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CYCLING IN TOWNS: A QUANTITATIVE INVESTIGATIOh' 

1. BACKGROUND 

1.1 PURÎ OSE 

1.1.1 The study set out to test the assertion that considerably 

more people would make journeys by bicycle if they could do so 

safely. To date the evidence for this has come only from attitude 

surveys, for example, one carried out by Caraden Friends of the 

Earth. Their report,"cycling in Camden,' June 1975« has a table 

showing that k6% of respondents who do not own or ride a bicycle 

cited "danger" as their main reason. Similarly, at a conference -

'Cycling Today", Cardington 1977 - Mr P Snelson, an officer of 

Bedfordshire County Council, reported that ^5% of survey respondents 

in Bedford cited "danger" as the major disadvantage of cycling. 

1.1.2 V/hilst the results of such attitude surveys liave striking 

implications they carry very little objective weight and one may 

rightly ask whether non-cyclists might not discover some other 

"main reason" (eg effort) for not cycling if safe cycling were 

made possible. It therefore seems necessary to find objective 

evidence that will support or refute the implications of the survey, 

1.1.3 One approach is to observe actual behaviour. The avenue 

explored in this study v/as to construct a measure of "danger" 

related to the proportion of cyclists who had accidents, and to 

analyse statistically the extent to which differences in danger 

levels accounted for differences in the proportions of cyclists 

amongst the towns that were studied. 
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1,2 THE SCOPE OF THE STUDY 

1.2.1 The study was confined to the use of readily available data 

requiring no nev/ surveying effort. This meant that rough and ready 

measures had to be designed for factors thought to influence 

cycling. As a result the analysis had to contend with a large 

amount of measurement error. 

1.2.2 The main tool of analysis was multiple linear regression» 

It soon became apparent that the factors v/hich influence cycling 

do not do so in a simple additive manner, and it became necessary 

to employ variable transformations and to depart from the idesil 

conditions for the use of regression. Nevertheless, the least-

squares approach involved in multiple linear regression seemed the 

most practical means of curve-fitting, the general shape of the 

curves having been decided upon by inspection of scatter-plots. 

It also made possible the use of R-square which measures the degree 

to which variation in the variable of interest (cycling) is accounted 

for by the model being used. This provided a means for judging 

whether changes to the modeL constituted improvements. 

1.2.3 Bearing in mind the measurement and statistical limitations, 

the model that was developed is not being put forward for future use 

as a definitive, predictive planning-tool, but merely for its 

original purpose, ie a means of unravelling the factors which 

interact to determine the level of cycle usage in a town and to 

separate out the contribution made by "dan,ger". 
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1.3 THE VMUABJES 

1,3«'' The dependent variable, labelled CYCLE, was the proportion 

of people who live and work in an area who reported riding a 

bicycle as their major mode of travel to work. I966 Census data 

were used as these were the latest available suitable for investi

gating country-wide and area ~ specific patterns of bicycle-use. The 

restriction "live and work in an area" was made in order to enable 

approximate estimation of trip-lengths for the journeys under 

consideration. 

1.3.2 The sample consisted of 195 non-rural local authority areas. 

The sample and sampling procedure are discussed in appendix 1. 

1.3.3 The factors thought to be the most influential in causing 

variation in bicycling levels were hilliness, rainfall, trip-lengths, 

accident-risk, availability of alternatives and life-style factors. 

V/ind conditions may be important but a suitable measure was not available 

and its influence v;as therefore not modelled. 

^,J>.k The following defines and labels the raeasiu^es used:-

HILL = the number of 25 foot contour changes per road-mile in 

the built-up area, measured from Ordnance Survey maps. 

RAIN = the number of days of rainfall in I966, of more than 2.5mm 

of rain. The midpoints of the ranges quoted by the 

Meteorological Office were used. 

R = the radius of the built-up area (see appendix 3). 

TL = a trip length factor derived from R (see appendix 3)» 
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RESTD = an estimate of the accident risk derived from TRRL 

data on the number of accidents in different areas 

(see appendix 2). 

INCOME = average household income of the area (1966) according 

to the National Traffic Model. 

SEGA = proportion of agricultural employees. 

SP]GH = proportion of non-agricultural manual workers. 

SEGN = proportion in non-manual occupations. 

1.3.5 Some other variables Virere defined, but did not add to the 

explanatory pov/ers of the model, so they will not be discussed here. 

2. THE ANALYSIS 

2.1 PRELIMINARY ANALYSIS 

2.1.1 Some preliminary multiple linear regression was carried out 

which indicated that HILL, RESTD and RAIN v/ere important influences. 

Figures 2.1 to 2.6 show CYCLE plotted against HILL, RESTD, RAIN, R, 

INCOME and SEGN. The first three graphs appr'oximate monotonically 

decreasing functions as in the sketch. 
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2.1,2 The spread of CYCLE values decreases as HILL, RESTD or HAIN 

increase, suggesting that the effects combine in a multiplicative 

manner rather than in an additive one. 

2,= 1.5 It was felt that town size (R, v/hich is related to trip 

lengths in the area) and socioeconomic mix should have more to 

contribute to explaining CYCLE variation than is apparent from the 

graphs or linear regressions, and their role would be facilitated 

by explicit incorporation into a model. Appendix 3 explains how 

a trip length factor was derived, and the next section, the 

subsequent model development. For a less technical reading of 

this paper, one could skip to paragraph 3«3»3, v/here the developed 

model is used to unravel the influences of the contributory factors. 

