able to EMS analysis as well. One may also refer to chapters II 

and III of Beltrami [4] for similar analysis. 

Fitzsimmons [24] developed both queueing and simulation models that 

utilize the idea that the probability of any given unit being busy 1s 

dependent upon which of the other units are busy. This is used to 

predict response time distribution. The model is also used to find the 

deployment of ambulances that will m1n1m1ze the mean response time for 

Los An ge le s , Cali lfornia. An M/M/ ... queueing mode 1 is assumed where EMS 

arrivals and service times are distributed as Poisson and no waiting is 

allowed. The travel-distance 1s based on the rectangular displacement 

between the X andY coordinate points of departure and arrival. A valid 

criticism of this model, and that of Volz's [91] work, is that global 

optimal solutions cannot be obtained. 

An Emergency Cover Model is developed by Groom [30] by combining 

(l) geographical variables; (2) the distribtion (number, frequency and 

location) of emergency calls; and (3) organizational considerations. 

This information is used to calculate (l) the range (defined as the 

proportion of potential emergencies that can be reached within time 

period "t" by any one of "r" ambulances) and (2) the availability of 

serv1ce refering to the proportion of time r ambulances are available to 

respond to EMS calls. The model assumes N dual-purpose equipped and 

manned vehicles that would handle EMS calls; that 1s n vehicles will be 

standing by to handle emergencies and N-n vehicles will be left to serve 
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non-emergencies. 1-Then one cre\v 1 . .s out for service, the next call is 

handled by the next one avnilable regardless of the nature of the call 

(erne r gency or non-erne rgency). A queueing mode 1 is utilized to determine 

the proportion of the time there are n, n-l, ... ,i, ... l, 0 vehicles 

available on standby. 

Dearing and Jarvice [18], diverging from the common EMS location 

service assumptions of deterministic demand and availability of service 

at any one time, explore the stochastic nature of demand. Their model 

~s a combination of spatial aspects of locating service facilities with 

serv~ce delays caused by the stochastic customer demand. They use 

zero-one variables in their integer linear programs to see the effects 

of queueing consideration. The service facilities are assumed to behave 

~n an M/G/1 queueing system. 

Swoveland et al. [79] ta;<e a different approach by considering a 

probabilistic branch-and bound procedu~e to the problem of EMS location. 

The procedure is used with simulation to obtain a near-optimal 

ambulance location. Their primary criterion is to locate ambulance 

depots such that the mean response time is minimized. The problem ~lith 

such near-optimal solutions is knowing how far off the solution is from 

the optimum. 

Queueing theory has become an important tool in a wide range of 

emergency serv1ce analysis. It can be used to answer probabilistic 

questions including: (l) the number of EHS crew members required; (2) 

the number of additional crew members necessary; (3) the average time a 

customer has to v7ait to receive a service; (4) the effect of introducing 
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a priority system upon waiting time -:nd (5) the decision problem of 

relocation of facilities. In this study, it 1s used to provid,~ 

information on the probability that an E:HS system will be adequate to 

meet most emergencies. 



CHAPTER III 

THEORY, METHODS AND PROCEDURES 

Emergency medical service systems are being operated as private or 

public entities. While private operators may be assumed to be 

attempting to maximize profit subject to their budget constraints, 

managers of public systems may not have the same profit motive even 

though they are instructed to manage their system as economically as 

possible. Given the motives, EMS systems are expected to provide 

services in an efficient, effective and equitable manner. The 

efficiency criterion identifies how well scarce resources are used in 

performing particular serv~ces. While effectiveness of a system 

compares the actual performance against a given standard set by planning 

authorities, equity refers to the distribution of costs and benefits 

among the users of the service. With the above criteria in mind, the 

purpose of this chapter is to present: (1) an overview of the theory of 

production and consumption of EMS; (2) a summary of methods used to 

predict the expected number of EMS calls; .(3) an outline of the theory 

and algorithm of the location model that will be used to determine 

optimum location(s) of EMS facilities; and (4) a summary of the 

probability model that will be used to predict multiple calls. It is 

hoped that the theory and methods presented here will aid both public 

26 
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and private operators a:~ they attempt to provide EMS as economically as 

possible. 

An Overview of the Theory of Production 

and Ccusumption of PIS 

Economists have found it useful to classify goods and serv1ces 

according to their degree of divisibility of consumption for purposes of 

explanation and prediction of resource allocation and patterns of 

consumption. The two well recognized classes of goods and services are 

private and public [69]. All goods and services rated as highly 

divisible are considered "private" because an individual can 

simultaneously enJoy the benefits of the product output and excluc1e 

others from sharing directly in the consumption of it. On the other 

end of the spectrum are recognized "public" goods and services that are 

characterized by a high degree of indivisibility, implying that an 

individual can consume or benefit from the product output without 

depleting the availability of it to other members of the society. The 

problem with such a dichotomy is that it leaves out certain goods and 

services that have both "privatc 11 and 11 public" characteristics. A case 

in point 1s emergency medical serv1ces. Its benefits are enjoyed by 

individuals and at the same time it 1s recognized as an important 

element 1n th,'! general health care system by the publi.: at large. The 

re duet ion of the number of premature deaths from an emergency case, the 

and the reduction of thv~ nu:nl•er of possi_ble loss of one's working hours 
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0 1 a f 'W of t'ne <>xa-.,.,r le s t'--t"t :n_.ake emr>r:q'nc·y medical service a r e n y .,_ - ·- • 1., ,, • u · - "'-

highly desirable "comm,)dity" by all members of a community or society at 

large. 

Aspects of Demand and Supply of EMS 

As with any other market, the theory of demand and supply can be a 

relevant tool of analysis for a "commodity" such as emergency medical 

serv1ce. The demand side of the market is based on consumers attempting 

to maximize utility subject to budget constraints or the dual problem of 

this would be minimization of expenditure given the utility function. 

In any case, the demand function can be derived using Lagrangian 

technique. It can be hypothesized that demand for EMS is a function of 

its own price, given the pr1ces and quantities o-f other goods and 

services, personal 1ncome and tastes and preferences. If EHS calls are 

classified as either life-threatening or non-life-threatening, then 

theory suggests different demand curves. The life-threatening situation 

is expected to be invariant to price whereas the non-life-threatening 1s 

expected to be responsive to price. For this analysis, both types of 

EMS calls will be considered as one "commodity" characterized by a 

downward sloping demand curve. Even though it 1s hard to place value on 

a life-saving call or the value of preventing an incapacitating injury, 

it will be assumed that consum,:rs are able to reveal their preferences 

fully. 
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Since many people may consume any particular unit of service, 

vertical summation of individual consumers' willingness and ability to 

pay for the service ~s done to arrive at society demand curve or 

marginal benefit curve [8, 29]. This is shown in Figure 1. 

The supply curve is simply the social marginal cost of providing 

EMS [29]. To serve more emergency cases requires additional facilities 

and manpower. Assuming no externalities in the production of EMS, the 

social marginal cost will equal private marginal cost (Figure 1). 

If consumers were to pay the full cost of EMS, as in the case of 

private provider, Xp units would be served. The cost of EMS for each 

consumer in the private system would be c 2 • Since the benefits of EMS 

enjoyed by individuals are externalities which benefit the society as a 

whole, social marginal benefits are higher than private marginal 

benefits. From society point of view, the service level at Xp implies 

benefits that will be gained by society, which is c 4 while the cost is 

only c 2 • The implication of this is that there is an underinvestment 

in EMS. This arguement will be the point of departure for building up a 

case for production subsidy. 

The optimal level of social welfare can be achieved when social 

marginal cost ~s equal to social marginal benefits [89]. Referring to 

Figure 2, this point is shown where serv~ce level ~s at X , and price 
s 

per unit is c3. Since the private consumer ~s only willing to pay 

cl' the difference between c3 and cl must be paid by the 

government ~n the form of subsidy. So the total cost of serving the 

optimal level of service ~s divided between the private cost to the 

consumer which ~s c 1 , and the social cost of c 3 - c 1 . The effect 
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of this subsidy 1s to lO'Jer the privat,: •narginal cost by the amount of 

the subsidy such that at s'C>rvl.:.~e level X , the social ;na1.·gin:d cost 
s 

and social marginal bee1efit are equal and 3lso the pri·Jate m,::~·ginal cost 

and benefits are equal. 

For empirical analysis of demand for and supply of E'1S, appropriate 

data are rare, However, utilization analysis 1s made bv using 

population and age distribution of population to derive and predict 

"need" for em·~rgency medical services 1n the State of Oklahoma. 

Estimatin~ Current and Future Area Population 

The s1zc~ and di.>tritution of population plays an imporU.nt role in 

estimating t)tal E~iS calls. Several alternative ways of projecting area 

population are availahl8. For example, polynomial or exponential curve3 

that take into accou::t_ the 3lZt' of population at a base year ar-.d the 

number of years from base year to forecast yen· can be used [72]. 

Sor:1etiraes -;irr,pJe or. multi~le regression models are c~mploy:~d to 

incorporate population as a dependent variable and one OL mo=e 

independent v,1ria'::les consisting of such factors as per cap1ta lllC<)nk:, 

sales tax, If population 1s use~ to 

predict E~1S calls, a relatively accurate metl10d of projecting popul.>tio;-, 

lS i1nportant. 

The Department of Agricultural Ecor,orCJics, Ext.ension Div;c:ion, 

,. 
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The mc•dc;l is based or: initii'll poDulation, birth rate, death rate 

and net migration. Tt tc,kes into account all age-sex cohorts, age-sex 

specific fertility rate~;, agG-sex specific mortality rates and net 

migration rates. Th.o· aze-sex specific population has 12 cohorts 

consisting of: 

1. Less than 15 years of age 

2. 15-19 

3. 20-29 

4. 30-39 

5. 40-44 

6. 45-49 

7. 50-54 

8. 55-59 

9. 60-64 

10. 65-69 

11. 70-79 

12. Over 79 

The basic model that: generates the projected population 1s based on 

the follo·..;ing mathematical formulation: 

TOT. POPk = ;-: I: P .. , 
i=lj==llJK 

where TOT.POP 1 = 1\)tal population ILl ti,ne period k; 
K 

Equation (3.1) 

P .. 1 =Population in time period k, cohort 1, sex j. 
lJ < 

Given that P. . 1s the initial population on choort 1, sex J, 
1 'J ,0 

p 
1. j ' k 

p 
i,j,k-1 + ADV.P. 1 1 -

' 
+ j,k-1 M. . 1 l,J,k-

Equation (3.2) 



h A ')'T p w ere 1 , • • • • k Ad :,tncer;-,ent fror.1 (:Ohort ito cohort i+l bet,.,reen 
l , J ' ' 

years k and k+l; 

N .. k 
l 'J ' 

Net Migration into cohort i between years k and k+l; and 

D .. k 
1. 'J ' 

Deaths by me~hers ofcohort i, sex j in year3 k and k+l. 

The number of births of Si~X J Hl year k lS expressed by 

12 
b.P. 2 k Equation (3. 3) ADV.P0 . k =Z 

, J, i= 1 1. 1 ' 

where b.= the rate of birth for wo::nen 1n cohort 1. 
1. 

The number of deaths l.n time period k, cohort 1., sex J lS given by 

D .. k 
1. 'J' 

D. . T .. P .. 
1.,],0 l,J l,],k 

Equation (3.4) 

where D .. 0 =the initial death rate for cohort i, sex j; and 
1. 'J , 

T .. = trend in death rate for cohort i, sex j. 
l,J 

For further clarification, the inte.rested reader 1.s referred to Hamilton 

et al. [37] and Shryock [72]. 

Data for initial populatio.1 by age and s2x ;.,rere obtained frOP1 tho? 

1970 census of population [2 1.]. For birth rates, death rates and trend 

the computer model uses data fron the Oklaho:1n State Department of 

Health. 

Net migration 1s one of the most sensitive part of the model. 

Conceptually, it ts the difference between the t;)tfil in-migration and 

out-migration of individuals and/or familiF!s into or out of a particule1r 

location. Nigration is main1y influe~ced by several factors concerning 

the relative attractiveness of a community based on economic and 

non-economtc reasons. Even though the final decision to move may be 

based on \veights such as net benefit-cost ratio of movlng, behavioral 

decisions such as this are very hard to pr . .=dict especially \-Jhen annual 
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data such as that of 1960-1970 and t.he period between April 1, 1970 and 

July 1, 1978. An average of annual rate were derived from these two 

periods a~3 a11 in it icd rate to be used in the cornptl!:er program. This 

rate was then adjusted to reflect the total population of 1980. 

Local decisionmakers and pl.anners usually find E:1S planning 

·incomplete without considering an estimate of current and future needs 

for serv1.c'"s. Estimating of the number of El-1S calls is a basic element 

in the preparation of feasibility studies for nev EMS entrants, and is 

also important 1.n the preparation and analysis of budgets of existing 

EMS firms. Moreover, it 1.s an important datum for optimal location 

analysis. 

Estimating Current and Future Emergency 

Medical Service Calls 

Defining Em~rgency Medical Service Calls and 

Service Ar~a 

According to the Emergency !>ledical Services Im!Jrovement Act [21] 

emergency medical ;ervice is de fined as 

... the transportation of and im:nediate m·~dical care provided to an 
emergency p2.tinrt prior to his arrival 1t a rrtLcdical facility. Emergency 
medica 1 se r:v1ces include all services rendered to the emergency patient 
to prevent loss o life or aggravation of physiological or psychological 
illness or InJury p. !f6]. 
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Inspection of an E:lS operator's :·ecords indicate that incidents 

requiring the use of a:;1bulances include: trauma, acute cardiac arrest, 

burns, poisonings, spinal injuries, neonatal care, psychiatric and other 

emergency situations. In estimating total E:1S calls, similar categories 

are used by both Deems [19] anc\ Kv:1lseth and Deems [48]. They consider 

demand ar1s1ng from drug intoxication, obstetrics or gynecology, auto 

trauma, cardiovascular, other illness and dry runs. The models used by 

Aldric et al. [ 1], 1<7aller et al. [93} have similar classifications. 

Daberkew and King [16] classify calls into: (1) accidents and (2) 

accute illness. They v1ew EMS demand as demand for emergency room 

service and demand for ambulance services. 

In this study, realized demand for emergency medical serv1ces 1s 

conceived to be the total number of calls for serv1ce received by an E~,1S 

operator service at a specified period of time. A "run" is a response 

made by E~1S crew to the lo<:>:~i_c:n i)f the caller to render the serv1ce 

required. There are cases of "dry runs" 1vhereby the crew was unable to 

deliver the serv1ce after the trip was made. The reason could be that 

the emergency was taken care:! of by some other mea,1s. 

Doeksen et al. [21] classified EMS calls into three general 

categories. The first category deals vJith cases of highway accidents; 

i.e fatalities and incapacitating injuries on county roads, city streets 

and/or highways. The second category involves calls related to other 

medical services ::;uch as strokes, heart attackc~, home accidents and the 

like. This category includes EHS calls arising fr:Jm nursing home 

transfer services. The third category deals with transfer calls to move 

hospital-to-hospital transfer calls are not included in the total demand 
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estimation. Thc!Se calls are dependent upon the s1ze and serv1ce 

c a p a c i t y o f 1 o c a 1 h o s p i L a ~ s , rt''OC d i c a 1 s t a := f , and o t her fa c to r s such as 

medical situations and personnel makir1g it difficult to project current 

and future calls of this type. Therefore this analysis addresses the 

sum of all highv1ay accident and other medical services including nursing 

home transfer calls. 

The study area was first divided into serv1ce demand areas 

following township lines of each county. Each area is approximately 36 

square miles. This was done for the purpose of exactly locating the 

origins of calls. It also served as a guide for observing temporal and 

spatial distribution of calls so that adjustments concerning addition of 

new facilities or possible relocation decisions could be made. 

Moreover, the distribution of calls is used for the purpose of optimum 

facility location in the chapter IV. 

It 1s proposed that calls generated from highway accidents can be 

determined by using the SL':f': of l_,y~<t1 the population [20, 21]. Here, 

distinction 1s not made as to whether the emergency caller is out of 

state or out of the local community. In estimating high\vay accidents, 

an initial attempt was made to include explanatory variables such as the 

number of vehicles registered the type of road, time of the day, day of 

the week, weather conditions and/or traffic conditions. Preliminary 

regression analysis of highway accidents as a function of vehicles 

registered and also tax receipts of gasoline consumption by each county 

w a s c o n d u c t e d a n :1 w e r e n o t b e t t e r e s t i m a t o r s .,., h e n com p a r e d w i t h 

population variable as a independent variable. Horeover, after 

considering fac:::,)rs SclCh as data requirements for current and future 
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be the sole determinant of highway accident calls. 

Secondly, it is proposed that other medical calls and nursing home 

transfers can be determined by considering the distribution of 

population by age. Analysis of several EMS operators' records show that 

both other medical and nursing home transfer calls are an increasing 

function of age [20, 21]. Utilization rates are derived using age 

specific cohorts for the population of every county. For those counties 

without age-specific data, current utilization rates developed by 

Doeksen et al [21] are used. The rates developed are based on a 

cross-section study and consist of a sample size of about 25 percent of 

the total population of the study area. 

Estimating the Number of Highway Accidents 

Utilization rates per 1000 population for all highway accidents 

calls were derived for every county in the study area using the 

following sources of data: ( 1) records submitted to Oklahoma State 

University's Agricultural Economics Department, and (2) data collected 

by the Oklahoma State Highway Safety Department. 

The expected number of highway accident calls 1n time period t 1s 

given by 

Y1 = u.P 
1 t 

Equation ( 3. 5) 

where Pt =Expected s1ze of population of the area 1n time t 

u. Utilization rate for highway accident calls per 1000 
1 

population 



It follows ti:1at 

u. = 
~ 

(100()) 
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Equation (3.Sa) 

For those EMS systems whose records were not available, data \vere 

obtained from the offire of the State High>lay Safety Department. 

Records are aggregated for four yedrs fro'n October l, 1976 to September 

30, 1980. A simple average was taken as a basis of calculating the 

required ann:.1al utilization rates. On the average, data obtained from 

EMS operators were n.::>t much different from the ones received from the 

office of the Stat8 Highway Safety records. The slight difference could 

have been due to EHS operators' failure to indicate the call as a 

highway accident and/or some highv1ay accident victims could have used 

other means of transportation especially in remote areas that require 

long response time. 

Estima~ing Other Medical and Nursing Home 

TransfAr Servictc Calls 

As was postulated earlier, the expected number of other medical and 

nursing home transfer serv1ce c<"lls is a function of size of population 

by age grot.Ip. The population progra-r:1. displays projections for n~ne age 

groups, even though the input requtres 12 group agedata. The age 

components are: summarized into less than 20, 20 to 29, 30 to 39, 40 to 

49, 50 to 5 '), 60 to 64, 65 to 69, 70 to 79 and lastly 80 and over. 

There fore, ;;p;nual utilization rates uill be deter;nined baE;ed on the nine 
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u2. p. 
1 1t 

.. 

The total expected number of other emergency medical calls is thus 

9 9 
E Y21 ~ I U .P. Equation (3.6) 
i=l i=l 21 lt 

Where Y 2 i = Expected nu:nb,~r of other medical and nursing home transfer 

service calls in age group i wh2re i 1,2, ... ,9. 

P. =Expected s1ze of ?C?ULu:Lon Ln age group 1, time period t. 
lt 

It follm·lS that the utilization rate for each age group 1s given by 

u 2 i = Y2i (1000) Equation (3.6a) 

Fit 
Required data t..rere obtained fror'l t'.JO sources. The first sourc<> 1s 

the records of E:--fS operators \.;henc:ver available. For those services 

where data 1s not available, -:m altern:1tive source is the utilization 

rate reported by Doeksen et al. [21]. 
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The total expected number of E~S calls is the sum of the calls 

arising from highway accidents and all other calls due to other medical 

and nurs1ng horne transfer calls, 1.e. 

9 
YT = Y1 + .I Y2 . Equation (3. 7) 

l="l 1 

Where YT = total EMS calls and Y1 and Y2 i are as defined earlier. 

Optimum Facility Location Model for EMS Systems 

In this section, an optimal_ location mode.l 1s developed to describe 

the theoretical linear programming model that ~•ill be applied to 

determine the optimal location(s) of either single or multiple EMS 

system(s) under alternative objectives with certain restrictions. It is 

a static optimization model implying that it does not consider the 

dynamic nature of EMS. The interested reader who wants detailed 

treatment of this model 1s referred to such alte.rnativ~ sources as Heady 

and Candl,3r, Goodard and, Oehrtman [3:'!, 28, 58]. 

