Available data for eight western Zuropean countries which introduccd a seat telt

lav vetween 1973 and 1976 suggest that it has not led to a detecizble change in
road death rates. A simple model suggesis that the law was followsd by an 11%
increaze in injuxy-rétes; However, there is evidence taat the model is too simple
“and it is concluded trat the data axe consistent vith 2 'no change' hypoih sis. The
resulis are not compatible with the Department'’s "1,0C0 plus 10,000" estimates

(for front seat vehicle occupants) which are an extrapolaticn from the observed

apparent savings among voluntary wearers.
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SEAT BELT SAVINGS

IMPLICATIONS OF EUROPZAIN STATISTICS

1., INTRODUCTION

The Department has for some years quoted figures of 1,000 lives and 10,000 serious

injuries which might be saved among frent seat occupants of cars ard light vans,

if all available seat belts were worn. These estimates mainly depended on the
observation that belted drivers had lowe; casualty rates than unbelted drivers,
and the (debatable)'assumption that without belts the two groups would have had

the same casualty rate. Because of their uncertainty, the estimates were heavily
rounded down Repeating the calculaticns foxr 1979 sugéests more mocdest possible
savings, about 900 lives ana 9,000 serious injuries. Legislation to compel
seat belt wearing would not achxye 10086 wearinz. 85% wearing might be expected't;
achieve zbout 80% of the vossible savihgs (assuming the vearing level 1is currently
26%, and that compulsory wearing is ag beneficial as voluntary wearing), ie 720
lives and 77,200 serious injJuries. Asoumlrf compulsion had no effect on other

classes of road user, tris would mesrn a reduction of 11% killed and G5 serioun

injured, based on the 1972 casualty totals for all xoad users.

2. Mr Adams of University College, London, hazs recently published a2 comparison
of totzl road deaths 1970-78 in groups of countries with and without an 'effszcgtive'

seat belt law, and argues that deaths have been reduced less in the 'law! group

than in the 'no law' group. Various criticisms might be made botlh of his methods

and of the inference drawn from theim, Probably the most telling are

(a)”jThe variation in trend between countriss is greatver than

a 'seat belt law effect’ of the order of megnitude considered

2bove, Thus any beneficizl effect could be concealed by rejecting

certain coﬁntries, or by allocating marginal cases to one group
rather %han the other, withoubt impaxtizlity,
(b) tven i £ the 'observed' differences ave accepted as real,
they may nct be a law effect, Il ip possible that pressure

o
foSAscax belt lazw was grea :ber in countries where casuslties



were falling in numbers more slowly, or even rising, and less
in those waich hed achieved reductions in casualties by oher
safety measures. In other wqrds; thgvdigference might be the
conee of»ﬁhe law, rather then the law being cause of the

s Qulc s

difference.

3. Never tneless, 1nternatlonal comparisons prov1de the only 1nfo*matlon abOut the
cffent of compulsor; seat belt wearlng, both on caxr occupants and on other road

as€rs. (It has been argued that drivers forced to wear belts drive more dangerously,

fvo #in; to increased numbers of casualties among pedestrizns, cyclists and motor-

cyclists — the 'migration hypothesis!) It is desirable to check whether intermationzl

data aie consistent vith estimated savings based on GB data (which relate only %o

vehicle occupants); conceivably they might indeed now yield better estimates.

4., Tos DATA

Adams' 'law' group ccntained 13 countries: Belgium, Denmaxk, Finlend, France, West
Germany, Hetherlands, Norway, Spain, Switzerland, Swedeﬂ, Israel, Austzalia,

New Zealand., Frznce, waich ald not ccmpel wearing in ﬁrban areas withnin the period
considered, and Switzerland, whiéh repealed its law after only 20 meaths, should
properly have besn excluded. Israsl, Australia and New Zealaﬁd nave 21so been
excluded from the present analy31s as casualty and traffic data were not readily
available in sufficient detail. This probably has the (unwntunded) el eqt of

making the ‘law' group more homog geneous since the remaining eignt countries are in

western Europe.

