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Abstract: Generally, the tons lilted and ton-kilometers are widely used to analyze the road

freight transpon. Howcvcr, thcse two indicators arc sirnply to sltow thc road licight

transport statistics rather than to explain the road freight transportation systems. In this

study, the variables such as the number ofdistribution channel levels, the integral distance,

tons in transport and the average transport distance are defined and estimated to investigate

the road freight transport system ofKorea. ln order to compare the road transport system of
Korea to other countries, the comparative study was conducted including USA, Japan,

Holland and Taiwan.

I. INTRODUCTION

In Korea, the road transportation accounts ovbr 90oh of all freight movements in 1996 in

terms of tons moved in domestic and accounts over 50oh for total logistics costs. The share

of the total logistics cost to gross domestic products (GDP) has been continuously

increased during the 1990's and reached at the level of almost l7o/oin 1997. Also, these

heavily road oriented freight movement trends will continues in next decade which is most

critical issues in the Korea freight transportation systems for international competitiveness.

Usually, the analysis of the road freight transports focus on the ton-kilometers (ton-km).

The ton-km themselves are explained by the tons lifted and the average distance per lift.
And the ton-km together with the average load per lift explains the vehicle kilometers. So,

with the ton-km at the core of analysis, there is great interest in finding reliable forecasts of
it. In principle one would like such forecasts to fit in with the structural determinants of the

variable. However, it turns out that tons lifted and average distance is rather unreliable

variables. They are intluenced in uncertain ways by the distribution channel levels'. ln
other words, analysis of road freight transport is hindered by lack of reliable data on the

number of distribution channel levels.

The number of distribution channel levels is the frequency of lifts of the tons in the supply
chain. It hence is the frequency, by which the same goods are handled from origin to
destination, and thus it is, if statistical measurement is correct, also the number of times

that the same tons are reported. Algebraically, the distribution channel level is the ratio of
the /na.r liftedto the actual tons passing through the supply chain. For clarity of terms, the

latter tons in the supply chain will be called the totts itt lransporl. lt can be deduced - as

' Cool( I 99?) defincs thc nunrbcr of distribution cluuucl lcvcls as "handling factor" iurd Ballou( I 992) dcfincs

as tlre "Clunncl Dcsign".
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will be done below - that the number of distribution channel level is the ratio of the integral

disiance over all the lifts to the average distance of each lift. The integral distance is the

tlistartce froni producer t0 the lttial custurnor.

The statistics of the tieight transportation reportcd by thc Mirristry ol' (lortstrttcliort atttl
.l'ru,sportutiorr (M0("1') Jl'Krrru'u,,,tuully publislrr;d lltc lotrs ttrrrl tlrc lutt-l,ttt. lltcsc tlitlit,

t.o*.r.t, do not proviie a t'ull sumnlary'of tieight transpo( systent, and neithcr is it

possible to derive tlrc clistributiprr chtttttcl lcvcls [y applvirrg n llxotl nct:ottttlittg rttltr pr

t'orr*fu to the two kinds ol'data that are give'. Also, the data on torts alld toll-klll arc

affected in uncertain ways by changes in diitribution (here: production and logistics)'-and

Uy innu.n..s of these.tung"t on-the whole economic progresses' For example' if the

.uprbcr ol'distr.iSutols tloublis alrrJ tlrc avclogc truilsport tlistunco lralvcs, arrd illl clsc such

as ttie intcgtal distancc rcnuins the sarnc, tlrcrr thcsc distributols would rcptlrt twicc as

,uny ton, itrougtr the number of tons in transport would not actually change.

One approach to tackle this data problem is the use of econometrics' and notably to devise

rtrr"t,iif equations *ittr triaden variables and then to estimate what has not been measured

,iuii.ii""ffy.'One of the main assumptions below will be to relate the tons in transport to

if,. n"tionut product (GNP or GDP). Another assumption is that the integral distance will

Jepend ,pon in.o.. and on developments within the distribution system' lt may be noted

here that the present analysis concerns unimodal transport of road freight only' Thus w^e do

""t 
r.g"m intermodal oi multimodat chain transport where the integral distance. from

originio destination has a common meaning, as in Chen & Lenoir (1995). However, in our