2.2 DEVELOPMENT OF THE MODEL ; 

2.2.1 A simple model of CYCLE might be specified as follows: 

CYCLE (ie the proportion who cycle) is a function of the proportion 

of people in the different socioeconomic categories. This is 

expressed in equation 2.1. 

CYCLE = a SEGA + mSEGM + nSEDN + k ' (2.l) 

where a, m and n are parameters and k is a constant. 

2.2.2 Such a model might well be adequate if the factors related 

to a person's occupation v;ere the main determinants of propensity 

to cycle; the parameters a, m and n reflecting the different 

propensities. Other factors such as hilliness might increase or 

decrease this propensity. In concert, they vrauld tend to weight 

the propensities as expressed in equation 2.2 
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CYCLE = waSEGA + wmSEGK + wnSEGN + k (2.2) 

where w is not a parameter, but a variable taking specific values 

according to a tov;n's topographic and accidentrisk .factors. 

2.2.3 Recalling paragraphs 2.1,1 and 2.1.2, a model of the form 

■ w = e'^'^'.e''^^^.. e"^^^". «^V (2.3) 

where the X's are topographic and accidentrisk factors, the a's 

parameters and c is a constant, might be a satisfactory model for 

the nonsocioeconomic group factors. Vßien calibrating the formula 

(2.3), CYCLE is used as the dependent variable. The formula can 

then be used to calculate a weighting factor, w, lor each tovm, 

which is based on the nonsocioeconomic influences. 

2,2.'+ Other models v/ere considered apart fi'om the twostage approach 

outlined above. The approaches included 

a. using the total number of bicycle accidents for each area 

as a proyrj danger value; 

b. use of logs of variables, squares of variables and 

products of variables in the regressions; 

c. using the transformation CYCLE/(1CYCLE) as the dependent 

variable; 

d. trying to fit hyperbolic curves; 

e. greater differentiation of socioeconomic categories; 

f. separate calibrations for conurbations; 

g. use of dummy variables for town characteristics, eg, 

freestanding, or conurbation. 



2.2.5 All of these approaches, except (g), achieved worse or no 
better total R-square results than the tv/o-stage approach v/hich is 
reported belov;. In case (g) it was possible to add another 0,06 
to the total R-squared of the tv/o-stage approach, but this was at 
the expense of being able to separate out the effects of the 
different underlying factors. Having tried these various 
approaches, it seemed reasonable to conclude that any further 
research to improve the modelling of cycling would do better to 
use more accurate measures of danger and trip-lengths. 

3. RESULTS 

3.1 CALIBRATION OF THE EXPONENTIAL MODEL 

3.1.1 To calibrate the exponential model expressed by equation 
2.3, the logarithms of CYCLE were regressed on the non-socio-economic 
group variables in a stepwise, multiple linear regression. The 
best results, as far as the final model v;as concerned, were obtained 
when none of those cases for which the value cf CYCLE vias less than 
0.0̂ + were included in the calibration involving logarithms. This 
procedure overcomes some of the error distortion involved in the 
log-transformation. Four of the variables entered the log-regression, 
these being HILL, RilSTD, RAIN and the log of TL, in that order of 
entry. The variables brought about R-square changes of 0.37, 0.20, 
0.02 and 0.02 respectively. The calibrated formula is 

w = exp[-0.193HILL - O.OOgMfRESTD - O.OO623RAIN 
-0.10^] X TL^-*^^^ UJi) 

where HILL, RSSTD, RAIN and log TL took the place of the X's of 
equation 2.3 
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3.2 SOCIO-ECONOMIC VARIABLES AND FINAL MODEL 

3.2.1 The values of the variables SKA, SEGM and SEGN were 

multiplied by w and CYCLE v/as regressed on these weighted 

variables. The inclusion of the variable INCOME amongst the 

independent variables improved the total R-square by 2%, so INCOME 

was included in the final model which is 

CYCLE = w(3.88SEGA + 1.26SEGM + 0.6l8SEGN) 

+ (5.37 X lO'^INCOME) - 0.0796 (2.5) 

where w is the rosiü.t of the calculation of equation 2,k. The 
A 

R-square for CYCLE with w was 0.713 and v/ith CYCLE it was 0.7̂ +5. 

3.3 INTERPRETATION OF ÏIIE MODEL 

3.3.1 Details of R-square changes and standard errors of 

coefficients are set out in appendix 4. Although the R-square 

changes due to RAIN and TL are small, these variables enter the 

regression at a level of significance better than O.O5, Since 

HILL correlates well vdth RAIN (r = 0.i)3), and RESTD v/ith TL 

(r = -O.32), it is important to separate their effects by 

including them in the model (given that there is enough non-

correlation to separate out the effects). ' . 

3.3.2 Rather than use R-square information, which indicates the 

relative pov/er of the variables to account for variation in CYCLE 

levels around the country, we can turn to the calibrated model 

which indicates how sensitive CYCLE is to changes of the variables. 
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3.3.3 The model enables us to see how CYCLS varies as a function 

of any particular variable whilst all the others are held constant. 