5. Adems' 'no law' group contained 4 couniries: Great Britain, Italy, United
States, Japan. Japan, wiich had a seet belt lav, should propexly heve been excluded.
Casualty znd traffic data for United Stztes were not readily aveilable in sufiicient
detail. The two remaining (western Duropoan) countries aroltoql*ew to nrovide

and the analysis

a satisfactory tcontrol group'! for assecsing the law effect, a3

rmst allow for this,

]



6. The maln source of overseas data was the annual "Ciatis tlcs of Road Traffic
Accidmts in Iurope", published by the UN Zconomic Commission for Lurope. Traffic

data were supplemented using '"VWorld Road Statistics”, published by the Internmational

Road Federation., The groups of casualties considered were:

(a) Car users, whom a law mainly seeks to protect;

(b) Pedestrians vkon, under the migration
hypothesis, a law might

(¢) Cyclists and motorci@ists ) endanger.
(@) Others (mainly occupaﬁts of buses, coaches and goods vehicles), on whon

the net effectla lawv might have is unclear.
In each group, numbers killed and injured were considered ssparately.
7. Cer traffic data were available for each couniry. .for two-wheeled traffic, ‘
the available overseas data relate only to motor vehicles, often excluding mopsds.
In investigating trends in casualty rates, the available cdata have been taken 235 2
proxy for total two-wheeled traffic. Similarly, 'otner traffic'! is renresentied
elther by b"s.and coacir vralfic or by goeds trzffic, ““é only one was available
Podezirian casualty rates vere caleuliated per 100 million %ehicle kilometres of
notor traffic, for as much motor traffic zs was covered by the publisheddata.
Since these alwéys included car traffic, any error involved is unlikely to be

important. DBecause of the inconsistencies
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and of traffic, rates were reduced to the form of an index

trends rataer than comp ar ring absolute values.

-

8. Because of inconsisiency tefveen publications, freguent revisions and oeccasional

o v S -

gaps in tre data, verious adjustiments were necessary to the raw data, These involved

apportionment of lmown totals LY orparison with adjacent years, spliecing,

occasional intervolation, etc. It is doubtful whether the results would have been
appreciably different hnd the latest estimates been souzht from the countries
conceImet.  Since it was the trefflic Tiguree which were mainly affec cd by these

jusizienis, and sone of the traffic figures were suspiciously round, numbers of

casuclties have also bean annlyo PL, vithout reference to trafiic figures, to obtain
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separate estimates of the law: effect. However,the anzlysis based on casualty

rates is believed to be more relizble.

9. THE ANALYSIS

Results are presented first for numbers killed, then for numbers injured. Car
user deaths are discussed in some detail to illustrate the methods used througrout.
Subsequent results are presented in summary form except where evidence of z

significant law effect - requires closer examination

10. CAR USER DEATHS
Figure 1 shows the trendé in car user deaths in each of the eight 'law! countries
during 1970-78. Although six countries sesm to show a similar trend, two are

outliers. In such circumstances, it is well knowm that the medien is likely to be

e more stable estimator of central tendency than is the arithmetic mean. Figure

2 shows the t*erd of the medien for 'law! countries,'with upper znd lower guartiles
definirg the boundaries of what night be called a '503 confidence region'!. Th

ino law' countries are plotted individually. The curve for Great 3 ‘itain lies
wholly, and that for Italy almost entirely, within the SGiconfidence region.

Thus the trend for 'no 1aw countries does not differ detectably from thai for law!

countries,

11." A possible explanation is that the 1oyt effect, which is here spread over the
years 1973 (Finland) to 1976 (Danma*<, Gorwwnj) is too small to show up. TFigure
3 is a plot of the median trend,wiih upper and lover quartiles, in which yeér 0 is
that in which the law took effect, and the indices have been rebased so.that the
year three wvears before the law took effect = 100, If therc were a2 1aw'effect, one
would expect most of it to be baitween years -1 and +i. From inspection of the

figure it apreaxrs that the effect caznnot be laxge.

es 0f rozd user have

J
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I ad

12. Tumbers of casurnlties 2nd casuwalty rates for certair

varied by a factor of 2 or nore for some countries duving ihe pariod 1970-73. One
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cennot safely hypothesiscan underlyiﬂg linear trend, since that would imply +thas
in such cases there wouwld in the near past or futu;e be a negative number of
casualties. More reasonable is to suppose an underlying'exponential growth or
decay, so trat the trend in log (casvalties) or log (caéualty rate) is lineax,

L2t Ct be the number of car user deaths t years after the law boxmes effective

(-5 € t € +3).