"nuj,tir, 
origin and destination are definei'by the statisticat procedures of the system of

national accounts, and thus have a clear meaning'

In this paper, we propose to consider in more detait analysis for the number of distribution

channei leveis inihe'iniernational comparison using modified model, which is outlined in

the cool's study (1997). Section two clarifies the concepts for the distribution channel

level and the other freight transportation related statistics. Section three develops the

modified structurat modi using bool's (1997) original model for estimating "handling

factors". Section four provides tie simultaneous modet for estimation on aggregate data for

[or.", Japan, and Taiwan for Asia, United States and Holland for Europe for international

"Lrpuririnr. 
Finally, section five provides a discussion of the results as well as a tbw

conclusions including further researches.

2.TYPICALFREIGHTTRANSPORTATIONSTATISTICS

The subject of the statistics of the freight transportation-concerned; usually the four

irpo.turrt basic statistics are defined. Namely, the channel levels' tons in transport, total

inilgr"i distance and average distance. ln order to explain thesis freight related.statistics

f"iii*i"g t"rple statistics iable is usefut. For simpliciiy, we assume that the total integral

distance and tons in transport are not changed and onty the number ofdistribution channel

levels are changed from 3 to 2.
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Table l. A Typical Distribution Channel

Year le90 l99l
'llur Krrt 'litrknt 'lltx Knt

'linrAnt

Oricin - wholesale l0 40 400 lo 40 4(x)

Wholesale - lbctory l0 20 200

Local Warehouse -
Destinatiort

l0 30 300

Wholesale - Destination l0 50 500

Total 30 90 900 20 90 900

Number of distribution
channel levels

3 )

Total integral distance 40+20+30 = 90 km 40+50 = 90 km

Tons in transport l0 ton l0 ton

Ton l0+10+10 = 30 ton l0+10 = 20 ton

Average distance 90/3 : 30 km 9012 = 45 km

As shown above Table I,let us regarda chain from origin of commodity such as factory,
wholesaler, local warehouses and final destination such as shops, and this over a period of
two years in this case 1990 and 1991. Let the factory produce 10 tons, and let these be

transported over a distance of 90 kilometers to the shops. The wholesaler is 40 kilometers
from the producer and 50 kilometers from the shops. ln year 1990 there are various local

warehouses before the goods actually reach the shop. In year 1991, the warehouses are

skipped, and the goods are transported to the shops directly from the wholesaler. Given
that there are fewer stages from factory to shop, there is a concentration in terms of the

number of distribution channel levels. This example has been chosen such that, for
convenience, the integral distance from the factory to the shops does not change and

remains 90 kilometers in both years.

Though Table I gives the actual data on the example problem, it appears that these data are

difficult to measure. To understand the difficulty in measurement, we best regard the

statistical practices by which the transporting agents are obliged to report their activities to
the statistical office. They will report the tons lifted and the average distance per haul, i.e.

the first two columns of a year in Table 1. The statistical office will determine the ton-km
in the third column. Then it computes the total values of column I and column 3 of a year,

and reports only these totals. From these, we can compute the overage distance.

Table 2. Typical Government (MOCT) Freight Statistics Summary

Year 1990 l99l
'fons Km fon-km Tons Knt 'lltn-knt

Total 30 30 900 20 45 900

We find two crucial points when comparing Tables I and 2. The first is that Table I gives

the integral distance (90 km) while Table 2 gives the average distance for 30 km in 1990

and 45 km in I 991 . The second is that the totals row in Table I allows the determination of
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the tons in transport (10 = 900 / 90), while the totals row in Table 2 doesn't. These two
crucial points are related. Given Table 2, the tons in transport can be determined from the

intcgral tlistarrrlc, arrd vice vctsa. Civcrr tlre suLrject ul tlris paper we as[. What arc llte
nunrbcrs of'distribution clranncl lcvcls irr [llovs 'l'll)lc 2. 'l'lrtr nrttttbcls ol'rlisltilrrrliott
channel levels are given by tlre licqucrrcy ol'lillirrg llrc lorts in tlansporl. llcttt:c irt vcitt'
1990, it is thc rutio -tO / lU . J, arrtl irr ycur' l1)t)1, it is J0 / lU - I I lurs lltc sl.tltiltes lL:lt()rts

a drop in tons litted, while, paradoxically. the actual tons in transpot'l havc ttot cltangcd.

