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Executive Summary

Transport cost benefit analysis, when properly done, takes account of the benefitsarising
fromincreased transport demand induced by lower transport costs, and these benefitsare
typically evaluated by the rule-of-one-half or the trapezium rule. This states that the
transport gain is the average level of transport services times the fall in transport costs,
S3q' + q,).(-At)), where g; is the number of trips on routei, -At; isthe fall in transport
costs per trip on that route, and a dash indicates the post-improvement situation. One
very important set of issues in undertaking such transport evaluations is to pick up the
total impact of any scheme, which in anetwork may affect traffic flows and congestion
delays on awhole range of routes apart from the one subject to investment.

Transport cost reductionsmay also yield indirect benefitsthat are not captured by
simple cost-benefit analysis, and that is the subject of current SACTRA interest in the
links between transport investment and economic growth. One part of that is the
implications of imperfect competition for transport appraisal. These indirect benefits
arise from two sources - if pricesfall and as aresult output increases, then there will be
an increase in profits if firms are pricing above (long-run) cost because of imperfect
competition. If firms are located at different distances from a given market, then
lowering the transport cost will lower the effective delivered price, and increase the
intensity of competition between firms, particularly asmorefirmsmay find it worthwhile
competing for access to a given market.

The paper constructs a model of imperfect competition between suppliers of a
homogenous good (which could either be an input or a final consumption good) from
geographically dispersed firmswho compete imperfectly in acentral market place. The
impact of improvements which lower the costs of transporting the good to market are
examine for the case in which firms price to market and compete in that market, taking
the suppliesof their rivals as given (though the paper discusses different formulations of
competitive behaviour, which may be either more or lessintense). Different firmsface
different delivery costs, and these affect their market share and their impact on prices.
The first model examines the effect of a general reduction in transport costs facing all
firms, of the kind associated with afall in fuel excise duty, so the percentage changein
transport costsisthe samefor al, but the relative impact on total costsislarger for more
distant firms. The second model examinesthe effect of a change in the transport cost of
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just one firm, of the kind that may ariseif just one route isimproved.

The question asked ishow much larger thetotal social benefitsare compared with
theapparent transport benefits, or, morespecifically, what istheratio of the non-transport
to the transport benefits, r. In that respect it follows Venables and Gasiorek (1997) in
their report for SACTRA. They estimate amultiplier by which direct transport benefits
should bemultiplied to givethetotal benefits (equivalentto 1+r). Thispaper findsrather
lower values for the ratio than they suggest. If € is the elasticity of demand for the
product at the central market place and L isthe ratio of the super-normal profit (arising
fromimperfect competition) to the price, then asimple analysiswhich doesnot model the
heterogeneity of transport costs suggeststhatr = ey, soif e=2and p=0.1, thenr =20%
and the multiplier is 1.2, which is quite large.

The first model shows that for the same parameters, but in addition if transport
costs are on average 10% of total costs (including transport costs), and if there are 5
competing firms at different distances, with a coefficient of variation of transport costs
of 25%, thenr isonly 3% for the case of linear demand, and 9% if demand has constant
elagticity, in both cases considerably below the simple estimate of 20%. Thereasonis
that ageneralised fall in transport costs increases the market share of more distant firms,
but these firms have higher total costs (production plus delivery) and so the gains from
increased output are reduced by the increase in these costs. The lesson of the model is
that it isimportant to model the nature of imperfect competition carefully, becauseit does
not necessarily follow that reducing some firms' costs will be welfare improving -
although pricesmay fall and benefit consumers, total costsmay rise, and thefall in profits
can outweigh the gain in consumer benefits.

The second model 10oks at the effect of alocalised transport improvement that
lowers delivery costsfor just firmi. Inthelinear caseg, if s, isthe market share of firmi,
the indirect benefit ratior = 1 - 1/[s(n+1)]. This equation has a quite remarkable
simplicity and surprising implication. |f transport costs are lowered for firms whose
market shareislessthan 1/(n+1), r isnegative and production efficiency decrease. These
areprecisely themoredistant firmsthat benefit more from transport cost reductions. The
reason isthat the least socially costly way of producing goodsin this simple model isto
useinputsfromthe closest suppliers. If thetransport costsof moredistant firmsfall, then
their market share rises, but thisincreasestotal production costs.

