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td'P'hAILIN(U OAD Pi411 x,:'i] 

A. Cai1,lat in:' the lennefit:; 

1. The principal benefits arising from road investments can be divided into: 

i. Road Uscr Savings (cr oavings on vehicle operating costs) 

ii. Rleduced Maintenance Costs 

iii. Timeo "avingmj 

iv. Accident savings 

v. Induced Benefits 

2. Induced traffic generiation is frequently used 	as a measurement of benefit,, 

On more careful thought, however, it will be realised that induced traffic 

savings and/or time savings. However,generation must be a function of road user 

it does remind us of an important point. That is, that the standard benefit 

(on LVOC) serves to restrict road improvements to those areas with greatest 

current traffic flows. Ultimately this tends to mean that all road investment
 

The induced traffic approach does divert investmentcould go into urban areas. 

away from present ccntres of economic activity to areas with hitherto relatively
 

mnexploited potential. 

i. Road User Savinfj5 

easily measurable. However, 'easily"
3. 	 Of all the benefits these arc the mout: 

to assess the savings onis very much of a relative term 	for data on which 

wear and tear of vehicles and/or their operating costs is desperately scarce.
 

4. 	 The mcot e:cf;ul study - which (:tahliohos relat".vities of savings for different 

the TRRL Study of 1976 (Report 723) car,:ied outtypes of' vehicles, and roads is 

TRRL "User Manual" of their Road Trnnsport Investment M.odel should
in Kenya, The 

VOC savings.also help for estabi.;hingaquantitatjve framnynork for calculating 

However, facts are more difficult to come by ar they are country, or region 

in Consultants' Reports
specific. Perhaps; the best source ol data is to be found 

improve
as they usually need to ,arry out survey:s of VOC when they prepare road 

ment feasibility studies.
 

ii. Reduced Maintenance Costs 

5. 	 The commonest demand for hitii quality roads from Ldcc arises from the desire 

The system of financial rLsponsibility makes 
to minimise maintenance couts. 
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it d.: i.ab lo thatIa LL: Doip It illiOft,::, ;:IIa]] y with limited budgeto oshould pross 

[or quality road:: with lewesi maintenance coot.;. 

can vary between 3%of the6. 	 As a rouigh .,?idel paved roads mainun' act, cootr. 

of' their co::t - hitt 'uomuch depends upor. the amount of usecapital cost and 0. 7 
to say however thatmade of' roads that r,,eneralitationi are dangerous - oufficient 

from .an ceonnlice point of view 	maintenance costs are a few per cent points 

of the capital co:ntt;. 

7. Feeder roadc, with v;i'y little utiagle, can have maintenance costc of between 

0.61 and 1.4% of' tie' capital cost. 

An assessment of the maintenance ability of the orga.nisation responsible is
8. 

always essential. 

iii. Time Savin; ts 

9. In Ldcs tl., avera 	e value of time is lower' than that in developed 

many cases time has a 	zero cost.countries - indeed it 	 could be ar,-ued that in 

10. 	 However, every value ini rogion :ip,!cific, and in practice attempt.3 at
 

quite
valuint- time ar'e not I uitful. The 	 data is n:othin that few studies, 


is thought this could be justified jtstifiably attempt thi.s. Where it 

in urban areas, one could une the average minimum wage - although TRRL
possibly 


:ntudies i Kenya showed that passengers in buses had incomes well above the
 

productively.
averageo. One need :; to be convinced 	 that time saved will be used 

only where there was clear evidence
11. 	 (inenrally, oe would uce tie :'avinf-o 

occur. For rl-eight vehicles even al hour saved
that nubstfantial :avin ,:- would 

ie]inlikuly to peiriit an addition'i] trp. Time saved in rarely additive so time 

saving.s! arec likely to le minimited. Time savings should not be used when 

a;cer' oavintt; alre.ady justify the benfit and should be i;prored in all circum-. 

of One 
.tancen ,nlesn the time savin, 	 it- substantial (oay in excess an hour). 