Let z(t) = d for t <0
undefined for t = 0
1 for tj} 0 |

Then the model

log C, =a + bt + cz(t) + e,

L]

corresponds to an exponential trend in the number of casualties, with a jusp of ¢

‘(1aw effect) between the years immediately preceding and following the law, and an

error term. If the model is correct and the e, are independent and icdenticzlly

distributed normal variables, we can estimate ¢ ard test its significance, by

straizntforward multiple regression. These assumptions are unlikely to be guite
P ) ye L q

right, but the estimated unceritainty in ¢ will be a useful guide to its reliability.

It should be noted that the law effect may not 5e instertzneous, so that this methai
of analysis would tend to underestimate it. Other effects such as a packaée of
simultaneous safety measures, or the fuel crisis in the case of countries introiucin;
the law in or around 1974, cannoi be separated from the law effect. Cne must hope
that error from this source is counterbalanced by safety measures in other ysars

and te fuel crisis in 6téer counfiies, vhich would be confounded witn the trend —

as would any tendency for the law effect to wear off with time. A more complicated

nodel would be needed to take thnese points intc account.

13, The fitted equaticn is

log C, = 1.982  ~  0.00225 & - 0.02438 =(t)

wviere the standard errvor of the cocfficient of z(%) is 0,02507. Trhat is to say,
+
65 -~

the scat belt effect is estimated to be a reduction of 5.67
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This is of course not significant. Figure shows the fitted curve.. Althouzh
[ (&) . D

2 drop in the law year (or, more probably, in the year before the law became

effeciive) iz plausidble, the fit is cleaxly not very good. A drop of 5.65 in

e

caxr end ligsat van uwser deaths would be a saving of 145 lives, for GB 1979. The

possible szving of 720 lives mentioned in para 1 would be 2 drop of 27.8%, zbout

v .

£ standard dsviations away from the estimate based on intermational data. This
would imply that the international data are compatibdle with 2 'no change! hypothesis,

r? not compatible with the Department?s previous estimates.

Jspeating the analysis for each country separately, we have the following

Law year: Law effect Standard exroxr .

Finland 1973 L = 16.5% 16.5%
Spain 1974 - 19.2 5.3

 Belgium 1975 ~ %0.3 36,4
Netherlands 1975 + 10.3 17.9
Norway_ 1975 -+ 5.4 ’ 6.0
Sveden 1975 + 5.8 o 3.8
Denmark ' 1976 + 14.2 - 19.5
Gexrmany 1976 , + 12.7 9.7

. L&wér quartile . ' oo~ 17.8 -

Median | + 5.6 (_Wm"f)
Upper guartile + 11.5

Belgiuva cleaxly does rot fit the exponential trend model, as isg reflected by the
large standard erzor, so its result may be disregarded. Only for Spain is tre
reduction 'significant', and inspection of Figure 1 shows that this is probably

because it happened to introduce its law in the same year zs the 1974 fuel crisis,

o
ot
5y
=
p

which caused 2 reduction in casualties in most countries in that year., Foxr
countries introducing the law aftex 1974, the fuel crisis effect is taken as part

of the trend, thus swazping any law efficct.
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15. It is clear, then, that the law cffect cennot reliably be estimated using
numbers of casuslties, because the reduction in traffic due to the fuel criesis
lenin: o A reduction of casualfies winich becomes confounded either with the law
effect or witn the trend. Casualty rates are more likely to yield sensible
estimates. ¥Figure 5 shows that these show a more consistent trend then nunbers of

ezths (Figu:e 1); Belgium would not be an outlier but for the suspesct 1970 figure.