The steady decrease in transport costs has had a dramatic effect on the average
distance over which firms sourcetheir requirements, and the resulting increase in market
areacan be expected to generate additional benefits of increased choice and competition.
The simple models considered here alow the effect of lower transport coststo affect the
efficiency of the economy, but the resulting impacts appear small, and can be
counterintuitive, with lowered transport costsreducing production efficiency. Themoral
of this paper is that careful modelling of the impact of transport improvements on
production costs will be required to capture theindirect efficiency benefits, asthese can
go either way.
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Transport cost reductions are typically evaluated by the rule-of-one-half or the usual
trapezium rule that the transport gain isthe average level of transport servicestimesthe
fall in transport costs, 23(q,’ + q;).(-At;), where g; is the number of trips on routei, -At,
Is the fall in transport costs per trip on that route, and a dash indicates the post-
Improvement situation.

Transport cost reductions yield indirect benefits from two sources - if pricesfall
and as a result output increases, then there will be an increase in profits if firms are
pricing above (long-run) cost because of imperfect competition, and there may befurther
effects on the intensity of competition between firms. If firms are located at different
distances from a given market, then lowering the transport cost will lower the effective
delivered price, and increase the intensity of competition between firms, particularly as
more firms may find it worthwhile competing for access to a given market. This paper
attempts to model these indirect benefits in a simple framework, which can readily be
elaborated.

1 Nash-Cournot competition at a central market place

Suppose n firms compete to deliver ahomogenous good to a central market. If al firms
have the same unit production costs c, and the transport cost from firm i located at
distanced; istd; (wheretisthetransport cost per unit per km), then the cost of delivering
one unit to the market place will be ¢, = ¢ + td;, and the delivered price will be p.
Suppose that each firm chooses its output, g;, taking the output of other firms as given
(that isfirmscompetein quantities- the Nash-Cournot assumption). Total demand, Q(p),
will depend on the market price, p, which will be set by total supply (and firms will
accept the same delivered price by bearing the transport coststhemselves). Profit of firm
1S (p(Q)-c)q; - F, where F isfixed cost. Thefirst order condition for maximum profit
IS

pc-pAgRIHIQ g ®

The Nash-Cournot assumption that other firms are assumed not to vary their output in
response to changesin g; implies that 0Q/0q; = 1. If the market demand schedule has
constant elasticity € = - d InQ/d Inp (defined to be a positive number) then (1) can be
rewritten in terms of the market share of firmi, s, = g;/Q, and the demand elasticity €:
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Summing over the n firms gives an equation for the equilibrium price, p, which depends
on the unweighted average cost, ¢, the number of firms supplying the market, n, and the
elagticity of demand, €. From the price, the levels of firm output can be recovered:
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Output of firmi, g, ismade up of the average output per firm and the effect of differential
transport access (measured by 6,),showing that more distant firms have smaller market
shares. Competitive pressure increases with n and €, and helps drive the price down
closer to cost, ¢. Note that the number of firms may be endogenous if p falls below the
unit cost of the most expensive firm(s), for then both ¢ and n will fall.

If market demand islinear, p= a- bQ, theelasticity at pricepise = p/bQ, and the
first order conditions and market aggregation give

_nc-a qi:a—c—at 5t_Q(l_55t) (4)
n+1 b(n+l) b

exactly asin the constant elastic case.