We can set all "other" variables at their me&n values and allow 

one to range from the minimum to the maximum of the sample. This 

procedure v/as-carried out for each variable and the range of each 

variable was rescaled from zero to 10 so that they could all be 

graphed together for comparative purposes (figure 3.1). Income and 

socio-economic groups are not represented on the figure because it 

does not make sense to vary one and hold the others constant. The 

graph is slightlj'' misleading for the HILL curve because its range 

incorporates an extreme outlier, Lyme Regis, which takes the value 

of 10 on the x-axis. Apart from this town, no other areas had a 

value greater than 6.1. Figure 3.2 reproduces figure 3.1 except 

for the re-scaling of the HILL curve after excluding the extreme 

outlier from the range of values considered. 

3.^ DISCUSSION 

3.'+.1 The analysis of variation in cycling levels, as illustrated 

by the last figure, shows that low levels car; be accounted for by 

places being either too hilly or too dangerous, whilst other factors 

have less influence« The discussion will deal firstly v/ith the less 

influential variables. 

^J\,2 SOCIO-ECONOMIC GROUPS AND INCOME 

As a result of several regression runs it was found that these 

variables only made significant contributions when both were 

present in the analysis together. Even then they helped explain 

merely an extra 3^ of the variation. 
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3'^-^ The coefficients of the socio-economic groups in equation 2.5 

are consistent with the v;idely hold view that, in any given area, 

manual workers are more likely to ride bicycles than are non-manual 

workers. However, the equation goes against commonsense by 

predicting higher cycle use in areas of higher income. INCOME and 

HILL had a correlation coefficient of -.13, suggesting that higher 

income areas are more likely to be flat than hilly (and be in the 

South East rather than the hillier North West). It may be that, the 

HILL measure underestimates the true hilliness of several higher 

income areas and so the INCOME variable may be entering spuriously 

on this account. Perhaps the most reliable statem'̂ nt one can make 

is that socio-economic mix and income contribute li!,tle to the 

variation in cycling levels of one town from another, but that this 

leaves open the possibility that they are important factors v/ithin 

towns. 

3.'+.'f TOWN SIZE/TRIP LENGTH 

Figure 3.2 indicates that in very small towns (of radius less than 

one kilometer) 5 tovTi size has a marked influence. One expects 

that people would pnî er to v;alk the short distances involved. 

However, apart fron-! the very few tiny towns, town-size per se has 

relatively little influence on the proportion who cycle to work. 

This suggests that, fcrraost towns, the majority of internal work-

journeys are not so lengthy as to be a deterrent to cycling. The 

scale of the radius variable should be treated with caution as the 

circularity,centrality and density assumptions may have led to 

systematic scale distortions. 
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3.'f. 5 KAINFALL 

The effect of higher than average rainfall is certainly not 

negligible. Given a town of otherwise average characteristics, one 

would exT̂ ect a level of cycling of 8p-5̂  for, say, the North West of 

England and 17g% in the dryer South East. However, rainfall alone 

is unlikely to be the factor determining whether a tovm will have 

many or few cyclists. 

3.'+.6 DANGER/ACCIDENT RISK 

The measurement procedure for this variable was probably more 

prone to error than those for the others. However, it has proved 

to be Uu'seful for the analysis of variations between towns. The 

results indicate that high levels of danger are associated with low 

levels of cycling. Thus a highly dangerous tovm which is otherwise 

average with respect to other factors would have a 2% level of 

cycling as opposed to 20% if it v/ere very safe. 

3.'+.7 HILLINSSS 

Hilliness emerges as an extremely strong influence, and, according 

to figure 3*2, flat places are likely to encourage people to cycle 

even more than v,'ill safe places. 

3.'+.8 DANGER AND HILLINESS 

The model enables us to look at the effect on cycling levels when 

the two major determinants act together. Table 3»2 shows the 

cycling levels to be expected from combinations of low and high 

levels of danger and hilliness, all other factors being held at. 

their mean sample values. The table indicates that cycling is low 

when an area is either hilly, or dangerous or both {h%^ 6?ó and Qf% 
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respectively), whilst if it is flat and safe, a large proportion will 

cycle to work ('f3%). The table is illustrated with some examples of actual 

towns with such combinations of characteristics. 

3.if.9 EELIABILIÏY OF THE MODEL 

Figure 5.3 presents a plot of CYCIJÜ against model estimated CYCLE. One 

can detect a slight tendency for the model to overpredict places of low cycling 

and to underpredict places of high cycling. Although the standard error of 

the estimates is a bit too large (O.O69) to allow us to have confidence in 

predictions for specific towns, the model is clearly capable of discriminating 

between towns in the f.ample with low, middle or high levels of cycle use, and 

is accurate enough to justify the general statement about the magnitudes of 

the effects of the variables. 

if. CONCLUSIONS 

^.1 The investigation separated out the effects of various influences on 

cycling and indicates that cycling levels could rise sonsiderably, especially 

in non-hilly areas of high accident-risk if these were made safer for people to 

ride bicycles. Thus for areas of moderate urban hilliness and high acciden-u-risk, 

eg Birmingham or Salford, up to 20% of residents could be expected to cycle ' 

to work if they could do so in safety, as opposed to about f/o of residents who 

were cycling to work in those areas when the 1966 Census surveys were carried 

out. 
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'T.2 The sensitivity of cycling to hilliness aufjgests tiriat there may also be 

a large demand for pov/er-assisted bicycles-if they could be used in safety. 

h.3 Apart from danger and hilliness, cycling levels were not found to be 

markedly sensitive to rainfall, socio-economic mix or town size per se, except 

that in the smallest of towns (of radius less than one kilometer), people 

prefer to v/alk the short distances involved. 

h,h Although the predictions for particular places are bound to be suspect 

if indirect and crude measures ax-e used, it would seem that purpose designed 

models could be developed for the evaluation of local bicycle schemes if more 

effort than was possible in this study is put into developing accurate and 

predictable measures, particularly of the accident-risk to riders of bicycles. 