After determining the optimum location of service(s), one can 

estimate quality of service variables such as maximum response time 

and/or averaze response tir.v:: can be obtained. The cost associated uith 

alternative number of locations against the quality of service variables 

can be He ightecl to evaluate differences in quality and cost for various 

r 1 u1 n h ~~ ·r: s o f E '. r S f .] c i. l i ~~ i e s • ThiJ 13 very i:-'lpo;·:tant i~Spt:.~ci.ally i'n 
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providing a guid~ to thcs~ concerned '"ith such practical problems during 

the proce~s of decisionmaking. 

One of the .;pecial classes of linear programming problems is the 

classical or sometimes known as the Hitchcock-Koopmans transportation 

problem. 'fhe mode 1 was first developed to serve as a tool in finding 

the minimum-cost strategy of shipping a homogeneous product from a 

number of supply origins (sources of supply) to a number of demand 

loc.at:ions (destinations). The optimal solution is determined through a 

series of repetitions of a single standard proced·.1re referred to as an 

"iterative" procedure. Even though the model was used or associated 

with "Shipping" a product it 1.r: also applicable to location problems 

related to Eti{S facilities, fire departments and/or police patrol 

problems r 8.8 J • 

The t r a n s p o r t a t i o n p r o c e d u r e p r e s e n t e d b e 1 ow ~ s an e f f i c i en t 

algorithm that ''ill provide the policynu1ker with optimum location(s) and 

quality of service indicators such as ave rage response time and maximum 

response time for varlous numbers of facilities given alternative 

objectives and restraints. The objective of the model is to find the 

values of a decision variable, X .. ' 
1 J 

that will minimize a linear 

objective fun•:tion f(X), subject to specific linear constraints. 



The mathematical structure of the model 1s present2d as follows: 
m n 
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Min Z = 2: 2: c .. x .. 
lJ q 

Equation (3.8) 
i=l j =1 

Subject to the constraints 

where 

X .• a. where i 1 ' 2, ••• m 
l.J 1 

Equation (3.9) 

X. .. b. where J ;: 1,2, ... n 
l.j J 

Equation (3.1J) 

X .. > 0 
l.J 

Equation ( 3.11) 

m n 
b. . l: a . • L: 

l.::.: l ]. 
J.=l J 

Equation (3.12) 

m = number of possible locations of EMS (supply arEas) 

n = number of locations of EMS users (demand areas) 

a. =EMS capacity at the ith EMS supply loction 
1 

b. = amount of EMS demanded by the jth location of EMS users 
J 

X.. amount of EMS to be supplied by the facility at location l. 
l.J 

to EMS users at location j. 

G.. per unit "cost" 0f sun' 1 ;,;1ng E~1S from EMS facility location 
l.J 

i to each user location J· As a proxy for "cost", a one way road 

mileage 1s used. 

C .. X .. =Total cost of supplying X .. units of EMS from EYtS 
l.J l.J l.J 

facility location i to any user at location j 

According to the above model, we haven constraints on supply, and 

m constraints on demand. There are also m+n equations in m X n Ul'.known 

variables (X .. 's). 
~J 

This means there are (m+n-1) independent 

restrictive equations and the basic solution will contain (m+n-1) 

nonzero var i.ables. The transportation problem can be summarized J.n a 

framework known as the transportation tableau shown in Figure 2. 
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Figure 3. Tab:!.eau Format of the Transportation Model 
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Certain assumpti<Jns r:1ust be satisfied before the transportation 

procedure can be used to solv2 eithe~r transportation problems or :>ther 

kinds of problems. These assumptions are: 

1. the ser"ices being provided by each of the var1ous facility 

locations ortgtns are homogeneous (i.e., availability of 

servtces at each origin \-Till equally satisfy the demand 1n any 

service user location--equation 3.9); 

2. the serv1ce capacities at var1ous origins and demands of 

vartous locations of service users are kno~·m, and total demand 

rnus t equal total capacity--equation 3.12. (When discrepancies 

occur between service capacity a:1d c:ser dt=:.rnand, a dummy service 

capacity or user ::lema'1•l 'I2ctor is used to produce equality; 

this dummy vector 1s used to signify unused capacities or 

unsatisfied demands); 

3. the costs of providing serv1ces by any one or1g1n to other 

locations of serv1ce users are knoHn, ar~d are independent of 

the amount of services provided i.e., there is a constant per 

unit cost of service provided between locations; 

4. there 1s an objective function to be minimized-- equation 3.8; 

and 

5. The decision variables, X .. 's, cannot be executed at negative 
q 

levels--equation 3.11. 



Specification l.lf Alternativ_<:.__Q!::i_ec~~'::.::-2 

For practical optimum location analysis, the transportation m::Jdel 

can be used to achieve several alternative objectives. It is usually 

desired that E~1S crew be at the scene of the victim's location as 

quickly as possible so that the patient can be stabilized. However, EMS 

providers have certain constraints such as budget, total service demand 

and service capacity. Under such restrictions, the two most commonly 

identified objectives are: 

1. Minimize the m«xlmum response time to reach an emet-gency; and 

2. Minimize the average response time to reach an emergency. 

Under the first objective, the value of b. in equation 3.10 is set to 
J 

unity for all demand locatious j=l,2, ... ,n. The optimum location(s) lS 

(are) then determined by choosing the smallest maxlmum distance 

travelled from a supply or1g111 to a source of d~mand. If the second 

objective 1s to be considered as a criterion, the values 0f b_ are set 
J 

to the expected number of EHS calls coming from all sources of demand j 

=1,2, •.• ,n. Here, the optimum location(s) is (are) determined by 

choosing the smallest value of the objective function. 

The stucture of the mathematical model presented to determine the 

optirnum 1ncatlnn(s) requlr<:!s th~~ fol.l:y.:·Jins set of data. 
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l. identitication of supply points; 

2. identification of demand points; 

3. specification of the demand req ui rc~men t s; 

4. specifi.cation of av.:li lab le supply; and 

5. determination of a cost mat[ix. 

The first set of data is simply the number of EMS providers currently 

existing or some potential location either for basic ambulance, advanced 

life support or first responder systems. The nunber of supply origins 

are identified by the letter i = 1, 2, 3, ••• ,m. 

The second set of data 1s the number of demand points or sources of 

demand. In this study, unit of demand location is arbitrarily defined 

to be an area bounded by a township line of each county. This is 

approximately a 36 square mile area (6 miles X 6 miles). Every county 

was delineated according to the above configuration a~d is identified by 

the number j= 1, 2' 3' :". ) ~, total of 2046 demand areas were 

identified for the statewide study discussed in Chapter V. 

The third data requirement is the total demand ar1s1ng from each 

demand location. The toal demand for D1S ~•as defined earlier to be the 

sum total of all fatalities and incapacitating injuries from highway 

accidents and all oth,.:!r medical calls related to heart attack, stroke, 

and other acute illnesses incluc1ing nursing horne transfer calls. The 

task of determining the distributiJn of demand was performed in three 

steps: (1) counts of the n~1mber of houses or residential dwellings 1n 

each courtty by to·.vnship was made using the housing inventory record of 

the most current General Highway Map prepared by the Oklahoma Department 
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dwellings Has multiplied by the ave~age nmber of family members per 

household to get the distcibution of population bv t·::Fvnship or demand 

area; and (3) the numb~r of calls by each derc.and area was determined 

according to population distribtion of each t01mship. The results 

indicate that the number of calls diminish as the demand area gets 

further and further away from a city or a town. 

The fourth set of data specifies available supply. According to 

the assumption, the services being provided by each of the various 

facility locations origins are homogeneol!s. This means, that the 

availability of services at each origin will equally satisfy the demands 

1n any of the demand location. 

The fifth and final data requirement 1s cost. It was assumed 

earlier that the costs of providing services by any one supply origin to 

any one of the demand locations are knmm and are independent of the 

amount of services prov=J~d. C:rL. ,Jf the most important measures of 

effectiveness of an r~>!S system is travel time or response time. 

T h e r e f o r e , o u r " c o s t " o f s up p 1 y in g one u n i t o f 3mb u 1 an c e s e r vi c e from 

ambulance facility loc-1tion i to each user locati.on j is a one way 

mileage. This distance is determined using detailed road ma.p obtained 

from the Oklahoma D<!partment of Trani>portation Planning Division. Road 

mileage was obtained using one or some combination thereof: (1) 

Interstate Highway route; (2) State Numb2red Highways; (3) U.S. Numbered 

Highways; (4) Gravel Road; and (5) Paved Road. 

\vhile determining the mileage matrix, it was assu:ned that EMS 

operators take the shortest possible distance necessary to reach an 

T' t 
i "--~ 1_ 
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as a surogate of trave: t:i'n'?, On the average, an ar:~bulance 1s assun:ed 

to respond at a speed of one mile per minute. 

Some demand locations have long r~sponse times because of natural 

barriers such as lakes and riw~rs s.nd there are those located in remote 

areas without any road to link them to an ambulance facility. If the 

distance fr'L)Tn an E'1S location to a user location is more than SO miles, 

an artificially large number such as 9999.99 was assigt1ed because a 

response time of 50 minutes to an emergency case 1s considered 

unsatisfactory. 

There are two types of Ei1S delivery that need to be mentioned. The 

transportation system could be open or closed. If a dispatch is made to 

a demand area and the operator does find it necessary to re-route his 

return to the 8tation, then it is called an open system. However, if a 

dispatch is m3dc~ tL) the scene and the operator comes bacl< to his station 

without re-routing, then tl,t:, syo:;t.>.:,: is known as a closed system. The 

constraint equations specified 1n the model will not change. Hov.rever, 

the cost compon?nt, C .• 's 1n the objective function ~vill be different:. 
lJ 

In the closed system the c .. 's 
lJ 

are defined as one-way road mile3.ge 

(proxy for response time) from an or1g111 to a demand point. If the 

system 1.s open, some modification'' 2re needed, depending on the 

objective function. There are two 'tJays of handling the situation. If 

the objectiv1~ i.s to minimize the mc:ximum res;:>onse time, th~n the system 

1s treated lii;:e a closed system because location decision depends on the 

time traveled from an origin to a destination, and the values of b.'s 
J 

in equation 3.10 ar~ all S·2t to unity. To date there is insufficient 
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the problem 1s handled here as if it were a closed syst<-~m. The 

justific<>.tion of this deci3ion stems from the fact that our objective 1s 

to determine the location of origin. 

The Procedure 

The Generalized Location Optimization Selection System (GLOSS) will 

be used to solve the location problem [59]. It 1.s an efficient 

algorithm based on the general linear programming transportation 

procedure presented earlier. The system can be used to calculate 

optimum solution for all combinations of multiple origin transportation 

problem. It 1.s designed in such a way that slack destination is added 

whenever supply 1.s greai:er than demand and a slack oeigin 1s added when 

available supply is less than demand. This is required because of the 

assumption made earlier that the total supply must equal total demand. 

The capability of the algorith:n was also expanded to calculate optimum 

solutions for all combinations of multiple origin transportation 

problems by us1ng the iterative-expansion procedure. 

An interative-expi!rtsion procedure [59] 1.s a process of determining 

the optim.al solution through a series of repetitions of a single 

standard pr·-Jc:edure. This entails a comp1J~te enu~ieration of all possible 

combinations of EXS locations. For example, let us consider a case 

where thec·e are five alternatiw:~ cities or towns tvh2re EMS facilities 

could be built. The community may not afford to invest 111 all 

1 0 c d t 1 0 ;· s • 
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first E~S location, then two, three, four or five depending on how much 

they want to spend. The interactive procedure uses combination formulas 

to arrive at the number of possible combinations and the costs 

associated with each. The formula 1s given by: 

mCr = (:i) m! 
r!(m-r)! 

where m = the number of origins 

c = the num~er of combinations or subsets 

r = the number of times m 1s taken. 

Equation (3.13) 

For illustration of the formula, with one ambulance to be located 

at any one of the five supply points there are a total of five possible 

combinations, :t,e., 

~ 5 combinations; 

and with two 2mbulances: c - 5! 
5 2 - 2:(5-2)! 10 combinations. 

Similar caJ.culati .. ms can be made for three, four or any number of 

combinations. Further clarification can be made in relation to the 

above calculations. For instance, the combination of five communities 

each taken three at a time yields ten possible combinations of three 

communities that \o!Ould serve as supply origins for the Et1S system. Then 

the combination with the least-cost 1s picked as the best alternative. 

The transportation procedure, GLOSS, ~vas used to assign the demand 

areas to an origin of supply (EHS) in such a way that total cost 1s 

minimized. After solving the allocation problem, the system was used to 

estimate certain effe~:tiveness criteria such as maximum response time 

and average respl)nse time. Naximum area coverage is ensured by solving 

for the maxi1J1um response time. The average response time criterion 1s 

used to rn:c·.a~~H·.'. eff.-:;.-::tivi~ness since it: involv:::s the s:wt·test tiree period 
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After determining cptirnal loc.Jtion(s), budget analysis is essential 

for ensuring cost effectiveness of E"\1S systems. This analysis ~s 

presented i~ Chapter IV. 

Probabilistic Aspects of EMS Delivery System 

Emergency medical calls are assumed to be received at random by an 

Emergency Medical Service (EMS) System. Immediate response cannot 

always be guaranteed due to the magnitude and distribution of these 

ca 11 s by time of day and the variation in time to complete a service 

once a call 1s received. Service time depends on the nature of the 

call, type and condition of the road to be driven over, or time of day. 

Planning for a community EMS could have been made easier if some 

questions about the numher and nature of calls received at different 

time periods could be answ2red. 

The p;upose of this section 1s to develop a method that may be used 

by community leaders t:o ans'.ver questions concerning the probability and 

the expected number of various type:> of calls that •lill be recc:~ived by 

their local EMS. Of part·icular interest \-lill be the calls that arrive 

while an <emergency vehicle is ansv.rering an earlier call. Due to the 

stochastic '1ature of EMS demand and its service times, a queueing model 

is proposed to deter-mine the probability and magnitude of the expected 

number of calls. 
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~stem Descriptio;! 

A call for an E'{S ts mnde when A highway accident involving injury 

occurs, a person has a heart attack or stroke, or a nursi'.1g home 

transfer service is needed at a given time and location. This call will 

be considered as one unit of Ei·IS demand per unit time. Service starts 

as soon as the ambulance ~s dispatched to the location of the caller. 

Service ends when the customer ~s fully attended and the crew ~s ready 

to handle another call. The detailed procedure of EvtS response involves 

the following important steps. 

1. receiving the call for servic<-:; 

2. preparation for dispatch; 

3. dispatch to tl1e scene; 

4. arrival at the scene and evaluation of the vistim's conditions; 

5. stabilizing the victim Y.'hen necessary. ThiE; may be handled by 

first responders and is critical to helping victims until an 

ambulance arrives; 

6. departure fron1 the scene to patient's destinc>tion. This could 

be a clinic, hospital or nursi,ig home for ex.::Ln;:>le; 

7. travel from patients destination back to E~S station. 

Service 1s said to be ready for another C<ill at this stage. The 

operator's r..::c,)rds often indicate that servic·:: tim.:: and service rate 

(the number of ser-vices completed per hour) vary depe:1ding on the nature 

of the call and time of day. Services related to non-emergencies, such 
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as nurs1ng home t:-.:tnsfers, take longer than serv1ces related to 

emergencies. Response :::imes to patient's location are much less than 

the time taken to travel to patient's destination. 

The Theoretical Model 

An EMS system can be described and analyzed by considering the rate 

and pattern of calls it receives, the rate and distribution of service 

time and the number of crew available at a given time period. A 

queueing nodel knmm as M/M/S may be applied, where the first M refers 

to c.rrival pattern of customers (Markovian or Poisson), the second t-1 

refers to service time distribtion v1hich 1s assumed to be negative 

exponenti;il and the letter 11 8 11 refers to the number of servers (EMS 

crew) available. 

Many Z:.·1S studies that involve a probabilistic analysis deal with a 

model 111 which it is assumed that there are an infinit•: number of crevl 

available for serv1ce. This is usually appropriate for urban EMS system 

with a large fleet of ambulances. In a rural environment, ho~.<Jever, only 

one f.'1S ere'"" typically a large area such as a county. Therefore, "S" in 

this study is equal to one. 

In reviewi'1g the nature of D1S operators in rural areas, the M/M/1 

que u e i n g m o d e l m a y b e s t a d d r e s s the purpose o f this s t u d y • I t ' s use 

will determine the number of multiple calls v1hile the crew is out and 

also address other probabilistic questions, such as: ( 1) the 

probabiJ itv of bu·3f P•':'riod; (2) th: o·:crage ~o'aiting tir::· for a custorn-~r 
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before an E'<1S crev; arrLves at the d:::mand location; and (3) the average 

waiting t1m2 in th~ system. 

In a Poisson Process, a sequence of discrete events (EHS calls) 

characterized by a single parameter (A= average rate of EHS calls) occur 

such that 1n a sufficiently short time interval length T, the 

probability of exactly one event occurring 1s approximately T, the 

probability of t'.:o or more events is negligible, and the occurrence of 

an event 1n one interval has no influence on the occurence of events Hl 

other nonoverlapping intervals. The events 1n such a process are said 

to occur at random, For more clarification one may refer to Gross and 

Kleinrock [43). 

It follows that the 

(AT) e-At 

probability of n calls 1s given by 

P(n,T) = ·--::-r·-n. , n= 0,1,2, ... Equation ( 3. 14 ) 

The mean and variance 1s A. One condition that must be fulfilled 1s 

that the interarrival t1r,? (tb-~ Clrt1e interval between two successive 

:alls 1n a queue1ng systeT'1) has a negative exponential density function 

expressed by 

A( t, T) - Ae-),T Equation (3.15) 

where A and T .'ire as de fined abovt~ and 

e = natural ~onstnnt = 2.71828 

The mean and 
1 1 

variance of the above function can be derived to be A and>- 2 

respectively. 

The second importa11t 3ssumption deals with serv1ce time 

distribution. This 1s also assumed to have negative exponential 

distribtion respresented by 

3 (1') -t'I' 
~c. Eq,Jation (3.16) 



Where e and T are as defined earlier 

and )l = servi::e rate. 

The mean service time can be derived to be 2_. 
u 
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It 1s also assumed that E~!S calls are served on the basis of 

first-come, fir~t-served basis. 

The reasonableness of these assumptions can be checked either by a 

chi-square goodness-of-fit test of a given data set or by inspection of 

preliminary data from E~1S operators. It was on the basis of the latter 

that the assumpt~_ons were made. The observed distributions may not be 

exact as described in the theoretical model. The results, however, will 

not be seriously aifected [65]. 

Given a suffici.~ntly short tiT'le interval, T, any EMS system is in a 

state where there may be one call, no call, one serv1ce and no serv1ce 

scenario. The probabilities of each are g1ven by 

1. probability of exact l-1 ~-, ~1 r_:. c-.? 11 during T >riT 

2. probability of no call during T = 1 - AnT 

3. probabi l.ity of exactly one serv1ce during T AnT 

4. probability of no service Juring T == 1--- rnT 

Multiple events of arrival and services dnring the short time 

period T, are assumed to be zero. Hence 

Pn(t+T)= Pn(t) [l-\11T][l-'flnTJ + Pn-l(t)[A.n-lT][l-f.:n-l(t)] 

+ Pn+l(tj [Jln+lT][l-An+lT] Equation (3.17) 

In Chapmao-K~lT'log~rove dynamics [92], the probability of n units 1n 

the systerr1 at (t+T) 1s the surn of the probabilities of the following 

mutually exc:lusive and collectively exhaustive events: 
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b) n-1 units Ln the system at time t and we had one arrival and no 

service completed during T; and 

c) n+l units in the system at time t, no arrival and one servLce 

completed during T 

From equation 3.16, for n~l 

dPn(t) 
dt 

_ Pn(t) [An+~n] + Pn_ 1(t)[An-lJ + Pn+l(t) 

[~n+l] Equation (3.18) 

For n=o 

dP 0 ( t) 
dt = AOPo(t)+~lpl(t) 

Assuming that 

1 . dPn(t) 
~m dt 

t-+«> 

Then for n>O 

P exists and n 

0 

0 = - (An+~n) Pn +~n-1 Pn-1 

and for n = 0 

Equation (3 .19) 

An-1 pn-1 Equation (3.20) 

Equation (3.21) 

For an M/M/1 Model, equations 3.20 and 3.21 can be used to derive 

A 
the probability for n calls in the system. By letting P be the ratio]l, 

the probability of m EMS calls can be derived to be 

p = (l-p)p n, 0-:_ P-:_ 1 
n Equation (3. 22) 

The following important operating characteristics can be obtained from 

the system of equations described above. 