new being' connidered, and 	 when public passenger
possible proyV, wihen roads are 

use fares paid by pau:nonger's un similar routes. 
transport would follow, i; to 

Le.it;ure time savings in Ltuo 
In praiticC, loWie'V(!V1 f, W Ctudics atempt thi,. 

as
have not been includeid Lt; a bnefit ,rnthe philot;ophical ,-rounds that as far 


help people become more

aid donorn are concerned as:istanc, 	 i:;g-iven to 

produc tive. 
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iv. A, LdriL ;avina-: 

12. 	 Evidenicr of the ,f'ect of road invcstm(nt on aucident inc4dunce and severity 

Generally one may expect accidents tois; ':xanty for d(w-VIopiTr countrie:;. 

decres'm if ,L wider road is envisaged; for urban roads we have evidence that the 

casualty rate increases as speed increases. On rural roads the number of 

aspect of the road affecting thejunctions; is- i,.e moot important -comtLric 

(see LI? 732). As any road investment is likely to serve
incid,'nce of accidents 

the total number (but not perincreasint, volums,; of' Lraffic in Lh ftture 

of accident costs
vehicle - km) of accident:; i:' likely to increase. Estimates 

Eli 206. The rental short-hand method of hnuidlingr accidentsin Ldfes are given in 

in road appraisal is to include insurance costs in the vehicles operating cost 

costs. Otherwise consult local insurance companiesfigu[res and omit accident 


foregone production by individual
and add allowance for loss to society of 

injured. 

v. Induced enefits 

one uses either user :,avings. (VOC, 	 time, accidents) or induced13. Normally 


benefits but not both otherwise double counting occrrs.
 

14. Indu-!ed ,enefits should be cons,;idered when 

are loa - as on feeder roads (if a 	road is 
a. existing traffic volumes 

Carrying below about 7) vehicles: per day user cost savings will rarely 

are
justify investment unle:s.; road construction and 	maintenance costs 

exceptionally cheap); 

ie when penetration roads that will 	not
b. There i: no ':7-.otingtraf'['ic, 


carry diverted traft'ic are being appraised;
 

c. in the jorccastintg of. i'utitrc traffic; 

d. 	 wiere incre-ased production will not ncecss:arily be tran.;lated into 

consuxnptLon can be
generated traffic, eg when in:reased homestead 


anticipat ed.
 

extent -)'TmarKeted production, Lhe 	 cost of 
15. indicators to look for arc tire 

sale value of production,of total production costs, andtrarisport as a proportion 

land not yet cultivated, the deret o l' indlessness,the extent of culivable 
to travel by :imilar troups of people

and for pa:ssenger trave] th, propn:;ity 


to gaining education, and
the importance attachedelsewhere in the country, 



and the rural population.the spatial tclatio1nhip betwOcll su(r'vic" euntran, town 


Ninny of thco can only he judgaOd "on iitu".
 

of roads 16. It is now becoming more conuvion to bring in 	 social benefits 

improved 	acceosu to social facilitico - schools and health centres. However, 

and since most investthere is no practical way of' ma.uring. these benefits 

it ic not clear why they need singlingmonte have indirect beneficial effeoto 

;osts to road improvement,out for roads. In any case there are always social 


disruption to present transport and social systems and it is far from clear why
 

indirect benefits-should be included but indirect coats excluded. However, the
 

use of-asocial,facilities, unquantified, can-b3 .used-as indications.tofmeosure
 

the attractiveness of Various possible feeder road options where no other
 

distinguishing data exists.
 

B. Appraisal Without ]hta 

data will be scarce and dubious and largely17. In most casec quantitatiw 

restricted to VOC. Under the circamstances one needs a system for cross 

checking the results. The moot effective way of doing this .s to estimate the 

capital cost of the road(s) and relate this to the total population - or the 

number of hectaren under the influence of the road (admittedly both of these 

in the area.involve guesses), or indeed to the humber of vehicles 

18. Then by taking, as a rule of thumb, a first year 	rate of return of I0%we 

get some feel for the increased output or saving required to justify this 

the road cost £100 per annum per head for peopleinvestment. If, for example, 

per capita income of £50, i; in hardly likely that a farm family ofwith a 

grenerate CUfficiont output to justify this investment.say 5 could possibly 

Pouibly, and optimistically, a 10% increase in output might be achieved 

though 5% would usem more nensibl. 