5. REGOMMEl^DATIONS 

5.1 To make specific predictions for the effects of such schemes as cycle-

routes, or specially designed junctions, would require further research the aims 

of which should be: 

a. to develop measures of accident-risk which can be 

related to traffic conditions, and road--features such 

as junctions, in order to be able to assess improvements 

to cycle-safety and to predict svibsequcnt levels of cycle-use; 

b. to consider how cost-benefit analysis needs to be 

extended in order to be able to assess the appropriate costs 

and benefits of such schemes. 

LTR1 ■ 
Department of Transport 
212 5385 

December 1977 
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APPEKDIX 1. TPIT; SMIPLE . 

A.1.1. Rural districts were excluded from, consideration, leaving 

Urban Districts, Municipal Boroughs, County Boroughs and London 

Boroughs (abbreviated to UD's, MB*s, CB's aXid l£'s), as the 

remainder. 

A.1,2, In order to reduce the data collection and transcription, 

a sample of approximately one hundred of these districts axid 

boroughs was considered to be large enough for modelling and 

statistical inference purposes. 

A.1.3. The sample was selected by taking the first UD, I*ïB, CB 

or LB that appeared on alternate pages of the Workplace and 

Transport Tables. . 

A.1.4. Early analysis of this data showed a range of cycling 

from (yfo to 50^ of the resident working populations of towns. 

However, the spread was uneven and so it was decided to fill in 

the gap for the range above 2^fo by selecting an additional 50 areas 

where the proportion of cyclists was at least 25^. This addition 

yas achieved by incorporating all the remaining areas which 

exceeded 25^ into two new subfiles. 

A, 1.5. This addition included no additional Couiity Boroughs or 

London Boroughs and they seemed to be under-represented in the 

file (especially vis-a-vis the population that they contain). 

Also, it is the CB»s and the LB's that one expects to be more 

dangerous for the cyclist. 

A.1.6. Therefore it was decided to randomly select an additional 

30 CB's and LB's from amongst the boroughs not yet in the sample. 
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These were then incorporated as t̂■70 new subfiles. 

A.1.7. A few areas were subsequently dropped from the file because 

of missing data for certain of the variables, eg. nonavailability 

of maps, from the map library, for the areas. 

A.1.8, The subfile arraxigeraents were thus as follows; the 

suffix '2» indicating the areas selected by the methods described in 

paragraphs A,1,4, to A,1,6, : 

( a ) 
(b) 
( c ) 
(d) 

( e ) 

( f ) 
is) 
(h ) 

Tot£ 

UD's 
MB's 
CB»s 
JIB'S 
UD2's 
MB2's 
CB2's 
LB2»s 

58 

37 
18 

4 

37 
14 

19 
8 

195 

cases 
t j 

It 

ir 

II 

II 

II 

II 

cases 
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APPENDIX 2 , DETERMIMTIOÏÏ OP ACCIDEHT RISK 

A2el I d e a l l y vje vjould use a measure of acc iden t r i s k de r ived 

from knowledge of t r a f f i c c o n d i t i o n s . I t would then be p o s s i b l e 

t o p r e d i c t deinger l e v e l s f o r changes i n t r a f f i c cond i t ions and 

t o use t h e model t o p r e d i c t the new cyc l ing l e v e l s . However, 

such knowledge i s not jei, a t hand. 

A2,2 The next bes t a l t e r n a t i v e seemed t o be t o use acc iden t 

s t a t i s t i c s i n o rde r t o de r ive an a c c i d e n t - r a t e p e r c y c l i s t . The 

number of a c c i d e n t s i n each l o c a l a u t h o r i t y a r ea can be a s c e r t a i n e d 

from TRRL r e c o r d s . The number of c y c l i s t s v;ho were cand ida tes for 

a c c i d e n t s i s not kno\im and has t o be e s t ima ted from t h e p ropor t ions 

who cycle t o vfork. The assumptions made were t h a t t h e p r o p o r t i o n 

of non-workers who cycle i s i d e n t i c a l t o t h a t of t h e workers , and 

t h a t t h i s a p p l i e s t o people cyc l ing i n t o the a r e a s from ou t s ide 

and v ice v e r s a . The t o t a l cycle popu la t ion was c a l c u l a t e d as the 

number e s t ima ted t o be cyc l ing vjithin t h e a r e a , p l u s those cyc l ing 

i n t o i t p l u s those s t a r t i n g off i n i t and cyc l i ng out of i t . 

A2.3 Because t h i s approach w i l l almost d e f i n i t e l y l ead t o 

d i s t o r t i o n s and m i s - r e p r e s e n t a t i o n of t h e r e l a t i v e danger i n 

d i f f e r e n t a r e a s j t h e a b i l i t y of the proxy v a r i a b l e t o exp la in 

v a r i a t i o n i n c y c l e - l e v e l s throughout the country w i l l be diminished 

and the r e s u l t s of t h e i n v e s t i g a t i o n w i l l not r e f l e c t t he f u l l 

ex ten t t o which a c c i d e n t - r i s k in f luences c y c l i n g . " 
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A2.4 To proceed, we compute 

PEOPLE = POPIT + (IKPLO X (POPÏÏ/EI^IPRES;) ( A 3 . 1 ) 

where PEOPLE = the e s t i m a t e of t h e number of people v;ho make 

journeys i n the area« 

POPK = the r e s i d e n t p o p u l a t i o n of t h e a r e a . 