(o}

Figure 6 shovs the median and quartile trends, with 'no law' countries piofted
separately. Great Britain and Italy show a slightly slower drop in casualty rate
+1 tre nodian of the 'law! group, but their curves are mostly below the upper
g omile so the difference is clearly not significant. Figure 7 shows tae median
and quartile trends in fatality rates, where year 0 is that in which the law %ook

effect. There is no evident jump near yeazxr O, '

16, Let Rt be the fataelity rate t years after the law becomes effective. A4s
before, we postulate the model

log R

, = a+bt + cz(t) + ey

vhich is in facit precisely equivalent to the model for nuzbers of deaths in the
case when treffic follows an exponeniial trend. The fitted equation, illustirated
in Figure 8, is

log R, = 1.891 - 0.0335 % 4+ 0.01003 2(%)
vhere the standard error of the coefficient of z(t) is 0;03183. That 1s to say,
the implied seat belt effect ic zn increase of 2.%%  7.3% of car user deaths.
This ié consistent with a 'no changg' hypotnesis, dbut agéut 4 standaxd deviztions

away from the estimatzd saving of 720 lives pex znnuam for GB,

17. OTEER R0:D USER DBATES

The law effects for other classes of road user, estimated using median trend in

nuanbers of fatalities and fatality rates, axve z2s follows.



Number Rates

Law Standard Law Standax

effect erroxr effect erroxr
Priestriang - 4.9 525 -~ 1.8% 2.8%
Tue-WrenelaT USers | - 7.6 5.6 + 8.0 ° 14.5
Othexe 0.0 8.5 + 5.4 15.0

Vone of the effects are significant. Applying the resulis to GB 1979 figures,

tae implied net effect of a seat belt law is calculated below.,

Based on numbers Besed on rates
Effect "Standard Effcect Standard
_ exror ~ errox
Car users . 136 141 ' + 56 177
Pedesirizns - 104 110 - 38 59
Two—wheeler users . - 112 83 +118 215. :
thers 0 28 + 18 49
A1 road users ' - 352 - 199 ' ; 134 289
The standaxd errors for '21l mwad ussrs' hove beexn calcﬁlated essuming the erroxrs
rztes

for indivicdual rozd usger sroups are indsependent. The czleculation bzased on

Eant

is belisved to be more relizble, but neither method zives a result sisnificantl:
— 2 . ;= o : o

different from *no effect!®.

18. IDIJURIES

In international statisvics, the injured are not classified azs serious or slight

as in GB, Definitions of 'injured! var as probahly does complcetensss of reporting
b - [ - - Fa R ]

-

from country to country, Tae following table shows tle ratio of numbers injured to

nuaber killed reporied by each of the 'léw' counttries and in GB,

1270 1973
Belgium ' 69 - 34
Donmaxk o 21 23
Finland o - 15 14
Germeny | 28 35
Hetherlands 1 ' 21 , 27
Hlorwayy | 21 26 ‘

8
. v



1970 1978

Spain . 21 21
Sweden _ 17 20
Median for 'law' group ' 2 25
Dritain éserious + slight) ' A7 50

serious only) 12 13

Although other explanations are possible, it seems likely that the median for the
law! geoup corresponds to a lower severity limit intermediate between those of
zerious and slight categories. ’ -

Tt ”'n result s 1n para 1 suggested that voluntery wearing, at the level which

has been achieved by compulsion in some *law'! countries, might lead %o 2 9%
reduction in the seriously injured casualty to%al for G3. BRepeating the calcwlation
for serious plus slight suggests a 1¢§ zeduction - asain, for all road users. Thus
for severities typlcally counted in 'law' countries, the expected xeduction might

be of the order of 5%, or less if there is 2lso less complete revorting.

20. TUsing the sane method as for deaths, estimates of the law effsct for injuries

based on medizn trend in 'law' countries are as follows.

Tumbers Rates
Law Standaxrd Law Stendéard
effect error effect errox
Car users + 2.47% 6.3% + 11.2% 11.85%
Pedestrians + 7.5 3.7 + 10.7 2.1
Two-wheelex users ‘ 0.0 4.3 + 10.6 7.2
Others : : +13.4 10.8 + 12.1 . 4,9

21. The predominance of positive ef?eCuc (1nc*cus da numbers of 1ndurles) is alarrrl_rr

although only two are ‘significant’, thoce for pedestrians and (m.~ rzinsly) other

e e]

(using rates, but not using nenberz). Those are respectively ﬂDprOT’griplj 5 and

2% times theix standard errors, ., though 1t should be remembexred that, because the

assuzptions of the mocel zre unlillely to Lﬂ correct, the calculated stendard errors



. lover limits to the actualLUMtﬁaQ%in the estimated law effects.
94

22, Tne fitted cuxves (so0lid in Figures 9 and 10) provide a fit which does not

appear much more satisfactory visually than exponential curves fitted without

allowing a Jjump (déshed curves in Figures 9 and 10). The low standard error, for
the estimated law effect in the case of pedestrians, arises from the particularly
snug fit to the medians; but this is apparently fortuitous in view of the.gcatter
(see quartiles in Figure 9). Eowever, sipce pedestrians account for 20/ of

casualties in Britain, and the law effect seems to bz significent for them, closer

scrutiny is called for.

