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Abstract
Forecasting demand for and cost of transportation infrastructure has been notoriously inaccurate, partly because of limitations in forecasting methodology but more importantly because of political biases in the forecasting process.  Possible solutions include disregarding forecasts where their value added to decision-making is marginal, adopting new methodologies that have proven their worth, applying a correction factor, in particular to consistently low cost estimates; engaging the public and subject matter experts in the forecasting process; transferring decision-making to the private sector, whose forecasting record is superior to that of the public sector; and adopting a more flexible strategy for infrastructure investment that phases in construction of major projects.  These various strategies should be thought of as options and used only as appropriate.
Introduction
To slightly misquote the late American political scientist, John Kenneth Galbraith, ““The only function of traffic forecasting is to make astrology look respectable”. While Galbraith was, of course, talking about economics, the sentiment extends to traffic forecasting. We are simply not very good at it, or in some instances we allow vested interests to manipulate predictions to achieve their own self-serving ends. The probable distortions in transport policy that result from this vary with context and the exact nature of where the errors or “interpretations” in forecasting lie. Using the term bias as shorthand for a portfolio of issues, if the forecasting bias is exactly or nearly the same across modes, space and time then this may well have little impact on the relative allocation of resources within transport. If, of the other hand the forecasts of the public costs of transport investments and operations are consistently low, or forecast demand consistently high, but accurate in other sectors of the economy, then transport will get an unjustified share of tax payers money. 

One of the problems, however, is that it is difficult to know whether poor forecasting is the only, or even the main, problem in activities like transport investment appraisal.  Other techniques, such as cost-benefit analysis, have their own limitations, but it seems wise as practical expedience to provide the best and most appropriate forecasts irrespective of other issues
.

Before looking at cures, or at least treatments for the problem, we offer a few comments on both the nature of the forecasting biases and what we know about the underlying causes. This provides a foundation for looking at remedial strategies.

The scale of the problem and its impacts

The poor quality of traffic and other transport forecasts have been known for some time, and have periodically been highlighted in studies and in the light of experience with their use. The 1970s saw considerable debate in the UK, for example, over the inaccuracies in the forecasts of car ownership, a major input into traffic modelling, and of the traffic forecasts themselves in the 1980s
. The forecasts for the M25 London orbital road, for instance, were that on 21 of the 26 three-lane sections the traffic flow would be between 50,000 and 79,000 vehicles a day in the 15th year of operation, whereas the flow within a very short time was between 81,400 and 129,000. In the 1990s, a series of studies in the US, including those by the likes of Kain
 and Pickrell
 brought into question the forecasts of transit ridership and costs of public transit investments; and there is little evidence that they have improved subsequently
. 

More recently a series of studies by Flyvbjerg and associated co-authors
 looking across a range of surface transport forecasts has shown considerable inaccuracies extending to most western economies, and provide confirmation of the poor performance of forecasting models. There emerges a particular tendency for over-prediction of capacity utilization and under-prediction of the outcome costs of investments – to take a few example, for ten rail projects from a variety of countries, the passenger forecasts overestimated traffic by 106%, whereas for road projects there is a noted tendency for the forecasts to be wrong by about 20% but the errors were spread equally around the ultimate flows. In terms of costs, an examination of 58 rail projects indicates overruns averaging nearly 45%, and for 167 road investments, overruns of 20.4%. 

If these forecast were a major factor in both the decisions to make the investments and in their design, then this would imply a serious miss use of resources across modes, and probably between transport and other activities in the economies concerned. The problem may in fact, well be considerably worse than the quantifications by Pickrell, Flyvbjerg, and others in that there is no way of knowing if forecasts of investments that were rejected were biased and instrumental in the rejects. If so then resources that would have earned a social return in those projects would have been transferred to some other use where the net benefits are less. We only have data on the investments that actually materialized.

The causes of the problem

There are three broad and entwined reasons why transport forecasts are generally poor: state of knowledge about forecasting, carrying out the forecast, and using the forecast. The importance of each is not constant, but can vary with circumstances over time.

The most transparent reason why forecasts are inaccurate is that the techniques used are deficient in some way. No one would expect perfection in forecast, there are too many uncertainties bit one would expect some improvement in accuracy over time. There seems to be no lack of discussion of methodologies with numerous national and international conferences that are continually being held where, often admittedly exactly the same, experts gather to discuss their work and findings, and there are a plethora of academic journals and monograph series where, admittedly largely the same people, peer referee and publish their work. Communication on recent findings and best practices, does not, therefore, seem to be lacking, nor do the mathematical skills required to do the technical work seem in short supply. 