The paradox can be explained: changcs in tlre arrururrl of lotts lillctl havc atttbigrrotts
meaning, and the numbers of distribution channel levels are uccdcd to supplerttctrt thc

picture.

Above cxaurplc is tluitc sinrple. lt rcgards orrc l'low ol'coutrtrotlitics, whilc ltitttspotlirtg

agcnts norntally transport nrorc goods in nrore dircctiotts (witlr ntorc tttodcs ol'tronspofl).
Obviously it would make for a very complex task to keep track of many movements in all
kinds of directions. Precisely since that would be a very complex task, the statistical

practice has been simplified to the format of Table 2. The most important variable, the ton-

km, has been recorded. This simplification, however, comes at a cost, namely the lack of
information on the number of distribution channel levels, the integral distance and the

actual tons in transport in the supply chain.

3. THE MODEL

The government freight statistics published the tons lifted ('l'L) and the associated ton-km
('l'K), so that we can deduce the average transport distance (A):

7'K.=A .T',r. (l)

Unobserved are the tons in transport ('l), the number of distribution channel level (h) and

the integral distance (K/;

From above it follows:

K-h.A

The transport distance (l) depends negatively on the number of distribution channel level

in two ways. Partly it is a matter of definition. When the integral distance (K) and the tons

in transport (7) remain the same, and the channel levels (h) doubles, then the tons lifted
(72) double and the statistical average of the distance (A) is halved. Apart from this
relationship there will be a behavioral component too. Parameters will determine the

deviation from the relationship. These parameters control the growth of ton-km as a result

of changes in logistics.

A:q 
"-t'

Another behavioral assumption is that the number of tons in transport grows with both

national income (y) and a trend (t) for the value added density - i.e. value added per ton (y,
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D

'l'- 
ur.1'hr,olr. 1 (o)

The integral distance will change with those same variables artd tlte tlutttbet' ol'tlistribtrtiort
chunrtcl lcvcls:

K (I1.l,61r,rrlltt^ (7)

These assumptions derive from demand theory and, for 4 on the assumption of a

lognormal distribution. There is no prior information on the sign of r/K. Combining these

dotlrritiorrs und bcluvioral assunrptiuns rcsulls irtlo thc lbllowirrg lwtt ctlttaliotts lirr

simultaneous estimation. Firstly (3) can be writtcn as 7K 7"(, and substitutiorr ol'(6), (7)

and then (5) gives, changing to logarithrns:

Log(T'K) = Log(ar)+ Log(ar) r (brt b*) Log(y) (8)

+ (gr I gr) + 2 log(r) + drbg( Log( ,/*0/e)

The last term in equation (3) can be simplified, but has been left in this form so that one

can check more easily that it is the inverse ofequation (5). Secondly, taking equations (5)

and (6), changing to logarithms:

Log(A) "'LoSOil - el'L/(ary're'rt) (9)

The crucial insight is this. By proper substitutions we have eliminated the unknown the

number of distribution channel levels D. We have produced two equations in known

variables that atlow the identification of key parameters. The estimated values of these

parameters then can be applied to the right hand side of equation (6) to generate an

estimate of the tons in transport. Since it suffices to know only one of the three unknown

variables, we then can easily derive the remaining unknowns, i.e. the number of
distribution channel levets via equation (2) and integral distance via equation (3) or (4) or
(7)

It may be observed that other kinds of substitutions and combinations can generate other

equations for estimation. Above selection seems most robust - while it is useful to have a

simultaneous test. Finally, one can check that all parameters are identified up to a'l'. That
means that the number of distribution channel levels or the level of the integral distance

cannot be determined by above relationships. An estimator of the number of distribution

channel levels, however, is useful. The least that we can do is normalization. Simple

dispersion cannot be used, since when a variate x is known up to a scalar, also its average

and standard deviation are unknown up to that same scalar. An estimate however can be

found by assuming maximum entropy. Since i is equal or greater than unity (by definition),
then/ - I ,/ h is a fraction equal or less than unity, and the entropy measure is (assuming

that it is relevant for h only):

Entropy .. -.f ' Los(/) - I.og(h) , h (10)

Entropy reflects uncertainty. Choosing a maximum entropy normalization here is another

way of saying that we present the estimator that best reflects our actual lack of knowledge

of the true level of the number of distribution channel levels.
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4. EMPIRICAL RESULTS

4.1 Korcn

Table 3 shows the l)aralrleter estirnatirlrt results ttsirlg eqttaliorls (.1)' (5) artrl (tl) litr lhe

197l-1990 peliod lbl Korca.

