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THE IMPERATIVE FOR COMMODITY-BASED INTERMODAL
FREIGHT TRANSPORT DEMAND MODELLING: A SOUTH
AFRICAN CASE STUDY
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Abstract

Container forecasting typically focuses on its intermodal nature, container sizes and port container terminals.
This leads to a commodity-blind approach to container forecasting, where the twenty-foot-equivalent is the
forecasting output. The standardized unit is also increasing into many non-standard forms, indicated by the three
main container market segments. This research deconstructs these segments and provides methodological and
actual commodity-based container forecasting results for South Africa where intermodal solutions are still in its
infancy and investments need to be made based on accurate forecasting.
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1 Introduction intermodal was the biggest rail commaodity in the UK
(MacRae, 2013).

The unitisation of general cargo (through palletisation As such, three applications of containers in

and containerisation) is leading to a rail revival national supply chain systems need to be discussed:

through intermodality as it combines the benefits of 1. Containers crossing the quay wall. This

both surface freight transport modes — i.e. the low mainly deals with import, export and transhipment
transport costs resulting from economies of scale on  movements, as well as issues relating to container
long distance rail, and the flexibility and accessibility — vessels and port capacity. Here, the capacity and
of road transport’s collection and distribution services  efficiency of ports, port handling equipment and
(Van Binsbergen et al., 2013). Intermodality refers to  operations come into play.
the use of two or more modes of transport for the 2. The hinterland movement of containers that
seamless movement of goods in the same loading unit  cross the quay wall. This deals with road transport, rail
(De Witt and Clinger: 1999:1, Jannic and Reggiani:  transport and inland waterways. Issues relating to the
2001: 471) in an integrated door to door transport capacity and efficiency of the modal interfaces
chain (European Commission, 1997:1). According to  (port/dry port, port/rail, port/road, and road/rail) must
Rodrigue and Notteboom (2013), the shift towards be considered.
containerisation in the global freight distribution 3. Purely domestic container movements and
system, is “the most salient example of convergence” the capacities and efficiencies of the relevant
between technology, infrastructure, modes and intermodal interfaces (i.e. intermodal terminals)
terminals. Optimising these container operations, and
Intermodal discussions however often focus on  creating sufficient future capacity, is a supply-side
international maritime trade — limiting the dialogue to  contribution to national logistics efficiency. This is
ISO container sizes, port container terminals and pertinent in South Africa, where a number of factors
port/modal interfaces. However, in 2013 the domestic ~ support significant future container growth. These
use of containers for inland transportation outstripped  include:
the use of import/export containers in the USA (and is 1. The Durban-Gauteng logistics corridor will
now close to 50% of all containers transported) be a natural gateway for land-based freight flows to
(Intermodal Association of North America: 2013) and from SADC, tying into the vision of the
while in Europe domestic container movements are  development of the North-South corridor into Sub-
gaining popularity (Silborn:  2008). In 2013, Saharan Africa (Peters, 2013);
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2. The development of a number of inland
container hubs and dry ports in the Gauteng area will
encourage more hinterland container traffic to move
onto rail (Peters, 2013);

3. South Africa’s strategic position on a number
of international and regional shipping trade routes
remains an important advantage in establishing a
transhipment hub at the port of Ngqura (Alix, 2013);
and

4. The development of domestic intermodal
solutions has a large potential to increase the use of
containers (Havenga et al., 2012).

International trends, as discussed in the next
section, however point to a flattening in
containerisation. Informed forecasting of container
volumes is therefore a critical component both for the
development of port infrastructure and the hinterland
logistics links. Brooks et al. (2014) emphasize that
demand forecasts for major transport infrastructure
projects are however frequently typified by an
optimism bias and that past performance is often a
poor indicator of the future. Disaggregated
econometric  analysis, which extends beyond
extrapolation of trends or focusing on aggregate GDP
as a basis for long-term forecasts, improves the
understanding of growth drivers per commodity
group, including the propensity to containerise

(Brooks et al., 2014). Due to the data intensiveness of
this approach, it has however not gained international
traction, and the majority of container demand models
still employ the historical correlation between GDP
and containerisation growth, despite the forecasting
errors that have become evident over the past decade
(Havenga and van Eeden, 2011). The commodity-
based approach that has been developed for South
Africa to gain more accurate insight into the country-
specific demand for containers and intermodal
transport, is shared, together with the deeper insight
gained into each of the container applications
delineated earlier.