The advent of computers and the development of specialized software have made data manipulation easier and the testing of hypotheses less cumbersome. Technology, therefore, seems to pose few constraints. Data is always a problem, but even here there have been developments. We have better survey design techniques, and there are more ways to gather transport related data ranging from on-line surveys to the use of global positioning systems for tracking movement. It is true that the move towards lighter regulation and privatization of transport facilities has often reduced the public sources of data, but this is a relatively minor problem compared with all the advances just noted.
The problems in many cases would seem to lie more in the way forecasting is actually done and the results used, two problems which often go hand in hand. A problem initially highlighted Kain is that forecasts are not politically neutral. Many decisions regarding transport investments and policy are not made in the public interest, but rather at least to some degree serve the ends of those who are making them. Those making decisions have their own agenda and can manipulate the processes in which forecasts are made and used. Basically, the forecasting process and output can be captured, to adopt the jargon of regulatory economics by those who commission the forecasts and then make use of them
. These may be politicians who wish to win re-election and thus positively assess the short-term gains of supporting high-use/low cost investments provided by some forecasts against other less “optimistic” projections, or they may be bureaucrats concerned with increasing public sector activities. Some decision-makers simply have a “monument complex” and accept forecasts that favour large, capital-intensive options. One problem is the possibility of game playing, with the authorities consciously keeping costs estimates low at the outset to get a policy accepted but knowing that subsequent and inevitable modifications will lead to cost escalations. The system is, in strict terms, corrupt and even if economists and engineers are neutral in their work, this has little influence on the way their output is interpreted and used. Thus to try close the gap between forecast and actual outcomes is more a matter of institutions than science.

.

The potential treatments

There are a number of possible options for handling the poor forecasting that accompanies many transport appraisals. The options may not be viable or useful in all contexts, but an informal SWOT (strengths, weaknesses, opportunities, threats) style analysis is helpful in isolating which alternatives have merit and in what situations, as well as offering some insights into the practical problems of adopting them.

Do-nothing

In some cases more accurate forecasts may also not be required even if the existing techniques have shortcomings. For example, the poor performance of national car ownerships for the UK in the 1970s and 1980s, which were an integral part of the traffic forecasting of the time, really had little impact on decision-making. Road capacity was clearly inadequate and whether traffic was to grow at 2% a year or 4% made little difference because of budget constraints. More important was where the demands were likely to be strongest, but even here the trends were manifestly clear, and accurate, detailed projections really would not have helped in prioritization. As another example, when road congestion charging was initiated in London in 2003, a round sum of £5 a day was selected as the charge
. The need for exact demand elasticity was not seen, but the need to implement the charge expeditiously was, and the price on access to London at peak times produced a significant improvement in the city’s traffic conditions.

The potential threat of the do nothing situation is that it will be extended to transport projects where more refined and accurate forecasts are needed for good policy making. 

· Improving the forecast methodologies

The theoretical methodology of transport modelling has gradually evolved from the engineering-based four stages – generation, distribution, mode split, assignment - to a greater appreciation of the importance of human behaviour in travel patterns. New concepts include agent based analysis, behavioural, and economics. However, translating these concepts into practical tools for forecasting is not easy, and this may explain why the four-stage process is still widely used. There are challenges in the estimation of parameters, collection of apposite data, prediction of the future paths of independent variables and so on. The approach of the modellers themselves is not always helpful, and while much attention in the academic literature is paid to how well the newer models can explain prior travel patterns, there are few articles that provide actual forecasts that can subsequently be evaluated (perhaps because academic tenure and promotion have little to do with the practical needs of the transport planning community). It is often more difficult to foresee some trend break, or some new influential trend in factors affecting transport demand, than it is to estimate parameters from historic data that implicitly assume on-going trends continue.

One new technique does show great promise.  Nobel Prize winning economist Dan McFadden
 deployed a disaggregate discrete mode split model to examine the construction of the Bay Rapid Transit System (BART) in the San Francisco area. While the conventional aggregate gravity model forecast a 15% modal share for BART McFadden’s disaggregate forecast was 6.3% and the actuality was 6.2%. Unfortunately, despite this impressive performance, BART has never adopted disaggregate modelling as a policy tool.

Even when new techniques prove themselves, there are major barriers to their adoption.  In the US, for example, few states have senior economists and are dominated by civil engineers who are more inclined to treat “human factors” as somewhat secondary when looking at traffic flows. The situation is similar in other countries. In many cases there are also significant costs involved in changing forecasting models. The forecasts are often an integral part of a wider planning and design process embracing interactive suites of programs. The problem is potentially compounded by the capture of much of the system by large consultants interested in selling their four-stage modelling software. 

· Correction factors

If the forecasting biases are symmetric and have approximately the same order of magnitude across studies, then it may be able to apply an adjustment factor to correct the errors.  For example, if the forecasts always underestimate costs by 20% then inflating the forecasts by 25% will give better forecasts. The UK Department for Transport
 has explored this option along with other departments. Some sort of benchmark is adopted against which forecasts may be assessed; serious deviations from these benchmarks require specific justification. This approach is relatively easy for policy makers to understand and has found some favour in a number of government departments. 