The average number of calls in the system LS represented by 
p 

1 = 1-P Equation (3.23) 



with var~ance 

z=_P_ 2 
on (1-p) 

The average time spent ~n the system is 

L W=
A 

The average number of units ~n a queue 1s given by 

p2 
Lq = 

1- p 

Equation (3.24) 

Equation (3.25) 

Equation (3.26) 

and the probability of n 2 1n the system for example, is given by 

Equation (3.27) 

The average time an emergency unit spends waiting ~n queue is 

w - p 
q - (1-p)Jl 

Equation (3. 28) 
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The probability of having to wait or the probability of a busy period 

for the crew 1s 

A 
p=p Equation (3.29) 

The probability that a caller will not have to wait or the probability 

of an immediate response is 

1 -p Equation (3.30) 

The above results will be applied to a single EMS crew system ~n ?>1arshal 

County, Madill, Oklahoma, in chapter IV. 

So far we have dealt with a single DfS model. Ho"l..'ever, the model 

will no longer apply for more than one serv1ce. Letting S =the number 

of ambulance, Po= Probability of no calls, P =the probability of 
n 

"n" calls, the intensity of demand or utilization factor is defined by 

A. 
p = Sjj for an M/M/S queueing Hodel. 

The probability 

s-1 
P 0 = { [I 

n=o 

of no calls is given by 

( P)n [ (sp) -1 %: J + s! (1-PJ} Equation (3.31) 

The probability of "n" calls where "n" 1s between zero and s is 
(sP )n P0 

Pn = n! Equation (3.32) 
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The probability 
,. 

or "n" calls where "nn ~s greater than or equal to s l.S 

Pn = 
(SSp n) Po Equation (3. 33) 

s! 
The.· average number of callers waiting for serv~ce ~s determined by 

(SP)S+l 
Lq = _ __po 

(S-·J)! (S-Sp) 2 Equation (3.34) 

The average number of callers waiting for service r.-'ith EMS crew 

numbers of 1, 2, 3, can be derived from the above identity to be 

Lq ~ for s ::: . Equation (3. 34a) J. 1-p 

Lq 2P 3 for s 2 Equation (3. 34b) 
TI::p)- ( l+p) 

Lq = 9P4 for s 3 Equation (3.34c) 
-2+6p+ 7 p Z":t~ 

It can be s~en- at the outset that the calculation can get tedious 

as the number of servers increase. However, charts can be used to get 

app~oximate values of the relevant operating characteristics. 



CHAPTER IV 

APPLICATION OF THE 1101JELS TO LOCAL COUNTY 

This chapter 1s designed to illustrate the use of the econonnc 

tools developed in Chapter III for county level decisionmakers. The 

population model, the determination of the expected number of EMS calls 

and the probability model are applied to Marshall county. Logan County 

is used to demonstrate the optimum location model and budget analysis. 

The Population Model as Applied 

to Marshall County 

Estimates of Current and Futur_':_£_?_~-~~ion 

County and community leaders in Marshal County contacted the State 

Health Department and Cooperative Extension Service in early 1981 for an 

analysis of their EHS system. As part: of the analysis, projection of 

population of the county was consi_dered to be essential. The details of 

the model 1s explained in Chapter III. A central component of 

population model 1s the migration rate. In :·!arshal County, the 

from 1 9 -/ 0- l 9 8 0 . 
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The model projected that population would 1ncre:ase fr,)m 10,495 1n 1980 

to 14,660 1n 1990 (Table I). 

Estimates of Current and Future SMS Cc,lls 

in Marshall County 

Annua 1 utilization rates of EMS serv1ce derived from 1980 Xarshall 

county EMS data are presented in Table II. These rates indicate t~-:.e 

number of E~1S calls generated per year for each one thousand people in 

each age group. 

Using the population projections and the utilization rates, the 

number of calls by year and by age group 1s projected. The number of 

calls is expected to increase from 698 in 1980 to 978 in 1990 (Table 

III). 

The Location Model as Applied 

to Logan County EMS System 

When EMS s y s t ems are organ i zed , it 1 s imp e rat i ve that first 

responder syst*~ms and amb,_llances be located to give the best serv1ce at 

least cost. A model was d2vised to derive the optimum location of first 

responders and vehicles. The. data requirements include: (l) dividing 

the service arc:A into demand ar-=as and estimates of the number of calls 



----·--

AGE 1980 1981 1982 

Under 20 292.i. 3003 3089 
20-29 1372 1439 1505 
30-39 1122 1189 1257 
!+0~-~}~ 1023 1070 1119 
5()-· 59 1141 1156 117 3 
SC)-b.:;. 649 653 657 
65-69 657 663 669 
70-7'3 941 964 986 
Over 8D 667 707 7 L~ 7 

TOLI.!l 10495 10844 11202 

TABLE I 

PROJECTED POPULATION OF MARSHALL COUNTY 
OKLAHOMA, BY AGE, 1980-1990 

1983 1984 1985 1986 1987 

3179 3275 337 5 3480 3590 
1570 1636 1702 1768 1835 
1327 1400 1474 1550 1628 
1174 1232 1295 1362 1433 
1193 1~17 1246 1278 1316 

662 ()6 7 67 3 680 689 
674 680 686 692 699 

1008 1028 1049 1068 1088 
78 7 g '2 7 867 908 949 

11574 11962 12366 12788 13227 

1988 1989 

3705 3325 
1904 197 3 
1708 1790 
1508 1586 
1358 1405 

698 710 
706 714 

1107 1127 
990 10 32 

1368~. 14162 

1990 

3950 
204.'r 
1873 
1668 
H-58 

723 
723 

11 /+ 6 
1075 

14660 

0'\ 
1-...J 



AGE 

Under 20 
20-29 
30-39 

. 40-49 
50-59 
60-64 
65-69 
70-79 
Over 80 

Total 

Source: 

TABLE II 

IITILIZATION RATE OF OTHER HEDICAL CALLS A~JD NURSING HO~!E 

TRANSFERS PER THOUSAND POPULATION MARSHALL COUNTY, 
OKtAH0~1A, 1980 

CALLS PER THOUSAND 

[ 21] 

9.24 
16.76 
8. 02 

14.66 
29.80 
52. 39 
36.53 

117.96 
287.86 

573.22 
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0 t h~~ r E:··LS 
Ca}ls Oy 
;.\ t1\..: 

---~----

1980 1981 
---~------------

u~lJo; r 20 28 28 
')1\- 'C) 
"--' .,..,., ?3 24 
,.~I.,~· '1 () 
/v -' j 9 10 
4,)~~ (} 9 15 16 
:50-59 34 34 
6U ·-[;.~. 34 34 
65~-·69 24 24 
7 0- 79 111 114 
o-.~-c r 80 192 204 

Total 470 L.l88 

Hi :;h'h'ay 
.A.cc Ldents 48 50 

1 r.Jns fers 180 186 

Total 
Calls 698 724 

TABLE I II 

ANNUAL PROJECTED EMS CALLS FOR MARSHALL COUNTY, OKLAHOMA 
1980-1990 

-----
Year 

1982 1983 1984 1985 1986 1987 1988 

29 29 30 31 32 33 34 
25 26 27 29 30 31 32 
10 11 11 12 12 13 ll;. 

16 17 13 19 20 21 22 
35 36 36 37 38 39 4~,1 

34 35 35 35 36 36 ') . ~ 
J/ 

24 25 25 25 2) 26 26 
116 119 121 124 126 128 13~ 

215 227 238 250 261 27 3 2;3) 

504 525 541 562 580 600 621 

51 53 55 57 58 60 63 

192 198 205 212 219 227 235 

747 776 801 831 857 887 919 

1989 

35 
33 
14 
~, 

L-
42 
?-• 
.J/ 

26 
1 "'•"' ;_.jj 

'297 

640 

65 

243 

948 

1990 

36 
?I, 
-'"' 
15 
24 
!d 
3S 
26 

135 
309 

660 

67 

251 

978 

0' 
~ 



~n each area; (2) identifying possible locations of first responders and 

vehicles; and (3) a mileage matrix which specifies miles from each 

possible location to each demand area. The computer model is based on 

the general transportation model presented in Chapter III. The model 

identifies the combination of locations which minimized the total cost 

(average response time) to get to an emergency. 

The county was divided into twenty-one demand areas with the 

boundaries being along township lines (Figure 4). Six possible 

locations for vehicles or first responders were identified. Guthrie, 

Crescent, Marshall, Mulhall, Orlando, and the Coyle-Langston area. Map 

mileage from each demand point to each supply point was measured. 

The computer program was designed to select two, three and four 

combinations of vehicles which would minimize the average miles to an 

emergency. Refering to Tables IV and V, the two locations which yielded 

the lowest average miles when two vehicles were specified were Guthrie 

and Crescent (Table IV). Average distance to an emergency with these 

locations ~s 3.4 miles (Table V). Similarly, if three locations were 

desired, Guthrie, Crescent and Coyle-Langston are the first choice with 

an average response mileage of 3.0 miles • Decisionmakers can see the 

impact of increased vehicles and the impact on response time. The next 

section will deal with a detailed analysis of how costs vary by the 

number of vehicle locations. 
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.l J 
Figure 4. Denand Areas and Possible Lcc~tions for k~hulanc Services 



TAB!...E IV 

FIRST AND SECO:\D CHOICE I..CCATIONS FOR VEHICLES, 
LOGAN crJUNTY, OKLAHO~fA 

Number of Vehicle 
Locations 

2 

3 

4 

First Choice 

Guthrie, Crescent 

Guthrie, Crescent 
Coyle-Langston 

Guthrie, Crescent, 
Marshall, Coyle
Langston 

Second Choice 

Guthrie, Marshall 

Guthrie, Crescent, 
Harshall 

Guthrie, Crescent 
Mulhall, Coyle
Langston 
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NuElh-;;r of 
Locations 

2 

3 

4 

TABLE V 

DISTANCE (IN tvliLES) TO AN D1ERENCY UNDER ALTERNATIVE 
MiBULANCE LOCATION SCHEt·iES 

First Choice Second Choice 
Maximum ~\. v ::.E.~££ Maximum Average 

20 3.!+ 20 5.3 

18 3.0 20 3.1 

15 2.6 15 2.9 

0\ 
00 



Financial Analysis of Alternative 

EMS Systems in Logan County 

Local decisionmakers contemplating multiple vehicle locations for 

EMS need to have an estimate of expenses of these alternatives. Data 

from the EMS Guidebook [ 21] are used 1.n a computerized program to 

estimate capital and operating costs. For an explanation of the 

computer program, one may refer to the works of Hill et al [35]. 

The Logan County example is again used to illustrate the costs of 

multiple locations. It will be assumed decisionmakers are deciding on 

whether or not to have two, three, or four vehicle locations (Figure 5). 

The locations not having vehicles would have trained volunteers with 

first responder kits. The places which have vehicles would have paid 

volunteer EMT's. To aid decisionmakers, four alternative budgets were 

prepared. The first assumes two locations, the second and third assume 

three locations and the fourth assumes four vehicle locations. 

Estimated costs under these four options are summarized 1.n Table VI. 

The details of each will be discussed separately int he following 

sections. 

Estimated Costs of Alternative Systems 

Option 1. Two locations with four hightop vans are considered 1.n 

this budget. Their estimated cost is $25,127. The vans are to be 
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TABLE VI 

ESTI~1ATED A~JNUAL COSTS OF A LOGAN COUNTY E'-1S SYSTS~1, 1982 

Number of EMS Locations Two 

Opt ion Number 

Capital Costs 
Vehicle 
Vehicle
Communications 
Base Communications 
Pagers 
First Responders 
Building 

Total Capital Costs 

Operating Costs 
Vehicle 

Gasoline 
Maintainance 
Communications 

Base Communications 
Building 

Rent 
Utilities 

Medical 
Labor 

Supervisor 
EMT 
Secretary 
Volunteer 

Miscellaneous & 
Training 

1 

$23,117 

1 '070 
569 

1,205 
1,335 
6,829 

$34 l 125 

11 '7 30 
9' 142 

500 
469 

2,637 
14,720 

14,950 
114,967 

8,372 
5 '200 

2,500 

Total Operating 
Costs $185,187 

Total Costs $219,312 

2 

$22,782 

l, 337 
569 

1,47 3 
1, 001 

$27,162 

11,560 
10 l 22:+ 

625 
6,69 

10,800 

14,720 

14,950 
89,419 

8,372 
20,800 

3,000 

$184,939 

$212,101 

Three 

3 

$22,782 

1 '337 
569 

1,473 
1,001 
9,390 

$36,552 

10,929 
10, 224 

625 
469 

3,829 
14 l 7 20 

14,950 
114,967 

8,372 
10,400 

3,000 

$192,485 

$229,037 

Four 

4 

$22,447 

1,605 
569 

1,740 
667 

11 '951 

38,979 

10,873 
11 '313 

750 
469 

5,020 
14,720 

14,950 
127,742 

8,372 
15,600 

3,500 

$213,390 

$252,288 
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every 7 5, 000 miles as was recommended by operators in the earlier study 

[ 21 ] . A new vehicle would· be needed by the system almost every year. 

Total vehicle depreciation would be about $23,117 a year. 

Each vehicle would need a radio. VHF vehicle communication 

equipment costs about $2,674 installed and has a life of 10 years. The 

base communication would also have a 10 year life at a cost of $7,064 

installed. Dispatching would be handled by EMTs at Guthrie, unless they 

are on a call, then dispatching would be handled by the county sheriff. 

It was assumed that eleven pagers for personnel would be needed. These 

cost $402 each and have a 3-year life. Three first responder kits, 

designed to be used by trained personnel were added. These have five 

watt radios which have a five year life and annual depreciation of 

$2,335. 

Buildings were assumed to be needed. They were assumed to be 

prefabricated buildings at each location at a cost of $27 per square 

foot. The annual payment on a 1250 square foot building at Guthrie and 

750 square foot at Crescent on a 12.25 percent Farmers Home 

Administration loan would be $6,829. 

$34,125. 

Total capital cost would be 

Hightop vans were assumed to get about 8 miles per gallon of 

gasoline. If gasoline averages $1.36 a gallon in 1982 and the vehicle 

travel 69,000 miles, it would cost about $11,730 in gasoline in 1982. 

Vehicle maintenance was also based on mileage. Tires, oil, tune-ups, 

insurance and miscellaneous maintainance were assumed to cost the 

service about $9,142 in 1982. The vehicle communications maintenance 

was based on the price of a service maintenance contract for a VHF 



radio. This was assumed to run about $500 a year, for five radios. The 

base communication cost was estimated in a similar fashion to be $469 

per year. 

Building utilities, maintenance and insurance were based on square 

footage. These costs were estimated to be $2,637. 

Medical costs include such things as sterile bandages, equipment 

maintenance and linens. This cost is based on the number of ambulance 

calls and was calculated to be $14,720. 

Labor costs include a supervisor EMT at $13,000 annually and nine 

EMTs each at an annual salary of $11,108 plus 15 percent for fringe 

benefits (such as vacations, Workman's Compensation, Social Security, 

retirement). Seven EMTs would be located at Guthrie and two at 

Crescent. Two volunteers would also be paid $50 a week to stand by at 

Crescent to assist the EMTs. It was assumed that a secretary would be 

hired at $3.50 an hour and would handle dispatching during the day from 

8:00 a.m. to 5:00 p.m., Monday through Friday. Dispatching at other 

times would be handled by EMTs on duty. When those EMTs answer a call, 

the sheriff's department would be responsible for dispatching until the 

EMS returns. 

A training and miscellaneous charge of $2,500 was added to cover 

such things as EMT training and office supplies. Total operating costs 

were estimated at $185,187. Total costs were about $219,312. 

Option 2. Three locations are considered for this alternative. 

The same assumptions are made as in the first option except that 
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building costs included rent. The Guthrie building was assumed to have 

a cost of $400 a month, bills paid while the building at Crescent and 

the Langston-Coyle area would be $250 a month, bills paid. 

One vehicle was added. One hightop van would be at Crescent and 

the other location at Coyle-Langston, while two hightop vans and a 

transfer vehicle would be located at Guthrie. The vehicle was assumed 

to be a low top van, suburban, or some other type to be used for 

transfers only. Its cost was estimated at $10,000. This addition 

lowered vehicle capital costs due to fewer miles being put on the more 

expensive hightop vehicle. Mileage was also reduced to 68,000 miles due 

to the addition of an ambulance location site. Annual capital costs 

were $27,162. 

The transfer vehicle gets 11 miles to the gallon of gasoline, 

lowering that cost. Other vehicle costs rose, chiefly due to insurance. 

The number of EMTs was decreased to seven. The seven would be placed 

at Guthrie and volunteers would serve the other locations. Four 

volunteers at each of the other locations would be paid $50 a month 

stand-by pay. 

$212,101. 

Option 3. 

Operating costs were $184,939 and total costs were 

This alternative is identical to the second in that it 

considers three locations. A building however was assumed to be built 

at each location. A 1250 square foot, three bay, prefabricated building 

for $27 per square foot was assumed for Guthrie. A one bay station was 

built at the other two locations. Each contains 750 square feet. They 

would have an annual payment of $9,390 on a Farmers Home Administration 
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12.25 percent, 30 year loan. Total capital costs were $36,552. 

Building utilities, water, sewer, trash and insurance would also need to 

be paid. These were estimated to be $3,829. 

Two EMT' s were added, one at each of the two locations outside of 

Guthrie. They would be aided by two volunteers each paid $50 a week 

stand-by pay at each location. Operating costs were $192,485, and total 

costs were $229,037. 

Option 4. This alternative is identical to the second, except a 

fourth location was added. This added one hightop van, one EMT, two 

volunteers and a building. Annual capital costs were $38,979, operating 

costs were $213,309 and total annual costs were $252,288. 

Revenue Structure and Funding Alternatives 

An estimate of revenue can be made by using a charge rate, plus 

mileage charge with variable collection rate. Referring to Table VII 

the total annual revenue assuming 1527 calls and an $80 base rate per 

calls would be $132,928.00. This would not cover costs of the first 

alternative in Table VI. 

An EMS District could be created to finance EMS serv~ce for Logan 

County. Oklahoma State Amendment 522 which permits creation of an EMS 

District and allows for the collection of three mills on property taxes. 

Three mills for the county based on 1981 property tax asessment would 



TABLE VII 

ESTH1ATED REVE:-iUE F,{QM A LOGAN COUNTY EHS SYSTEM, 1982 

~:~;-::T 1 ;.1/\'i'C:D REVENUE $60 

Ei'..'cC Rate X (1527 Calls) $91,620 
~il~age at $2 per mile 44,000 

[::_) :~ .:1 l l{i2 VC r1 Ut-! 

c~ilection at 50% 
::c,l.Jection at 60% 
Col l~ction at 70% 
Co~lcctio~ at SO% 

$135,620 

$67,810 
$81,372 
$94,934 

$lU8,.~S6 

--"""_" ____ " ______ " ---""- "---------

522 EMS Distyict: 

l Mill 
2 Mills 
3 Hills 

$70 

$106,890 
4!+' 000 

$150,890 

$7 S, LfL1S 

$9(1,534 
S105,6'l3 
$ 1 ':I\ -;I '"I 
~ ._ '-'' } )... .I... 

EASE RATE 
$80 

$122,160 
44,000 

$166,160 

$83,080 
$99,696 

$116,312 
$132,938 

$62,186 
$124,372 
$186,558 

$90 

$137 '430 
44,000 

$181 ,!f30 

$90,715 
$1G3,858 
$127,001 
~l4S,l4A-

- _____ "______ -------------------------------
:iJSl Evaluation 

"-....! .._,, 
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gen~rate $136,558. Th;::: di·:trict co<.:]ci then contract 'vith the city or 

private service-,; to pr:Jvide e;:.;:r.ec'"lCY rn.::dical se:-v1ces or could operat•.:> 

the service itself. A three mill levy plus a $60 baf:e rate with $2.00 

per mile one way charge and 50 percent collection rate Pould definitely 

support any of the alternatives. 

The Probability Model As A?plied to 

Marshall County EMS System 

Decisionrnakers in Marshall County were confronted with the decision 

of how best to supply EMS service within their financial capabilities in 

early 1981. Local decision:Tiakers contacted State fk:2.lc:h Department and 

Oklahom:1 Cooperative Ext:enisr"1 Personnel for.::: study. A budget and 

location analysi.; si·nil:1r t- t'"' O'l'O i.r:dicat,c:d a1wv..:~ ws.s completed [49]. 