2 Global trends
2.1 Containers over the quay wall

International trade container volumes (in Twenty Foot
Equivalent units, TEU) handled by ports increased
from 71 million in 1985 to 750 million in 2012, and is
estimated to grow to 818 million in 2014 (

Figure 3). In 2011, this containerised cargo translated
into 3.6 billion tonnes, compared to the 1.9 billion
tonnes of international cargo that was not
containerised, a container penetration rate of 66%
(Sooredoo, 2013).

Figure 3. Growth in global container volumes (TEUs) from 1985-2014 (Sooredoo, 2013)
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The exponential growth in containerisation was
driven by the increased propensity to containerise
internationally traded commodities previously handled
as break-bulk due inter alia to productivity increases
attributed to ease of handling, improved security and
transport economies of scale. The impact of
containerisation is however flattening out, as
discussed below.

International trade as a percentage of GDP grew
slowly from 1% in 1820 to 10% in 1970, but has since
then accelerated with globalisation and the
specialisation of trade. It has however stabilised
around 32% and is not forecast to rise in the
foreseeable future (

Figure 4) (International Monetary Fund, 2013
and Van Den Berg and Lewer, 2007). Recent trade
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growth is driven by emerging economies, with
advanced economies’ trade not reaching the pre-
recession peak by end 2013, while emerging
economies surpassed the pre-recession peak by mid-
2010 (Brooks et al., 2014). Global trade growth
(relative to GDP) as a multiplier of container growth
has, therefore, abated.

Global  container  penetration  (i.e.  the
containerisation of break bulk and suitable other
commodities) reached 66% in 2011, up from 39% in
1990 (Figure 5). Container penetration increased by
22 percentage points in the period 1990 to 2003 (1.6
percentage point p.a.), but only by 4 percentage points
between 2003 and 2011 (less than 0.5 percentage
points p.a.). The research currently estimated that the
saturation point will be reached in 2017, meaning that
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the percentage of certain commodities transported in
containers will not grow any more. This would
effectively remove the container penetration multiplier
relative to GDP. In addition, emphasis on cost
efficiency has driven consolidation and tighter

packaging solutions. As a result, the average loaded
container is now fully packed, stabilising around 8.8
tonnes over the past decade (Sooredoo, 2013). Thus
the contribution that the container load factor made to
the container growth multiplier is also waning.

Figure 4. Historic trends in global GDP growth ($ trillion) and global trade as % of GDP (International
Monetary Fund, 2013; VVan Den Berg and Lewer, 2007)
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Figure 5. Percentage of global tonnes shipped in containers (Sooredoo, 2013)
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The factors that caused global container volumes
to grow at a more rapid rate than global GDP are
diminishing, which will flatten out the rate of global
container growth.

3.2 Hinterland movement of containers
that cross the quay wall

The rail market share for hinterland container
movements has grown significantly in the recent past
and major growth is forecast for the future. Time
series for the hinterland movement of containers
however only exist for a few countries and global
comparisons are not yet possible. Country-specific
statistics however support the shift towards a rail
revival.

