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Abstract

The changeover from a situation of Autarky to a situation of Free-

Trade alters the trade and production patterns of the participating

countries which in turn a�ects the transportation-sector. The amount

of transported goods and the directions of the good-�ows change.

Pro�t-oriented shipping companies are very likely to respond to these

changes by selecting adequate means and modes of transportation for

di�erent routes and by building-up or restructuring a transportation-

network. These changes have an impact on environmental harm caused

by transportation. Three e�ects � of which one increases and two de-

crease the corresponding level of pollution � are di�erentiated and

estimated for Switzerland. Being landlocked and nested between large

economies like Germany, France and Italy Switzerland is an ideal case

study for these environmental e�ects linked to land-based transporta-

tion. First empirical results show a signi�cant scale and technique

e�ect.
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1 Actual Situation

Free-Trade seems to be every once a while an ideal scapegoat for several

unpleasant developments. One of them is the increase in Carbon-dioxide

emissions which arise mainly from fossil fuel combustion for which in turn

the transportation sector is a signi�cant contributor. If we import goods from

far located countries � what becomes possible if we allow for Free-Trade �

the distances these goods need to travel are very long. Intuitively we might

think that this increases �transportation� (whatever that may be for now)

and thus emissions from transportation have to rise. Is this the closing and

inconvenient truth?

There is one quite perspicuous example which reveals that this might

not be the case. Schlich & Fleissner (2003) compared orange-juice origi-

nating from Brasil and shipped to Europe with apple-juice originating from

di�erent countries in Europe concerning the energy used for transport and

production. Orange-juice from Brazil (including the transport over 10'000km

with a function-speci�c ship and its empty drive back) is about 2 to 8 times

less energy consuming than apple-juice from spatial close countries. For their

comparison of German lamb-meat with lamb-meat from New Zealand they

came to about the same result: lamb-meat from the Home-country (Ger-

many) is about three times more energy consuming than the one from New

Zealand.

Similar studies1, some use expressions like �food-miles� for pointing at

their research topic, have been published in newspapers and magazines. The

quintessence in all these studies is the same: First, in production there might

be so extensive economies of scale at work or strong comparative advantages

which not only save money for producers but also save energy and emit less

1e.g. Saunders & Barber (2007), The Economist (2006)
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pollution, including the long way to consumers compared to a production

site spatially near the consumers. Second, the transportation process might

be far better organized and much more e�cient when large volumes have to

be transported on certain routes which also saves money and environment

quality (Behrens et al. (2006)).

2 Conceptual Framework

The changeover from a situation of Autarky to a situation of Free-Trade alters

the trade and production patterns of the participating countries (Krugman &

Obstfeld (2004)). This in turn a�ects the transportation-sector. The amount

of goods which have to be transported rises and the transportation-�ows and

-distances are altered (OECD (2002)). But as we know from other freely

operating markets prices and other market elements change and a�ect the

incentives of market participants. One major participant in the transporta-

tion market are shipping companies.

Pro�t-oriented shipping companies are very likely to respond to these

market changes with several actions. These include the selection of adequate

means and modes of transport for di�erent routes and building-up or restruc-

turing a transportation-network (Mori & Nishikimi (2002) and Jara-Díaz &

Basso (2003)). By selecting means of transport with large maximum load-

capacities on highly frequented routes shipping companies can reduce their

operating costs per transport-unit.2 In the literature there is a debate3 on the

de�nite measurement of economies of scale, scope and density but there is a

consensus that transportation �ows can become more e�cient by increasing

2Hummels (2007), Martínez-Zarzoso & Nowak-Lehmann (2006), Fuchsluger (2000) and

Spielmann (2005).
3Hendricks et al. (1995), Oum & Zhang (1997), Caves et al. (1984) and Xu et al. (1994)
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total transport volume.

