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In the midst of one of the deepest recession in recent history, 
this sixth issue of the Economic Forecasting Review (EFR) 
provides insights and analyses into future trends and anticipated 
directionality of the economy and the transport sector.  

This issue includes a broad set of articles on topics ranging 
from construction cost escalation, the stimulus bill, freight, 
risk management, alternative fuels, and regional economics 
to sustainability.  Speci� cally, in this issue 1) Mort Downey 
and Je�  Morales, both of whom served on President 
Obama�s transition team, discuss the American Recovery and 
Reinvestment Act (ARRA) and its impact on the transportation 
infrastructure; 2) Kumudu Gunasekera, Ira Hirschman, and 
Brad Ship provide an overview of the U.S. economy and o� er 
a 5-year construction cost escalation forecast; 3) Scudder 
Smith, in this his � fth article, continues his commentary on 
the changing nature of U.S. container trade; 4) Mike Zachary 
explores the nexus between freight and carbon emissions; 5) 
Eric Roecks and Alan Lubliner introduce the concepts of 
strategic planning and organizational development; 6) Joe 
O�Carroll discusses PB�s recent work in risk management; 7) 
Meg Cederoth provides an example of a sustainable building 
design project in Abu Dhabi; 8) Nick Amrhein shares his 
experience and research with alternative fuel industries and 
discusses how several west coast state DOTs are attempting to 
accelerate the development of certain private alternative fuel 
industries for the public good; and 9) Matt Nespoli, Kumudu 
Gunasekera, and Ira Hirschman introduce PRISM, a regional 
economic modeling tool. 

Since our last issue, the EFR team was awarded The America�s 
2009 award for �Knowledge Sharing� and was recognized 
by the FHWA as a source for �construction cost escalation as 
well as information regarding other economic indicators that 
are germane to the transportation sector�.  FHWA now has a 
direct link to the EFR via its Construction Economics and Price 
Information webpage.  We are humbled by these recognitions, 
and will continue to provide analysis and forecasts of the current 
and future economic landscape while covering pressing topics 
with the rigor and e�  cacy that you have come to expect from 
this publication.
 

Kumudu Gunasekera, Ph.D.
Editor
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The American Recovery and Reinvestment Act: A Stimulus for 
Transportation Investment
By Mort Downey and Je�  Morales

The infusion of new funding for a variety of transportation 
investments is welcome.  Starved for funding over many 
years, state and local capital programs will see the 
equivalent of an additional year of normal funding from 
the Recovery Act.  Consistent with the primary focus on 
economic recovery, the ARRA emphasizes projects that 
could have quick impacts, with many state and local 
agencies in a position to leverage new, 100 percent federal 
money that will quickly reduce the backlog of needed 
work to repave roads, � x intersections, order new buses 
and the like.  

The rapid response is evident.  Funds from the Federal 
Highway Administration (FHWA), for example, were 
released on March 19, 2009. In just over two and one 
half months, $11.3 billion, or 41 percent of the total, 
have been obligated by the states and more than 3,000 
projects are moving into construction.  A recent McGraw-
Hill economic forecast notes the e� ectiveness of this and 
similar measures in predicting that activity in the � eld of 
public works construction will be up more than 10 percent 
in 2009, while private and other construction is down 
as much as 20 percent.  And, despite some in� ationary 
concerns over �� ooding the market� with the new 
funding, the overall state of the economy has led to strong 
competition. Construction bids for early recovery projects 
have come in well below engineers� estimates, suggesting 
that the program will exceed expectations both in terms 
of jobs created and legacy projects produced.  

Other transportation agencies are expected to match 
the FHWA�s record.  The Federal Aviation Administration 
(FAA) has tentatively allocated all of its discretionary 
funding for airport improvements, and the Federal Transit 
Administration (FTA) has signed o�  on more than $1.5 
billion in projects, most of which are now in clearance by 
the U.S. Department of Labor.