The major challenge is in defining what the benchmarks should be and drawing the boundaries for when a particular set of forecasts are called in for detailed scrutiny. Who makes the decisions that the forecasts are over-optimistic and the appropriate correction to apply? There is the additional danger of game playing, with those producing the initial forecasts of, say, costs, making even lower forecasts to which the correction factor will apply. There is also the question of how to handle forecasts of novel policies or technologies where benchmarks really do not exist. Overall, there is always the threat that any corrective process to correct is itself captured by those with a strong interest in a particular outcome.

Bringing more views into forecasting

Traditional engineering-based techniques tend to produce single forecasts that give limited ideas of the ranges of uncertainties involved or the potential sources of these problems. Sensitivity analyses are sometimes offered, but they relate to risk, where there are pretty well-known error distributions associated with parameters, rather than uncertainty where such distributions are highly opaque. Added to this, the forecasting methodologies are often  almost incomprehensible to laymen because of their technical nature.

There are two possibilities for greater involvement in forecasting: more use of expert opinion and more public participation. In the former context, a number of private transport entities have embraced the idea of supplementing “technical” forecasts with adjustments following consultations with experts. Boeing Commercial Airplane started doing this with it traffic forecasts in the 1990s as did British Airways. This may not satisfy the statistical purist, but it does offer the opportunity for introducing insights into possible trend breaks or new trends in traffic patterns.

Regarding the second option, making the forecasting methodologies more transparent and the assumptions more open to debate has been a long-standing objective.  One major challenge to this objective has been the advent of standardized appraisal methodologies in the UK, starting with common discount rates across sectors in the 1960s and moving in the specific transport context to COBA. The on-going problem is to make operational something upon which there is considerable agreement; basically to demystify forecasting and open discussion of the possible scenarios to include in the forecasting process.

· Engaging the privates sector more

There is considerable evidence that private sector forecasts are more accurate than in the public sector, suggesting the value of shifting transport infrastructure decisions to the private sector.  In one study of 183 transport projects by Flyvbjerg, Holm and Buhl
, the private sector ones ultimately experienced cost escalations of 34% and public sector ones of 110%. More generically, and as an official response to over optimistic forecasts, the UK Treasury has offered guidance on how public sector agencies may cope with them following the publication of the Mott MacDonald Report
.

The difference in the quality of public and private forecasts can be understood in the context of the respective principal-agent situations. Since the spread of stakeholders in the private sector is much less than the public sector, where any adverse consequences of inaccurate cost or revenue forecasts fall on all tax payers, decision-makers in the private sector tend to be more conscious of the risks of making mistakes at the project level. The agents are more aware of the interests of their principals in private companies, although admittedly not always entirely responsive. There are fewer ways, for example, to disguise a mistake by bundling it with a large number of other projects, and the costs of poor forecasting are borne by a narrower range of stockholders who tend to be more focused. 
By shifting more investment decisions to the private sector, there is a natural incentive for those involved to be more careful in their forecasting.  The incentive for either padding predicted usage or understating costs is diminished when there is close accountability. This shift of responsibility can be done through a variety of mechanisms including more purely private investments, private sector concessions, or requiring public agencies to seek private sector support for any of their own projects that fail to meet forecasted outcomes.

One weakness of this approach is that the private sector often has more difficulty financing major projects.  Another problem is that a private sector provider may exercise monopoly power once the project is built. But there are ways of dealing with this, including various price capping regulations and a plethora of options around the build, operate, and transfer framework.

· More flexible engineering

Another response to the problem of poor forecasting is to accept the inherent uncertainties in very long-term projects and adopt a more flexible strategy towards infrastructure construction.  This may be particularly germane regarding large, durable projects. The normal discounting procedures used in techniques such as cost-benefit analysis have in the past meant that any errors in long-term projections were weighed lightly in decision-making. The increased concern about sustainable development, and in particular the Stern Report’s
 recommendation that very low discount rates should be used in appraisal means that long-term effects play a more significant role in cost-benefit assessments. Poor forecasts effectively have a larger impact on the welfare calculus. 

Greater flexibility could be introduced by, for example, leaving rights of way along roads for possible capacity expansions or the introduction of alternative modes. This is essentially an engineering design approach that allows for phased construction with the possibility of modifications to meet emerging circumstances as time passes. It has the strength that it can minimize any adverse implications of “corruption” in the initial forecast and allow for unforeseen events and to adopt new technologies or concepts as they emerge. Against this, there are possible costs of adopting designs that are not in the short term the most productive.  Another danger is that forecasts required for subsequent decisions regarding modifications will themselves be captured by vested interests.

Conclusions

There is no ideal way to improve the accuracy of forecast, or more importantly the ways in which they are used. For one thing the future is by its nature uncertain, and for another those who make use of forecasts suffer from the inevitable foibles of being human. What may be done is to reduce the errors, make the possibilities of mis-forecasts more transparent, or adopt alternative investment strategies. There are options for moving forward on this, some already in train, with a diversity of strengths and weakness, but what does not seem to be the case is that any single approach is ideal. A portfolio of measures tuned to particular issues and contexts seems a more tractable way forward.
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