Economies of scale and density encourage pro�t-oriented shipping compa-

nies to bundle goods for transportation; on one hand within a single transport

movement and on the other hand on speci�c routes. By choosing transport

means with large maximum capacities the necessary amount of energy used

for the transportation process per unit of transported goods can be reduced

(and so can the emissions). By switching to other transport modes (e.g. from

trucks to trains) consumed transport energy and emitted pollution could be

reduced even on an absolute basis.

2.1 Flow of Goods

By looking at a situation with two countries (Home and Foreign) and within

them two points of production and consumption we can observe the e�ects of

a changeover from a situation of Autarky to a situation of Free-Trade on the

transportation sector and the corresponding environmental pollution. Figure

1 shows the situation before and after opening borders to Free-Trade.
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Place of production and 
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Place of consumption 
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FreeFreeFreeFree----TradeTradeTradeTrade    
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S 
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Figure 1: Flow of Goods
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In Autarky two goods are produced in Home. We assume that good A

is produced in the North (N) and good B in the South (S). Consumers are

equally distributed between N and S. Let us furthermore assume that 200

units4 of each good are produced while 100 of each good are consumed at N

and S. So with Autarky 100 units of good A have to be transported from N

to S and 100 units of good B have to be transported from S to N in Home.

In Foreign the opposite is true � good A is produced in the South (S*)

and good B in the North (N*). Consumers are equally distributed between

N* and S* and the same production and consumption situation is found

as in Home (200 units of each good are produced while 100 of each good

are consumed at N* and S*). In Foreign 100 units of good A have to be

transported from S* to N* while 100 units of good B have to be transported

from N* to S*.

The goods are standardized relative to transportation process � they can

easily be combined and transported with di�erent transportation modes. In

a �rst step we furthermore assume a truck per country with a maximum

load-capacity of 10 units.5 With this truck a minimum of 10 movements

is necessary for transporting the 100 units of goods from N to S and 10

movements from S to N in Home. The same amount of movements results

in Foreign, which leads to an amount of 40 truck-movements in total. They

occur between N and S and between N* and S* in Autarky.

If we open up trade between the two countries the production pattern is

altered. Each country specializes its production on that good for which it

has a comparative advantage. We assume that Home has a comparative ad-

vantage in producing the good A while Foreign has a comparative advantage

4These units might re�ect tons �t�.
5The reason why there is only one transport mean and mode might be the small volumes

that have to be transported in Autarky.
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in producing the good B.6 So with free international �ows of goods good A

is exclusively being produced at location N and good B is exclusively being

produced at location N*. The production of goods at point S and S* is shut

down. We assume that the consumer patterns do not change � at point S and

S* there is no production with Free-trade but still demand for both types of

goods.

By specializing on the production of only one good in a country gains

from specialization can be realized. We assume that thereby production of

goods A and B can be increased by 60 units each with the same resources

used.

So with Free-Trade from point N 120 units of goods A have to be trans-

ported to S and 240 units of goods A have to be transported to N*. From

N* 120 units of these goods have to be further transported to S*.7

From point N* 120 units of goods B have to be transported to S* and

240 units of goods B have to be transported to point N. From point N 120

units of these goods have to be further transported to S. The total amount

of movements with the 10-unit-truck are increased to 96.8 If we focus on

the route N-S in Autarky 100t were transported to the South while with

Free-Trade this volume increased to 240t.

6For a detailed analysis on comparative advantage see e.g. Krugman & Obstfeld (2004).
7Basically the transport �ows need not look like drawn in �gure 1 � the shipping

companies could also build-up a Fully Connected Network, with N and S* linked directly.