In addition, informalion concer;li'tg the estimat2d number of times 

during a year an emer.gcncy call would come into the system Hhile the 

vehicle 1s busy was needed. 

Since fundi! are li;:Jitc::d, decis:conmakers of large and small syst,~ms 

must weight the tradc-uff betvE~t~l1 allocating additional funds and the 

such that equip:'l<;nt and p~::rsonnel are idle most of the time. Mon: 

on a call vlht:;1 .c;nothcr energency ccdl occurs. T.h:i~: 1s important 1n 
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The rneth;_;d de~~cr-ibetl .>::rlie:· '"' Charer III has b2cn dcv•.dnped to 

estimat~ the nLc'·Jber o£ times durin;; the year an emergency call 11Jill come 

1n when the pt·esent unit 1s on call. The data nt~cessary for this type 

of analysis c;re tih? nur:~ber of emergency anc non-emergency calls by time 

of day and thF:. average length of reS()Gnse time per call. If a system 

does not hav•:: the. data, estimates ~.1ay be available from other similar 

type systems and ca1 be used. 

~-Iadill EHS svst:~m mat'L: a total of 695 runs in the year 1980. This 

may be translat.~d into 0.0795 calls per hour. If it takes an average of 

68 mii:utes (a rate derived from an Okmulgee PiS system) to cornplete one 

service, 0.88:?4 services can be completed in one hour. l-ienee the 

probability of a busy period for a system at any one period ~s 

approximately :-dne P'~rcent. "Chis implies that 91 percent of the time 

callers can get an im~~diate response and 9 p~rcent of the calls will be 

r\~ceived Hhile t:hc:: crew 1s out on duty. This assumes there is a 2L•-hour 

ambulance serv1ce. On2 of the reasons why an C~S system 1s expensive to 

run 1n a rural setting 1s that tile int:~;-,sity of demand, described above 

as the probability of a busy period is very low. 

Exar1i0ati<-'n of the pattern of call,, show that busy periods vary by 

t i me o f dB y • Peak p,.;;riods \!ere fc,uacl to be between 8 a.m. and L; P·'"· 

when 57 p2rc,~nt of the total runs \vere made. Slm,7er per-iods were 

betHePn r:li.cni?,Lt And 8 a..m. and bet,,recn !+p.m. dnd midnight comprising 

12 percent a~d 3.l perc~::at of the runs, r<.:~;pectiv,~::ly. 

To ;.;naly<:,;: the~ level of utili:-:ation of a s:rvice, each day •,vas 

divided in1:o fc:.1r-hour inten•als. The numb2r and p,;~rc.~ntage of runs 
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An inspection of E:-1S data for van,ous E'1S serv1ces 1n the state 

indicate that ther;:• are also vari3tio'1s in call rates depending on the 

type of call. Calls may be divitLd into t1vo classes: (1) emergency or 

life-threatening situatL<YllS a;ld (~:) non-e:n..:;rgencies ---minor accidents, 

hospital-to-hospital transfers or nursing home transfers. Number. of 

both cla.ss~s of ,~~·lS runs for Madill, Oklahoma, are sumrr.arized in Table 

IX. 

Another point of iater:;,.;t is the expected waiting time until a call 

lS ilttended by an anbulancf: crew. This 1s shown in Table X. The 

busiest period 1s n,-::>•Hl to 4 p.m. One would need to wait a maxi-;num of 9 

minutes before a serv1ce 1s delivered. 

The total time c:m E~·!S cr>.'"' '''ould sp::::nd to deliver serv1ce ~s alsu 

determined. The r<'·sults &r.• ~·il:r•·L.J.-;;-cd in T;;ble XI. Noon t:o ~~p.m. 1..'&:; 

the busiest time \vith 7:1 minutes if the case ,,·ere an emergeacy or 80 

minutes if the case \>.'e1·-2 a non-emE::t·gency. Non-·emergencies take longer 

because of typically longer distanc~c~ tc travel b<.;t\vecn patient location 

and patient desl~nation. 

The probability of 2 busy period JS an important indicator of hou 

early an E:·:S cu~v: 1,•ill arc1v<~ to provide service. The higher tb2 

probo.bilit:y, the longer a caller ~·JOuld have to \vait eXt:Jccially when 

and 

The probability of a busy periud is determined by the ratio 

the probability of immediat .. ~ re ~3pon se lS 
r , 
l 1 - p ] • For both 



TABLE VIII 

MADILL E:,1S i:WNS BY TIME OF DAY, YEA].{ 1980 

,~--' irr~-2 ·-~ f D .1 y Runs --------- ------

Number Percent 

:-.ridnight - 4 a.n1. ' ~ '-'+J 7 

4 -:1.m. - £ a.m. 34 5 

3 a.rn. - noon 180 26 

~--:con - l~ p .r;\. 2l8 31 

!1- p.rr:. - 3 p.m. l.ZS 18 

8 p.re. - midnight 92 13 

·:·at al 695 100 

Soun:~: [49] 

Average Number of 
Runs Per Day 

0.13 

0.09 

0.49 

0. 60 

0. 31+ 

0.25 

1.90 

----1 
·..a 



TABLE IX 

E:'1S CALL RATES AND PROBA.!HLlTY OF i_mSY PE'\IOD BY TYPS OF CALL AND TIME OF DAY 
.MADILL DiS, /'1(\i{SHALL COmiTY, OKLAHOHA 

Gmergt:~~l-::_l Cn.~:;cs ~on-Emer~enC1 CaJCs 

----- "-------- ----· 

'f:ime of 
; : _: ). 

T: i ~ ;-~ n i. g h t - !J. a . r.~. 

4 a • rn • - 8 a • ;:1 • 

.;.> 3 ,... :a. - ~~ c J t1 

>10 () n - 4 p • ~n • 

L !J.m. - 8 p .. m. 

8 p.rn. -Midnight 

'1\)t al 

Sc)ur-.:~e: [49] 

Obs~.!rvcJ C-111 Rate 
/~:1 D tl.:ll :?~! r 
C:: 1 t s P~~riod 

l3 . 0 356 

10 .0214 

50 .1370 

85 .2329 

L~2 .1151 

35 .0959 

:::35 .6438 

Call Rate Observed 
Service A-:mua.l 
Rate CD lls 

.OC98 J3 

.0075 2Lt 

.0380 130 

.0640 133 

.0320 83 

.0260 57 

.1769 460 

Gall Rate 
Per 
PcriPd 

.090+ 

.0658 

.35C,2 

.3644 

'' ') 7 I 
• ..:.,"-I·+ 

.1562 

1.2603 

Call Rate 
Service 
R3tc 

• 025•.) 

.0190 

.1050 

.1070 

• 0£70 

. 0460 

.3707 

::0 
0 



TABLE X 

WAIT n~G TIME IN A QUEUE BY TYPE OF CALL 
~lAD ILL E01S, MAl\ SHALL COUNTY 

OKLAHmlA, 1980 

-----·-----------·-----

~~~~-~ f Da __ "\:..,. ____ _ Tvpe of Call 
E~.crgcn~.z__ __ . ____________ " ___ No~-E~erri=.ncy 

:,;_dnig11t - 4 a.m. l 2 

4 .:1 .. rn. - 8 .a.ra. 1 1 

~; a.m. - nuon 3 8 

~~oon - 4 p.m. 5 9 

., p.m. - 8 p.m. 2 5 

8 p.m. - Midnight 2 3 

(X) 
>~ 
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emergenci.c:s and non-2rne:rgenci,:s, tb~ probability of a delay or busy 

period 1s tabulated b·.· ~i:n2 of day in Table Xll. The ,Hobahility of a 

busy time period for :·1adill Sc1S ranges from 0.77 per-:::ent bet•;..•een 4 a.m. 

and 8 a.m. to 6. 6 pc:rc·.·:nt fror1 :won to 4 p.m. fot· an CTLC:rgency case and 

approximately 2 P"~c_nt to 11 percent 1n a non-emergency case. 

Table XIII is constructed to shoH the expected number of customers 

that will have to w3it while another service is being conducted. 

The total number of calls during the year that will be received 

while the crew is out is 60. This is 9 perce:1t of the total number of 

calls received. For cm.c:rgency cases, there \<7E:r•~ 11 cases that requin':d 

patients to wait 1n a queue. A m a j o r i t y o f t lp m u 1 t i i) l e c a 11 s a r e 

e >: p e c t e d t o o c c u r b.~ t 1-.' e e n no o n and 4 p • m • A much 1 c: s s c r i t i c a 1 numb e r 

1s the number of non-emergency calls which enter the system while the 

ambulance is busy. This is expecU::d to occur 49 times a year. 



TABLE XI 

AVERAGE TIME SPENT IN THE SYSTE~1 BY STATUS AND TIME OF THE DAY 
MADILL EMS, 1980 

~~~~_i_:~~_9 f D~y ;:_i!~c:__i)p~nt in t_he System in Hinutes 
Erv? rgencv ---- Non-Emergency 

::idnight - 4 ::t.:n. 67 73 

<-t a • :n • - 8 a • m • 66 72 

8 a.m. - noon 6~1 79 

;~ r> on - 4 r . f<1 • 71 80 

!~ p.m. - 8 p.m. 63 76 

3 p.m. - Midnight 69 74 

en 
w 



Tirrce of Day 

TABLE XII 

TilE PROBABILITY OF BUSY PERIOD BY STATUS OF CALL AND TIME OF DAY 
MADILL EMS, 1980 

Call Status 

___ ..::;E:uc rge?-c_y ~-~on-Enic rgcncy 

};idnight - 4 a.m. .0101 0.0267 

~t- a. rn. - 8 a.m. .0077 0.0195 

S ~1. m. - :.\roo:1 .0388 0. 10 54 

:;Jon - 4 p.•n. .0660 0.1078 

4 p.!n. - 8 p.,m. .o 326 0.0673 

S p.m. - ~idnight .0272 0.0~62 

--------------------------------------------------------------

en 
J> 



Time of Day 

Midnight - 4 a.m. 

4 a.m. - 8 a.m. 

8 a.m. - Noon 

Noon - 4 p.m. 

4 p.m. - 8 p.m. 

8 p.m. - Midnight 

Total 

TABLE XI T I 

ANNUAL EXPECTED NUHBER OF CALLS THAT WILL \~AIT IN A QUEUE 
MADILL EHS 

Emergency Non-Emergency Total 

0 1 1 

0 1 1 

2 18 20 

6 19 25 

2 7 9 

1 3 4 

11 49 60 

Percent 

2 

3 

11 

11 

7 

l~ 

9 

00 
\.r1 



CHP:Pf"~i:Z V 

EXT~~NSION' Of' THt: ~i0i)fLS TO i'H!.-TI-COlJ:HY A~D 

STAf[~ LZVEL MtLTI-COUI~TY ANALYSIS 

As state ancl local ;-~:1S plamlt.crs attempt to provide the best serv~ce 

possible with lir'lit,~d resources, it is in:portant~ that th·::> system concept 

~s emphasized. Advanced personnel, basic personnel an~ first responders 

are all part of the system. P1S response area may clearly cross 

political boundaries, thus a larger than locaJ .. analysis is oft~n 

necessary. This chapt•~r contai-:ts ti..JO parts useful t:o El1S planners. 

First, the study illustrates how basi: life support, first responder aud 

advanced lift:~ sur;.l:)rt svcct;.>~es can b2 utilized for ~:12xinmm protection in 

a multi-count.:y r0.gu~·n. lncL1C:ed in th:is illus:rat:ion o.r::: the designated 

serv1ce area for 2a:::h co;npone:lt, the average response time, and 

projected nurnber of calls. :\ four county area in ~~orthvlestern Oklaho;:na 

~s chosen to illustrar~ lhis method. Sscon.d, the complete State 

analysis appli~cs only tv ba~Jic life t:upport sys~cm. This analysis 

involves dcsigne:1tin~: se,:vlCr.! areas, estirnating response tim~, and 

proj(:cting tut1ne calls i1 the ent.1:re SU\te of OkJaLorH. 

8{) 
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Multi-County Level Analysis 

Determination of Service Are2s 

The four-county stady area include3 Garfield, Grant, Kay and Noble 

Counties in Nortln,1 est Oklahoma. To co;nplete the analysis, the .study 

area was divided into 112 demand areas (Figure 5). The appcoximate 

boundaries of each demand area l;!l'"re to~mship lines. On the same figure 

the present basic life support service systems a.re identified. The,:e 

include Wakita, Pond Creek, ~ledford, Enid, Newkir:Z, Blackwell, Pon-:a 

City, Tonkawa, Billings and Perry. Seventeen po~sible first responder 

systems are al.so id,3ntified. A mileage matrix was developed indicati,1g 

the distance frotn each demand area to e;:h::h supply area. Distance "~<!as 

u s e d a s a p r •J x y o f r e s p o n s 2 t i m2 i n f o en a t ion • In addition, an estimate 

for the numbc1· of calls Hl each d.;rBnd area for 1981 was obtained frc:)m 

run reports. 3ased on population ?rojection, th'c number of runs 

expected 1n 1985 and 1'190 \vere pr•)jected. '.lhe transportation mockl 

d e s c r i b e d i n C h a p t '~ r l 1 r 1 s t h e n u s e d t o cL:d i ;1 c1 ':<.: s e r v i c e a r e a s , 

Basic Life Suonort Service Areas end Expected 
-----·--------~---~-'-·-~-~------- ---~----- ________________ :_ _________ _ 

Number of E~S Calls 
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services including appropriate vehicles, equipment, communications, 

dispatching and staffing by certified 2mergency r.tedical technicians 

[ 2 1 J • l~ith this definition 1.n mind, the cost minimizing transportation 

model 1.s ut>ed to delineate ,..,hich of the ten EMS locations should serve 

what at"ea regardless of co,mty border lines. These delineations are 

· depicted in Figure 6. From the figure it can be seen that service does 

extend acr,;)ss county boundaries. For exaraple, a service like Perry 

extends into Garfield County. Another example is Tonkawa vJhich extends 

to three counties. Thus, if ENS sy sterns are planned within county 

boundaries it may result 1.n inefficient service delivery. The computer 

program 1.s also used to estimate response time and the expected number 

of calls. For example, Enid service is projected to have a max11nu;n 

response ti;Re of 24 minutes and an average 1esponse ti1ne of 5.19 minutes 

(Tc.ble XIV). In 1981, the service made 2,216 calls. These ar,~ all 

calls excep~: hospital to hospital transfers and "dry runs". In 1985 and 

1990, the projected number of calls are expected to be 2,357 and 

2,550,respectively. For the total four~county area, 5,416 calls 

occurred in 1981 and th2 average response was 5.33 miles. The number of 

EMS calls ts r-rojectE.'d to 1ncrease to 5,6c':-9 1n 1985 nnd 5,657 in 1990. 

Data 1n thLs tabl•2 clearly indicate vhich sc~rv1.ces are expected to have 

large 1ncr<.:ases in calls 111 the 80s. The lar3er cities of Enid and 

Ponca City •,;ill exp,~rience the largest gr-o• . .;rth 1n calls. This assumes 

that t.ht: :3i.l.ne utiliz2Lion of E~ts Kill cz1.c.t 1n the 1980':.;. The number 

of calls e>::p<~Cted by the smaller systems will rcrn:-tin about the san1e. 

The r:·:.axl:nu:q di.st.J':"1-=:.cs th.'Jt vl::hicle::l ~"}ill hav~~ t,J Lravel jn BLS syste:rns 
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TABLE XIV 

ESTIMATED RESPONSE TIME AND NUMBER OF CALLS FOR BLS SERVICE IN A FOUR COUNTY REGION 
OF GARFmLD, KAY, NOBLE AND GRANT COUNTIES, OKLAHOMA 

1981-1990, SELECTED YEARS 

Lo~;t.To,;-of Sc:rvi~e ---R~~-po;-se Time (i-1in) ---1981 
M.:.1ximum Average Cd lls 

l·!ak ita 14.50 7.95 33 

Pond Creek 23.00 7.80 !~2 

~-ied ford 23.00 7.22 55 

2nid 24.00 5.19 2216 

Newkirk 2'3.00 6.02 225 

R lack;.;e ll 1/4. 00 4. 52 560 

?onca City 17.00 4.32 l5L~5 

c~Or'!k.8."il3 16.00 5.19 265 

ill lings 19.00 11. 32 122 

Perry 28.00 8. 74 353 

Total 28.00 5.33 5416 

l985 
Calls 

32 

42 

54 

2357 

228 

576 

1582 

273 

129 

376 

5649 

1990 
Calls 

32 

41 

52 

2550 

235 

590 

1626 

281 

139 

411 

5957 

'-"J 
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A first responder, according to the Okl8horna E8~rgency Medical Care 

Act as an·ended, 1 ')81 is u:,8d to mean: 

an individual who i:1as completed a standard Department of 
·Transportai.t.:Jn tJ.rst responder course and has been certified by the 
commlSSloner-. Th'O first responder is allo\ved to perform at least the 
follmving: 

a. patient assessment and triage, 
b. carrliopulmunary resuscitation, 
c. basic fir~:;t aict and resc\1e services, 
d. bandaging, splinting and control of hemorrage, 
e. spinal immobilization a;ld stabilization of ernergency patients, 

and 
f. other skills as des1gnatr~d by the Com:,lissioner on the advice of 

the Techni.cal >L,:dical Direction Committee (21, pp. 50-51]. 

To con·:p~ete an analysis of first responders, 17 small communities 

vlht:re first responders could be located were identified. The computer 

program v.7Hi" run to specify serv1ce areas and project calls. The 

approxim.Jte serv1ce 2~·p2s are depicted in Figure 7. For example, a 

first responder system at Deer Creek would serve the town and 

surrounding area. It would hav,~ responded to 10 calls 1.n 1981 and could 

expect a.bou.t that m:.1ny In 1985 and 1990 (Table X\'). The response time 

and the nur;:ber of calls indicate tl-1e importance of first respond•~r 

teams. For example, Garber 1s expected to have from 60 to 70 calls each 

year. Hith chi:· number of calls, a first respond<~r system should be 

consi.derc:dc For the £:.::1; CO'.mty area, the pote:1tial calls are projected 

to increase iron 476 in 1981 to 500 in 1935 and 548 in 1990. 
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Figure 7. Possible Locations of Basic Life Support Service and First 
Responder System for a Four-county Region of Garfield, 
Gr<.;.nt, l(ay and ~Noble '-0 
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Location 
of Team 

Han chester 
Deer Creek 
Nash 
Lamont 
Hunter 
Garber 
Lahoma 
Douglas 
Fairmont 
c,,vington 
Braman 
lZo~4 

f-13t land 
R~d l{ock 
Hvrcison 
~.Vaukomis 

Drui:aaond 

Total 

TABLE XV 

ESTIMATED RESPONSE TIME AND NUMBER OF CALLS FOR FIRST RESPONDER SERVICE IN 
GARFIELD, KAY, NOBLE AND GRANT COUNTIES 

Response Time (Min.) 
1981 1985 1990 

Maximum Average Calls Calls Calls 

6.00 2.00 4 4 4 
14.00 3.10 10 10 9 

8.00 2.00 10 10 10 
6.00 2.50 16 15 15 
7.00 3.05 22 24 25 
8.00 2.68 62 66 72 
6.00 2.00 28 30 32 
6.00 2.90 22 23 25 
5.00 2.72 29 31 33 

11.00 3.32 28 29 42 
6.00 2. 54 37 38 40 
7.00 3.14 21 21 23 
6.00 2.00 15 16 18 
7.00 3.00 20 21 24 
6.00 2.46 39 42 46 
8.00 3.07 85 89 97 
8.00 3.07 28 31 33 

11.00 2.76 476 500 548 

\0 ..,... 
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The Oklaho;.la EnF~rgency Medi:::al r'ar·~ Act As Am.:nded, 1981 defi.ned 

advanced life support as: 

the provision by an emergency medical provider of advanced 

emergency medical care services which: 

a. exceed the level of basic life support •.• ; 
b. include the use of sophisticted transpoctation vehicles and 

eq u i pme at: and u~ lerne try comr:mn i cat ions; 
c. arc ste~ffed b-,, advanced level certified C'11ergency medicdl 

technicians; and 
d. are capable of providing onsite, prenospital and interhnspital 

mobile int~nsive care [21, pn. 49-50]. 