The future of the U.S. transportation program is in the 
hands of the many involved in designing and executing 
the transportation recovery program. Public and 
legislative support for sustained and increased funding 

To help reverse the signi� cant economic downturn that 
began with the collapse of U.S. � nancial markets and 
spread throughout the American economy, President 
Obama and the Congress collaborated on the American 
Recovery and Reinvestment Act (ARRA). The $800 billion 
ARRA is, by all accounts, a massive stimulus package 
focused on delivering both short and long term bene� ts 
to the American economy. Among the many critical 
aspects of the program is the central message that the 
federal government recognizes the value of infrastructure 
investment, but also that changes are coming in terms of 
what will be delivered and how, and by whom decisions 
will be made in the future.  

While the Recovery Act calls for direct help for individuals 
through tax cuts and increased unemployment bene� ts, 
direct assistance to state and local governments, and 
interventions in particular sectors such as the development 
of electronic medical records, it also supports a stepped- 
up program of infrastructure investment.  This last 
fact represents an important shift in federal economic 
policy, which for years has focused on providing funds 
directly to individual consumers as the primary means of 
economic stimulus.  The ARRA recognizes that investment 
in infrastructure can provide dual bene� ts:  the short-
term boost through job creation and preservation, 
and the longer-term bene� t to economic growth and 
competitiveness brought about by improvements to 
transportation and energy systems, schools and public 
buildings, and other similar investments.

Within the Recovery Act, infrastructure initiatives total 
upwards of $125 billion.  The transportation investments�
nearly $50 billion for transportation projects over and 
above baseline spending�have been singled out as a 
prime means toward economic recovery and have drawn 
a great deal of public attention.  While the primary focus of 
recovery has been on rapid job creation through activities 
that could be quickly mobilized, the so called �shovel-
ready� projects, the longer term and secondary bene� ts 
of the program, such as helping stabilize the economic 
health of the transportation industry, are also signi� cant.
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will only happen if the capability and the willingness to 
get things done are clearly demonstrated throughout the 
implementation of today�s recovery program. Early returns 
suggest that objective will be met.

But there is a broader signi� cance in the design and 
content of the program. The Congress and the Obama 
Administration are reinforcing the message that 
infrastructure is important, but also signaling that change 
is coming in terms of what will be delivered and how and 
by whom decisions will be made in the future.  A look at 
the elements of the transportation package makes those 
points clear.  In signi� cant contrast to recent transportation 
bills, the ARRA contained no Congressional earmarks.  
The choice of projects to be implemented will rest with 
funding recipients, or will be the product of merit-based 
and competitive processes to allocate discretionary funds. 
The various funding allocations made for transportation 
purposes are in many cases more � exible and open to 
innovation than the traditional programs, hopefully 
resulting in project investments that go beyond the routine.  
While traditional and currently authorized programs were 
used to frame the funding and make it available quickly 
in light of the need to stimulate employment, there were 
steps included to encourage innovation:

� The largest sum of infrastructure money, $27.5 
billion, is being distributed on a formula basis to 
state and local agencies using a current highway-
based program as a framework. But within this 
category, steps were taken to assure a wide 
distribution of funds among both state and 
local governments, and the funding recipients 
were given unprecedented � exibility to choose 
among potential uses�highways, bridges, 
transit, passenger rail, and even port and goods 
movement investments.  Consistent with the 
Obama Administration�s expected focus on urban 
areas, greater consideration and decision-making 
authority is given to metropolitan areas and 
cities.  The U.S. Conference of Mayors has made it 
clear that greater authority and control for cities 
is going to be a major issue in the upcoming 
surface transportation authorization.

� The transit allocation, totaling $8.3 billion, is 
going out largely on traditional formulas to 
transit agencies, but with a few discretionary 
opportunities, including the ability to accelerate 
already approved �new start� projects and to 
choose among local proposals for a special 
allocation of $100 million designated for transit 
investments that can best save energy and 
reduce greenhouse gases.

� As with transit, the funding allocation to the 
airports program was � owed through the 
traditional Airport Improvement Program (AIP) 
channel, but with full discretion for the FAA to put 
the money to work in a way that meets national 
objectives for safety and capacity.  In addition 
to the AIP funds, the recovery program also 
includes an allocation directly to FAA for upgrade 
of its aging physical infrastructure (e.g. air tra�  c 
control towers and centers) as well as money for 
NASA to speed up the development of a new 
generation of air tra�  c control technology�
looking to the future when a growing economy 
will be generating record volumes of air travel.