Tablc l, l)araluclcr [stirrration Clrarrncl l.cvcls (Korcn)

Two runs appear to be necessary. ln the first run a, is not known, and auxiiiary variables

must be used for combinations of parameters. In the second run the tevel of ar. can be

plugged in. The t-values are more important than the conelation, and these are

encouraging. The coeffrcients can then be evaluated as follows:

As expected, the tons in transport have an elasticity h: 2.105 on GNP. These values are

reasonable, with an appealing ratio. The integral distance has a small elasticity on GNP: i.e.

the value Dr -* -.35 is and statistically insignificant.

Below Table 4 are the four freight transportation statistics which is drawn from the results

of Table 3.

Coe.ficient Yalue T-vahu

dt. 59.85e r cntr'opy

aK 60.9247 t4.7513

br 2. 1 0s8 3.9225'

hr -0 3533 -0.66s8

dx 0. I 365 1.2317

tl 49.4970 11.7243'

e 0. l 529 3.2742'

8r -0 0702 r.5800

8r 0.4341 0.9826
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Table 4. Four-Key Freight Statistics of Korea (1971-1996)

Year Levols Knr
'l'ott

(Million)
knr

(averago)
Year arrclc Knr

'l'otr

(Million)
Ktl

(avorugc)

tqT t l.05 bt.2.l -50.75 J8,.t_r Ir,,8.l _l 07 ().1. tt I | .1,.1. (r,) l(l ,, I

1972 1.78 71.93 52.01 37.65 1985 3.32 97.85 159.65 29.76

t973 L78 72.01 62.26 37.68 1986 3.65 99.50 188.5e 28 28

1974 r.9l 73.93 68.25 36.90 1987 4.2t 101.70 ?-24.46 25.96

t975 1.98 75.e5 72,O7 36.54 I 988 .3.96 t0l l6 265.56 27.O1

1976 220 77 35 85. l4 35.3 r I 989 3.91 103.02 285.00 27.2t

1977 ', )') 78 15 97.t9 35.23 1990 3.68 103.32 322 25 28.16

1978 2.46 80.20 109.48 33.94 l99l 3.67 104.58 360.88 28.23

1979 2.94 83.83 117.22 31 55 1992 4.12 109.06 372.83 26.35

I 980 3.03 89. l6 100.49 3l ll 1993 4.19 111.92 391.37 26.05

l98l 3.15 91.86 104.86 30.54 1994 4.15 r r 3.53 430 71 26.21

t982 3.12 93.40 I I 3.84 30.68 1995 3.99 I14.5r 478.63 26.86

r 983 3.r5 93.75 t35.23 30.57 t996 3.86 r r6.36 5t I .47 27.39

During the analyzed periods from l97l to 1996, the number of distribution channel levels
increased from 1.65 in l97l to 3.87 in 1996 account for almost l33Yo.The reasons for
these rather huge increases of the distribution processes require for further analysis. Also,
total integral freight distance increases from 69 Km in l97l to I l6Km in 1996 results in
47Km more. And, tons in transport increases almost 9 folds from 50 million tons in l97l
to 5l I million tons in 1996 which reflects the rapid economic progress made during these
period in Korea. Finally, the average freight distance decreased from 38.4Km from l97l to
27.4Km in 1996.

The decreasing average freight distances can be explained by the fact that the ditTerences
between the number of distribution channel levels increased l33oh and the total integral
distance increased by 68%.