19. t ther proxy ' could bo the additional tons of produce required if the annual 

costs were to be rmet - or the annual benefits which every vehicle would have to 

these conts.achieve in order to moat 

20. While thu system in crude it in surprisingly effective. 

C. Forecasting Road Use 

It depends on knowledge of thc21. 	 Thin in a particularly hazardonnI oxercisou. 

The latter, as will be obvious,present vehicle population and Lraific counts. 


needs to be carefully checked it' they are to be bulieved - for sampling results 

can be very nisloadins. 



with lower daily traffic volumes.
22. 11ier dtlo ruV:: I" vaiij Li.y : re a:::*o ,i:ded 

A]] daily tra'ic" cu'nts ar. s.ubeit: L to :,irb::tantial variation (sce LR 427, 

Table 2 :aid fitiire:: 1 and 2). icpr::atinig counts improves reliability more than 

aof counts. Contintou. traffic counts of 	 less than
extending the durlation 

flow exceeds 1,000 vehicles/dayweek arc hihy unreliable. Only if the traffic 

week i;: taken rour timer in the year there is a 95% chance
and a count, for on(, 

within - 10% of the true mean in
that the recorded averagre daily flow will be 

Kenya! 

heavy incur much
23. 	 The composition of traffic is very important: vehicles 


light

hig:her vehicle operating: co ts and inflict !'rnater damage on the road than 

proportion of heavy vehicles to
vehicle:-. There isi a general tendency for the 


flow increweu (ct' 1'oroasting but beware of exceptions).

decreaue at; 	 the traffic 

drawn between diverted and generated traffic.
24. A distinction should be normal, 

Fuller 	user surplus benefits are attributed to normal and diverted traffic,
 

to generated traffic.
but by convention only half the benefits 

from an area are subject to tremendous
25. 	 Attempts to forecast increa:ed output 


and in practice increased algricultural output is unlikely to

speculation 	-

Passenger traffic is likely to
 lead to significant freight traffic increase. 


increase far more. 

do few "back
26. Owing to 	the considerable mncertainties it is sensible to a 

of the envelope" sensitivity ana1,]Ae: using, the fig,ire -riven in Table 2 of LR 427 

of TII & RRiL as j ideo for the uppo.' and lower limits. In judging forecasts 

take note of any compl,.mentary investment, anticipated in othe,' sectors,
 

since 1973
restrictions on vehicle imports or operotion, and traffic trends 


oil price rise.
 

27. 	 IBHD evaluation reports- of traffic forecasting show no c,nsistent divergence 

varied very greatly - both over and under 
from forecasts - the forecast results 


optimistic.
 

piece of practical advice on- can give is to enslure 
28. 	 Perhaps the most useful 

lead to sudden leaps in desipi
that new or 	improved road investment should not 


from dirt track to a sealed highwa y tnless it is; absolutely
standards - a 

-


clear that demand will increase commensurably (etg opening" of a mine) but
 

on the basis of radual improvement.
that road improvement should take place 



1). Cnt 'Cuotivonou, 

29. One ol' 1ho ,no 1t:1,'l.11 txwku in the approval ,tate is to enouro that once 

the objoctivou have beon ll11-ud thatL the 1rlouL cost erffctive :nolution in 

purnued. 

30. The costs of any particular dooii will depend upon: 

i. Terrain - mountainous, hilly 'orflat. 

ii. Soil strength - which will be determined by geology and rainfall. 

iii. Traffic denuity - which will affect the nurface depending on number 

31. Generally 'peaking, mont countrieo establinh national desipn speeds for their 

roadu. Thoso vary depending upon whother the terrain is mountainous, hilly or 

flat. 

32. The desin Lpoed, plus traFfio density, will determine what the cost of 

the road should be. The relevance of"deuipi speed increases as area becomes 

more momtainous.
 

