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Abstract

A move accurale estimate of the numler nf
ambulnncos neded at disasters prevents vehi
eles fromn being wndhebraen unnecessarily from
their “normal” dulies, thereby curiuiling need-
lexs expense and heiping to ensure that disas
ter sites wre nol overcrowded with emergency
workers smpeding each other’s sffectiveness.
Thes article discusses a formuls for determin
tny the number of ambulanees newdisl ut o diy-
aster. Prehospital and Disaster Medicine
1996;11(2):125-129.

Introduction

There are several reasons why it is impor-
@nt that the ambulance capacity avail-
able in the event of a disaster should
matech the needs for first aid and medical
transport. First, "normal® ambulance ser-
vice must be continued for as long as pos
sible, This makes financial seose, and
provides a balanced response to the
demand tor first aid and transport ‘Lhe
persanne? sent 1o @ disanten are removed
from the nonmnal service, and sending too
many of them not only depletes this ser-
vice, DL COSLS more maney.

Methods

Because the number of ainbulances
nceded at a disaster (X) is dircctly pro-
portional 1o the number of victims
1equiring hosputdl treatment (N), and
the average truveling time between the
disaster site and the surrounding hospi
tals (1), and:is inversely proportiondl to
the number of victims who can be trany-
ported on cach journey (n) and the total
time: (T) available for the trunsportation
of N, the following formula can be
applied:

(Equation 1)

The example in Table | indicates that
this formula s, In principle, mathenat-
caily sound. The formula would appear
o make it possible (0 calculate the num-
ber of ambulances needed to transfer vie-
tims to nearby hospitals, However, it is
very difficult to determine the number of
victims requiring hospital treatment (N)
and the average traveling time (t) to
local hospitals. 'L'his is not the case with
the other variables, T and n. Because the
condition of triage calegaory | victima
must be stabilized mithin the *golden
hour,” and then, like the: tiage caegory
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N = 190 vicims requiring hospital treatment
n = of\e victim par ambulance par journey
T = sk hours to transport 100 victims

t = one hour average traveling time
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Tabis 1--Sample caiculation of number ot ambulances
required

TI victims, category 1 victims st receive (reaanent in 4
hospital within four (o six hows; T can be st at 1 muxi-
mum af six hours.! The number of triage caegory 1 amd
Ll victirns requiring transport hy ambulance on cach jour-
ney (1) has heen set at one in The Netherlands,
although a triage category N victim might be crany
ported. However, the calculation is bused primarily on
triage eategory T and 1T victins (who requitre hospit
tresainent).

Thus, the problem is to delermiue the values of N and
t. The numher of victius (N) can only be estimated.
Praciite has shown that this number usnally is underesn-
mitted in the case of natural disasters, whereas it gener-
ally is overestimated in disasters resulting (rom human
aclivity, In the event of a natwral disaster, the sl e
mate wsually refers to only a proportion of the affecwed
areat. Hours or days later, it becomes clear that there are
more vicdtims thun originally estimated. The opposie
applies to manmade duasiers, Fxamples of the two
include the floods in 1958 and the Bijlmer air crsh in
1992, This gencral rule can be nsed during the initial
determination of the number of victims, but it cannoet
pravide a more precise estimate of N,

Determining the average Laveling time (1) also i
problematic. Several hospitals are iuvolved in any disaster
response, The distance from the site to the hospital
varles fromy une disaster o anathers thus, an average dis
lance must be calculated and an average driving speed
applicd, and the dme raken to embark and disembark
also must be considered. Al any rate, the victims will he
sent 1 hospitals in the area in such a way that the capac
ity to treat them s not exceeded. This is done on the
basis of a victim-distribucion plan. A e acowane este
mate ol N and 1 ultimaely will lead to d more accurate
extimnuaie of the number of anbulances requited.

Detenmingng Average Vreveling 'Tome (1)
There ae approxinuely 150 hospitaby in The Nether-
lands unevenly spread aver wome 37,000 km, Therefore,
one hospital serves an average arca of 370007 150 = 246
km?, with a radius of approximately 9 k.
Approximately 60,000 beds we available, with each
hospital having about 400. In a disamer-response plan, ¥
the medical wreatment capacily hax been setit 3% of the
bed capucity per hour,! so about 12 tiage category Land
I vietims per hour can be treated adequately and offi-
clenmly for a period of T hours. This means that an aver-
age hospital with 400 beds, situated in an area with a
radius of some 9 kmy, can weat approximaicly T x 12
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Table 2—Calculation of the radius of the area containing the
hospitals needed, on the basis of an avaraga treatment
capacity of 12 category | ane! 1l vietims per hospital, where N
is the total number of victims requinng hosgital treatment

niage category Land 1 victims :-uhequ.m‘l_\' and efliciently,
il they have a welkrehearsed disaster-response plan., 1
there we N victims, where N iy a multiple of 12 and T is
given in hours, then N =T % 12 hosprtals are needed ©
landie the udage category 1and 11 vietims. These hospi-
ks will he in an avea of (N 2T x 123 x 246 km¥. The
radivg of this area is caleulated in Table 2. Thus, the aver-
age distance between the disaster siee and the siround-
ing hinspitals is:

VN
Travel distance = 0.7 x 2.6 — km

71 (Equation 2)

which has to he covered twice (the tignee 0.7 is 4 wathe
mancal given).