The inefficiency of the market arises from two sources - the price is above the
competitive level, which would be the lowest cost, ¢, (with all output supplied from the
least cost firm), and the output is supplied not from the least cost firm, but from arange
of firmswith average cost ¢ higher than the least cost. The natural way to investigate the
impact of a change in transport costs on value added is to start from a measure of total
value added, made up of the sum of consumer benefits (measured in money terms as a
consumer surplus), V(p), plusindustry profits, 1 = pQ- C- T, where Cistotal production
cost, cQ, and T istotal transport cost, 2d;q;t. Total valueadded isthen W= V(p) + 1, and
the impact of changes in transport costs, t, on value added is given by

AW=V(p)-V(p)+)_ (p' -c-t'd)(q +Aq) -} (p-c-td)q,
=-0p(Q+2AQ) +Ap.Q-AtY S dig+) (p' -c-t'd)Aq, (5)
= —%Ap.AQ —Atz dag, +E (p'-c-t'd)Aq,,

where adash indicatesthe val ue after the change, and Ax= X - xisthedifference between
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the after-change value and the pre-change value. Notethat AV(p) = -Ap(Q + $AQ) isthe
gain in consumer surplus from the fall in prices, and that the first and third term in the
second line of (5) cancel asincomeistransferred from one side of the market to the other
through the change in price. Inthe competitive case, whered, =1, p' = c+t', and Ap =
At, thereisno gainin productive efficiency, and AW = - 3Ap.AQ - QAL = (Q+3AQ).(-At),
the usual transport benefit.

These terms can be interpreted
using a standard surplus analysis
suggested by Venables and Gasiorek price
(1997) and set out in figl for a
commodity produced in asingle location
at aunit cost ¢ where the transport cost to
deliver it to market isinitially t and price K
isp. AreaA measuresthevalueof falin ¢
transport cost at the initial output, -At.Q, oo
correspondingtothemiddletermin(5),t0 o« i
which should be added the gan in A
consumer surplusresulting fromthefall in
price, -zAp.AQ, shown as area B, and
given by the first termin (5). These two
benefits make up the transport benefits
measured by a standard transport cost-
benefit analysis(CBA) and capturedinthe 3 o]
rule of one-half if At= Ap. Tothisshould quanity, Q
be added the margin between the price
and the sum of production and delivery
cost, times the increase in output,
(p'-c-t)AQ, the middle term in (5) and area C in fig. 1. Thisis the gain arising from
taking account of the distortion between the imperfectly competitive price, p', and the
competitive price, c+t’, which is ignored in standard transport cost-benefit analysis
(thoughitistakeninto accountin normal CBA whenever such distortions, usually arising
from taxes, can be identified).

Geometrically, if AW istotal changein value added (A+B+C infig. 1) while AT
IS the direct transport cost reduction benefit (A+B infig. 1), then

Transport benefits

cH’

Fig. 1

O
AW _ 1- (p—c_—t)AQ 1+ E_
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where (5 = Q+3AQ isthe averagelevel of output pre- and post-improvement. The main
simplifyingassumptionsin (6) arethat unit transport cost reductionstrans ate one-for-one
into price decreases, so Ap = At, and al firms are located at a constant distance taken as
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1 unit (unlikethe more complex model). Venablesand Gasiorek (1997) suggest numbers
for € of about 2 and for the profit markup, (p-c-t)/p of about 0.2, giving a multiplier of
1.4, or avaluefor r of 0.4, whichislarge. Later we suggest rather smaller valuesfor the
markup of 0.1, which, on thisformulawould give avaluefor r of 0.2. We shall seethat
taking account of the heterogeneity of transport costs considerably reduces this value.

The result of an infinitesimal change in transport costs can be found by
differentiating W = V(p) + (p-c)Q-t=d.q;:

dw [dv de dg,
—c—td._— dq,
G B g X o) -3 dg

D
~(p-c-d) <32 z%d d)t—+d0|D (7

“(p-c dt)QDg‘j'ijldpDE(a +dq).

(Note that in this case from Roy’ sidentity, dV/dp = -Q, so again the first two terms on
thefirst line cancel.)

The object of this paper is to estimate the relationship between the indirect
efficiency benefitsof reducing transport costs, and thedirect benefits, but thiswill depend
on how the benefitsare classified. Theguiding principlein classifying benefitsisthat in
the competitive case there should be no induced production efficiency gains, which
suggeststhat theinduced gains should be defined as dW/dt+2d;q;, whichisequivalent to
taking the transport benefits as 2d,q;.(-At), where -At is the fall in unit transport costs.
Thisis equivaent to assuming no change in average trip length induced by changesin
firm behaviour, which means that such changes are counted as part of the improvement
in production efficiency (better sourcing of inputs), and not of transport efficiency (ieunit
transport costs). The efficiency ratio isr = (dW/dt+2d,q;)/>d,q;. It is therefore not the
same as subtracting the change in transport costs, dT/dt = d/dt[t=d.q].