INFLO = the number of people e n t e r i n g the a r e a t o work. 

El̂ IPRES = the number of r e s i d e n t s vjho are i n employment. 

The p r o p o r t i o n of c y c l i s t s among t h e PEOPLE can then be es t ima ted 

as a weighted average : 

PC = ((INFLO X CYCLEIN) + (OUTPLO x CYCLE OUT) 

+ (RESWORK X CYCIJJ))/(1KPL0 + OUTFLC + RESWORK) ( A 3 . 2 ) 

where PC = the p r o p o r t i o n of c y c l i s t s among the p e o p l e . 

CYCLEIN = the p r o p o r t i o n of t h e IlfPLO who c y c l e . . 

CYCLEOÜT = the p r o p o r t i o n of t h e OUTFLO who c y c l e . 

RESVJORK = the number of r e s i d e n t s employed i n the a r ea 

i t s e l f . 

CYCLE = the proportion of the RESWORK who cycle. 

A2.5 The risk or danger variable is then defined as 

D = BIKEAX/(PEOPLE x PC) (A3.3) 

where BIKEAX is the recorded number of accidents involving cyclists 

in the local authority area. A similar measure, DP, or danger to 

pedestrians was also calculated where DP = PEDAX/pEOPLE, ie. the 

pedestrian accident rate where all people v.'ho reside in or enter 

the area are considered as potential accident victims. 

A2.6 Use of the variable D has two drawbacks. Firstly, it 

involves the dependent variable CYCLE in its computation, vjhich 
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makes its use as an independent variable to pradict CYCLE quite 

dubious. Secondly, for places with few cyclists, the figures 

cannot be expected to reflect accident risk with any accuracy, 

just as the observed proportion of heads for a few tosses of a 

coin has very little confidence attached to it as representing 

the true probability of heads for the coin. 

A2.7 Just as one can calculate a confidence interval for a sample 

proportion, one can treat the observed accidentrate as a sample 

proportion and construct a confidence interval for it. The 

assumptions made are that each cyclist has the possibility of 

having one or no accidents in I966, and that no accident involved 

more than one cyclist. Values labelled CI were computed such that 

D + CI formed a 90^ confidence interval for D. An analogous value, 

CIP was computed for the pedestrian accident rate, DP. 

A2.8 VJhere the confidence interva]. on a value is small relative 

to that value, we can have a greater degree of confidence in that 

value representing accidentrisk. In onTy four cases vjere the 

CI's smaller than 10^ of the corresponding!» values. In 42 cases 

the CI's were v̂ ithin 20^. Fortytwo cases did not seem to be a 

large enough or representative enough sample on which to carry out 

further investigation. The largest danger estimates were close to 

a value of O.O24. The criterion adopted vras that a value was 

considered acceptable if its CI value was not greater than 10^ of 

0.024. On this basis 144 areas were acceptable forming a good 

crosssection of sizes of town and of accident risk. 

A2.9 A sirailaî  approach was used to select areas for the 

confidence in their pedestrian danger estimates. 
• ■ * . 
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A2.10 The c o r r e l a t i o n between D and DP was 0.63 ( f o r t h e a c c e p t 

able c a s e s ) . This value was not f e l t t o be high enough t o warrant 

s u b s t i t u t i n g p e d e s t r i a n danger fo r c y c l i s t danger i n order t o 

overcome t he f i r s t o b j e c t i o n t o us ing D as an independent v a r i a b l e . 

A2.11 A more r e l i a b l e e s t i m a t o r fo r D carae from a r e g r e s s i o n of D 

on DP, ÖUTFLO, CARPOP, INFLO, POPN, FLORATIO , ADMIT, PEOPLE and R 

where ADMIN = 1 , 2 , 3 or 4 f o r lID»s MB's, CB»s and LB's r e s p e c t i v e l y , 

CARPOP = t h e r a t i o of ca r s t o p o p u l a t i o n , and FLORATIG = t h e r a t i o 

of lEFLO + OUTFLO t o RESVJQRK, t h e s e v a r i a b l e s being def ined as 

e a r l i e r on i n t h i s appendix . 

A2,12 Only t h r e e of t h e v a r i a b l e s en te red t h e s tepv; ise r e g r e s s i o n 

con t r ibu t ing more t han ^fo t o t he cumulative Rsc[uare. 

STEP 

1« 

2 . 

3. 

VARIABLE 
ENTERED 

OUTFLO 

DP 

CARPOP 

SIGMFI
CANCE 

.000 

.000 

.000 

MULTIPLE 
R 

.77 

.83 

.86 

R 
SQUARE 

.59 

.70 

.73 

R SQUAI 
CHAIWE 

.59 

.11 

.04 

Dependent veir iable = D 

A.13 The c o e f f i c i e n t s were used t o compute a new danger 

e s t i m a t e , RESTD ( r e  e s t i m a t e of D ) : 

RESTD = (0 .127 X 10"^ x OUTFLO) + ( 4 . 5 ^ x DP) 

+ (0.0205 X CARPOP)  0.00367 ■ (A3.4) 