In the United Kingdom, 19% of all container
tonnes imported to or exported from the ports were
transported in the hinterland by rail in 2011. This is
forecast to grow to 46% by 2033. Similarly, 37% of
all container tonne-kilometres in the UK that
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originated or terminated in the port during 2011
occured on rail, and this is forecast to grow to 63% in
2033 (Plummer, 2013). In the UK, rail’s share has
grown over the last decade in response to road
congestion, investment by train operators and
infrastructure capacity enhancements supported by
capital grants from government (Brooks et al., 2014).
In Israel, current hinterland containers on rail is 8%
and is targeted to grow to 25% by 2020 (Goldberg,
2013). Western Australia’s railway market share for
hinterland container movement has risen from 2% ten
years ago to 14% and the short term target is to reach
30% (Buswell, 2013). The figure for Spain has grown
from 3% to 12% over the last five years (Castillo-
Manzano et al., 2013). The figure for Mexico is 33%,
for Canada 77% on the country’s West Coast and 48%
on the East Coast and for the USA 67% on the West
Coast and 17% on the East Coast (Ogard, 2013).

The increase in rail container transport in Europe
is in large part due to voluntary coordination
agreements to ensure equitable access to incumbents’
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rail track (it is believed that regulation would
discourage investment). Examples are Hamburg,
where concerted stakeholder coordination efforts (due
to the presence of 92 different railway operators),
resulted in 36% of containers from Hamburg port
transported on rail in 2010, planned to exceed 40% by
2025, and Rotterdam where the current container rail
share of 13% is targeted to reach 20% by 2035 (inland
waterways are targeted to be the main mode). The
Bombay Jawaharlal Port project in India reached a
30% rail share of the 4.5 million TEUs transported
following development of a dedicated freight corridor,
allowing double-stacking, partly financed with equity
from customers (Brooks et al., 2014).

3.3Purely domestic container movements

Purely domestic container movement statistics are
only available for the USA and parts of Europe.

In the USA, growth for purely domestic
container movements (13.7%) from 2011 to 2012 has
been four times more than that of containers that cross
the quay wall (3.5%), reaching 3.6 million in 2012
compared to the 5.1 million for maritime containers.
This implies that the remaining domestic
containerisation propensity potential is higher than
that of global trade. Notably, it has been the only rail
segment that has not shown a decline on a quarterly
basis over the last decade — not even in the depths of
the recession. The estimated growth for 2013 is 9%,
compared to the 1.3% growth forecast for containers
crossing the quay wall (Malloy, 2012)

Figure 6. The rise of domestic intermodal container volumes in the USA compared to a stabilisation in
import/export containers (Malloy, 2012)
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European domestic intermodal has grown with
25.5% between 2005 and 2011. The equivalent of 11
million TEUs is currently being shipped domestically
in Europe (Géhénot, 2013). This is a relatively high
number for a continent that typically has low average
transport distances. Intermodal container transport
efficiencies can therefore also be garnered over shorter
corridors.

3 Methodology

In 2006, the authors developed a comprehensive
freight demand model (FDM) for South Africa. The
purpose of the model is to gain an understanding of
the current structure of and future demand for freight
transport in South Africa to, inter alia, inform national
freight policy development, direct large-scale freight
logistics capital investment decisions and uncover
opportunities for the reduction of national logistics
costs. This model is refined and updated annually.

The FDM estimates all freight flows in South Africa
(summarised into 83 commodity groups) between 372
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geographical areas, with 30-year forecasts and for
three growth scenarios, in tons and tonkilometres. The
granularity of the FDM seems to be unique in the
world (Havenga, 2013). The term commodity refers to
an economic subsector as defined by the 4-digit
Standard Industrial Classification (SIC) coding system
(Statistics South Africa, 1993), which is based on the
international SIC. The use of the SIC enables
comparison with national and international data which
utilise this standard (most macroeconomic data). In
addition, significant value has been added to
knowledge management in the South African transport
sector by classifying all input data according to the
SIC (this includes rail flows, imports, exports and
shipping manifest data). The flow estimation is based
on gravity modelling of the supply (production and
imports) and demand (intermediate demand, final
demand, exports and inventory investments) per
geographical area per commodity group using a
distance decay function as a transport resistance
measure. The geographical areas refer to magisterial
districts (the smallest available geographical unit on
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which data is published in South Africa), ports,
airports and border posts. The resulting model has
over 1 million records of freight flow data. Actual
historic rail freight data is subtracted from the
modelled flows, with the remainder providing a
comprehensive, disaggregated estimate of road freight
transport.