23. Pedestrian injury rates for individual 'law' countries are shéwn in Figure 11.
The curves obviously bunch very closely. Figure 12 shows that, compared with the .
tlaw' group, the trend in Dritain and Italy lagged behind at the beginning of the

| 1970s; Italy had caught up by 1977 but Britain contirued to lag benhind. These

differences zres unlikely to have much to do witli seat belts. There does not seenm

to be evidence rere trhat 'law' countries suffer much heavisr pedestrian casuelty

TEw

rates in comparison wita trends in 'no lzw'! countries.

24. Repeating the analysis fox each country separaiely, we hzve the following

resultis.
Law year Law effect Standzzrd error

Finland i 1973 + 9,485 10.8%
Spain _ 1974 + 3.3 5.2
Belgium : _ 1975 + 8.5 6.0
Netherlands 1975 + 9.3 8.2
Horvay | 1975 +29.4 16.4
‘Sweden 1975 + 7.1 - 8.0
Jenmaxrk 1975 + 6.8 4.9
Germeny | 1975 + 8.2 4.4
Lower quartile | ' + 7.0 .
Median + 8.4
Upper quartile + 9.4 10



g

Al ) £
L

A1tnough none of the results is individvally significont, it is remarkable +ha

ntx oduced be¢0”ﬂ

e

the estimzted effects are all positive, whether the lew vwas

Quring, or after the fuel crisis. Undexr the hyvotnesis that a seat belt law hos no

effoct on the number of pedestriens injursd, and assuming the wnderlying trend is
b Jtlig

J-

indeed exponential, the prioxr probability of obtaining eight positive resulis is

1 in 28, or 1 in 256,

2%, Apnlying the effects in para 20 to GB 1979 injury figures (serious plus slight)

w11 give the implied net increase in injuries resulsing from a seat belt law as

Based on nusbers Based on rztes

Effect Standard Eifect tandard .
erTor ~ exrror
. Car users | + 3,530 9,266  + 16,473 17,356
Pedestrians | + 4,843 | 2,390 '+ 6,912 / 1,357
Two-wheeler users | : 0 3,841 4+ 9,468 6,431
Othezs + 3,640 2,934+ 3,267 1,331
211 road users 412,015 16,721 [ + 36,140 | 18,506

IN=]
-\

The ret effect based on rates, wnicn arxe believed to provide the more zelizb

. Vew L

estinates, is about twice its standazd error, znd mexrgin aily significantly different
from zero., It diffexs by nearly three standaxrd deviziions from a raduc
of zbout 5%, estimated in para 19.above a5 e eHzch windds Etopian dak sght
have lazrn Wpad'»z.l fo sluno, .

26, It was axgued npara 22 that the estimated svandard error for the law effect
in the case of pedestrisns was misleadirﬂlj low. Rather than claiming an effect
on pedestrians only, it would be mcre reas .abln to infer from the effects in pars
20 based on rates, vhich are belicved to be moxre raliadle,that the data show a
CumduMI effect for all road users of+10.9/ (with standard exrror 1.8%):r This resulh
iz coun*c*~1nt~ itive. ‘Onc might expect, lox crzuple, a reduction Iox caf ﬁsérs,

(under the 55'atio hypothesis) an increase for pedestriang and two-whseler users,

and no change for other woad users. An 1% increace for all rozd users is svgp2siiy
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¢eparture in t ie trend from the exponential model rather thon a law effect.

27. Thus the data can be explained by either of the following possibilities

(1) The effect is real, and due to the seat belt law. |

(2) The effect is not real, because the exponentizl trend model is incorrect.