It 1s difficult t:o estimate the thn'cshold s1ze a syst.~t1 ofL:ring 

ALS servlCi:!S. Hesearcl• indicates that from three to five p<'.:rcent of the 

calls Cl)Uld henefit fcom ALS p2HWI:nel. Ti1is being the case, ~nid c;:,,! 

expect fro1:t 70 to 118 /l.LS calls in 1035. Ponca City can expr"ct from 1+7 

to 79 ALS cal.ls 1n 1985. The larger system "iill nef~d to decide at which 

implementation of ALS systems, and be ready to offer planning assistance 
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State Level Analysi3 

of Oklahoma 

Data for initial populatir'n by :~ge and sex were obta~ned from the 

1970 census of population [84). For birth rates, death rates and trend 

the computer model uses data from the Okl:1homa State Department of 

Healt:h. 

Net migration is the most sensitive part of the model. It 1.s a 

measure of the ~ifference bet~een the total in-migration and 

out-migration of individuals and/or families into or out of a particula~ 

location.. Migration 1s mainly influenc~d by several fact~rs concerning 

attractive or r-:~pulsi1e f:'CC>cii)\'tl:: ~;nrl/or n:)n-economlc reasons. Even 

though the final decision to move mcty be based on <veights such c.s a net 

benefit-cost ratio of :'iGVing, behavioral decision s~tch as this is very 

hard to predi<~t e.~;pecially wh<:>n annu2l d<':a ar;::: not a·i&ilable, Hm.:ever, 

an average annual rate: · .. ·as d(:,cived from CensuB Bureau data fro•11 

1 9 6 0-1 9 7 0 and ril, 1970 to July l, 1978 as 2n initial race to be used 

111 the computer pro~ram. This rate was then adjustsd to reflect the 

total population of 1980. Data 111 Tablr~ XVI show county·~by-county 

annual migratton rates used after making adjustment for 1980 

populations. 

c . ·, lj :1 t ,., 
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TABLE XVI 

ANNUAL MIGRATION RATES FOR OKLAHOMA1 

Count~ Annual Migration Rate 
Percent 

Adair 1.9500 
Alfalfa 0.5650 
Atoka 1. 5750 
Beaver 0.8000 
Beckham 2.5850 
Blaine 1.6000 
Bryan 1.8000 
Caddo 0. 6600 
Ccanadian 5.4500 
Carter 1. 6550 
Cherokee 1.2500 
Choctaw 1. 5700 
Cimarron -1.4150 
Cleveland 3. 8770 
Coal 1.2500 
Comanche -o. 557 5 
Cotton 1.0450 
Craig 0.4600 
Creek 2.2610 
Custer 0.8710 
Delaware 0.3270 
Dewwy 0.8000 
Ellis 1.3450 
Garfield 1.0000 
Garvin 1. 3420 
Grady 2.9750 
Grant -0.1900 
Greer -0.4700 
Harmon -0.6800 
Harper -0.8700 
Haskett 1.5050 
Hughes 1. 3790 
Jackson -0.7340 
Jefferson 2.2000 
Johnston 3.1020 
Kay 0.2000 
Kingfisher 0.9450 
Kiowa 0.7200 
Latimer 1.2350 
LeFlore 2.3580 
Lincoln 3.1200 
Logan 2.9580 
Love 3.0800 
McClain 3.6000 



NcCurtain 
He Intosh 
Hajor 
Marshal 
Mayes 
Murray 
Muskogee 
Noble 
Nowata 
Okfuskee 
Okmulgee 
Osage 
Ottawa 
Pawnee 
Payne 
Pittsburg 
Pontotoc 
Pot tmva tomie 
Pshmataha 
Roger Hills 
Rogers 
Seminole 
Sequoyah 
Stephens 
Texas 
Tillman 
Vl agone r 
Hashington 
Washita 
Hoods 
Woodward 

TABLE XVI (Continu8d) 

--·-----------·---Annual ~:U:.&! a ':..:i.:!!~~~ t e. 
Percent 

2. 2200 
2.L>900 
1. 8070 
3. 7700 
3.2800 
1.6800 
1. 0 360 
1.7Lf00 
1.9170 
0.6660 
1.1250 
2.6570 
0.6750 
2.9530 
l. 1500 
1. 07 50 
1. 6000 
2.1600 
2.6700 
0.9760 
4. Lj 7 30 
1.2000 
2.M!10 
1. 8610 
0. 3000 

-0.1500 
6. 21 85 
1. 0380 
1.5490 

-0.9000 
3. 0!!.60 

1 Oklahoma and Tulsa Coun ~ ies are not included here .. 

98 
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to the years 1980- l9'JC. T~h? pr,Jjected pop•!l.sti~>n r•J:· the years 198J, 

1985, 1990 1s prescnt2d 1n Table XVII. 

Estimates of Current and Future EMS Calls in 

the State of Okl2homa 

In Table XVIII and XIX are presented EMS utilization rates per 1000 

population frJr higln.'il:V accidc~nt calls and other n:.:dical (plus nursing 

home transfer servi::e) calls for the years 1981, 1985 and 1990. 

Utilization rates for othc:r ;r,,:dical calls by age: group and by county ar•: 

available from th.~ Oklahoma State Univers:i.ty's Agricultural ".:conomics 

Department, Extensi~n Division. 

The projected nunber of EHS cdl,, for the years 1981, 1985 and 1990 

are presentt~d in Tabl·" x:,:. Th~:~ numbc•r of calls obtn;::c~d for eacn count:~ 

may appear small due t:o t.lt,c: fact tha::: the numb2r c)f tra:1sfer calls fror: 

hospilc:d-to·-hospit::l and ttH' number of ''dry t·u:ls 11 have not bee. 

inc 1 ud<c!cl. 

In 1981 Comanche, Rogers, Clev~land, Okmulgee and Garfield stood 

among the top five counties ivith ::he highest number of hishHay accident. 

calls. The range was from 2·9!• in Ga.r.:d'ield to L;72 in Comanche. In 

counties were the topfive. 

Okmu 1 gco.s to "\!,52 in Cleveland. Overall, Cleveland, Comanche, Muskogee, 



Countx 

Adair 
Alfalfa 
Atoka 
Beaver 
Bechkam 
Blaine 
Bryan 
Caddo 
Canadian 
Carter 
Cherokee 
Choctaw 
Cimmaron 
Cleveland 
Coal 
Comanche 
Cotton 
Craig 
Creek 
Custer 
Delaware 
Dewey 
Ellis 
Garfield 
Garvin 
Grady 
Grant 
Greer 
Harmon 
Harper 
Haskell 
Hughes 
Jackson 
Jefferson 
Johnston 
Kay 
Kingfisher 
Kiowa 
Latimer 
LeFlore 
Lincoln 
Logan 
Love 
McClain 
McCurtain 
Mcintosh 

TABLE XVII 

PROJECTED POPULATION FOR OKtAHOMA 1981-1990, 
SELECTED YEARS 

1981 1985 

18,836 20,536 
7,013 7,001 

12,897 13,751 
6,868 7' 102 

19,641 21,470 
13,608 14,454 
30,824 33' 130 
31,009 32,005 
59,529 74,643 
44,233 48,278 
31 '279 34,868 
17,322 18,363 

3,607 3,435 
138,987 167,207 

6,044 6,307 
112,098 112,976 

7,367 7,617 
14,887 15,019 
59,428 65,697 
26,257 27,648 
24,488 27,680 
5,865 5, 977 
5,637 5,977 

63,399 66,688 
28,099 29,516 
40,227 45,363 

6,466 6,291 
6,805 6,482 
4,469 4,290 
4,625 4,467 

11,090 11,760 
14,405 14' 977 
30,275 30,078 
8,387 8,979 

10,629 11,937 
49,834 50,395 
14,218 14,847 
12,719 12,892 

9,916 10,486 
41 '161 45,300 
26,584 29,967 
27,397 31,074 
7,646 8,593 
20941 24,272 

36,732 40,468 
15,801 17,351 

100 

1990 

22,944 
7,003 

14,394 
7,409 

24' 153 
15,659 
36,358 
33,382 
99,076 
51,535 
39,910 
19,869 

3, 230 
209,565 

6,693 
113,498 

7' 977 
15,243 
74,560 
29,442 
32,415 

6 '151 
6,151 

71 '076 
31,494 
52,870 

6,115 
6,147 
4,104 
4, 287 

12 '6 97 
15,826 
29,790 
9,846 

13,870 
51' 188 
15 '718 
13,197 
11,216 
51' 230 
34,954 
36,451 
9,986 

29,252 
45,805 
19,596 



_g_::_:unty 

Hajor 
Marshall 
Mayes 
Hurray 
Muskogee 
Noble 
Nowata 
Okfuskee 
Okmulgee 
Osage 
Ottawa 
Pawnee 
Payne 
Pittsburg 
Pontotoc 
PottaHatomie 
Pus lnna u:ha 
Roger Hills 
Rogers 
Seminole 
Sequoyah 
Stephens 
Texas 
Tillman 
Wagoner 
Washington 
Hashita 
Hoods 
1..J' ood'' a r d 

TABLE XVII (Continued) 

l 0 8l 1.9B5 
•"--·--··--·-·--·--- ·-·-

8' 90/+ 9,5l9 
10, 8!! i;. 12,366 
33,067 37 ,69L~ 
12) i 73 12,883 
66,908 70' l 77 
11,802 12,596 
11,575 12,396 
11,098 11 '301 
39,517 41,389 
32,5:}4 44,176 
32' 534 33,627 
14,917 16,6QL, 
65,359 68,207 
41,873 43,755 
33,198 35,460 
5L+,768 59,974 
12,048 13,315 
4, 7 39 4' 871 

4 7, 6 7 L1 57,613 
27,865 29,100 
31 '30 3 34,947 
L•3, 823 47,217 
17,922 18,508 
12,370 12,281 
44,439 57,379 
48,636 51,186 
13,9ll iLl' 701 
10,8% l 0 ,I-• 8/i 
21,775 25,686 

1990 

10,388 
14,660 
44,510 
13,901 
74,655 
13,722 
13,568 
11,762 
43,995 
43,995 
35,057 
19,078 
74,454 
46,313 
38,580 
67,313 
15,178 
5,063 

72,984 
30,854 
40,150 
51,900 
19,228 
12,225 
79,029 
54,519 
15,810 
10,075 
28,916 

-------- __ .. _________________________ , 
1 Oklahoma and Tulsa Counties are not included. 
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County 

Adair 
Alfalfa 
Atoka · 
Beaver 
Beckham 
Blair 
Bryan 
Caddo 
Canadian 
Carater 
Cherokee 
Choctaw 
Cimmaron 
Coal 
Comanche 
Cotton 
Craig 
Creek 
Custer 
De law are 
Dewey 
Ellis 
Garfield 
Garvin 
Grady 
Grant 
Greeg 
Harmon 
Harper 
Haskell 
Hughes 
Jackson 
Jefferson 
Johnston 
Kay 
Kingfisher 
Ikowa 
Latimer 
LeFlore 
Lincoln 
Logan 
Love 
McClain 
McCurtain 
Mcintosh 
Major 

TABLE XVIII 

UTILIZATION RATES FOR HIGHWAY ACCI?E~T CALLS BY 
COUNTY PER 1000 POPULATION ' 

Utilization Rate 

l. 78 
(3.27) 
(2.84) 
5.36 
6.48 
4.72 

(5.81) 
5.57 
2.96 
3.79 

( 5. 31) 
2.56 
5.11 
l. 35 
4. 21 
5.75 

(3.43) 
4. 93 
2.93 

(3.41) 
7.79 

(4.70) 
(4.63) 
3.43 
3.20 

(2.87) 
3.74 

(4.43) 
4.88 
2.77 

(3.08) 
4.69 
3. 24 

(3.49) 
(5.10) 
3.82 
4.45 
3.68 
3.35 
4. 21 
4.42 
5.32 

(6.69) 
4.29 

(5.12) 
4.79 
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TArLE XIJUI (Cc•nLi.nu.~d) 

_c ou;;-ty ---==~~-,. _______________ _:__--=-------------UtiiTz at: i. on Rate 

Marshall (4.57) 
Mayes 4.29 
Murray 6. 18 
Huskogee ( 1. 88) 
Noble 2.89 
Nov/at a. 2. 26 
Okfuskee 3.87 
Okmulgee (7.47) 
Osage (7.47) 
Ottawa (5. 72) 
Pawnee 6. 17 
Payne (3. 79) 
Pittsburg (4.15) 
Pontotoc 2,93 
Pottawattomi_e 5.01 
Push::tataha (6.45) 
Roger Hills 3.93 
Rogers 8.% 
Seminole 3.81 
Sequoyah 3.48 
Stephens (3.71) 
Texas 4.56 
Til lJr,an ( 5. 31) 
Wagoner 3.92 
Washingt::m 2.93 
Washita 2.68 
Woods (6.08) 
Wood.,•ard 2. 36 

1 Numb,,, r s i 11 p ,q 1: e n t he s i s a r e d e t e r ;;1 in e d f r C'ln p r j mary data 
(i.e. based on o~2rator's records). All other values are base~ on a 
four y,_:ar averag,; of Lna1iti•:s and in)uci,:s calculac,~d frc.•m Highway 
Patrol Records. 

2 Oklahoua and Tuls:J. Counties not included here. 
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TABLE XIX 

EMS UTILIZATION RATES PER 1000 POPULATION FOR OTHER MEDICAt CALLS 
AND NURSING HOME TRANSFERS, 1981-1990, SELECTED YEARS 

County 1981 1985 1990 

Adair 18.836 20.536 22.944 
Alfalfa 7.013 20.536 7.033 
Atoka 12.897 13.751 14.941 
Beaver 6.68 7. 102 7.409 
Beckham 19.631 21.470 24. 153 
Blaine 13.608 14.454 15.659 
Bryan 30.824 33.130 36.358 
Caddo 31.009 32.005 33.382 
Canadian 59.529 74.643 99.076 
Carter 44.233 47. 278 51.535 
Cherokee 31. 279 34.868 39.910 
Choctaw 36.450 36.450 36.450 
Cimarron 3.607 3. 435 3.230 
Cleveland 138.987 167.207 209.565 
Coal 6.044 6. 307 6.693 
Comanch ll2.098 12.976 ll3.498 
Cotton 36.450 36.450 36.450 
Craig 14.887 15.049 15.243 
Creek 59.428 65.697 74.560 
Custer 26.259 27.648 29.44 
Delaware 24.488 27.680 32.415 
Dewey 5.865 5.977 6.151 
Ellis 5.637 5.869 6.151 
Garfield 63.399 66.688 71.076 
Garvin 28.099 29.516 31.494 
Grady 40. 27 7 45.363 52.870 
Grant 6.466 6.291 6.ll5 
Greer 6.805 6.482 6.147 
Harmon 4.469 4.290 4.104 
Harper 4.625 4.467 4.287 
Haskel 11.090 ll. 760 12.697 
Hughes 48.790 48.790 48.790 
Jackson 30.275 30.078 29.790 
Jefferson 8.387 3.979 9.845 
Johnston 10.629 11.937 13.870 
Kay 49.834 50.395 51.188 
Kingfisher 14.218 14.847 15.718 
Kiowa 12.719 12.892 13.197 
Latimer 9.916 10.486 11.216 
LeFlore 41.161 45.300 51.230 
Lincoln 26.584 29.967 34.954 
Logan 36.450 36.450 36.450 
Love 36.450 36.450 36.450 
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McClain 
NcCrutain 
Mcintosh 
Major 
Marshall 
Mayes 
Murray 
Muskogee 
Noble 
Novw ta 
Okfuskee 
Okmulgee 
Osage 
Ottmva 
Pa\vnee 

Payne 
Pittsburs 
Pontotoc 
Pot tav-·a tot:1ie 
PushrCJ.J taha 
Roger Hills 
Rogers 
Seminole 
Sequoyah 
Stephens 
Texas 
Tillman 
\\Jagoner 
Hashi.ngton 
ltJashi t a 
~Yood s 

TABLE XIX (Continu2d) 

1981 -----

20.941 
36.732 
]).801 
36.450 
10.844 
36.450 
36.450 
66.908 
66.908 
36.450 
36. !+50 
39.517 
36.450 
32. 53L~ 
36.450 
53.359 
41.873 
36.1+50 
36.450 
12.-48 
36.450 
28.330 
27.865 
36.450 
43.823 
16.450 
12.370 
!,.4,lr 39 
36.450 
36.450 
10.836 
36. !+50 

1985 

2Lf, 27 2 
40.468 
17.351 
36.450 
12.366 
36.450 
36.450 
70.177 
70. 177 
36.450 
36.450 
41.389 
36. <'!.so 
33.627 
26,Lt50 
68.207 
43.755 
36.450 
36. !+50 
13.315 
36.450 
28.330 
30. 100 
36 .L~so 
47.217 
36. Lt50 
12.370 
57.3/9 
36.450 
36.450 
10.!+8!, 
36.450 
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1990 

29.252 
45.805 
19.5% 
36.450 
14.660 
36.450 
36.450 
74.655 
7L+. 655 
36.450 
36.450 
Lr3. 995 
36.450 
35.057 
36.450 
74.457 
46.313 
36.Ll50 
36.450 
15.178 
36.450 
28. 3 30 
30.85!! 
36. LrSO 
51.900 
36.450 
12.370 
79.029 
36.450 
36.450 
10.075 
36.450 

-- ·-·------
1 . 1. . . Ut1 1zat1on rate 1s the average for all age-sex cohorts 



106 

Okmu 1 gee, and Kay were the top five with total number of calls ranging 

from 2571 in Kay to 3837 in Cleveland. The lowest number of calls were 

160 in Ellis County. 

Designating Service Areas for Basic Life 

Support System 1n the State of Oklahoma 

As EMS health department personnel work with local decisionmakers, 

it wi 11 be useful for them to have as resource material suggested areas 

for EMS systems in Oklahoma. If a county or community is considering 

changes, this document can be used to illustrate what their system area 

will probably look like. It will make local decisionmakers more aware 

of the fact that service areas need not follow county lines. 

For this analysis, the state was divided into 2046 demand areas. 

The population of each demand area was determined using a housing count 

and population density figures presented in Appendix A. In addition, 

the location of EMS systems were identified on the map. The source of 

EMS systems was obtained from the EMS registry [64]. There were 164 

cities which had EMS services according to that document. Despite the 

fact that some EMS Systems are listed as a county system, the individual 

serv1ce locations are used in the analysis. The large metro systems 

(Oklahoma City and Tulsa) were excluded from the analysis. A mileage 

matrix was completed which measured the distance from each service to 

each demand area. The assignment of demand areas to each serv1ce was 

done using the transportation model. The model as presented in Chapter 
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III m1n1nn:~··~c; costs suh_1ect tc) linear constraint~>. Aft~~c tiv:: assigmuent 

is nl3d<~, the cxp<~c'=·~d nunber of calls, the maxi'll:Jm duration and the 

average duration \,,ere su;r;;r,cu:ized o'\d tJbt!l1U!d in Table XXI. 

Results and Interpretat:i,~~~i 

The expected number of calls :t.n 1981, 1985 ancl 1990 for each 

serv1ce are summarized in Table XXII. In addition, the average and 

max1mum response tine for each service 1s suramarized fot' 1981. The 

number of calls include all calls except hospital to hospital transfers. 

Initial data on highl.,l<cly accident calls are obtained f-rom Highvray Patrol 

records. Based on pc:st trends and expected area population grm·lth, 

projections are n1'ldt' to the years 1985, 1990. Ot1-:er medica1. calls \lGre 

projected on the bas is of popcllation. Tbe methodo],)gy for projecting 

these calls can be found 1n Chapt~r Ill. 

An intt-:rpr~tation of the results wilJ assist 1n unde-rstanding the 

possible use of this nn.:dysis. Consid:,r the serv1c~ area of the Seiling 

EMS serv1ce (Dewey County). It extends into three cour,ties. The 

serv1ce n~sponded co 133 calls 111 1981. Th~, av2rnge response time in 

miles \·Jas 6.4 and the maxi.;num 23. In 1925, the s<;rvice can expect lLd) 

calls anJ 157 calls in 1990. An an<J.lys:is of this sort can provide 

insite into future ne'.:ds, especially Hhile Harking ,.;ith r·~sidents and 

lead~rs in other counti~s to derive an equitable fi~ancial scheme. 



TABLE XX 

PROJECTED EHS CALLS DUE TO HIGffi,JAY ACCIDENTS, OTHER MEDICAL SERVICES 
;.\~·JD ~~UP$11;-rG 1-T.O~·r:r:_ TF.J\~TSFEPS 

------- --------TJ"Cf _________ ----~----------j;t;~-~---
--------------- -- --·------------·-- ------------ ___ ¥ ______ -------------------- ·-··----· 

Hi~_:h·(.~.·-·.y Ot~P:"r Totut Ui!:_:~~ .. :n.y Olh:.~t- Total ~iiJShway 

'""" cy Ace"""'" Medico! l Me i.J, "" Xc-Oico t "' '"'"" 
---- -------------·----- t ·--

A:.i:1 ~ r 
i\:.f~1lf~1. 