This equat ion was used f o r a l l t h e 159 cases f o r which DP was 

a c c e p t a b l e . For t h e remaining 36, a value of RESTD was computed 

from t h e v a r i a b l e s OUTFLO, ADMIN and R, t h e t h r e e s i g n i f i c a n t 

v a r i a b l e s i n a r e g r e s s i o n not i nvo lv ing DP. Tota l Rsquare was 

equal t o O.64 and t h e formula was 
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RESTD = (0.801 X 10"' X OUTPLO) + (0.757 x lO"'̂  x R ) 

+ (0.831 X 10"^ X ADMIN) + 0.00108 (A3.5) 
4 A2,14 All the REST values were subsequently scales up by 10 so 

that they could be handled by the statistical package's printing and 

plotting routines. Thus, TABLE 3.1 shovfs the range of RESTD being 

(9,203). This corresponds to estimates of accident rates of O.OOO9 

and 0.0203 per annum, per cyclist. • 

A2,15 The use of two formulae for RESTD maj introduce some 

distortion into the variable. On the whole they produce similar 

estimates for the 159 cases for which the DP value is acceptable 

(R = 0.88); a factor of 1.16 to be applied to the second formula 

to achieve the best fit. The 36 cases vjhich did not pass the DP 

criterion vjere all small towns where the small population size 

and number of accidents did not allow for confident accident-risk 

estimation. The use of equation A3.3 has assigned them all low 

values of RESTD (iffiSTD = 20 to 4 G ) . Vihen the two formulae were 

tested out on the 159 cases for which DP is acceptable, 49 cases 

were assigned values between 20 and 40 by the second formula. In 

21 cases this undcrpredicted the first ecfuation's estimate, in 

19 it overpredicted whilst the remaining 9 cases were of equal 

magnitude. Thus the tests suggests that the two-formulae 

approach does not introduce major distortion. 
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APPENDIX 3. DETFĴ .KINATION Oï' THE BUILTUP AREA AND THE 
TEIP LEIIGTH FACTOH 

A3.1 THE RADIUS OF THE BUILTUP AREA, R 

A3.1.1 The builtup areas were determined from Ordnance Survey 

maps, scale 1:25000. Bearing in mind that it was travel distances 

within the town which were of concern, the determination was as 

follows: 

A3.1.2 The radii of roughly circular tovms are measured directly. 

A3.1.3 Semicircular towns, whose towncentres are close to the 

edge, were treated as if the "missing half" really existed. Thus, 

if the shaded area of the sketch represents a town and "C" the 

town centre, the radius of the town would be "R". 

A3,^.1 Oblong or elliptical towns would be treated by taking the 

average of its major and minor axes and then treating them as 

circular towns of that diameter, 

A3,1,5 Approximations to these teclmiques were used for irregularly 

shaped towns. 

A3.1.6 The arbitrariness and nonreproducibility of the values 

arrived at were not felt to be too important for the following 

reasons. 
• ■ ■ * . 
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A3.1.7 Firstly, to arrive at an approximate distribution of journey 

lengths, it was decided to treat tovTis as circular with all trip 

attractors at the town centre and of uniform population density. 

Thus the methods used seemed a practical approach of sufficient 

accuracy for a variable which was bound to be an approximation. 

A3.1.8 The magnitudes of the errors of estimating the radii in 

this manner are small relative to the between-town differences in 

radii. The largest cities have radii well over ten times the radii 

of the smaller urban districts. 

A3.2 TRIP LENGTH FACTOR 

A3.2.1 A simple model for CYCLE might be that CYCLK is a function 

of the proportion of people, living at certain distances from their 

work, multiplied by the probabilities of cycling such distances. 

CYCLE = ya'iPDi+Wa2PI)2+ ....+ WanPDn (A3.I) 

where the PL's are the proportions of people living within certain 

bands of distances from their work (eg 1 to T'jkm), the a's are the 

probabilities of cycling those distances, and W is a different 

weighting factor for each tov/n to take into account factors other 

than trip-length. 

A3.2.2 The weighting factor employed was the best achievable 

estimate of CYCLE based on the variables HILL, RESTD and RAIN. An 

exponential model was used for this and was arrived at by the 

technique described in section 3 of the main text ^̂ dth the onl.y 

difference that a trip-length factor is not incorporated into this 
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weighting factor. The total R-square for this weighting factor was 

0.66 (calculated when CYCLE was correlated with it in a sepai-ate 

test). 

A3.2.3 To calculate the PD's, the towns v/ere assumed to be circular 

with residents homogeneously spread within each, iitork v/as assumed 

to be at the centre of the circle, and the proportion of the, circle 

wit?iin the following distance-bands from the town centre was 

calculated for each area: .,,,.. . . . 

BAND LABEL RANGE (MILES) RANGE (KM's) 

0-0.4 

G,k - 0.8 

0.8 - 1.6 

1.6 - 2A 

2.4 - 3.2 
3.2 - 4.8 
> 4.8 

A3.2.4 For each area, the PD's were multiplied by the weights and 

CYCLE was regressed on these seven products. The regression was 

forced through the origin so as not to have B constant in the 

expression, corresponding to the form of equation A3.1 above. 

A3.2.5 The regression enables us to calibrate equation A3,1. It 

is to be noted that the weighting factor employed might need to be 

multiplied by some constant in order that the calibration coeffici

ents come out as true probabilities rather than multiples of them. 