But since by bundling goods on fewer routes companies save money we focus here on

bundled routes, what we also observe in reality. Especially in the airline sector (with

established carriers) and more and more in Europe's goods-transport sector the so called

Hub and Spoke Network becomes more important.
824 movements take place between each pair of spatial points (N-S, N-N*, N*-N and

N*-S*).
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2.2 Environmental E�ects

When the volume of goods on one speci�c route is increased the shipping

company has two possibilities to react: (a) with an increase in the number of

movements (increase in frequency) or (b) with an increase in the maximum

load capacity per movement. If she chooses the second option a change in the

transportation infrastructure is needed. One option of changing the trans-

portation infrastructure is to use a transport mean with a larger maximum

load capacity but within the same transportation mode as in Autarky. A

second option is to change the transportation mean (increase in capacity)

and the transportation mode.

In the �rst case the maximum load capacity per movement and the emis-

sions per distance-unit are increased. In the second case, when the trans-

portation mode is also changed the increase in the maximum capacity can

go along without an increase in emissions per distance-unit. We can think

of this as a switch from an environmental-intensive transport mode (road

haulage or air transport) to a less environmental-intensive transport mode

(rail transport).

The environmental e�ects of the increased number of movements without

altering the transportation infrastructure are captured by the scale e�ect.

The emissions per transport-load are constant. The technique e�ect captures

the reduction in emissions per transport-load through increasing the load per

movement. The emissions per distance-unit increase9 although less than the

load per movement. The composition e�ect, �nally, re�ects the reduction in

emissions per transport-load without increasing the emissions per distance-

unit.

A numerical example for a route with a �xed distance (route N-S in �gure

9Because with a larger transport mean more emissions are emitted per kilometer.
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1 with a distance of 1km) should make this point clear.

load movements �x z per mov. z per km dist. z-total z per t

a) 10t 10 0.1 1.0 1km 11 0.11

b) 10t 24 0.1 1.0 1km 26.4 0.11

c) 20t 12 0.2 1.5 1km 20.4 0.085

d) 30t 8 0.3 1.0 1km 10.4 0.043

Table 1: Numeric example for the environmental e�ects

Starting from the situation of Autarky (see row a in table 1) the truck

with a capacity of 10t is used.10 This truck emits 0.1 units of pollution �x per

movement (e.g. for un- and uploading) and 1.0 units per km travelled with

full load. With 10 movements 100t (which have to be transported on this

route in Autarky) can be transported and 11 units of pollution are emitted

in total. This yields 0.11 units of pollution per tonne transported.

In situation (b) the same truck is used but 24 movements are necessary

to transport the 240t of goods on this route with Free-Trade. This increases

the total amount of pollution-units � the pollution per tonne transported is

constant at a rate of 0.11. The increase in total pollution from 11 to 26.4

units of pollution re�ects the scale e�ect.

In situation (c) a truck with a maximum load capacity of 20t is used.

The �xed units of pollution per movement are also doubled (0.2) and the

emissions per km are increased by a factor of 1.5.11 The total amount of

pollution for transporting the 240t of goods equals 20.4.12 The pollution per

10For simplicity we assume only transport means with full load.
11Which makes sense when considering Léonardi et al. (2004) who mention a fuel-

consumption-relation of 1.4 of trucks with a maximum capacity of 20 tons relative to

trucks with a maximum capacity of 10 tons.
1212 movements while each emits 1.7 units of pollution.
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ton transported decreased to 0.085 units of pollution. The reduction from

26.4 to 20.4 corresponds to the technique e�ect.

In situation (d) the transportation mode is changed � instead of road

haulage rail transport is used. Rail transport has even a larger maximum

capacity (30t) and higher �xed emissions per movement (0.3). The emissions

per km instead are the same as for the 10t-truck (1.0).13 The total amount

of pollution is 10.4 units, which is smaller than the starting level in Autarky.

The composition e�ect reduced the emissions by 16 units (from 26.4 to 10.4)

and was able to more than o�set the scale e�ect. With the larger volume of

transported goods less environmental pollution resulted.