The value of the transport cost saving term, >d.q;, is, for both the linear and
constant elastic case (discussed in the appendix)

Var
Y dg=Q —n_;SVard Qd(l—netd o), Vad —_25,, o= . (8

Notethat actual transport costs arelessthan might be predicted from QaAt ascloser firms
have alarger market share than more distant firms. The efficiency ratio, r, can befound
from (7) as

1 AT = QAt + tAQ # (Q+3AQ)At, the proper measure of transport benefits.
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This reducesto (6) if d, = d=1 (i.e. & = d. - d = 0). The indirect benefits can most
readily be computed for the case of linear demand (and the constant elastic case is
examined in the appendix). First, note from (4) that -dq;/dt = d/b(n+1)+0,/b, so -dQ/dt
= nd/b(n+1), and thefirst efficiency ratio, r, is

U U
- O nd Ot
- _d 37 6i
(p g p(n+1) 0 E _ (10)
— netaoﬁ)

Qd(1 -

The elasticity of the linear demand schedule at pricepise = p/bQ (where -b isthe slope
of the demand schedule), so the efficiency ratio can be written in dimensionless units as

P-Cyq_ 1. _
r=£( D ) n+1) 0 o nedto’; (11)

1-6 P

Thesizeof thisratios can be estimated given observationson market shares, prices
and costs. For example, if e =2,n=5,a= 1.5, b= 0.5, then c/p = 0.9 from (4) for the
constant elastic case, and if dt/c, the share of average transport costs in total average
delivered unit cost is 0.05, dt/p= 0.056 and ¢/p = 0.855. If the coefficient of variation of
transport costsis 0.25, then 8 = 0.14, and theratio r = 0.03, which is remarkably small.
If the CV of transport costs were much larger, then with these parameters, r would be
negative, which might appear paradoxical. The reason why the apparent production
efficiency gainsare so low (or even negative) is that the transport benefits estimated by
>0;d;(-At) overstates the fall in transport cost, for a proportionate fall in transport costs
leads to longer average trip lengths.?

2 If the full fall in transport costs, -dT/dt is subtracted from the total gains to give the production
efficiency gains, the ratio of these gains to the fall in transport costsis r* = (dW/dt+dT/dt)/dT/dt, or

E(E
p .
(1+Yn)(1-26) -edt/p

(D)

M=

This does not reduce to (6) even if d;, = d= 1, but to g(p-c)/(p-et). With the same parameters as before
[ t S
numerica value would be 0.38, or ten times the other value.
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The ratio of the actual fall in transport cost to the apparent fall can be measured
by dlogT/dlogt. Inthelinear caseisgiven by

0+ eat/p
t dT 1 1+1/n (12)
T dt 1-6 '

which, with these parameters, is0.73. Theshare of firmi inthe output expansion can be
found from

Ag dg/dt 1 o (1+1/n)
= T = 7 (13)

AQ dQ/dt n d
which increases with distance, d.. In this case the increased average trip length offsets
27% of thefall in unit transport costs.

2. General conjectural oligopoly model

The Nash-Cournot assumption can be viewed as an assumption about the variation in
output of other firms that any firm conjectures will occur in response to its own output
variation, 0(Q-q; )/dq;. Definethisconjectural variation to be A;, then the Nash-Cournot
assumption amounts to A; = 0, perfect competition to A; = -1, and perfect collusion to
A, =1s - 1>0. Tosolvefor theprice-cost ratio, put dQ/dqg; =1+ A, in (1) and rearrange
to give

(] ]
C. D € ~
s=-‘g—, whence p=

___°
1- 1+Z SI)\I
ne

Provided A, = A all i, so that p does not depend on s, the effect isto modify the effective
number of firms from n to n/(1+A). Thusin A =-0.5 (more competitive), the effective
number of firmsis doubled.