/\ f: r, :.:. ,:! 

1~ . .-: ,_!v:"! r 

[.~;:;r~kl1~Hn 

Bl3in2 
Brycn 
CJJd0 
CnnaiJi~n 

Cart~ r 
Ct:l, 1:okec 
C~oc t~l,.,~ 

Cim.nrron 
Ch,·,eland 
Ca8l 
c~:nlaflche 

C.:..-;t t.:>n 

Cr:-tig 
Crc~..~k 

cu~; t:e: r 
D~ l.·i·,..;are 
fj -~~ ,,.,. ~-~ 

Elii 
C2rf~cld 

G~rvin 

34 
23 
37 
Ji 

127 
64 

179 
173 
176 
168 
166 

44 
18 

32.5 
8 

472 
42 
c' _,. 

Z93 
77 
84 
46 
27 

294 
96 

663 
382 
2L8 
•1 I ( 
t.·~ 0 

881 
)52 

186 7 
1139 
1855 
1686 
l '•OS 

719 
120 

345 2 
166 

2596 
310 
64.5 

20:C8 
859 
652 
2 :.s 
l 33 

::c~~ 7 
1126 

697 
405 
255 
2ti3 

1008 
616 

2046 
1312 
2031 
1354 
1 )72 

763 
llS 

3837 
174 

3068 
352 
()96 

2321 
936 
7 36 
302 
160 

23!·1 
1222 

37 
23 
39 
38 

139 
68 

193 
178 
221 
179 
185 

I; 7 
18 

463 
9 

47 6 
44 
52 

324 
81 
94 
47 
28 

309 
101 

7 2 'j 
JHO 
., ') ~l 
LJ~ 

2G6 
95 5 
585 

2006 
1184 
237 3 
18:0 
1578 

755 
118 

4318 
171 

2 771 
321 
651 

2266 
')10 
7 37 
264 
139 

2132 
1195 

762 I 
403 I 
272 
3C:t+ 

1094 
653 

2199 
1362 
2594 
1 'J99 
1763 

802 
136 

4781 
180 

321,7 
365 
703 

2590 
991 
331 
311 
1 & 7 

2491 
1296 

41 
23 
42 
40 

157 
74 

211 
186 
2Q3 
195 
212 

51 
16 

581 
9 

478 
46 
52 

368 
86 

111 
48 
29 

329 
108 

19')<] 

Oth•..:r 

Medical 

814 
377 
;>'jj 

288 
1061 
6:9 

2202 
12 37 
3244 
1 ')') 7 
1 ~> 2 5 
803 
115 

5745 
l73 

3024 
336 
661 

2613 
983 
864 
271 
146 

2 3b7 
1279 

Tot;;L 

855 
/;(!() 

:.-:.95 
3::8 

L'l8 
703 

24.13 
J ... 2 3 
3537 
2192 
2i) J? 

B 'ji~ 
Lll 

6326 
1 .... , c-1 

3SV2 
382 
713 

2931 
lG69 

975 
319 
175 

=::t;96 
1337 

,_. 
0 
CXl 



TM3LE X..X 

------- ~:,hwoy -~::~- ... -~::~-l 
High~ay 

Co\!nty Accid<:>nts Medical Accid\!nts 

--- -~-- ~- ---· ---------.-~ 
Grady 129 1529 16~8 11+5 
G:-an t 19 129 148 18 
Gn;L~r 26 335 361 24 
Hannon 20 250 270 19 
Ha rpc r 23 173 196 22 
Hi'!ske t l 31 [_. 31 462 33 
l:uhhe s 44 7U~ 747 46 
.itlckson 11+2 86~ 1Jf)7 141 
J\! fL~r~~on 27 3<i6 423 29 
Jvhnstun 37 ](;2 399 42 
1\.Jy 254 2317 25 71 257 
Kingfisher 54 514 568 57 
K iu•..:a 57 579 636 

I 
57 

L.:tt~rn~r 37 356 393 39 
!.c Flore 138 1551 1689 152 
Lincoln 112 1064 1176 I 126 I 
Log.Jn 121 1034 ll)J I 137 
Love r,1 3ll 352 .I 46 
~!cClain lf,(J 339 979 162 

. McCurtain 158 1300 1458 174 
~h: lntnsh 81 6 71 752 89 
~l<ljor 43 1~6 399 46 
~<Jr·shalt 50 ltS6 536 57 
M.:..1yt"•s 142 12.16 1 373 161 
Nurray 75 s ;~ 7 GiJ2 80 
xlj~;kov.ce 126 327 r. 340!) 132 
t'l{.· \; ~. ,_; 34 3l~ l ~~ / ') 36 
N~:..:ata 26 '.-, 

'-; J::f 
t:•n 
..1 !l....i 28 

(continued) 

··--·---·--·~·--

19i:IJ I 
--· 

Other Total 

I Nt"ldicnl 

j 

1728 18/3 

I 126 144 
318 )l~2 

I 240 25~ 

1 70 192 

I 4f;0 49 3 
7 31 777 
884 1025 
420 4!/) 
404 41•6 

2373 26 )0 
538 5Y5 
583 640 
381 420 

1713 1865 
1202 1328 
1156 1293 

352 398 
973 1135 

1436 1610 
7 38 827 
313 419 
560 617 

11·26 1587 
551 631 

31.34 3566 ! :>,:J 3·')) 

1 519 ):~] 

High\my 
Accidents 

169 
18 
23 
18 
21 
35 
49 

140 
32 
48 

261 
60 
59 
41 

172 
147 
151 

53 
1% 
1 97 
100 

50 
67 

191 
86 

140 
40 
3l 

1990 

Other 
Medical 

2015 
122 
:'93 
z:.;o 
167 
498 
772 
902 
454 
460 

24 39 
574 
536 
411 

1938 
1398 
1375 
406 

1172 
1631 
832 
421 
660 

1702 
587 

3653 
396 
566 

Total 

7.184 
l !fO 

316 
24il 
1(:8 

531 
2 2! 

1 i) +2 
4LG 
508 

2 .'')0) 

(,Ji; 

(,.~5 
I C:"J . ~ -· "· 

21 tO 
j 5-~5 

1!.26 
4')') 

l3C8 
13ZS 

9 32 
4il 
7:7 

189 3 
673 

379 3 
.:f-) cj 
)Jl 

..... 
0 
I.C 



--------------1981 l 
!li.gh;:ay 0 t h~· r Tut.:.~l 

j 

Co·-'" ty Accidents ~kdical I 
·----~~"----~~----~---------

Okfusk~~ 43 4!.8 491 I 
I 

Cl::.<:~u l gee 295 2278 2~73 

fJ ~~ ,j V, t.! 206 1463 1669 
Ott:l~..;a 186 1474 1660 
Pa'. .. :n~e 92 634 726' 
l'ayn··· 240 liJ75 2115 
Pitt~·l;qrg 174 l) 7J 1 711 i 
Pc.ntdt.....:c 97 12 79 1376 
PGt ~ ._-!~-Ja tomic 2 7 4 2037 2 311 
Pu ~; ~;::: .-~ t .~_ha 73 40!; ..'•32 
I{ c)~:-.···-~:- :<ills 19 ~CL ~21 

Ro,t:c ~ ,.;: 426 1.288 1714 
Sr:!rn~.~,--~ ~t3 106 ll4l l . ., , £..'-+, 

S?·q1!oyah 97 10 ll ll08 

I SL<r~'~,~ns 163 91;3 110 6 
T._;;.:;;s 32 ':>34 6!6 I 
1cc_lmc;n 66 439 505 I 
W :: ~~·:nxe r lH 1434 1608 

I 
~n:;;~~.i.•1gton 142 1624 1766 
'd~shitil '.J7 562 599 
·,: (,:<J•-~ s 65 J85 • C) 

'Ll• 
Wood·...':.rd 51 773 824 

To~a\'' 8423 72217 805~0 

TABLE XX (con ti r:ued) 

l 0 oS 

Highw."ly Ot ;,~~ r Tot.-~ l 
Accidents Medical 

1,4 453 502 
309 2389 2698 . 229 167 6 1905 
192 1559 1751 
10 2 755 s: 7 
259 2022 22S1 
182 l r)H) 18!>3 
104 137 3 1477 
300 2234 2534 
86 446 532 
19 21 i 230 

515 1350 lb65 
111 11 JJ 1304 
101 lll, 5 1246 
175 10 39 1214 

84 570 654 
65 434 499 

225 1889 2114 
150 1776 1926 

39 599 638 
6!· 371 435 
58 895 953 

9161 79105 88266 

I 

I Highway 
Accidents 

I 1,6 
329 
262 
201 
117 
282 
192 
113 
337 
98 
20 

652 
118 
107 
193 

88 
65 

310 
160 

42 
61 
68 

10252 

l99U 

OttH~r 

Medical 

/165 

2 SL•'" 
195 7 
1662 
306 

2258 
1790 
1492 
2516 

501 
220 

1632 
1259 
1339 
ll s 7 

,, l9 

427 
2660 
1 () 7 6 

6:+8 
3)7 

1069 

8928G 

T.:Jt a l 

5!1 
2.1'\7 3 
2219 
18() 3 

923 
2:}:tO 
l ?;~:: 
1 f:cj) 

23:JJ 
59') 
2i.J 

2 :''~ ;';. 
l j 77 
141,6 
1 ); " ..j-}\. 

707 
4n 

2970 
2136 
6)0 
418 

1137 

995:3 

,_. 
,_. 
0 



TABLE XXI 

PROJ EGTED NU11BER 0 I" CALLS, WITH AVERAGE A};D ~~AXIMU!-1 RESPONSE TIME FO~ OKLAHOMA COMMUNITIES 
P&OVIDING BLS SERVICE, 1981-1990, SELECTED YEARS 

1931 
co~Jr·~·ry BLS A~<B!JLt .. i·JCE EST i.~'lATED ~·j AX l ;·.:!J>i 

~ElZVICJ~ LOCATION CALLS Dt:~tf~TION 

:\ ( ;; i ~r~-· -~---------·-· fi. t i. 11 2 3 • 0 0 

1\ l fa L f ,~.1 

Ato:.Za 

.f:.c cl. vet' 
;::.e ckham 

glaine 

13ryan 

Caddo 

Canadian 

C~;_ r;nc n. 
Cl"lt~rokcs 

He lena 
AtGk<l 

B~,~· . .:er 
Cart2r 
Elk C i_ ty 
Er1ck 
Sayr2 
C,lnton 
Gcr-...ry 
u:(ecne 
\)at,Jnga 

Colbert 
Durant 
~:\~1D·l;1rko 

Bi::.:gcr 
Carm'gie 
Cyr i!. 
Hinton 
El Reno 
Yukon 

101 
21.7 
114 
745 
')' 
<--'-

56 
6 ',0 

~.-

1 '-<' J.. ..;L 

238 
13i 
150 
1 ,, ..., 
l ,~ I 

286 
315 

1,706 
L:31 
l 7 L; 

266 
J 0 ') 

. V<-

126 
640 

1 '249 

15.00 
22.00 
13.00 
20.00 
34.00 
24.00 
30.00 
21.00 
21.00 
16.00 
18.00 
17.00 
lL; .• 00 
20.00 
28.00 
16.00 
21.00 
28.00 
15.00 
15.00 
13.00 
11.00 

Nl.:NBi::R OF 
AVEl\i~GE ESTit1AfED Ci\.LLS 
Dlm.ATlON 1985 1990 

-....... .,"-------
l. 48 7 •)/, 

,;;,. ~"o/ El2 
5.39 100 99 
6. 71 217 215 
5.48 114 1 I /. ... •-t 

8.23 261 282 
10.60 2 .,, 

-J'-t 
') ~ l 
~----'-

6.92 60 65 
2.81 713 i :.1 ·~ 

1/J 

4.38 141 l57 
4.10 .~, r~ ·; 

<- J I 2S6 
4. 24 li+5 154 
4.76 171 r) (\I, 

L.. .... l"'"t 

5.34 136, lH 
2.86 304 327 
6.14 339 370 
5.45 1,834 2,011 
2.26 446 466 
6.86 178 186 
6.86 275 2S8 
4.28 l c:o 

VJ 198 
2.62 134 1 1+6 
l. 66 813 1 '114 
2.30 1 ,596 2' 177 

1-' 
1-' 



cnuNTY 

CL\ r te r 

C~.1.._.~ :- okc ~.:: 
Cho c t ~1w 
\..:i1nn:-ron 
C}c.,..rcl.and 

C021l 
~·~~-~l.E£lnche 

CGtton. 

Craig 

~'!_"C.Zk 

Custer 

D.:: l3.ware 

DLS Af·1~1:JLf\NCE 

SERVICE LOCATIO~ 

Ard:r!Or2 
f-h;;lldton 
I..uJt· .. ~ Grc~ve 

Tol.~qc.:1h 

H LL(~;o 
~o ise City 
t\ur;:uln 
~-:v:;lt2 

Coalgate 
FJ~:::tcc·r 

L<Jv:·ton 

T.:.:G~f_r l<~ 

~·ialt2rs 

Ketc!nn 
V 1.11.~ t a 
\··Jclch 
Bristow 
Dr ~:>il r l.gh t 
}1~G:i.£Ord 

S.:1pulpa 
Cl i.:1 ton 
Thi)ril<~S 

\Ve e1 t be r ford 
Gr-o·,re. 
Jay 

TABLE XXI (Continued) 

1981 
EST l~"1ATi~D ~·f/\X 1 ~lU~J1 

CALLS DUi:< AT [(IN 

, '1{" 1 'L...J_) li+.OO 
491 22. Q() 

19') 15.00 
1 , .... ') 
~ ') Lc. 22.00 

,_,,, 
4-J'J 33.00 
1 ~~ 11 
.l ~"'~..,. 38.00 

3 r:::. QJ ,...;v.!.i 13.00 
l S4 8.00 
173 20.00 
157 14.00 

2 '8!+ 7 23.00 
137 22.00 
220 18.00 
") (") ') 
J0L. 12.00 
4~' .J .l. 18.00 
151 22.00 
467 17.00 
33B 9.00 
210 .i.J 15.00 

1,351 9.00 
426 26.00 
115 16.00 
547 18.00 
252 14.00 
415 31.00 

AVEltAGE 
D0'J.AT:!:ON 

3.90 
10.01 

2. 7 !+ 

L,. 28 
10.07 
8.96 
1. 88 
2.10 
5. 30 
5.10 
l. 86 

10.38 
4.14 
7.93 
2.50 
6.97 
3.61 
4.75 
6. 73 
.-, I ') 
L.•!.t.t.. 

3.02 
4.40 
4.29 
5.61 

14.01 

NL~l:)ER OF 
EST IMAT~G C.ALLS 
198.5 1990 

1,329 1,45H 
~ l {J 
J.lj )6,8 
215 2:~6 

1,701) l (' ., I 
' J j J~ 

501 535 
132 127 

4,46:3 5,912 
229 /, '~ .-~ 

-r \..1 ..J 

179 1 t;8 
166 179 

3,015 3 ') ~ ') 
,L..:..J 

143 150 
230 ~, 0 

..:-::.4"-

464 5 'lf .J'+ 

456 4Gl 
152 154 
520 601 
....... ..., Q 
.J/0 434 
249 "70 L,j 

1,509 1 ~ -~-,I~D 

41+9 487 
123 no 
576 61') 
285 335 
471 5!+8 

;-o ,_. 
N 



GOUN'IY 

.,'){~:~T.:.'CY 

Ellis 

Garfield 
Garvin 

Garvin 
·.~~~- rv in 
G~.t;.d.y 

Grant 

Gr.·cer 

:.ar:-aon .. l:i.li:per 

f-laakell 
~l-tghes 

BLS AMBULANCE 
SERVICE LOCATION 

Lc~-~dey 

Seiling 
Taloga 
Vi vi 
l\.rn.c t t 
Shattuck 
Er.id 
Elmore City 
Li::cby 
l·i~ys\ri lle 
f.:t;.;:s Valley 
Stratf;nd 
Wynne.\,..-rood 
Chic~ta.shG 

Tuttle 
Ned ford 
Pond Creek 
tv a:·::.i ta 
Gru.ai tc 
1·1angclH1 
Hollis 
Buffalo 
Laverne 
Stigler 
Hold .. ~nville 
We tura\a 

TABLE XXI (Continued) 

ESTIMATED 
CALLS 

..,7 
I I 

138 
53 

112 
26 

1. 7 1. 

2,296 
175 
., /1 , 
.) T .J. 

267 
365 
361 
21~5 

1,141 
292 

64 
49 
38 

107 
237 
261 

53 
180 
377 
3~" O.J 

310 

1931 
!vlt\X Il~.1UM 
D lj"t\ i\'1' ION 

26.00 
23.00 
32.50 
24.00 
24.00 
20.00 
28.00 
1 3. 00 
19.00 
20.00 
5.00 

18.00 
19.00 
17.00 
26.00 
23.00 
19.00 
19.00 
13.00 
21.00 
19.00 
21.00 
28.00 
18.00 
17.50 
16.00 

NUHBER OF 
AVERAGE ESTIMATED CALLS 
DlJRATI'JN 1985 1990 

10. 28 80 83 
6.41 146 157 
4.84 55 57 
5.76 123 1 ';I 

.J._ J'-f 

9.06 27 } ,J 
~-' 

5.98 122 1 ... , ,_, 
< "'•,) 

10.76 2, Lf/}3 ') (, I '; 
._, v4L... 

7.67 186 20D 

4.47 368 409 
7.09 294 .-, ... -t ') 

.)J"-

l. 49 387 L~ 1,~ 

9. 37 339 430 
4.68 259 277 
3. 35 1,290 1,503 
2.92 331 383 
8.03 62 ():) 

7. 2i+ 49 48 
7.80 37 36 
2.88 103 C'"> :JJ 

3.24 224 2n7 VI 

4.11 248 237 
9.44 53 50 
6.63 178 1 ~a I _, 

7.23 405 437 
l. 88 398 420 
6.54 320 335 

...... 