Graphically the three e�ects are shown in �gure 2. The possible combi-

nations of movements and load per movement are depicted in the upper part

of the �gure. More load goes along with less movements for a �xed volume

of goods. In Autarky a transport volume of 100t14 has to be transported

by the 10t-truck � at least 10 movements are necessary if the truck operates

with full load. The lower curve in the upper part of the �gure shows some

possible combinations of load and movements for this situation.

In the lower part of the �gure the corresponding pollution function for

the 10t- and the 20t-truck and rail are plotted. All means and modes operate

for simplicity with full load.

Starting from Autarky where 100t of goods have to be transported the

lowest possible level of pollution is the corresponding pollution at point A

(see lower part of �gure 2). With the 10t-truck 10 movements are necessary.

13One could easily make the assumption of a smaller factor per km than for the 10t-

truck. Here we want to remain more on the �safe side� by only allowing the same emissions

per km like the 10t-truck.
14Precisely this should be transport performance (tons-km) but since we assume a �xed

route of 1km we can ignore the distance-unit here.
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Figure 2: Scale, Technique and Composition E�ect

Because of Free-Trade the transport volume increases by the factor 2.4 (note

in the upper part of �gure 2 that the lower curve shifts to the right). With

the 10t-truck now 24 movements are necessary. The di�erence on the z-axis

in the lower part of the �gure depicts the scale e�ect.

If instead the 20t-truck comes into action the necessary amount of move-

ment decreases (in the upper part of �gure 2 the right-hand curve is elongated

upwards until the combination �20 loads/12 movements�). The corresponding

emissions can be seen on the z-axis at the level of point C. This is the lowest

level of emissions which is possible with the 20t-truck. Through the tech-
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nique e�ect (vertical di�erence between B and C on the z-axis) the amount

of pollution is reduced.

If the goods are transported by rail the maximum load per movement

increases to 30t (see upper part of �gure 2) and the necessary amount of

movements can further be reduced. In the lower part of the �gure we move

back to the 10t-truck and rail transport-function � every movement emits less

pollution than with the 20t-truck. For transporting the Free-Trade volume

of goods (240t) by rail transport we end up at a lower level of pollution than

with Autarky (point D). The composition e�ect more than o�sets the scale

e�ect-induced increase in emissions.

2.3 Hub and Spoke vs. Fully Connected Network

Until now only one speci�c route was considered. These environmental

friendly e�ects might result on one intensive used route but the total travelled

distance is increased by transporting the goods via a Hub (like the spatial

points N and N* in �gure 1) why the transport system as a whole should

pollute more.

If we consider the described numeric example on page 10 in Autarky 40

full load movements with the 10t-truck were necessary (20 movements in

each country) and the total pollution equals 44 units.15 When Free-Trade is

possible the total transport volume increases by a factor of 2.4 (from 400 units

to 960 units). To see the above mentioned scale, technique and composition

e�ects we assumed that the goods have to be transported via a Hub. But

if the shipping companies choose to build-up a Fully Connected Network

instead of a Hub and Spoke Network (see picture on the left in �gure 3) the

15Remember that per movement a �xed emission of 0.1 units and per km with full load

1.0 units of emissions accrue, which leads to 1.1 per movement if the distance is 1km.

13



e�ect on the environment is di�erent.
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Figure 3: Fully Connected Network vs. Hub and Spoke Network

If the same 10t-truck is used and the diagonal distance between N and S*

and between N* and S would be 1.4km16 the emissions increase to 88 units of

pollution.17 We assume that with an increase in transport volume of only 20%

on each route it is not interesting for a pro�t-oriented shipping company to

change its transportation infrastructure. So the Free-Trade situation with the

Fully Connected Network in our example is clearly worse for the environment

concerning emissions from transport.