3.1 Containers over the quay wall

The key pillars of the commodity-based container
forecast for export and import TEUs, are the
availability of container content data, forecasting long
term growth demand for this contents and “fitting”
these to the maximum propensity to containerise per
commodity.

The content of trade containers is established
through the capturing and analysis of shipping line
manifests — a resource intensive approach, but by far
the most reliable source of commodity information
that could be established.

A combination of forecasting techniques was
used to forecast the demand for the underlying
container contents. These include expert consensus for
agricultural and mining commodities, correlated with
macroeconomic forecasts at the industry level. For
manufacturing, established forecasting models from a
major industrial bank were used. For validation,
results were compared to historical trends and outliers
validated.

The current containerisation per commodity was
determined based on the non-containerised bulk and
break bulk volumes from detail commodity data
obtained from the National Ports Authority, and the
containerised volumes as received from shipping lines.
Assumptions on the remainder of each commaodity that
can potentially be containerised (the ceiling value) in
the forecast years are then developed based on the
current propensity to containerise, enhanced through
discussions with industry experts.

3.2 The hinterland-domestic freight flow
relationship

The shipping manifest data provides the ceiling value
per commodity for imports and export. The FDM

provides total freight flows per commodity on the
long-distance corridors. If the corridor freight flow
exceeds the imports/exports, the balance is domestic
traffic. Clarity is therefore obtained on the maximum
of freight the corridor that relates to harbour activities.

domestic intermodal

3.3 Defining
transport

Rail freight’s core competence is the transport of
uniform, bulk freight over long distances between
defined origin-destination (OD) pairs (defined as
primary traffic). This mostly translates into bulk
mineral transport, but the identification of potential
market segments that behave in a similar way, is key
to the rail revival described earlier. Long-distance
traffic can be transformed to fewer OD pairs if the
collection and distribution can be performed
efficiently from a central hub at both ends of the long-
distance corridor. The only way to do this effectively
is through implementing intermodal solutions, which
transform the corridor to a combination of primary
traffic on rail (end-to-end) and metropolitan traffic on
road (short-distance distribution). This implies the
unitisation of freight through containerisation. Brown
and Hatch (2002) highlight typical freight that fits this
description, mostly fast-moving consumer goods
(FMCG) transported as break bulk. The commodity-
level freight flows enable the identification of these
commodities on the key corridors to serve as a starting
point for establishing domestic intermodal potential.

4 South African container trends
4.1 Containers over the quay wall

Total South African international trade container
volumes (including transhipments and empty
containers) grew from 0.47 million in 1979 to 4.77
million in 2012 and are forecast at 5.16 million in
2014 (

Figure 7).

Figure 7. Total South African TEU growth 1979 — 2014 (Sooredoo, 2013)
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South Africa’s share of global trade has declined
in line with that of developed countries (

Figure 8). The USA’s share of container flows
declined from 23% in 1979 to 7% today, while the
UK’s share declined from approximately 7% to less
than 2% over the same period. Brazil’s share grew

from 0.4% to 1.3% and India from 0.3% to 1.6%.
South Africa’s share declined over the same period
from 1.4% to 0.8%. South Africa’s reliance on mineral
export as a growth engine partly contributes to the
declining trend.

Figure 8. TEU throughput as % of the global TEU throughput — developed vs.
emerging economies (Sooredoo, 2013)
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Transnet, South Africa’s state-owned freight
transport company, is rolling out an unprecedented
capital investment plan, of which R80bn (27% of the
total R300bn expenditure), will be spent on ports, port
terminals and related infrastructure (Transnet, 2013).
Given the flattening global containerisation trends, it
is critical to determine container penetration statistics
for South Africa in order to inform the magnitude and
location of this spend.