...... 
w 



TABLE XXI (Continued) 

... ----------------------------...,-- 1 f' I< 1 

cr_)ur~·ry BLS A~\lBULANG.E 

SE?VICE LOCATION 

... -; ~t:."'k~3on Altus 
EL~vr<;do 

:cffe~son Ryac 

.. :':._)hnson 
;~,::y 

:'~- i ng f is her 

CC ·i.o<vra 

L.:-t t 1.rr:e r 
: .. !~ :: lo~;:-2 

lJ ~c. co ln 

~~aur1~<..::l 

Tishoi1i~ngo 

D J a c J,: ": ~:: ll 
;·~e~..1 Kir< 
i'onca City 
I o.J·n~ .. ~1~~ a 
CaslL~cn 

1;2'."';.11\:.sey 
King;::ishcr 
?:;i:-.:... r t 

J~,_; r>2 ~·,J o l f 
~1ourttai.-a Park 
~·lontai.n Vi8w 
r~ilburton 

Ht.: .:1 v.~ ~-;c r 

PoLe au 

Spin: 
TD.l i.h i.au 
C ;-l.~; n d 1 e r 
Davc;nport 
f·1 :2c ;<2 r 
?rar;ue 

... :Jv~ -------ESTTHATZD r"v1AX lt·1 Ul·-1 
CALLS DURATION 

9 33 20.00 
78 14.00 

950 19.00 
190 28.80 
··~ c 'l 
-'-'.J 26.00 
sn 17.00 
20b 23.CO 

1,662 25.00 
235 <J.OO 
15:2 12.00 
169 15.0U 
323 18.00 
279 24.00 
ss 10.00 

'" 1 1\ 2"- .l \,J 26.00 
117 15.00 
302 24.00 
296 46.00 
539 32.00 
7')2 31.00 
237 38.00 
343 12.00 

99 8.00 
199 12.00 
299 13.00 

N lJ~1BEK 0 F -AVERAGE ESTntATW CALLS 
DURATION 1985 1990 

3.20 Q48 906 
6.79 79 80 
4. 24 95 102 
8.97 190 206 
9.90 4!fl 500 
2.33 593 608 
4.09 2lL 218 
2. 13 1,715 l,l77 
l. 62 241 d+B 
7.95 178 2·>') 

~ ,_ 

3.36 l7S lSO 
3.70 337 361 
2.41 281 28!+ 

3.43 56 5G 
5.55 213 2l7 
4.32 120 122 
6.65 321 34 7 

11. 36 326 370 
5.84 595 67 3 
9.68 874 939 

12. ll 261 292 
--~ -,Q 
_; • It... ..... 387 450 
2.45 111 130 
4.17 225 264 
4. 0 3 334 378 

t-' ,_. 
.::.-



'.~ABLE XXI (Continued) 

1981 
CC1UNTY BLS ;'\~{BULA.~:CE EST H1Att::D ~'iliZ. I i:t Uivt 

SERVICE LOCATION CALLS DURATION 

Stroud ., ~. 7 
.:. .) ' 9.00 

vie lls ton 101 22.00 
Lo L~a a C r·e s r..:~~ at 135 19.00 

Guth~.:-ie 852 18.00 
Langston 1 ,-:') 

--~ _.) l7. 00 
L've £-1~ c ie t ta 578 24.00 
-- . 
:"-~;~:.Jur F rt i L\' ic\V 327 23.00 
~_:,;:; r::;hal :-.'~2dill o: -~ 0 

_,I,..,./ 17.00 
:.:"'yes Locust Grove 350 14.00 

l'ryor i' 32 12.00 
:,~ cC lain Blanchard ltS 2 20. () 0 

Puccell ':I (" ~-~ 
....) _/' / ll. 00 

,; '--~Cm: t a in Broken Bow 644 49.CG 
~~labe.l 309 31+. 0 0 

l·~J: c I !l to s h Chocotah 1.;64 15.00 
Euguul3 313 15.00 

:·lurra.y Sulfur 582 26.00 
>1uskogec Ft. Gibson 3r)2 13.00 

Ea~;keil 272 13.00 
}{uskogee 2.568 12.00 
~~anlcr 297 13.00 

t\~"ib le Billin~;s 65 17.00 
l'...:.rry 292 28.00 

t~owata Nm•ata ~no 
JIJ./ 35.00 

Okfuskee Okcr~13h 344 11.00 

A'!lEKAGE 
DURATION 

2.06 
5.35 
4.97 
3.26 
7.86 
5. 73 
7 r;o 

• J-' 

6.90 
5.40 
3.50 
7 .... () 

• .) J 

2. 1,9 
12. 30 

9.03 
6.48 
6. 27 
5.03 
5.50 
5.00 
l. 58 
5.80 
7.71 
4.66 
7.53 
3.74 

NUHBER OF 

EST D1ATI~D CALLS 
1985 1990 

268 3.i2 
115 t34 
20 6 232 
955 1096 
l Sl 20j 
654 753 
JL}4 386 
61:) 72!) 

401 478 
900 107 3 
558 / ~ 1 o I J 

469 575 
701 786 
Wl2 lOlL: 
506 565 
344 387 
607 648 
30?. -''-' 448 
297 3--·o .)_, 

2722 2947 
301 ·• •• , J 

.JL..l 

68 75 
314 338 
545 597 
352 359 

f-' 
f-' 
\J1 



TABLE XXI (Continued) 

19Sl NUHBER OF ----------- -----------
GOUI'~TY BLS AMBULA~CE EST H~A1'.ED ~'11.-..X 1~,1 Ui1 AVERAGE EST Il1ATED CALLS 

SERVICE LOCATION CALLS DURATW~ DL'RATION 1935 1990 

------

~-., ;_:_lJU l g~..:2 ~)P gti~; 
")')') 
,{~ 4.. J 21.00 5.30 ')?I 

.t:.. -.I'"~ 
r) r) ~.\ ... _ J ../ 

Henryetta 839 22.00 3.70 883 9!+4 

Okmulgee 1567 18.0() 2.40 1644 1 7L+9 
o~:):lge Bacr:sdall 515 15.00 11.49 5S6 685 

Fc.irfax 170 15.00 2.35 197 228 

l:iof!Jiny 536 26.00 9. '92 610 710 
Shidler 121 30.00 5.35 139 161 

Ct caw a Afton 94 Lf. 00 3.68 98 105 
Cl):Olnl2 t:ce 67 8.50 4.37 71 lS 
Fairland 252 16.50 9.03 266 284-
Mi~::L-.li. 99L~ 13.50 1.12 1048 1115 
Pi-:~1er ? ..,. 

- ... >1 8.50 1. 25 24/~ 259 
Qunpaw 22 8.00 Lf. 7 3 23 21+ 

P.::t"~·lnee Cleveland 566 14.00 5.66 4 31) 463 
Pa•.;rn,"e 271 18.00 3.83 319 345 

Payne Cushing 457 18.00 4. 93 493 653 
Gle acoe 75 24.00 7. Lf5 81 90 
Stilh1ater l '339 17.00 1. 36 1, 4L;4 1,613 

1) i-:~Lsbur3 H~rt:;hvrne 256 25.00 4.99 273 ")(")I) 
<-'JL 

~·1ct\ 1·-~ s te r 1, J&J 30.00 5.61 l , 4 6:) 1,565 
Quinton 1cn ... ~ 15.00 6.78 205 219 

P o:1lo to c Ada 1,381 23.00 5.22 1,476 1,601 
Allen 214 26.00 11.25 266 239 

?ottawatomie Sh.:nvnee 1,961 15.50 5.74 2,149 2,422 
Pcshmatctha Antlers 347 36.00 7.12 383 430 

Clayton 117 25.00 9.70 132 144 

,_. ,_. 
c;-, 



TABLE XXI (Continued) 

·-----------·-·~-----·-----~-------·- --...,.....-· --1981 -------------·-·----
·~---------~-----·------------

NUH&Ei~ OF 
EST H1ATED CALLS 
1985 1990 

CGiJ~TY 

; ~ ~ ~ 

i~vgcrs 

\.! .: 1 1 ,~ 
li J.. J. -1.<) 

s~.:r;li no le 

S.:_:·quoyah 
'~t: 'P~l-2ns 

r~··.?: ~~~ 3 

Tillman 

1dagoner 

r..~":1.shington 

~.<' _.'J s h i t .:1 

BLS AKGULANCt:: 
SERVICE LOCATION 

cr~(; J1 0 n !i(:: 

Reydon 
C.'ltOGSil 

Chelsea 
CLar,~more 

~1(.l~ld 

se~rL~_no le 
\·J· -::.~;J o ica 
Salli.s.:tw 
Cc,:!LJ. n c he 
Duncan 
~'Iar:ow 

.:_~01Jd~~'/t~ ll 
G~I~;tPLJn 

Hoo 1zc r 
Texhoma 
frederick 
Grandfield 
cm .. ·e ta 
r.\1:<goncr 
Bartlcsvi1L~ 

Barns Flat 
Cordc ll 
Sentinel 

ES'l' 1!-~l\T~:D 
CALLS 

193 
16 

2 ., ,.. 
.)0 

231 
l '271 

2S4 
G32 
453 

1,015 
, ,..~ f -~ 
..1.. 4. tJ 

755 
") '} '= 
:>~.; 

52 
355 
1)0 

51 
422 
10 3 
816 
628 

1,857 
194 
195 
125 

M ,~ 'i 1 t.-!T'b.t 
l_ J,.C\. i\_ -L ~ '1. I,,,J.~·t 

DURATION 

19~00 
27.00 
17.00 
14.00 
21· I'() -r • .._, v 

21+. 00 
17.50 
2!; .• 50 
23.00 
19.00 
17.00 
20.00 
26.50 
33.00 
18.00 
37.00 
22.00 
32.00 
12.00 

6.00 
31.00 
13.00 
14.00 
14.00 

AVERAGE 
DURATION 

;"';, 

.:.. 

8.06 
5.79 
5.94 
6.93 
8.16 
3.34 
4. 97 
9.90 
3.86 
2.22 
6.22 
2.41 
' r.t, 
I • L"' 

5.86 
9.69 
5.59 
5.51 
4.12 
1. 75 
3.23 
4.87 
2.87 
5.79 

2CO •i ''I 'I 
~-VU 

17 18 
257 315 
254 Jll 

1,382 1 ~ 6 ~] !t 
287 3 l ., 

,£. _.'_ 

659 691 
476 ~ ('\.' 

~ \,; .. 
1,140 i ' 3 2!; 

1 31 u.s 
8:30 ll '{(\ 

_./ -"'-·' 

'J -, l 
-'I . .l. 

I •)") 
-+~J 

55 59 
390 L; 20 
160 172 

54 59 
417 413 
103 102 

1,071 1 '5 06 
826 1 , 160 

2,038 2,267 
205 222 
209 255 
131 142 

,_.. 
1-' 

'-l 



COUNTY 

l.\'oods 

Woodward 

Total 

ELS AMBULANCE 
SERVICE LOCATION 

Alva 
Freedom 
Waynoka 
Woodard 

:ABLE XXI (Continued) 

1981 -
ESTIMATED HAXI~1UM 

CALLS DUH.ATION 

313 25.00 
36 26.00 

119 36.00 
7 55 22.00 

80,368 

1oklahoma and Tulsa Counties are not included. 

AVERAGE 
DURATION 

1. 98 
8.11 
9.03 
2.94 

NuRB:~l\ Of 
ESTIMATED CALLS 
1985 1990 

303 291 
35 34 

117 118 
873 1,040 

87,996 99,278 

,_. 
>-' 
CXl 



CHAPTER VI 

SUMMARY, CONCLUSION, IMPLICTIONS AND LIMITATIONS 

Objectives and Procedure 

The overall objective of this research ~s to develop planning tools 

for the analysis of current and future needs for EMS systems ~n the 

State of Oklahoma. It is primarily designed to provide information 

beneficial to either state planners, local decisionmakers or EMS 

operators in their attempt to plan EMS systems that can fulfill certain 

performance criteria such as efficiency, effectiveness and equitability. 

Two levels of problems are considered. The first part of the problem ~s 

one that arises as local EMS systems are planned within the context of 

county boundaries. The second part of the problem is one that emerges 

when these local plans fail to accomodate coverage of services 

irrespective of county lines. It is believed that some level of 

inefficiency can be created if county border lines are strickly adhered 

to in planning EMS districts. 

In this research specific effort is made to develop interrelated 

models to determine (a) the number of current and future EMS calls; (b) 

a strategy of optimum location(s) for EMS systems in the rural areas of 

Oklahoma; (c) cost-revenue analysis for alternative systems; and (d) the 

119 
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proba~ility that :'ln E·iS s·I.o;t,~m w:iii be~ adequate to meet most en:erg•3ncy 

calls. '1''ne types of se":"vi.·2l~S cm~si.ri,:re:d Jre (1) basic life support; (2) 

advanced life support; and (3) first responder systeros. 

To achieve the obj,?ctives, t:~e procedure follcnved consists of a 

series of fou;:- interrel.::ted steps utilizing the models mentioned above. 

The first step involves the u<Oe of a population projection model to 

estimate current and future calls jo the rural and selni-rural areas of 

the State of Oklahoma. Emergency medical service calls are defined t::> 

be the sum of highway accident calls and other medical serv1ce calls 

including nursing home transfers. Highway accidents are assumed to be 

directly proportional to the size of a given population. Other medical 

calls ar;::: considered to be a function of the size of population by age 

group. 

Utiliz<Jtion rates pe.r 1000 population for boti1 highway accidents 

and other medical calls in-::.ludi'lg n;H3lng ho;:K~ transfers are determined 

~n order to estimate curr~nt ar~.J ·future. calls for E>fS. T>7o alternative 

sources of data are u:oed in determining utilization rates for highv:cly 

accident.o; namely, Ec·1S op'"raton>' records ·,Jbenever a,,ailable or State 

Highvlay S.'l fe tv Departm·~nt' s records <:·ioenever u~e for;uer source of data 

ar'~ not .ocvailabte. For other medical calls e.nd nursing ho111e transfers, 

E}1S operal:o,·s r2corJs are again used ~..;~1en availabl•~ or, the utilization 

rates deri.ved by Doeksen et al [21] are e;:nployed. Tbe utilization rate 

for other iT:edical and ·1u~·si:1g home transfers is b::1scd 0<1 n1n2 age groups 

because suc 11 cnlls are belie.ved to b~ an incre:1sing functi.on cf age 

distributi(,n. 
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For trw s~ke of con'hcnl:::~·:c,~, a unit- of demand arc:a 1s defined to be 

an are-1 bounded by the sta:rdardized tm.;nshi? lines of every county. This 

unit 1.s a thirty-six square mile area (six miles by six miles). The 

distribution of population by town:::hip was deter;ninc:d by counting the 

most current: inventory of re:> ident houses in each tm.mship. Engineering 

rna p s prepared by the Oklahoma State Department of Transportal ion were 

used for this purpose. 

The second step v;as to deter;nine optimum location for EMS systems 

using a special algorithm referred as Gene1·alized Location Optimization 

Selection System (GLOSS). This algorithm is base<.' on the general 

transportation procedur2 and 1s set up to minimize a linear objective 

function of total cost subject to linear constraints. Best location(s) 

for basic <'i'nbulauce(s), first responder systems and advanc•2d life 

support sys~ems of multipic origi:-ts are cletemine·d at the coo:nunity and 

regional level. The prugrsn is also used to delineate geographical area 

of primary respon:;e. In other wc:rds, the question of ,,,hich ENS systern 

should have primary responsibility to v7hich demand location is answered 

by using the objective function of minimizing cost subject to 

constraints. The cost matrix is developed by determining the distance 

fror.1 an E:-1S location t::> th::- center of each service location follm.,ring 

the pnth of a highv.'i:IJ route:, grav;:;l or pE;';,~d road. The distribution of 

calls det•2r~11ined in st2p one is combined Hith the cost matrix to solve 

the transportaion proble::n. 

The third step involves the use of the results in step t'"O to 
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COl:t~)uter:Lzed model that an2lyze.s t1:-;~ economic feasibiljty of a g1ven 

rural .!':"1~~ [31]. 

county F.>IS system analyzing co:::t.s and returns under four alternative 

systems. The procedur·;;o can easily be duplicated for any other EHS 

c:;ystc:n. 

Finally, a queue1ng model is 3\Jf>;.~est~d to provide information on 

the probability thac an E~1S system will be adequate to meet most 

emergencies. 

Findings, Conclusions a~d Implications 

Specific results of this -:1na:ysis include (1) projected EMS calls 

for 75 count1es of Oklahona (2xcludi:113 Oklahoma and Tulsa Counties) for 

select·~d yc~ars bet'<Ieen 19fh'··l990; (2) b2t;t location strategies for basic 

ambulanc .. c;, basic life st.pport systems, advanced life suppot"'t systems and 

first-re::;ponder systen both at a county and regional level; and (3) 

delineatio::1 of ,,<1ich &r.?.a should be served by >.Jhich EHS system at the 

lowest C·)St (thi." includ;,;s esti:cates of the l0'.02st m,:::xi:num distance and 

the low;:;:;t average di.stnnce on EYIS .shou1.d tt·avel). The cost-revenue 

model i llu strat:.:;d al:.oornBtivr.: cboices of ~·roviding F.\!S. Be cause of loVJ 

in tensity of demand in oany rural ares~;, the r:~\'enue generating capacity 

f r om s a c h c a 1 l s 1. ::; r. o t 2 d c q u a t ,, • A 1 te rna Live sources of funds are 

needed. A1 te.rnatives S'.lch as State Amendment '.i22 are considered. This 

kncn.':l as the Emergency ~,iedic2l Se1·vices D:i.st-cicts Act 
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three (3) ui lls nd v~dc·!-:~m t.ax fcH' tl1'" purpose of providing funds Ln~ 

support, organization, operH.tion of and maintainance of district 

&Qbulance services [21]. 

The res u 1 t s of tr1e queu.:: tng mode 1 shO\ved that EMS systems 1n many 

rural areas have very lo;.T intensity implying a high percentage of idle 

time. An important conclusion from this analysis is that, given limited 

funds, decisionma~~er.s of either large or small EMS systems must ahvays 

weigh the trade-off between spending additional funds (purchasing 

additional emergency units) and toe benefits received from these funds 

(reducing the number of multiple calls). Serious decision problems do 

arise when the percentage of busy period gets larger and larger. Hence, 

prior information based on objective analysis can save unnecessary 

expense. 

In genera 1, shat ing of serv1ces ar.10ng counties and communities con 

increase efficiency and effectiveness. Therefore, community leaders, 

EMS firms :n1d others involved in E:1S system planning need to consider 

EMS service areas when planning EMS districts. 

The analytical procedures d3veloped here can be valuabte in 

resolving problens of public and private service delivery systems. They 

have al.so the additiontll c.dvantage of adoptabilLty. Since the pur;.,ose 

of an EMS system is to create a coordinat2d response to the immediate 

needs of emergency patients, its planners are expect<:~d to consider and 

p r o v i d e s u c h c c o r d i n a t e d w o r k i n g r e l a t ion s h i p ,., i t h h o s p it a l s , o t he r 

public servic;:- a[encies and the like. 
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Limitations anci Furth~r Research Needs 

One of the most importan~ steps used in estimating E~·1S calls is the 

population projection model. Tbe mode 1 relies on data concerning 

age-sex specific ini.tial populat-Lon, birth rates, death rates and net 

migration rates. The coefficients of birth and death rates are obtained 

from the State Health Department and are built into the interactive 

computer program. The operator of this program is required to submit 

the initial age-sex specific population data and the net migration rates 

for every area under consideration. From experience, the model seems to 

be very sensitive to c~anges in mi.gration rates. This suggests that one 

must be very careful in determining these values. 

In the determi:1ation and projection of curre.nt and future Ei-fS 

calls, it was explicitly assu.'lled that the number of E:·1S calls is 

directly proportional to the s1ze and/or distribution of population of a 

g1ven area. This may be too siwplistic ao approach even though not 

unreasonable. Other factors such as price of a service, price of 

alternative services, Income of individual patients and other 

socio-economic variables are implicitly assurn::d to b1>. invariant against 

the usage of e;·<ergency medical services. Even though this may not be a 

serious limitation, it may be useful to explore the relevancF! of such 

factors empirically. 

The effects of changes in tbe distr·ibntion of utilization on the 

currently d<"t.;rmined E:,!S locations fo1· the b.::,sic life support system has 
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Ih is 1s t<) •;:_cggc,st that re·~earch effort on the 

stability of optimal locations could b•2 valnable. 

The st:J.te-wide lo;~ation analy::;is in this study dealt only with one 

type of E>fS system, . b . 
~.e. _aslc. life support system (BLS). An extension 

of this analysis to include first repondt~r system and advanced life 

support system could prove to be an important research problem. 

The use of the probalistic u:od~:::l may be hampered by the low level 

of intensity of usage in tlv:~ rural area. H01·1ever, periodic analysis of 

EHS operators' records using the queue1ng procedure presented could be 

useful 1n making decisions concerning ne1..r EHS facilities or hiring 

additional EMS ere~. Such decision problems do arise because the 

probability of a busy period can vary with time. 

Another major constraint in EMS system analysis 1s the availability 

of pertinent data fo:_· pr.=~dictin:~ :md expli:!i:ling E'.!S supply and demand. 

Good r e c o r d k e e p i n g and r e p o r t in g by E H S f i r m s s h o u 1 d a hv a y s be 

encouraged so that some sort of data banl' could be e3tablished. This 

can i.rnporve the quality of research on problems of medical service 

sy s t•~ms. 



SELECTED BIBLIOGRAPHY 

1. Aldrich, C. A., J. C. Hisserich and L. B. Lave. "An Analysis of 
the Demand for Emergency Ambulance Service in an Urban Area." 
American Journal of Public Health, Vol. 61 (1971), 
1156-1169. 

2. Andrews, R., et al. Methodologies for the Evaluation and 

3. 

Improvement of Emergency Medical Service Systems. Final 
Report No. DOT HS-801648, Washington, D. C.: U.S. 
Department of Transportation, July 1975. 

Bell, C. E. and D. Allen. 
Ambulance Service." 
(August 1969), 95-101. 

"Optimal Planning of an Emergency 
Socio-Economic Plan Sci., Vol. 3 

4. Beltrami, E. J. Models for PublicSystemAnalysis. NewYork: 
Academic Press, 1977. 

5. Berlin, G.,c. Revelle and J. Elzing. "Determining Ambulance 

6. 

Locations for On-Scene and Hospital Care." Env. Plan A., 
Vol. 8 (August 1967), 533. 

Berlin, G., and J. C. Liebman. 
Ambulance Location." 
(1974), 323-328. 

''Mathematical Analysis of Emergency 
Soc i o-E con. P 1 an. Sci • Vo 1. 8 

7. Bertolazzi, P., L. Bianco and S. Picciardelli. "A Method for 
Determining the Optimal Districting in Urban Emergency 
Services." Comput. & Operations Res, Vol. 4 (1977), 1-12. 