3. The effect of alocalised transport improvement

The analysis so far has explored the impacts of general changes in transport costs,
proportional to distance, such as those arising from a change in fuel tax, or general
technical improvements in vehicles which lower unit transport costs. Most road
improvements only change costs on a single route, and may have a more muted impact
onoveral efficiency gains. They canbeexplored by replacing d.t by t;, thetransport cost
paid by firm i in delivering goods to the central market. The average cost is now less
sensitiveto any individual transport cost change, for ¢ = ¢ + t, wheret = Zt./n. Consider
the linear case, where (3) can be rewritten as
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bg=p-c-t=____ X -t
ql p | (n+1) |

(15)

The social benefit of changing t; is

do,

t %

dw da,
= -Cc-t)—— -0 = )
& Y ) & q=>_ 0

=

|

where the second equality comesfrom thefirst order condition for maximising the profit
of firmi (thefirst equality in (15).)
da 1

- =J. - =0, i#j; 6.=1, i=j.
bdtj 9, —k 9,=0, i#; 9;=1, i=]

(here 9, isthe Kronecker delta) The efficiency ratiois

dg,
r= I =1-

g (n+1)q

This equation has a quite remarkable simplicity and surprising implication. If transport
costs are lowered for firms whose market share is less than 1/(n+1), r is negative and
production efficiency decrease. These are precisaly the more distant firms that benefit
more from transport cost reductions. The reason is that the least socially costly way of
producing goods in this simple model is to use inputs from the closest suppliers. If the
transport costs of more distant firmsfall, then their market share rises, but thisincreases
total production costs. Of course, the total socia benefit will still be positive provided
r>-1,ieq > +Q/n+1), and will equal (1+r)q;.(-At;), but the transport benefits alone will
overstate the social benefits.

If transport costs are negatively correlated with production costs (as they might
well be, for an increase in distance and transport cost increases the area that can be
searched for cheaper suppliersasthe square of the distance), thisresult may bereversed.
Equation (18) still holds, but if ¢, is now interpreted as unit production costs, then

(n+1)q,
Q

Provided transport improvements favour firms whose production and transport costs
together are less than the average, there will be positive productive efficiency gains.

102 eSS, (19)
n p
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4, Conclusions

The steady decrease in transport costs has had a dramatic effect on the average distance
over which firmssourcetheir requirements, and the resulting increasein market areacan
be expected to generate additional benefits of increased choice and competition. The
simple models considered here alow the effect of lower transport costs to affect the
efficiency of the economy, but the resulting impacts appear small, and can be
counterintuitive, with lowered transport costs reducing production efficiency. Themoral
of this paper is that careful modelling of the impact of transport improvements on
production costs will be required to capture the indirect efficiency benefits, asthese can
go either way.
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Appendix The case of constant demand elasticity

For the constant elastic case, -dQ/dt = €Q(1/p)dp/dt, where dp/dt can be found by
differentiating (3):

1dp:ld6:a (20)
pdt Cdt C
and so can (-dg;/dt):
9 _ediy Q37 @
d ¢ pd E
while from (8), £5.q, = 6dQ, (where 8 = nedta?/p), so
26 D q D sdtz (5 + CQ6 )= dQe(edt+c) (22)
pd
The ratio of the efficiency gain to the transport benefit is, from (9)
sdQ(p C) OIQe(std+c)
r= ,
dQ(1- 9) (23)
( ) 9(1+—(€ 1)
1-6

Theformulaisfairly ssmilar tothelinear casein (11), and with the same numerical values
as before, r = 0.09, somewhat larger than for the linear case, and again, readily made
negativeif the CV of transport costs, o, ishigher (and withit, 8). Theratio of the actual
fall in transport cost to the apparent fall, dlogT/dlogt, becomes

o(1+ _(e 1)+ S_dt 24

tdr _,
T dt 1-0

which, with the same parameters as before, is 0.71, compared to 0.73 in the linear case.
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