I 1his ebistance 15 driven at an average speed ol 40
L/, the average traveling tine is:

X 2x0.7x26 N VN
Average traveling time = ———— =0.09 — hour
fing 0xT vT

(Equation 8)

Thus, with 289 vielims who nust be transported to hospi-
tals within six hours, the average taveling time per
ambutance will be;

0.09x17
t - x = 0.6 hour ~ 36 minutes

(Equation 4)

Delerminang Number of Vidims

Reypiving Haspital Trendmeni (N)

Whettuis the average ravelings time hetween the disaster
site and (he hospital can be approximaied by means of
calenlation, this is not the ciase in esimattng the noymber
of vietims (N). 'T'his caleulaton requires an entirely il
ferent approach, which for the time being must be hase!
on empirical miormation.,
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Working Hours Outside Working Hours

0800-1800 h —1800-0800h
Residential area {per ha*) 20- 50 75-175
Office buildings (per ha) 400800 020
Inaustrial sites (per ha) 10-200 0-10
Highway crash (per 100 m)t 25 75
Passenger train (per car) 140 70
Passenger aircraft (each) 100-400 100-400

tPar 100 marers of pieup: car wngth approximately five meters and 1.5 parsengers per car during working hours, three at other times
‘Combination of number of inhabitants por dweling (2.5) and number of dwelimgs per hactare (30~/0)
NOTE: The fiquras in this tabla could be calculated mora precisaly on the bases of delaled studles

Table 3—=Estimate of the average population density dunng working hours and at other times (ha = hectares)

© 1906 dv Mosr

VN
t=009 ——, T-6hourandn=1;
VT

Nxt Nx0.09 VN N VN
X = —— . = 008 —m8 —
TXn TxVT TVT
0.09 x 289 V289 0.09x289x17
X = - 29 ambulances

6 V6

6x25
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Table 4—The tormula for determining the number of ambulances needed, on the basis of 283 victims requiring hospital

treatment

The population deasity v the alleed wen is naiueally
the mast important parameter, The population densiry in
"The Netherkands varies from () people/km? in sorme parts
of Drenthe and Gelderland o coughly 100,000/km? at a
packed louthall stacivun or rock testival. The average den-
sity s jist oven 400/km¥, giving cach inhabitant an aie of
50 x B0 mcters (2,500 ¥ or 4 quarter of a hectare:). 1lowe
ever, this provides no information about thie density in a
residential aren, buikling, plane, train, on a highway (in
the event of a multiple-car 4pileup) or industrial siwe, or
the density during and vuiside warking hours, This infor-
mation is presented in Table 8, However, knowing the
population density of a particular area does not deter-
mine the number of victims regquiring bospital treatment.

In rond tratbic iccidents, the pereentage distribution in
terms of seriousness of injury i as followa: (0% fatalitics,
10% inge: category 1, 30% triage category 11, and Hu%
(riage category 111

There isa great deal of varfation in this distribution.
Haowrver, a higher propartinn of deaths and sevious
injurics can be expected in fires or cxplosions; in con-
trast, civil unvest tends to lead to more minor injuries.

On the basis of the ubove data, in the average disaster,
40% of the vierims will require hospiat weaument (10%
uriage: category [ amnd 80% tringe category 11). Lo provide
a margin of safety, il’ the population density, the size of
the disaster xite, and/or the number of units allected
{cars, train, carriages, planes) can be estimated in 1he
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arca where vietims are siuated, it can be assumed that ad
the peaple 1n the area have been allected and half of
them will need hospital treatment. In the case of fire,
cxplosions, plane crashes, and collapsed buildings, (he
proportion of those requiring hospital keatment could
b as high as two-thirds; anedihird would be an appropri-
ate figure in the case of civit unrest,

Conversely, it should be noted thar ir takes 2 long time
to rexcue the victims of certain types of disaster (colb
lapsed buildings, (rain crashes). Thus, the victims will not
all require ransportation at once, and fewer arnbulances
will be needed, The formula now can be upplicd as
shown in Tuble 4 and can be represented graphically as
shown in Figure 1,