But if we consider the Hub and Spoke Network on three routes the trans-

port volume increased by 140% (see �gure 3 on the right) compared to the

volumes of 100t in Autarky. This may be an incentive for shipping compa-

nies to change the transportation infrastructure. We may however remain

16What makes sense from a Pythagoras-point of view with each cathetus measuring

1km.
1748 full load movements take place on 1km-routes and 24 full load movements on 1.4km

routes. For a full load 1km route still 1.1 units of pollution accrue and for a 1.4km-route

(0.1 + 1.0 · 1.4km) 1.5 units of pollution are emitted.
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again on the �safe side� and assume that only for the international route

(between N and N*) the transportation means and modes may change. For

the originally inland routes we still assume the 10t-truck to be in operation

(this may be because of regulations or high infrastructure costs). With rail

transport on the international route and 10t-truck transport on the inland

routes 73.6 units of pollution are emitted.18 This is a higher level than with

Autarky but a lower level than with the Fully Connected Network. Emissions

per transported tonne have decreased from 0.11 (44 units/400 tons) to 0.077

(73.6 units/ 960 tons) although in total the environmental harm increased.

Is it possible at all to end up with a lower level of pollution while 2.4

times more transport volume and routes with Free-Trade? If we assume that

on all three routes on the right in �gure 3 incentives are large enough to use

rail transport on all routes, then we will. In that case 41.6 units of pollution

are emitted.19 These would be less pollution than in Autarky.

3 Empirical Approach

To see if this conceptual framework is not only theoretical we have to turn

to empirical analysis. As a �rst step we focus on data for Switzerland which

is a small open economy and � because its geographical position in central

Europe � one of three �needle eyes� for land transport between Southern

and Northern Europe.20 Thus it is a geographic interesting case study for

land-based transportation.

18Each full load movement with rail transport emits 1.3 units (0.3 + 1.0 · 1km) and

16 movements are necessary. On the inland routes 48 full load movements, each with 1.1

pollution-units are necessary.
1932 full load movements are necessary, each polluting with 1.3 units
20The other two are Austria with its routes via Brenner and Reschen and France with

its routes via Mont Cenis for rail and Fréjus and Mont Blanc for road.
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For Switzerland ordinary least squares estimation (OLS) regressions based

on yearly change rates21 are conducted. Trade data is taken into account in

tons (for exports, imports and the sum of the two) and with an openness-

ratio (exports+imports/GDP). Transportation data, in the �rst step, is used

in the form of total transported tons (sum of rail and road) and total per-

formed ton-kilometers (sum of rail and road). GDP-data is used in US-

Dollars at constant prices. The following two equations are the underlying

estimation-equations for the �rst analysis of the interaction between Trade

and Transportation:

4 lnTTransportTt = β0 + β14 lnTradet + β24 lnGDPt + εt (1)

4 lnTTransportPt = β0 + β14 lnTradet + β24 lnGDPt + εt (2)

where TTransportT stands for total transported tons and TTransportP

for total transport performance on rail and road.

The obtained estimation results with 35 observations for the years 1970

to 200522 indicate positive and signi�cant correlations between international

trade data and transportation data (for tons and ton-kilometers) � see Figure

4.23 Also a signi�cant and positive correlation between GDP and transporta-

tion data is observed. The corresponding coe�cient for GDP is always larger

than the one for international trade data.

The available data support the plausible hypothesis that more inten-

sive international trade has a positive e�ect on transportation volume (in

tons) and on transportation performance (in ton-kilometers) on Swiss rail

214 ln xt = lnxt − ln xt−1
22One of the series was only available to 2004.
23Note that in contrast to most tables on econometric results here the rows and not the

columns indicate one speci�c estimation-equation.
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GDP Adj. R2
n

Openness Import+Export Import Export

TTransportationT

0.7145** 2.0189*** 0.7709 34

0.0111 0.0000

0.5478*** 1.3023*** 0.7730 35

0.0032 0.0001

0.5448*** 1.2821*** 0.7810 35

0.0005 0.0000

0.1322 2.0538*** 0.6699 35

0.1170 0.0000

TTransportP

0.7945*** 2.0272*** 0.8047 34

0.0049 0.0000

0.6589*** 1.1374*** 0.8318 35

0.0018 0.0020

0.6195*** 1.1745*** 0.8234 35

0.0012 0.0007

0.2173** 1.9713*** 0.7070 35

0.0203 0.0000

Trade

Figure 4: Estimation results on Total Transportation; coe�cients und corre-

sponding p-Values

and roads. Also a change in GDP has a strong e�ect on the volume and

performance of transportation on rail and roads.