4.2 International trade container
penetration and demand for South Africa

Determining container penetration is far more
complex than merely applying the 66% global average
highlighted earlier. The vibrant mineral export lines

and massive crude and fuel imports, together 136
million tonnes or 60% of total traded cargo, skew the
statistics. A commodity-disaggregated approach was
followed to analyse South African current container
penetration and estimate future potential (

Figure 9). It is estimated that by 2017 all commaodities
that could sensibly be containerised will have reached
saturation point, leaving little room for further
containerisation.

Figure 9. Commodity-disaggregated international trade container penetration for South Africa
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If one was to merely extrapolate past growth
curves as a basis for forecasting container volumes it
would result in the artificial inflation shown in

Figure 10. A 30-year average forecasts that
international TEUs will grow by 950%, while a 5-year

extrapolation renders a 400% growth, up to 2042. A
commodity-centric approach, however, moderates the
forecast to 350% over the next 30 years, emphasising
the benefit of commodity-based demand analysis in
checking a forecasting optimism bias.

Figure 10. South African international trade container growth estimates — extrapolation vs. commodity-based
forecasts (full, transhipment and empty TEUS)
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4.3 Hinterland movement
that crossed the quay wall

of containers

The hinterland movement of containers should
consider the modal split of containers leaving the port
as well the long distance movement of containers
travelling on corridors. Of the 964 000 full containers
that were exported through South African ports in
2012, 145 000 (15%) arrived at the ports by rail, and
202 000 of the 1 405 000 containers (14%) that were

imported through South African ports in the same
year, were removed by rail.

Figure 11 shows the rail market share statistics
for selected South African ports. Durban, the
country’s major gateway port for containers, is
connected to the economic heartland, Gauteng, by a
well-developed corridor and is therefore expected to
have the highest rail market share.

Figure 11. Rail market share of full hinterland containers that crossed the quay wall at South African ports
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When analysing the corridor flows of hinterland
movements the question of where a container was
stuffed or destuffed arises. Import containers destined
for Gauteng may be destuffed in Durban before being
transported on the KwaZulu-Natal — Gauteng (Natcor)
corridor, but this does not change the fact that the
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contents of that container still travelled on the
corridor, albeit in a “virtual” container. Similarly, the
contents of export containers from Gauteng that is
transported via Natcor to Durban only to be stuffed
into physical containers in Durban also travelled on
the corridor in a virtual container. As such it is
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necessary to analyse hinterland content flow in order
to understand hinterland intermodal potential on the
corridors and not just the physical flow of boxes. The
map in

Figure 12 graphically depicts the flow of current
and potential container content on the country’s major
corridors.

Figure 12. Flow of hinterland container content on the major corridors in 2012

Figure 13 shows the rail market share for the
content of hinterland movements on the major
corridors in 2012. Most contents flow on Natcor, with
some contribution from the Cape Town-Gauteng
corridor (Capecor) and the Gauteng-Port Elizabeth
corridor (Southcor). The coastal flows are shorter
regional hauls away from the ports (such as for
instance Cape Town to George or Durban to Port
Shepstone) and a low rail market share is expected
(even though movements of the same distance is
targeted in places such as Europe, the United
Kingdom and Israel).

It is estimated that in 2012, 13% of export
containers that travelled on Natcor were only stuffed
in Durban and 33% of import cargo, destined for
Gauteng, was destuffed already in Durban. The rail
market share for Natcor is higher than for the other
corridors at 25%, but it is still below its potential.
Preliminary indications on Natcor show that currently
282 000 import/export containers are on rail and 766
000 import/export containers (or container contents)
are on road — the latter volumes could be attracted to
rail.