Hov;ever, we do not know what constant to employ, so we proceed on 

the understanding that the calibrated coefficients are some constant 
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PD1 

PD2 

PD3 

PD4 

PD5 

PD6 

PD7 

0-i 

1-1^ 

1^2 

2-3 

> 3 



times the probabilities» 

A3.2.6 The ranges of the distance bands were arrived at by trial 

and error so as to give a number of bands whose coefficients were 

significant and which were numerous enough to give a picture of how 

cycling varies with triplengths. 

A3.2.7 

t ab l e : 

a i 

«2 

a j 

aif 

a j 

aé 

*7 

The t 

The r e s u l t s o 

Coefficient 

0.183 

1.^77 

1.116 

0.802 

0.772 

0.531 

0.361 

otal Rsquare 

f the regression 

"a" 

for 

standard 

are set out in the 

error 

0.208 

0.138 

0.077 

0.160 

0.31^ 

0,^kk 

1.263 

the regression was 

of "a" s. 

•■ 

0.71. 

follovn.ng 

Lgnificance 

0.381 

0.000 

0.000 

0.000 

0.015 

0.125 

0.775 

A3.2.8 The results are displayed graphically in figure A3.I. The 

relative magnitudes of the coefficients above are to be taken as the 

relative probabilities of cycling for the respective distance bands. 

A3,2.9 For any initial value of R, only one set of values (PD1, 

PD2,,, PD7) is determined, so it should be possible to encapsulate 

the triplength effect in a unitary value, 

3.2.10 Consider that people live at a distance between x and x +c>x 

from the centre of their circular town, 

24



A3.2.11 The proportion of people living in the annulus of vädthJ x 

is approximated by its width times its length ie 2rr x^x, and the 

proportion of the circular town that 1 represents is SxTx/R'̂ . Each 

individual in that distance band has approximate probability, say, 

of f(x) of cycling to work, so the proportion of the tovm v;ho both 

live in such an annulus and cycle to v;ork is given by the product 

2xf(x)^x/R^. If we let ox tend to zero and integrate over the ̂ f̂hole 

range of x values, v/e obtain the proportion of the town who cycle 

to work in the area, ie • 
R 

CYCLE = 2 J xf(x)dx (A3.2) 
R2 o' 

A3.2.12 This expression for estimating CYCLE ignores the effects 

of other factors such as hilliness. When such factors are controlled 

for, the expression above could be used as the unitary triplength 

variable that we are seeking, 

A3.2.15 The distance band data, graphically presented in figure 

A3.1, can help us to find a suitable function f(x). One is tempted 

to fit a gammadistribution to the points» 

■■' • However, such a 

function is difficult to integrate. A simpler apiiroach is shown in 

figure A3.2. Since the bulk of the builtup areas, of most of the 

places in the study, lies well within 4 km of the towncentre, we 

need not worry about the accuracy of the hyperbolic curve beyond 

this distance. 

A3.2.1^ If g(x) is the curve graphed in figure A3.2, then g(x) = 

cf(x) where c is some constant. If g(x) is substituted for f(x) in 

equation A3.2 it will merely change the scale of the trip length 

variable,' but not the relative magnitudes of the variable. 
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A3.2.15 Substituting g(x) for f(x) in equation A3.2, we can compute 

a t r ip- length factor for each town as 

f-min (0.6,R) 
TL = 2 J x(3.23x - 0.^6)dx, for x :< 0.6km 

.,,■;,■ R^ .o ■,, ̂  

R •■ ■ ■ 

■*■ io J ^ (0.62 + 0.'f9) dx, for x > 0.6km. 
R"̂  0.6 X 

(A3.3) 

A3.2.16 This simplifies to TL = 2.15R -0.'t6 for towns whose 

radius is less than or equal to 0.6km, or TL = i^.Zk/ll) - (0.62/R'^) + 

Oj-;9 for towns whose radius is greater than 0.6km. The curve of TL 

against R is graphed in figure A3.3. Although many sweeping 

assumptions have been made in order to arrive at TL, based upon 

idealised trip-length considerations, TL is merely R transformed 

into a form that can be more readily incorporated into the 

modelling/calibration procedure (it has a monotonie relation to 

CYCLE, which R did not have). ' 
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APPELLmx 4 . REGRISSION/CALIBRATION DETAILS 

A4.1 LOG CYCIJi; REGRESSION 

A4.1.1 The follovjing comes from t h e p r i n t o u t when l o g CYCLE was 

r e g r e s s e d on s e v e r a l v a r i a b l e s . No case where CYCLE v;as l e s s than 

0 .04 was used . 

I-iJLTIPLE R R SQUARE SÏI) DEVIATION COEPPIGIENT OF VARIABILITY 

.779 .607 .425 24 .07^ 

ANALYSIS OP SUM OP 
VARIMGE SQUARES 

REGRESSION 4 40.00 

RESIIUAL 143 25.88 

Î ÏEM̂  SQUAPJi; P SianFIGAITCE 

10.00 55.26 .000 

0.181 

VARIABLES IN THE EQUATION 

VARIABLE 

HILL 

RRSTD 

RAIN 

LN(TL) 

(C01\TSTAOT) 

STEP 

1 

2 

3 

4 

B 

- . 1 9 3 

- .00944 

- . 00623 

.786 

- . 1 0 4 

STD ERROR B 

. 0 1 9 9 

. 0 0 1 5 3 

. 0 0 2 2 9 

. 3 2 7 

. 2 1 9 

VARIABLE 
MTE1?ED 

HILL 

Rl^TD 

RAIN 

LN(TL) 

REI'.IOVED 

P 
SICaJlFICAl.^CE 

94.1 / 0 

37.9 / 0 

7 .4 / . 0 0 7 

5.8 / . 0 1 7 

.2 / , 6 3 6 

BETA 
ELi^STIGITY 

- . 5 6 / .32 

- . 3 8 / .26 

- . 1 6 / .34 

.15 / .02 

R SQUARE 
CHANGE 

. 3 6 5 

. 2 0 2 

.024 

.016 
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A4.1.2 The R square informat ion above p e r t a i n s t o log CYCLE. The 

R square for CYCLE wi th the weight ing f a c t o r VI based upon t h e above 

r e g r e s s i o n / c a l i b r a t i o n i s 0 . 713 . 