But does this increase in transportation alter the structure of transporta-

tion? As a next step the correlations between total transportation and rela-

tive values of road and rail transportation are analyzed.

3.1 Relative Transportation on Roads

We estimate the following equations to see what may happen on roads if

total transportation volume and performance change.

4 ln rTVt = β0 + β14 lnTTransport+ β24 lnTradet + β34 lnGDPt (3)
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4 ln rTMt = β0 + β14 lnTTransport+ β24 lnTradet + β34 lnGDPt (4)

The variable rTV stands for relative transportation volume (heavy vehi-

cles/light vehicles in tons), rTM for relative transportation mileage (heavy

vehicles/light vehicles in kilometers). Total transport is measured in tons

and ton-kilometers, trade in the same four varieties like in equations 1 and

2.

In the upper part of �gure 5 estimation-results on the e�ects of total

transportation, trade and GDP on the relative transportation volume of

heavy vehicles are depicted. An increase in total transported tons and total

transportation performance on rail and road seems to increase the relative

transportation volume of heavy vehicles on roads. All coe�cients are positive

and signi�cant.

These results support the hypothesis, that heavy vehicles gain attractive-

ness relatively to light vehicles (concerning volume) if total transportation

volume or performance on road and rail is increased. On the other hand

an increase in GDP seems to decrease the relative attractiveness of heavy

vehicles in volume. These coe�cients are always negative and signi�cant, if

total transportation is measured by ton-km (see Figure 5, top). Furthermore

the somewhat �direct� e�ect of trade on the relative transportation volume

of heavy vehicles is very rarely signi�cant.

In the lower part of �gure 5 estimation results for relative mileage are

depicted. The e�ects for total transportation are less signi�cant but still

positive. Increased total transportation seems to increase the relative trans-

portation volume and mileage of heavy vehicles relative to light ones.
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GDP Adj. R2
n

Volume Performance Openness Import+ Export Import Export

rTV

0.5955* 0.8441** -1.0275 0.3663 20

0.0728 0.0135 0.2148

0.5378* 0.5691* -1.3101 0.3269 21

0.0772 0.0522 0.2084

0.4868* 0.5804 -1.2698 0.3383 21

0.0934 0.1039 0.2351

0.7730* 0.0451 -0.9175 0.2026 21

0.0751 0.7209 0.3463

1.1699** 0.7181** -2.1044** 0.5132 20

0.0188 0.0307 0.0256

0.9914** 0.3708 -1.8728* 0.3631 21

0.0445 0.2750 0.0539

0.9266* 0.4246 -1.8643** 0.3825 21

0.0680 0.3057 0.0487

1.3321** -0.0660 -1.9014* 0.3282 21

0.0219 0.6619 0.0578

rTM

0.1149 0.2550* 0.4147 0.3398 34

0.3451 0.0705 0.1415

0.1689 0.0838 0.2143 0.2848 35

0.1116 0.5909 0.4070

0.2222* 0.0002 0.2355 0.2775 35

0.0578 0.9988 0.3629

0.1832* 0.0976 0.2047 0.3153 35

0.0785 0.1474 0.3713

0.2959** 0.1020 0.0468 0.3976 34

0.0310 0.5617 0.8712

0.4566*** -0.0849 -0.0849 0.3994 35

0.0000 0.7110 0.7110

0.5152*** -0.1978 -0.0846 0.4221 35

0.0000 0.1196 0.7150

0.3267*** 0.0508 -0.0630 0.3965 35

0.0041 0.5535 0.7870

Transport Trade

Figure 5: Estimation results on relative Transportation on roads; coe�cients

und corresponding p-Values
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3.2 Relative Transportation Rail to Road

Next we turn to relative transportation volume and performance of rail to

road. The conceptual framework focused not only on the technique e�ect

(within a mode, e.g. road transportation) but also on the composition e�ect

which is based on relative transportation between modes (e.g. rail to road).