8. Buchanan, James M. The Demand and Supply of Public Goods. 
Chicago: Rand McNally & Company, 1968. 

9. Chaiken, J. M. and R. C. Larson. "Methods of Allocating Urban 
Emergency Units." Analysis of Public Systems. Eds. A. 
Drake, R. Keeney, and P. Morse. Cambridge: MIT Press, 1972, 
pp. 181-215. 

10. Chan, J. and B. Conolly. "Comparative Effectiveness of Certain 
Systems with Adoptive Demand and Service 

Comp. & Ops. Res., Vol. 5 (1978), 187-191. 

11. 

Queueing 
Mechanisms." 

Charnes, A. and I.J. ~.J. Cooper, "The Steping Stone Method of 
Explaining Linear Programming Calculation in Transportation 
Problems." !1anagement Science, Vol. 1 (October 1954), 
49-69. 

126 



127 

12. Cooper, Leon. "Location-Allocation Problems." Operation 
Research, Vol. 11, (1963), 331-343. 

13. Church, R. and C. ReVelle. "The Maximal Covering Location 
Problems." Papers of the Regional Science Association, Vol. 
32 (Fall, 1974), 101-118. 

14. Cords, S. "Assessment of Current and Recent Research on Rural 
He a 1 t h C a r e De 1 i v e r y by C o 1 1 e g e o f A g r i c u 1 t u re and the 
U.S. D.A." Rural Health Research Forum Proceedings. 
Chicago: AMA Council on Rural Health, 1975. 

15. Daberkow, S. G. "Location and Cost of Ambulances Serving a Rural 
Health Service Research, Vol. 12 (Fall, 1977), 

16. 

Area." 
299-311. 

Daberkow, S. G. and G. A. King. 
Emergency Facilities in 
Giannini Foundation Research, 

"Demand and Location Aspects of 
Rural Southern California." 
Report No. 329, (March 1980). 

17. Dantzig, G. B. "Application of Simplex Method to a Transportation 
Problem." Activity Analysis of Production and Allocation. 
Ed. T. C. Koopmans, New York: Cowles Commission for Research 
in Economics, Monograph No. 13, 1951. 

18. Dearing, P. M. and J.P. Jarvis. "A Location Model with Qeueing 
Constraints." Computers and Operations Research, Vol. 5 
(1978)' 27 3-277. 

19. Deems, J. M. "Prediction of Calls for Emergency Ambulance 

20. 

Services." (Unpublished t1.S. thesis, Georgia Institute of 
Technology, 1973). 

Doeksen, G. A., J. Frye and B. L. Green. 
Ambulance in the Great Plains, USDA, 
Economics Report No. 308 (November 1975). 

Economics of Rural 
ERS, Agricultural 

21. Doeksen, Gerald A., Leonard G. Anderson Jr., and Vanessa Lenard. 
A Community Development Guide for Emergency Medical 
Services: A System Approach to Funding and Administration. 
Oklahoma Cooperative Extension Service, Division of 
Agriculture, Oklahoma State University, Dec. 1981. 

22. Dunlop and Associates. Economics of High,.ray Emergency Ambulance 
Service Vol. I. 
1968. 

Darien: Dunlap and Associates, Inc., 

23. Dunn, J. I.J. "A Mathematical Model for Analysis of Rural Health 

24. 

Care Systems." (Unpublished Ph.D. dissertation, Oklahoma 
State University, December, 1977). 

Fitzsimmons, J. A. 
Deployment." 
627-636. 

"A Methodology for Emergency Ambulance 
Management Science, Vol. 19 (February 1973), 



128 

25. Ford, L. R. and D. R. Fulkerson. "Solving the Transportation 
Problem." Management Science, Vol. 3 (1956), 24-32. 

26. Gibson, G. "Emergency Medical Services: The Research Gap." 
Health Service Research, Vol. 9 (Summer 1974), 6-21. 

27. Gibson, G. "Guidelines for Research and Evaluation of Emergency 
Medical Service." Public Health Reports, Vol. 89 
(March/April, 1974), 99-111. 

28. Goddard, L. S. Mathematical Techniqes of Operational Research. 
Oxford: Pergamon Press Ltd., 1963. 

29. Goodwin, J. ~Land H. E. Drummond. Agricultural Economics. 
Reston Publishing Company, Inc., 1982, Second Ed. Reston: 

Chapter XXI I. 

30. Groom, Kenneth N. "Planning Emergency Ambulance Services." 
0 per at ions Research Quarter e 1 v , V o 1 • 28, No. 3 ( 1 9 7 7) , 
641-651. 

31. Gross, Donald and C. M. Harris. Fundamentals of Queueing Theorv. 
New York: John Wiley & Sons, 1974. 

32. Grossman, Michae 1. The Demand for Health: A Theoretical and 
--~--~------------------------~----------------Empiracal Investigation. New York: National Bureau of 

Economic Research. Occasional Paper 119, 1972. 

33. Hamilton, H. R., et al. Systems Simulation for Regional 
Analysis: An Application to River Basin Planning. 
Cambridge: The MIT Press, 1969. 

34. Heady, Earl 0. and Wilfred Candler. Linear Programming Methods. 
Ames: The Iowa State University Press, 1958. 

35. Hill, Kenneth D. and Gerald A. Doeksen. User's Guide to the 
Computer Program to Analyze Costs and Returns for Emergency 
Medical Service Svstem. Oklahoma State University 
Agricultural Experiment Station Research Report P-809, 
Stillwater~ Oklahoma, May 1981. 

36. Hill, Kenneth D., G. A. Doeksen and J. R. Nelson. User's Guide 
to the Computer Program to Predict Population. Preliminary 
Report AE-8067, Agricultural Economics Paper 8067, 
Stillwater: Oklahoma State University, Oklahoma. 

37. Hirsch , ~~ • 
York: 

F. The E c anomies of State and Local Government. 
McGraw-Hill, Inc., 1970. 

New 

38. Hitchcock , F. L • "The Distribtion of a Product from Several 
Sources to Numerous Locations." Journal of Mathematics and 
Physics, Vol. 20 (1941), 224-230. 



129 

39. Ittig, Peter Thomas. Planning Ambulatory Health Care Delivery 
System. New York: Center for Urban Development Research, 
Cornell University, Ithaca, 1974. 

40. Johnson, R. A., W. T. Newell, and R. 
Management: A Systems Concept. 
Mifflin Company, 1972. 

c. Vergin. 
New York: 

Operations 
Houghton 

41. King, B. G. "Estimating Community Requirements for the Emergency 
Care of Highway Accident Victims." American Journal of 
Public Health, Vol. 58, No. 8 (August, 1968), 1422-1430. 

42. King, B. G. and E. D. Sox. "An Emergency Medical Service 
System-Analysis of Workload." Public Health Reports, Vol. 
82, No. 11, November 1967, pp. 995-1008. 

43. Kleinrock, 
York: 

Leonard. Queueing Systems. Vol. 1: Theory. New 
John Wiley & Sons, 1975. 

44. Koopmans, T. C. and M. Bechmann. "Assignment Problems and the 
Location of Economic Activities." Econometrica, Vol. 25 
(1957)' 53-76. 

45. Kosten, 1. Stochastic Theory of Service Systems. Oxford: 
Pergamon Press Ltd, 1973. 

46. Kuehn, Alfred A. and M. 
Locating Warehouses." 

J. Hamburger. "A Heuristic Approach for 
Management Science, Vol. 10 (1963). 

47. Kuhi, H. W. and R. E. Kuenne. "An Efficient Algorittim for the 
Numerical Solution of the Generalized Weber Problem in 
Spatial Economics." 
(1962)' 21-34. 

Journal of Regional Science, Vol. 4 

48. KvO.lseth, T. 0. and J. M. Deems. "Statistical Models of the Demand 
for Emergency Service in an Urban Area." American Journal 
of Public Health, Vol. 69, No.3, (March, 1979), 250-255. 

49. Lenard, Vanessa, Gerald Doeksen and Leonard G. Anderson. An 
Economic Analysis of the Marshall County Emergency Medical 
Service. Department of Agricultural Economics Paper 8163. 
Stillwater~ Oklahoma State University, Oklahoma, June 1981. 

50. Lenard, Vanessa, Gerald Doeksen and Leonard G. Anderson. An 
Economic Analysis of Emergency Medical Services in Logan 
County, Oklahoma. Department of Agricltural Economics 
Paper 81112. Stillwater: Oklahoma State University, 
Oklahoma, Nov. 1981. 

51. Lenard, Vanessa, G. Doeksen, E. Henderson, et al. An Analysis of 
Emergency Medical Service Calls Made by the Okmulgee County 
S y s t e m ( J a n u a r y - M a y , 1 9 8 1 ) • D e p a r t men t o f Ag r i c u 1 t u r a 1 
Economics Cooperative Extension Service, AE-81107. 
Stillwater~ Oklahoma State University, Oklahoma, Oct. 1981. 



130 

52. Maranzana F. "On the Location of Supply Points to Minimize 
Transport Costs." Operations Research Quarterelv, Vol. 15 
(September, 1964), 261. 

53. Marlin, Paul G. "Application of the Transportation Model to A 

54. 

Large-Scale Districting Problem." Computers and Operations 
Research, Vol. 8 (1981), 83-96. 

Mitchell, H. W., "Ambulances and Emergency Care." 
Journal of Public Health, Vol. 55 (November, 
1717-1724. 

American 
1965), 

55. Morse, P. M. Queues, Inventories and Maintainance. New York: 
John Wiley & Sons, 1958. 

56. National Academy of Sciences. Accidental Death and Disability
The Neglected Disease of Modern Society. Washington, D.C.: 
National Research Council, September, 1966. 

57. Nelson, James R. and Gerald A. Doeksen, "Community Service Problems 
Faced by Local Government Decisionmakers - How Can Land Grant 
Un i ve rsi ties Help?" (Unpublished Paper Presented at Workshop 
on Budgeting for Community Services: Health Care and Related 
Needs. Starkville, Mississippi State University. June 1980.) 
Mimeo. Stillwater: Oklahoma State University, Agricultural 
Economics Cooperative Extension Service, 1980. 

58. Oehrtman, Robert L. Locating Emergency Facilities to Serve Rural 
Areas Through the Use of Linear Programming. Oklahoma 
State University Agricultural Experiment Station. Journal 
Article Number J-3404, 1977. 

59. Oehrtman, Robert L., B. Broeckelman and Gerald A. Doeksen. An 
Adopt ion of a Computerized Transportation Location Model to 
Problems in Rural Development. Preliminary Report, 
Agricultural Economics Paper AE-8066, Stillwater: Oklahoma 
State University, Oklahoma, May 1980. 

60. Oklahoma Department of Public Safety. Oklahoma Traffic Accident 
Facts: 1981. Oklahoma City, Oklahoma. 

61. Oklahoma Employment Security Commission. Oklahoma Population 
Projections: Data For State Planning Regions 1970-2000. 
Research and Planning Division, Oklahoma City, Oklahoma, 
1979. 

62. Oklahoma Health System Agency. Health Svstem Plan. Vol. 2. 
Oklahoma City, Oklahoma, 1978. 

63. Oklahoma State Department of Health. Emergency Medical Services 
System Master Plan. Oklahoma City, Oklahoma, 1975. 

· 64. Oklahoma State Department of Health. Registry of Ambulance 
Services. Oklahoma City, Oklahoma, 1981. 



131 

65. Rand Fire Project. Fire Department Analysis: A Public Policy 
Analysis Case Study. New York: The Rand Corporation, 
71~97~9~.~----~~~~~ 

66. ReVelle, C. and R. Swain. "Central Facilities Location." Geog. 
Anal, Vol. 11 (January, 1970), 30. 

67. ReVelle C.,D. Marks and J. C. Liebman. "An Analysis of Private and 
Public Sector Location Models." Management Science, Vol. 
16 (July, 1970), 692-697. 

68. ReVe 11e, C., et al. "Facility Location: A Review of Context Free 
and EMS Mode 1 s." Health Service Research, Vol. 12 (Summer, 
1977), 129-145. 

69. Samuelson, P. E. 
of Economics 
387-389. 

"The Pure Theory of Public Expenditure." Review 
a n d S t a t i s t i c s , V o 1 . 3 6 ( F e b r ua ry , 1 9 5 4 ) , 

70. Scott, Allen J. "Location-Allocation System: A Review." Geogr 

71. 

Anal, Vol. 2 (April, 1980), 95-119. 

Shelton, John R. 
The Journal 
(July-August, 

"Solution Methods for Waiting Line Problems." 
of Industrial Engineering, Vol. 11, No.4 
1960)' 293-303. 

72. Shryock, H. S., J. S. Siegel and 
and Materials of Demography. 
Bureau of the Census, June 1980, 

Associates. The Methods and 
U.S. Department of Commerce, 

Chaps. 23, 24. 

73. Shuman, L. J. C. P. Hardwick and G. A. Huber. "Location of 
Ambulatory Care Centers in a Netropolitan Area." Health 
Service Research, Vol. 8 (Summer, 1973). 121-137. 

74. Siler, K. "Predicting Demand for Publicly Dispatched Ambulances in 
a Metropolitan Area." Health Service Research, Vol 10, No. 
3 (Fall, 1975), 254. 

75. State of Oklahoma, Thirty Fifth Legislature. "Emergency Medical 
Service Districts." S. J. Res., No. 54, (1976). 

76. Stevenson, Keith A., "Emergency Ambulance Transportation," 
Analvsis of Public Svstems. Eds. A. Drake, R. Keeney and 
P. Morse. Cambridge: The MIT Press, 1?72. 

7 7 . S t o 1 1 s t e i me r , J • F . "A W o r k i n g M o d e 1 f o r P 1 a n t N urn be r s and 
Locations." Journal of Farm Economics, Vol. XLVV, (August, 
1963), 631-645. 

78. Sweet, A. L. "Prediction of the Number of Road Accidents in Great 
Britain, 1971-1990." Accident Analysis and Preview, Vol. 4 
(1972)' 249-268. 



132 

79. Swoveland, C., D. Uyeno, I. Vertinsky and R. Vickson. "Ambulance 
L o c a t i o n s : A P r o b a b i 1 i s t i.e En u me r at ion Appro a c h • " 
Management Sci., Vol. 20 (December, 1973), 686. 

80. Taha, Hamdy A. "Queueing Theory in Practice." Interfaces, Vol. 
11, No.1, (February, 1981). 

81. Toregas, C. and C. ReVelle. "Location Under Time or Distance 
Constraints." Pap. Reg. Sci. Assoc.,Vol. 28 (Fall, 1972), 
113-143. 

82. Toregas, C. R. Swain, C. ReVelle and L. Bergman. "The Location of 
Emergency Facilities." Operations Research, Vol. 19, 
(October, 1971), 1363. 

83. Taubenhas, L. J. and J. 
Am b u 1 an c e S e r vi ce." 
823-827. 

R. Kirkpatric. "Analysis of a Hospital 
Public Health Reports, Vol. 82 (1967), 

84. U.S. Bureau of Census. Census of Population: 1970. General 
Social and Economic Characteristics. Final Report PC (1) -
C38 Oklahoma. Washington: U. S. Government Printing Office, 
1972. 

85. U. S. Bureau of Census. 1980 Census of Population and Housing. 
Advance Reports. PHC80-V-38, Oklahoma. Washington: U. S. 
Government Printing Office, 1981. 

86. U • S • Bur e au o f C ens us • 
Supplimentary Reports 
Householdsby States and 
Printing Office, 1981. 

1980 Census 
P.C. 80-51-2: 
Counties: 1980. 

of Population. 
Population and 
Washington: U.S. 

87. U.S. Department of Transportation. Highway Safety 1979: A 
Report on Activities Under the Highway Safety Act of 1966 
as Amended- Jan. 1, 1979- Dec. 31, 1979. National 
Highway and Traffic Safety Administration and Federal Highway 
Administration, Washington, D.C. 

88. Van Voorhis, W. R. "Waiting Line Theory as a Management Tool." 
Operations Research, Vol. 8 (April, 1956) 221-231. 

89. Varian, Hal R. Microeconomic Analysis. New York: W. ,,.,. Norton 
& Company, Inc., 1978. 

90. Vergin, R. C. and J.D. Rogers. "An Algorithm and Computational 
Procedure for Locating Economic Facilities." Management 
Science, Vol. 13, (February 1967), 240-254. 

91. Volz, R. A. "Optimum Ambulance Loction in Semi-Rural Areas." 
Transp. Sci., Vol. 5 (May, 1971, 193-203. 

92. Wagner, H. M. Principles of Operations Research. New Jersey: 

Prentice-Hall, Inc., 1969. 



93. Waller, J. R. and G. R. Lawrence, 
Services in Rural Community." 
Health, Vol. 56, No. 3, March 1966. 

133 

"Utilization of Ambulance 
American Journal of Public 

94. ~.J e be r , A 1 fred . Theory of the Location of Industries. Seventh 
Chicago: The University of Chicago Press, 1969. Impression. 

95. Weinerman, E. R. and H. R. Edwards. "Yale Studies in Ambulatory 
Medical Care: V, Determinants of Use of Hospital Emergency 
Services." American Journal of Public Health, Vol. 56, No. 
7 (July, 1966), 1037. 

96. T.Jesolowsky, G. D. and R. F. Love. "The Optimal Location of New 
Facilities Using Rectangular Distances." Operations 
Research, Vol. 19, No. 1 (January-February, 1971), 123-134. 

97. White , J. A. , J. 1.J. 
Queueing Svstems. 

Schmidt and G. K. Bennett. Analysis of 
New York: Academic Press, Inc., 1975. 

98. l.J i l 1 em a in , T . R • and R . 
Systems Analysis. 
Technology, 1977. 

C. Larson 
Cambridge: 

(eds). Emergency Medical 
Massachusetts Institute of 

99. World Congress on Health Economics. Health, Economics and Health 
Economics Eds. J. VanDer Gaag and M. Perlman. 
Amsterdam: North Holland Publishing Company, 1981. 

100. Yett, D. E., et al. "A Microeconomic Model of the Health Care 
System in the United States." Annals of Economic and 
Social Measurement, Vol. 4 (1975), 407-433. 



APPENDIXSS 

13L; 



APPENDIX A 

TABLE 
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State of Oklahoma 

Adair 
Alfalfa 
Atoka 
Beaver 
Bechkah 
Blaine 
Bryan 
Caddo 
Canadian 
Carter 
Cherokee 
Choctaw 
Cirrunaron 
Cleveland 
Coal 
Comanche 
Cotton 
Craig 
Creek 
Custer 
Delaware 
Dewey 
Ellis 
Garfield 
Garvin 
Grady 
Grant 
Greer 
Harmon 
Harper 
Haske 11 
Hughes 
Jackson 
Jefferson 
Johnston 
Kay 
Kingfisher 
Kiowa 
Latimer 
LeFlore 
Lincoln 
Logan 
Love 
McClain 

TABLE XXII 

NUMBER OF PERSONS PER HOUSEHOLD 
BY COUNTY 

2.62 

2.99 
2.38 
2. 7 3 
2.67 
2.53 
2.59 
2.54 
2.72 
2.95 
2.62 
2.73 
2.67 
2.62 
2. 7 3 
2.66 
2.87 
2.56 
2.59 
2.80 
2.55 
2.69 
2.59 
2.50 
2.55 
2.55 
2.71 
2.41 
2.29 
2.47 
2.44 
2.61 
2.53 
2. 77 
2.53 
2.61 
2.51 
2.72 
2.48 
2.71 
2.75 
2. 7 3 
2.70 
2.64 
2.84 
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TABLE XXII (Continued) 

State of Oklahoma 2.62 

McCurtain 2.89 
Mcintosh 2.56 
Major 2.65 
Marshall 2.49 
Mayes 2.72 
Murray 2.57 
Muskogee 2.64 
Noble 2.60 
Nowata 2.61 
Okfuskee 2.62 
Okmulgee 2.61 
Osage 2.68 
Ottawa 2.57 
Pawnee 2.65 
Payne 2.40 
Pittsburg 2.57 
Pontotoc 2.54 
Pottawatomie 2. 67 
Pushmataha 2.67 
Roger Mills 2.69 
Rogers 2.94 
Seminole 2.65 
Sequoyah 2.90 
Stevens 2.59 
Texas 2.74 
Tillman 2.58 
Wagoner 3.02 
Washington 2.53 
Washita 2.64 
Woods 2.33 
Woodward 2.73 

Source: Population and Households by State and Counties, 1980. U.S. 
Department of Commerce. Bureau of Census Supplementary Report PCB0-51-2 
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