4.2 Other Countries (USA, Japan, Taiwan, Holland)

In order to compare results obtained in Korea to the other important countriesr, four (USA,
Japan, Taiwan and Holland) countries are selected. Because of the available data for
freight statistics for each countries, the different time periods are examined, namely, the

'? Tlrc USA and Japan have dercgulatcd thcir freight induslries during 1980's and Holland is onc of thc

lcading countrics for innovatcd distribution systcms. And Tairvan lus a quitc sinrilar frcight tmnsportation

s)slcurs as $'cll as govcmulcnl rcgulation to Korca.
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USA and Japan for 1971 to 1994, Holland for l97l to 1993 and Taiwan for 1975 to 1994.

Bolow Table 5 slrows thc estirttatcd t'csults ol'thc trurrrbef ul'tlisrributiurt clrarrrrcl lcvcl li,r
thc sclcctcd countrics. Thc tons in trsnspoil ltavc art clasticity orr (iNl'tttc ttltttosl rrrrily lirl
USA. Holland and Taiwan. However, the elasticity on GNP is 2.56 lbr thc .lapan, which
arc quitc siruilur rcsults lbl llrr: Korcu. All cuurttr'rcs cxccpt lur tlrc USr\. tltts clitslrctly ts

statistically signiticant.

Table 5. Parameter Estimation of the Number olDistribution Chattncl Lovcls

USA Japan Taiwan Hollmd

Cocflrcicrrts Valuc T-Valuc Vuluc T-Valuc Vlluc 'l -Vlluc Valuc l'-V;tlrrr;

O7 390.59 cntropy 123(t.91 Entropy 71.50 cntropy 59.(r I Entropv

ox t21it.7 4.1999" t90.47 3.0278' tto.lt5 l7.t72t 25-1.40 1.(t(t72"

h, 0.9621 0.9625 2.5627 3.310t'- 1.2385 1.9357' t.1207 9.0lt{t0"

hx t.t222 l.36tt5 -0.(r390 4.5750 {) .t771 -0.1t90-5 0.0337 0 1538

dx 0. I 523 0 9201 -0.3 I32 1.3448 0 353I 3.9 I20" -0.395 -2.065

tl -s3.1.35 8.-s893" 72.tttr 4.4419' 74.12 12 59nI 107.34 1.265 t

0 0 0(r(r0 2.t436' o.2223 4.3 t51 0. I -53(r 3.2875 0.27n+ 5. I 523

!r -0.0256 -0.3780 2.5627 3.3 r0 l' -41.0722 1.3938 0.00(r(r 0.9057

er 0.0702 I.2334 -0.6390 -0.5750 0.0437 0.9972 -0.01.1 l.2l(t

The trends of the number of distribution channel levels in five countries including Korea

are shown in Figure l. The number of distribution channel levels in the USA, Japan and

Holland are decreased, however, the Korea and Taiwan are continuously increased during
the analyzed periods. Namely, the number of distribution channel level is decreased from

4.86 to 2.68 for the USA, from 5.58 to'1.76 for the Japan and from4.24 to2.02 for the

Holland. However, the number of distribution channel levels is increased from 2.81 to 4.96

for Taiwan, which are quite similar results to the Korea.

1 971 1 976 1 981 1 991

Figure l. lnternational Comparison of the Number of Distribution Channel Levels

As we indicated previously, the reasons for these trends of the number of distribution
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channel levels are quite complex. The factors influence for the distribution channel levels
are various such as type of economic activities involved, structure and volume of the goods,

lucatiurt.rl'tlrc,ligirrs arrJ tlcstirratiurts ul'tlre guuds arrJ shilrlrer's nrrd re"eircr's 1,.rliu1 rrl'
stock kccpirrg ctc.

.l.J 'l'ltc Nurttbcr of Distribuliou Clrulrrcl Lcvcls lnd 'l'lrc ( lost ot' l.ogisttrs

The carricr may influence decision making on thc location of thc stocks wlrcrc tlrc
transport system as such uses transtbr points. Eithcr the carricr nray choose transl'el point at

the existing stock centers or the shipper, who can keep. These spatial combinations can
have important logistics costs consequences, because the number of distribution channel
levels may be reduced by it,t

In order to find the relationship between the number of distribution channel levels of the
distribution systems and the costs of logistics, the time series analysis are conducted. The
data used in the analysis are the number of distribution channel levels as dependent
variable and the dependent variable is the costs of logistics (transportation) as percent of
GDP. AIso, the available data limited our analysis to Korea and USA.