A4.2 SOCIO-ECONOMC GROUP REGRESSION 

A4.2.1 The follovjing comes from t h e p r i n t o u t when CYCLE x^as 

r e g r e s s e d on t h e p roduc ts of W wi th t h e socio-economic groups , where 

Vf i s an e s t ima te of CYCLE based on t h e p rev ious c a l i b r a t i o n , 

t o g e t h e r vd th unweighted INGOlffi, . ' . 

WLTIELE R R SQUARE ' STD DEVIATION COEPFICI]ii;iT OF VARIABILITY 

.863 .745 .068 41.66^0 

ANALYSIS OP MEAN 
VARIANCE 

REGRESSION 

RESIDUAL 

DP 

4 

187 

STOI OP SQUARES 

2.55 

.874 

SQUARE 

.638 

.00467 

P 

136.6 

SICNIPECMCE 

.000 

VARIABLES IN THE EQUATION 

VARIABLE 

W.SEGÏ>! 

W.SEGA 

INCOtlE 

W.SEGN 

(COIBTANT) 

B 

1.255 

3.882 

.537x10'"^ 

.618 

- . 0 7 9 6 

STD ERROR B 

.117 

.730 

.178x10"^ 

.220 

.0231 

P 
SIGNIJFICMGE 

1 1 5 . 3 / 0 

28 .3 / 0 

9.1 / .003 

7.9 / .006 

11.8 / .001 

BETA 
ELASTICITY 

.61 / .79 

.23 / .09 

.13 / .40 

.16 / .21 
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STEP VARI/LBLS R SQUARE 

ENTERED REIäOVED CHAl̂ GfE 

1 W.SEGÎ  .665 

2 W. SEGA ,039 

3 INCOME ,030 

4 W.SEO:T .011 

A4.3 LIICETATIONS OP THE TABULATED STATISTICS 

A4.3.1 The information on cor re la t ion , significances etc which i s 

presented in t h i s appendix was calculated by a computerised 

multiple linesu? regression program on assumptions that were broken by 

the data used. The range of CYCLE i s 0 to 1, that of log CYCLE ia 

t o 0, vjhilst, t o S3.tisfy the assuinptions, they should be able 

t o range from - cy to + o^ and have t he i r error term 

independent of the magnitude of CYCLE or log CYCLE, whichever i s 

being used. Nevertheless the procedure ca l ib ra tes the mul t ipl icat ive 

model, as vjas required, minimising the squares of the e r ro r s . 

4,3.2 Since a log CYCIiE transformation s t re tches the scale as 

CYCLE tends to aero, the log CYCLE regression wi l l have a greater 

tendency to account for var ia t ion at the lower end of the scale , than 

would a CYCLE regression. This bias seems acceptable as the aira 

of the study i s t o determine vfhether low cycling levels are low 

because of or despite the r i sk of accidents , 

A,3.3 The ca l ibra ted model accounts for 74.5^ of the var ia t ion in 

CYCLE levels for t h i s sample. This figure requires no assumptions: 

i t derives from the least-squaxes f i t . However the tabulated 

significance level etc are suspect, A plot of actual against 
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estimated values (figure 3.3) shows the error magnitudes as not 

particularly dependent on the magnitude of CYCLE. So the 

significance level (R not to be rejected at a level of 0.00001) is 

not likely to be seriously in error. However, because the 

variables cannot range betvfeen - oo and + oO , extrapolations 

are more than ever suspect, and the conclusions that are dr-awn in 

the text are thus limited to the ranges of the sam.pled variables. 
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TABLE 3.1 
ßANGjiS OF VARIABLES 

VARIAÏ̂ Li'] PJlNIfJUn KĴ ArT MAXIHUM 

CYCLE 

HILL 

RAIK 

RES ID 

TL 

R 

11100125 

SEGN 

SEGM 

SEGA 

0 

0 

50 

9 
0.20^i 

0.309 

6^19 

0.155 

0.295 
0 

0.16 

5 . 7 

100 

52 

0.929 

2.093 
1218 

0.345 

0.629 

0.017 

0.57 
18.2 

160 

205 

1.110 

8.118 

2586 

0.632 

0.855 ■ 
0.152 

CYCLE is the proportion of people viho reside and v/ork in 
an area v;ho c,>cle to v;ork. HILL is Eao number of 25 foot 
contour changes per roadLiile in the builtup area. 
RESTD is nn es::irnat;ed dangor value and is approximately 
10 times the cyclist accident rato. TL is a üriplenr;th 
factor derived form R v/hich is an apiproximate radius mea
sured in kilometers for the builtup area under considera
tion. lUCOHE is i:he Eational Traffic i'̂ odel estimate of 
average income in pounds sterling (1966). The SEG groups 
are proportions of "':;he population in noni.aanual, 'manual 
and agricultural occupacions. 
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