The following estimation equations are used:

4 lnmsTVt = β0 +β14 lnTTransportt +β24 lnTradet +β34 lnGDPt (5)

4 lnmsTPt = β0 +β14 lnTTransportt +β24 lnTradet +β34 lnGDPt (6)

msTV stands for Modal Split (relation rail/road) in transportation vol-

ume (tons), msTP for Modal Split in transportation performance (ton-

kilometers) and the other variables Trade and GDP are used like in foregoing

estimation equations.

The obtained results (see Figure 6, top) show negative coe�cients for

total transportation volume and positive coe�cients for total transporta-

tion performance, although not all results are signi�cant. So statements on

the correlation between total transportation and Modal Split are di�cult to

make. E�ects of volume seem to be negative while these of performance tend

to be positive. It is interesting, however that the coe�cients for interna-

tional trade are all positive and signi�cant if total transportation volume is

considered. Signi�cant results for GDP are negative.

When looking at relative transportation performance of rail also trade

coe�cients are positive when signi�cant, however only four out of eight are

signi�cant. Considering total transportation performance three out of four

coe�cients are signi�cant and always positive. E�ects of transportation vol-

ume however are not signi�cant.
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While the results for estimations within road transportation are quite

sound, interpreting these relative results for the two modes rail and road is

not easy.

3.3 Transportation and Environment

The �nal step is to estimate the scale, technique and composition e�ects.

The following estimation equation is used to get more information how the

changes in transportation structure may a�ect the environment.

4 lnCO2t = β0 + β14 lnTTransportVt + β24 lnTTransportPt

+β34 ln rTVt + β44 ln rTMt

+β54 lnmsTVt + β64 lnmsTPt + β74 lnPriv (7)

CO2 stands for CO2 emissions from transportation in Switzerland, Priv

for private road passenger transportation performance (person-kilometers)

and all other variables are already known.

First, all variables are considered and three signi�cant coe�cients are

obtained (see �rst row in Figure 7). The technique e�ect (third column)

is signi�cant and negative as expected in the conceptual framework. The

scale e�ect (�rst and second column) and the composition e�ect (�fth col-

umn) however are not signi�cant. Also signi�cant are the e�ects of relative

transportation performance of heavy vehicles and GDP (both positive).

Second, di�erent combinations of variables are tested. The technique

e�ect remains most of the times signi�cant. Even so the e�ects of GDP and

relative mileage of heavy vehicles. The composition e�ect however could not

have been identi�ed. The scale e�ect was signi�cant and positive as expected

by chapter 2 when considered with transport performance. No conclusions

can be given on the composition e�ect.
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GDP Adj. R2
n