Discussion

In @ warst casc, several disasters might happen simultane
ously or in succession, perhaps as a result of acts of ter-
rorisn o a chain reaction, Jeading to a shortage of
amnbulances, This can be prevented by more accurate
prediction of the number of ambulances needed at a diy
aster. However, hefore any disaster occurs, a mone aceu-
vate prediction @n he used in preparation for disaster
responx: in the form of policy instruments, For example,
attention might be focused on cerain areas of high risk,
such as airports. industrial siles, and higlways, where N
and ¢ can bhe determined 1oughly in advance and, there-
lone, X, The graph (Figure 1) shows that, the shorter the
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Figure 1—Rslalionships between the number of victims
requiring hospital treatment and the number of ambulances
needed with different vaiues for Tand n

clearance time (1), the greater the number of ambu-
lances needed; couversely, the more victims taken to hos
pital in each ambulance (u), the lower the number of
amhulances required.

When these formulas are used, a disaster in The
Netherlands involving muore Usua 1,500 vic Lins requiring
hospital treatment cannot be cleared in six hours by civik
ian amnbulances alone, The entire ambulanee fleer of
around 325 would have to be summoned, and exir sugr
port from the miliary would be neveded. The general for
mula:

Nt

X- —
Tn -

(Equation 1)

upplies [or numbers (X) of any kind ot vehicle (ambu
lances, trucks, buses) transporting s total anomm (N) of
“things” (men, patients, materials), wheve cach vehicde is
carrying a pait of these things (), taking an average
trmsport time (8 within a ceewin e limic (1. O

Ambulances Needed at Disustery

course, T shouhl be w multiple of t and N o soultiple of .
When N oequals n, the fonmila becomes X = T/t and
when T equals tthe lormula is X = N/n, wherens X = |
for'l =tand for N .. n
Far victims who should be treated within certain time
limits, preferably, one o wo hours for triage category |
and {ou 1o six howes for wiage caegory H vietins, this
general tannuld hias (0 be modified, In this respect, tand
N are difficudt (o estiuite; however, N coudd be olitdined
empirically, and t could be caleulated in a certain area in
wrms of N und T, provided triage catcgory I and 11 vic-
tims are treated in 4 certain number of hospitaly with a
givin hospiral treannent capacity, i, the numhber of vie
tims thast can be treated per hour during a certain period
T. For The Netherlancds, t conld be setar:
vN
t-0.09 —
vr
Yor example, for a remote area the size of The Nedher-
lands with three 100-bed hospitals, where a plane
crashed witly 36 riage caregory Uand 11 victims, +will e
Luyer than T, whicly nrakes (he formulia worthless. What
are the lins for this lormula? Furiher mathematical
unalyss of the formda s vegnived, which will he the sib-
ject of anether siudy,

(Equation 6)

Summary

More aeemrate estimies of the number of ambulances
ncedded to cope with a disaster ate impottam not ouly
when it comes W the actaal tesponse, bat alsa i the
preparatou stage, Thie moded presented should be used
tn cevelop scemarios lor different weas (ceuters) and
sites a visk Giirports, stadivmes, industrial sites, and so
on), possibly with the aid of it computer.

Fad Note

bene the nnis of & large mmber of exercises carried out at
the time, although 3% is now segarded us too high.
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Editorial Comments
Peter J¥ Buskett, MRCP, FRCA, Frenchay HealthCare NIS
Trusi, Frenchay Hospital, Conultant Anaesthetist, Bristol,
UR=In this artiele, Professor de Boet addresses the powen-
tial reuirements for arabulances to atiend eriucal inee
dents and disasters in the Netherlands, ‘This Is @ vialnable
study, for we are all subject to financial consizints and
cotistious wastage of precdous resourves,

The paramcters Professor de Borr uses in his caleuls-
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tions theon eitcally are correct, but wl are sudes 1o vk
tion which will mfluence the results arrved at in any incli
vidual incident. For examiple, N—the number of victims
{recquently ix a maner ol conlusion in the early stiages ol a
inijor incident; 7—he taveling time belween the disas
ter site and the hospital is inlluenced by exerdcation and
rescue time (which frequently involves ambulance ¢rews),
traffic congestion duc 1o sightseers “the second threat”

Vol.11, No.2



beloved by terrorists to maximize thell impact, and of

course weather conditions. [Tand-over time between the
ambulance crew aud the hospital also wilt neeed 10 be
mcluded.