33. Docif speed will determine: 

i. The aliioxionL - what curvou will be acceptable to maintain the desired 

speed. Clearly a high denign :puod for mountainous country will be 

tremendously expensive and cou.d only be justified if traffic is very 

heavy 

It in certainly ponnible, and douirable, to alter the desi, standard in 

extremely experinivo (.oI.ricted ;it,,ationo, accepting that traffic will 

slow down. Silws can be puti isp to warn traffic to do so. The width of 

the pavement will alo be il''ontod by volume of traffic, and opeed. 

Finally the 1gradient could bo tn important coot factor - the UK has a 

maximum gradient of 10%. 

ii. Foandationu - theeo will. vary with soil, geology and rainfall. Hemt,, 

rainfall, and lij:ht oils will reqiire expeneiive investment if' the roads 

arc not to be towept awcq or rapidly eroded. 

Traffic ,ienuity will aluo bo in important variable. 

iii. Surface - :;ur'ace : can beof earth, gravel or bitumen. The appro

priate nurfai.e will be determined by the amount and type of traffic using 

them and thuee the conit of maintaining therm. 
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:L ,:tL n .brti 	 , O(h) ,1!il; h:III:J.:riI ,: niil,' :t I r10-11 r ,Ld n:i; I 

vt' ro;Ld K1:0,Li (,U(. 0 in 
, p r day. A ,r: 

;LrOIU(Ld 2% p.l :U11,111 w1 h vl:hi.L 

u the capital value in order to 
with 200 vohi'loi- p r day could co:il some 10% of 

the cro-t: of maintenaince .should vary
maintain it. but ,eneralA; speaking, 


2'o Lnd '%of the capital co;t.
be-twven 

who are not responsible for capital
35. Governmento, and especially PWDs, 

costs.themselves recurrentcosts :;o as to savecosts will go for hiUgher capital 

ces which require
its- own peculiar combination of circumsta n

3(C. Every road ha 


the most co-st effective solution. For example:

adaptation to achieve 

Ie tlio mot appropriate answox' - :;ince not 
i. .;oot improvement:;" may

" 
to predict where they

all roadu deteriorate niforinly - and it is po.:sible 


(el, low lying areas, black cotton soils).
will do so 

traffic is greatest.ii. Concentration on area;s white 

to the zet standard. 
iii. Build one or two (nirve__ which do not conform 

or rock which will improve sigit distance 
iv. Removal of a few bIlc1 


without altering the curvature of the road.
 

roads so a more 
Since bridges are far more expun:sive per metre than 

v. 
mijght bi jus:tified.circuitous road roucte 

road which maya hard surface on a
vi. 	 It it' of'ten rairly cheap to pot 

:savings'- in maintenanc( but conventional deoio standards 
lead to :i;1rificant 

new sight standardsthat a tarmac road needs
Taj theu in lc'rvenj aid dictate 

be. costly. A solution is to use a g-ravel
and a now aliTnmerit. Thiso could 


tarniac :;urfa(e.
road ali7viient to a 

E. Labour lttniv.e oution, 

Wh erc labour is. in ample oiipp]y and it is po:ssiblc to orgarisc it, labour 
37. 

- if labour is likely
instead of nachinery. For low quality roads

has; been used 

IJ13Aper (lay it can i:uscfully be concentrated. In Honduras a 
to cost ]es;s thaun 

two years to org/aniso has 
rur:al roa~d sclme,: which took sore,

labour intentsive 


to Lh-t followint. standards.,:
buen hiilding, road. 

Width 4 mctrres 

Gradient 120 
13.v;e I0-1 r i, 



J1. New ro.,,s on hilly aA ,ounhiUtrlou t,.r,,Lall h;avo cost U,1/A. 500 and U"1/17.500 

p 'r m. 

F. AIl rr itives 

3). Tt is MoVL important to con;id.r the full. ranlge of alternatives in transport 

investment: frequently road construction or improvement is seen as a solution 

when other cheaper alternatives would achieve the same end result. Traffic 

management meaures, such ns white paint, centr 1ines, may be as effective as 

widening a road; storage instead of provision of year round access; faster 

turnround time for freight vehicles rather than faster running speeds; improved 

driver behaviour through propaganda mea;ures rather than the improvement of 

road geometry to reduce accident, and so on. 
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