Volume Performance Openness Import+ Export Import Export

rTV

-0.4798*** 0.7426*** 0.9053* 0.0724 34

0.0081 0.0002 0.0532

-0.5080** 0.5547** 0.2238 0.0621 35

0.0139 0.0124 0.5471

-0.4333* 0.4083* 0.2829 -0.0008 35

0.0616 0.0728 0.4538

-0.2557 0.2514*** 0.2849 0.0304 35

0.1408 0.0076 0.4660

0.3368 0.1320 -0.7464 0.0147 34

0.1938 0.7646 0.2131

0.4506 -0.0205 -0.9504* 0.0194 35

0.1490 0.9311 0.0640

0.5820* -0.1882 -0.9562* 0.0334 35

0.0626 0.3906 0.0587

0.3390* 0.1439 -0.9088* 0.0525 35

0.0638 0.1336 0.0606

rTP

-0.2398 0.8964*** 0.8722 0.1951 34

0.4382 0.0039 0.1686

-0.1479 0.5346** 0.0206 0.1229 35

0.4802 0.0407 0.9613

-0.0336 0.3315 0.0900 0.0507 35

0.8796 0.2340 0.8369

0.0502 0.3544*** 0.0441 0.2033 35

0.7753 0.0019 0.9124

0.4880 0.3372 -0.6012 0.2492 34

0.1567 0.4998 0.3959

0.6345* 0.0354 -0.8938* 0.2240 35

0.0596 0.9084 0.0579

0.8088** -0.1879 -0.9030* 0.2363 35

0.0147 0.4813 0.0516

0.4931** 0.2539** -0.8247* 0.3166 35

0.0346 0.0354 0.0644

Transport Trade

Figure 6: Estimation results on relative Transportation rail to road; coe�-

cients und corresponding p-Values
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Total 
Transport 

Volume

Total 
Transport 

Performance
Tvolume road 
(heavy/light)

Tmileage road 
(heavy/light)

Tvolume 
(rail/road)

TPerformance 
(rail/road)

Private road 
passenger 

transportation 
Performance Adj. R2

CO2

-0.1835 0.3559 -0.3968** 0.6301*** -0.2397 0.2717 1.6397** 0.2961

0.6265 0.3650 0.0120 0.0007 0.2945 0.2505 0.0129

0.0306 -0.3900* 0.6490*** -0.2845 0.3718* 1.6771** 0.3210

0.8749 0.0330 0.0009 0.2422 0.0885 0.0117

0.1803 -0.2994 0.6854*** 0.0115 1.5087** 0.2237

0.2297 0.1854 0.0019 0.9532 0.0313

0.1607 -0.3656* 0.5739 0.1838 1.4206** 0.2987

0.4048 0.0689 0.1367 0.2407 0.0420

0.1756 -0.2976 0.6934*** 1.5234** 0.2752

0.2221 0.1544 0.0035 0.0278

0.1599 -0.4016** 0.5907*** -0.2278 0.3002 1.5735** 0.3365

0.3014 0.0157 0.0012 0.3294 0.1887 0.0185

0.3697** -0.3547** 0.5754*** -0.0012 1.4026** 0.3120

0.0120 0.0338 0.0081 0.9935 0.0356

0.3051* -0.3843*** 0.5347** 0.1213 1.3787** 0.3408

0.0684 0.0067 0.0180 0.3586 0.0287

0.3700** -0.3548** 0.5747** 1.4013** 0.3578

0.0226 0.0253 0.0116 0.0286

n = 20, respectively

Figure 7: Estimation results on CO2 emissions from transportation; coe�-

cients und corresponding p-Values
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4 Conclusions

When liberalizing trade not only production patterns change, also trans-

portation structure is a�ected. Three e�ects of such transportation struc-

ture changes can be di�erentiated � a scale e�ect which arises because of

increased transport movements without changing transportation means or

modes, a technique e�ect which captures the e�ects of altered means but

unchanged modes and a composition e�ect which arises because of altered

means and modes. The trade induced change in transportation structure can

reduce environmental harm at least on speci�c routes. Thus, reductions in

environmental damage either on a �per transportation unit level� or on an

absolute basis can be achieved by liberalizing trade.

Econometric analysis for Switzerland (as an interesting case for land

transportation because of its geographic position in Europe) show a signif-

icant and negative technique e�ect on CO2 emissions from transport, as it

was expected by the conceptual framework. The scale e�ect is signi�cant

and positive if measured by transportation performance. While more total

transportation performance on rail and roads increases CO2 emissions, these

emissions are reduced by increasing the heavy-vehicles transportation volume

relative to the light-vehicles transportation volume.
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