Figures 2 and 3 show the number of distribution channel levels and the costs of
logisticVtransportation as percent of GDP in Korea and USA respectively.

Figure 2. Distribution channel levels and costs of logistics (Korea)u

t Sce -Goods distribulion systeurs in urban arcas". Rcport ol thc (r I Round Tablc on transportation ccononrics.

198{. pp.3tl-39.

I Thc logistics costs and othcr statistics arc calculatcd by Thc Korca Transport hrstilutc. I 995.

o
6
-9
-9cc
o
()
o-oo
o
*

--+- fnnrportrlion / GDP -EFLogirtir / Gl)P +Dillribution Clranncl l,cvcls
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'r-Y*-r-ru

Yoar

!o
.E
6t
tuEo
o'oo
o
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t)

tt,t1l

' :r --i"r,... a',."r. / r:t)trr +l)irtrihuli.n t'lrruu.l l..r'"1" I| --o- l rrnrportrtion /(iDlr) +FLogirticr ('ortr / (il)lr) +l)irtrihution ('lrrnncl l.c'

Figure 3. Distribution channel levels and costs of logistics (USA)s

The estimated results between the number of distribution channel levels and the costs of
logistics are statistically significant as well as positive signs. As increase I unit of the

ngmber of distribution channel levels, the costs of logistics increase about L34 percent and

1.85 percent in the costs of transportation in Korea. ln the case of the USA, the results are

more significant, as decrease I unit of the number of distribution channel levels about 3.35

percent decrease the costs of logistics and 0.73 percent of transportation costs in the USA.

in the case of the USA the inventory costs are more closely related in the number of
distribution channel levels which is analyzed by Delaney(1992).6

5. CONCLUSION

The findings can be summarized as follows. In Korea from l97l to 1996 there have been a

continuous increases in the number of the distribution channel levels from 1.65 to 3.86.

During the same time period, total integral freight distance increased from 69Km to

I l6Km. And the same time, the average freight distance reduced from 38Km to 27Km.

In order to compare the Korea case to the other important countries, the countries such as

the USA, Japan, Holland and Taiwan are examined. The USA, Japan and Holland show

quite similar trends in the number of distribution channel levels, total integral distance and

the average freight distances. Namely, as the number of distribution channel levels in the

distribution systems decreased, total integral distance is decreased and the average freight

distances are increased. Thus there has been a concentration in logistics without an

increase ofthe integral distance.

In contrary to the USA" Japan and Holland, the case of Korea and Taiwan have opposite

directions, namely, the number of distribution channel levels are increased continuously,

i T1e statistics of thc costs of logistics as perccnt of GDP obtaincd from "hnproving Productivity

Cornpetitive Positioning". tlte 80'Arurual State ofLogistics Report, June 1997.

o See Robc( Delaney (1992). "Thc North Arncrican Scenc: A Macro-Econotnic Vierv". Tnrnsportation

Quarterly. Vol. 46. No. l, Eno Transportation Foundatiorr" USA. for ttrorc dctailcd analysis ort thc inlpact of

deregulation of the logistics costs.
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the total integral distances are increased and the average freight distances are decreased'

Thus there ha-s been a de-concentration in logistics with an increase of the integral distance.

Also, the relationship betwccn the nunrtrcr ol'distribuliott oltatltlcl lcvcls. wlriclr art:

estimated in this paper, and the costs of logistics and transportation are exaltlitred 'l'hc tinle

scrics arralysis lcvculotl tlrut tlro two vlliublcs urc qurlc r;luscly rclulc.l. llto tc,tsutts lirt

increase oid..r.ur. of the number of distribution channel levels in thc distributiorl systcrlls

are not examined in this paper. howcver. one possible explanalion is lhe govcrtttltertl

regulation policy to the tieight transponation industry.

Finally, this result needs to be corroborated by more information about the meso and micro

level. Also, above nrodcl is very sinrple orr logistics. Wc also nccd to takc irlto acc()l'llll

other modes of transport, and th; intlucnce of prices and costs. I lcnce, abovc rcsult can bc

used with some confidence, but not without caution and not without continued research.
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