Figure 13. Rail market share of hinterland movements on the major South African corridors (2012)
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4.4 Purely domestic containers

Purely domestic container movements on rail in South
Africa are negligible. In order to understand the
potential development of this market segment,
domestic break bulk (DBB) flows (i.e. flows that are
the most obvious for domestic intermodal solutions),
are analysed.
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Total DBB on corridors was 60mt in 2012, and is
forecast at 155mt in 2043. The low-hanging fruit are
the two key economic arteries namely Durban-
Gauteng and Cape Town-Gauteng. DBB on these two
corridors contribute 28mt and 70mt to total DBB tons
in 2012 and 2043 respectively (roughly 45% in both
years). The viability of intermodal facilities where
break bulk reaches critical densities, is deemed to be
four million tons on corridors longer than 500
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kilometers, based on Harris’ (1977) work (Havenga,
2013). This translated into a domestic intermodal
potential of approximately 2.8 million TEUs in 2012
on the two key arteries (at an assumed average of 10
tons per TEU). Commodity-disaggregated analysis
sheds further light on this potential.

Processed foods (excluding perishables and
beverages) is the chief DBB commodity transported
between the three major nodes of Gauteng, Durban
and Cape Town, amounting to 15 million tons in 2012
and forecast to be 29 million tons by 2043 (54% and
41% of total DBB in 2012 and 2043 respectively). The
research indicates that 4.23 million tons of processed
foods were transported from Gauteng to Cape Town in
2012, and 4.19 million tons in the opposite direction.
It further forecasts that this distribution should remain
close to perfect balance up to 2043, with 8.8 million
tons of processed foods flowing to Gauteng and 8
million tons to Cape Town. Four million tons of
processed foods were transported from Durban to
Gauteng, and 2.5 million tons in the opposite
direction, during 2012. This distribution is forecast to
move into closer balance by 2043, when 6.6 million
tons are predicted from Durban and 5.2 million tons
towards Durban. This densification of a single
commodity group on two corridors with a combined
length of more than 2 000 kilometres and a near
perfect bidirectional flow, connected at a single
congested node, i.e. Gauteng, is a clear and
unambiguous indication of intermodal solutions, and
of the benefits accruing from a commodity-based
demand analysis.

The recent Memorandum of Understanding
(MOU) between TFR and Imperial Logistics is aimed
at spurring growth in the movement of domestic
intermodal containers (Greve, 2013).

5 Concluding remarks

Global trends in container transport indicate that the
propensity to containerise is reaching maturity and
that containerisation growth will decouple from GDP.
There is however still significant opportunities to
intermodalise domestic freight flows, with recent
growth data available for the USA and some European
countries, supporting this assertion. South Africa’s
disaggregated freight flow model confirms that these
trends also hold true for the country, and facilitates the
development of more informed commodity-based
container demand and forecasting models for
investment in intermodal networks. The imperative for
commaodity-based intermodal freight transport demand
modelling is clearly indicated for all three applications

of container demand analysis presented in this
research.
Following this understanding, an efficient

intermodal network requires that hinterland transport
infrastructure capacity is planned strategically and
integrated seamlessly with port development, rather
than as ad hoc responses to demand (Brooks et al.,

VIRTUS,

”

2014).The planning of these intermodal networks
however often has even longer lead times than other
transport infrastructure due to the required
coordination between numerous public and private
stakeholders. In addition, intermodal transport
solutions require collaboration between competitors,
resting on complex pillars such as alignment of
strategic objectives, coordination of services, and
equitable distribution of investments and profits (Van
Binsbergen et al., 2013). Spatial development is
therefore to a large degree an institutional problem
(Monios and Wilmsmeier, 2013).

The critical next step in South Africa’s container
demand forecasting certainty is the development of a
national freight logistics strategy that will create the
institutional framework for these negotiations. This
strategy should include collaboration with industry to
incorporate their current and planned demand and
resulting operational requirements (Monios and
Wilsmeier, 2013). Increased strategic certainty will
provide positive reinforcement for higher forecasting
accuracy of future container demand.
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