None of the plots shows a convincing jump in casualty rates at the law year.
Rather, they suggest that a jump is produced by the model because of the constraint

that the exponentizal decline after the law must be at the same rate as before,

- 28.. A country which introduced safeiy measures each year, each reducing casuwalty

rates by a fixed percentage, would acnieve exponantially declining casualty rates.
However, if earlier measures were more effective then later ones -~ either because
the poventizlly more productive measures are taken first, or because tiere islsome
irreducible ninimum below which, however meny safety_measures are tzken, it is not

possible for casualty rates to fzll - the waite of decline would slow dowm mcre

Q

uicxly than predicted by the exponential nodel. . A similar effect would be obsexrved

if reporting of injuries becane more ceoizplete in later years. One cowld 2llow fov

o

this in the model by, for example, fitting = quadratic instead of a linear trend
forLa . Xowever, it would be too axrbvitrary to do so without eviderce from 'no

! countriés that this was indeed the way casualiy rzies beaavéa; Trne two 'mo
law! countries considered here are unlikely to be sufficient to provide this

ification. However, the fact thai pedestrian injury rates in Britain ena Ital

have not f2llen faster than in 'law! countries at least weakens the evidence for

.a law effect.

29. It is therefoxe felt that a more detziled analysis, using a better and moxe

[ =]
extensive t?%ase and more complicated models, would be needed to determine whether

there is & real increase in injuries following a seat b2lt lew, oxr whelther there is

23 e - P . ¢ .». g <. - . 4. ¥ i o ~) ot S 4.
ro Giccerazble effcet., (It does not sest likely 4hat it would show e sijmificont

ck

reduction, to judge from Zuropean data.)



. CONCLUSIONS

1t is difficult to assess the effect of seat belt legislation in countries which

legicizied within a few years of the fuel crisis in 1974, particulerly with

“ota for countries without a seat belt law. A siople model

fevw cumparohls &
. . AT

suggests ne change in death rates, amd an 11% (~ 2¢)) increase in injuries for 211

classes of road user, to have been the efect of the law.. However, comparison with

two 'no law' countries - and cormon sense - suggest that this increase resultis

~aet the model being too simple, and that there is no significant law effect. A

~ d

Yasaar ﬁat7%ase would be needed to test a more realistic model.

31, Tuis 'no effect' conclusion appears to be at variance with the Department's

estimates (for front seat vehicle occupants only). However, these related to

It is perheps conceivable itkhat the estimated savings might be

voluntary wearing.

SHE e . e e — N e

but it is hardly possible to vexify this.

T e e

realised if voluntary wearing rose to 100%,
N~ : e e e
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SLAT BSLT SAVIIIGS

~ OPLICATICNS OF EUROPEAN STATISTICS

‘and it is concluded that the data are consistent with a 'no change' hypothesis.,

SUIMARY

[ 2
Available data for eight western Zuropean countries which introduced a seat belt
lav between 1973 and 1976 suggest that it has not led to a detectable change in

road death rates. A simple model suggests that the law was followed by an 11%

increaze in injury rates. Fowever, there is evidence that the model is too simple

m
The

results are not compatible with the Depariment’s "1,000 plus 10,000" estimates

(for front seat wehicle occupants) which are an extrapolation from the observed s

apparent savings among voluntary wearers.

76 pIvisTon Loty Pespvh)

April 1981



.5, COMCLUSIONS

1+ is difficult to assess the effect of seat belt legislation in countries which
legioivied within a few years of the fuel cxrisis in 1974, particulerly with

few cumpexsbhle data for countries without a seat belt law, A simple model

sugeests neo ¢hrnge in death rates, ard an 11% (— 25%) incrense in injuries for all

classes of road user, to have been the &fect of the law.A Bowever, comparison with

two 'no law' countries - and common sense - suggest that this increase resulis

oot the melel being too simple, and that there is no significant law effect. A
DeREY iatﬁhgse vould be needed to test a more realistic model.

31. This ‘'no effect' conclusion appears to be at variance with the Dep artmentfs

estimates (for front seat vehicle occupants only). However, these related to
voluntary wearing., It is perhaps conceivable ihait the estimated savings might be

realised if voluntary wo,.rmg rose to 100%, but it is hardly possidle to verify this.
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