As Protessor de Boer points out, the formula will
require modificaton for different types of tmajor inei-
cdents, and local geography and infrastructure will play o
key wndifving role, The proposals put forward in his

paper huwever, will serve ns a template for those
ivalved in major incdents and disaster resporse plan-
ning at local level, Each of us must 1ake into account
modifying locul factors and plan for the events that most
Likedy will hetall us. Murphy's Law, however, dictates that
things don’t always go according to plan, and fexibility
is the key 1o successfial planning and preparertness,

Praul Awdervon, Rural EMS Iastitute, Lincaln, Nelvaskn
USA=QOverall, thix tormuls 1o estiniie more accurately
the number of ambulanees needed at disasters in the
Netherlands appears wo be sonnd. 1 is siggested that, as
an exercise, every area/regiomd einergency medical wer-
vices (EMS) systein ine this formula m conjunction with
typothietical dsastes suuations of vieying wagnutades, W
try to predict how their EMS svstems would be able to
perform. Each EMS system, of conrse, may change cer-
1ain paramerers, stich as the 717 factor (o vary the tonl
e 1o II'ZIHS(N"'I |).‘n‘ll|‘lll’.ll' l:\l(‘g(\l ies of p:l(i(‘l'll'\ to
definitive care facilities, or the “n” factor for the number
of patients by category ransported on each journey.
Refore discissing this finther, it imay be well o review
the reason for having such a fonuula, The author starey
that “Tirst and loremaost® there i3 need 10 miintain noi-
mal ambukimee coverage for o geographical ivea, and 2)
that it custs moncy Lo senl more units than necessuy. 1
wortled sugrest thae mast EMS sysiems will not be able to
maintun “normal™ anbulance coverage during any
large-scale disaster, and the dispatch center will have to
give 4 sery low priority 1o nonemargencies aned certiin
(ranstin calls, deterring some of tem for hows, T do not
believe that saving money should e @ major consideri
tion as major disasters occttr inlrequently, and ic can be
avgued e sending o few 100 ity nnits 1o the disaste
scene, as long as sufficicut umes remain available to
respond 1o other emergencies, is betier than sending wo
tew. A reason for sending mare than enough ambu-
lances is rhat some EMS personnel will be needed to fill
management roles al the seene, e, EMS command,
niage, treatnent, salety, and ansportation, There also
Js o need to discuss briefly the fact that there are major
differences in ambulance resource panterns in vacious
localities. tsing the information in this paper, it is calru-
lated that there is one ambulance per 45 square kilosmme-

tees in the Nethentanes, In contrast, inn the states west of

the Mississppi River in the United States, the aimbulanee
density is one ambulance per 4600 square iniles
{650—1,000 km¥) or Jower density in vast rural arcas, My
poind. is that some geographical areas immediately will
see, il they use this formula for disaster response plan-
ning purposed, tha! there will be very loug time periods
betore a sullicient number of ambulances get o the die
aster sile; whereas in the Netherlands, with a much
higher density of ambulances, the wait should he much
shorter, Also, most arcas (oulside ol tgjor urbun areas)
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will not hive the density of hospitad facilides that exist in
the Netherlands, o arcay with a significandy lower den-
sity ol hospitals, this niarkedly will aflect nanspor dmes
and the ability of any particular ambulance to make
repeat trips back to the scene to ransport additional
cansalities 1o delinitive care.

T the Netherlands, because of the high density of
resourees (bath ambudance and hospital), it can be
expecied that in many situations, category 1 and 11
patients will be transported within acceptable time
frames, Iy contrast, {n wany areas of the warld, use of
this fomnnla quickly will shaw that unless EMS systems
incop porate plans to use the military. or delivery vans, or
other substitre vehicles when ambulance vesources are
aver extetded, thiey will not he ahle o transpart all cawe-
gory- I and -l paticnts within the time frames that are
acceptable even in good weather conditiona, As [ am
writing this review, it is now minus 20°F (-50°C) in some
arcas of the midwestern secton ol 1he United States, 1
would stiggest 1hat in such weather condivons, the Gme
frames 1o get patients transported, at least short dis-
tanees o facilities, such a8 school gymnasiums that can
be sct up as secondary rage and weatment sites, nright
well ke precedence over waiting for suficient ambu-
Bances toanive to get the patients to definitive care facili-
tied, This is just one reason for EMS systems, on a pre-
planned basis, w se-up disaster caches of hundreds of
spine boards and other supplies at strategic locations so
that subsiitute vebicles can Tes userd 10 augment the nuin-
her of availuble ambulances in disasters. In most EMS sys-
tems, if off-duty EMS personnel are called back into ser-
vice during a disaster, there will be many more
personncl available than aimbulance vehicles to put them
in. What [ am suggesting is that this formula, if used by
all EMS systems for disaster preparedness plauning, will
help them determune with some precision how well their
spstem would pertonn. Llowever, many EMS systems will
want to alter the lormula somewhat, While, in the
Nethertuils, he proposes Lo only transport vne catcgory-
T or AT paticnt at a ime, 1 would suggcest that most EMS
systems would not wanr to have anly one: catesgory 1 per
Iransport, they would feel quite corafortable in (ransport-
ing two category-Il patients per trip. In summary, this
formula could be used easily by any EMS sysem by vary-
ing certamn parunelers to fit local/area resource pat-
1CTNS.

Prehospital and Disaster Medicine