� At the President�s urging, the program makes 
an important and unprecedented investment 
in intercity and high-speed rail.  Clearly laying 
down a marker of a major policy change, this 
forward looking element of the transportation 
program provides $9.3 billion in passenger rail 
investment, with the largest share�$8 billion�
going to newly authorized programs to stimulate 
intercity rail passenger service both through the 
development of new truly high speed corridors 
and through the upgrade of existing routes.  Here 
is a place where the �reinvestment� part of the bill 
came to the fore�a conscious e� ort to put funds 
into the needs of the future beyond the needs 
of immediate job creation.  The latter goal will of 
course also be met through an allocation of $1.3 
billion to Amtrak�s critical capital needs.
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� One of the smallest, but potentially most 
signi� cant, programs allocated $1.5 billion to 
the Secretary of Transportation for discretionary 
investments across the board, going beyond 
the traditional modal �silos.�  The Secretary 
can allocate up to $200 million of this fund to 
leverage projects under the Transportation 
Infrastructure Finance and Innovation Act (TIFIA) 
program, which is an in-house equivalent of an 
national infrastructure bank.  The balance of $1.3 
billion can be used for a wide variety of projects 
unconstrained by traditional modal de� nitions 
but allocated on a competitive basis to projects 
that will have a signi� cant impact on the nation, 
a metropolitan area, or a region.  A senior 
Department of Transportation o�  cial recently 
stated their intent to invest in so-called �last 
mile� projects that � ll gaps and create intermodal 
connections.  In past cases, such as the Alameda 
Corridor project at the Ports of Los Angeles and 
Long Beach, such � exible federal funds have 
proven to be the catalyst in unlocking substantial 
public and private contributions to projects that 
meet important needs.

Mort Downey has more than 50 years of distinguished public service, including eight years as the U.S. Deputy 
Secretary of Transportation.  Most recently, Mort led President Obama�s Transition Team for USDOT and he served 
as a senior advisor to Secretary LaHood during the Senate con� rmation process.  He is currently the Chairman of PB 
Consult (the Strategic Consulting division of PB), where he provides advisory services on federal legislation, policy 
development, infrastructure � nance, and transportation market trends.  His prior experience also includes service as 
the Executive Director and Chief Financial O�  cer at the Metropolitan Transportation Authority (MTA) in New York, the 
Assistant Secretary for Budget and Programs at USDOT, and the � rst transportation program analyst for the U.S. House 
of Representatives Committee on the Budget.  

M.A., New York University; B.A., Yale University

Je�  Morales�s background provides him with a unique perspective and insight into transportation issues at the federal, 
state, and local levels. Notably, he most recently served as one of the key individuals on President Obama�s USDOT 
Transition Team. He is currently the Director of Markets for the Americas Operations of PB, but he also has considerable 
experience in the public sector. As Director of the California Department of Transportation (Caltrans), Je�  managed 
a $10 billion program and more than 23,000 employees working to build, maintain and operate the largest state 
transportation system in the U.S. Je�  also served as Executive Vice President of the Chicago Transit Authority (CTA), 
where he spearheaded major reforms at the nation�s second-largest transit agency. Prior to his tenure at the CTA, 
he was a senior sta�  member with former Vice President Al Gore�s National Performance Review and he was Issues 
Director of the White House Commission on Aviation Safety and Security in 1996-1997. He also held senior positions at 
the U.S. Department of Transportation and on the sta�  of the U.S. Senate.

B.S., George Washington University

In addition to the bene� ts provided through direct 
investment in projects, the ARRA also is providing indirect 
bene� ts by acting as a stabilizing force for transportation 
agencies and the transportation market overall.  Over 
the previous year, the combination of higher fuel prices, 
reduced travel, and the economic slowdown led to 
signi� cant declines in traditional revenues, forcing many 
state and local agencies to delay or cancel projects.   The 
infusion of the ARRA funding, especially without the usual 
required non-federal match, is helping make the dip in 
programs shallower, and keeping high priority projects 
moving forward.   

The � rst test for the Recovery Act will be how well it 
performs in supporting the turnaround of the American 
economy.  Beyond that, its principles of targeted 
investment, transparency, and accountability suggest 
that future transportation legislation�notably the 
upcoming Surface Transportation Authorization Act�
can demonstrate that federal funds can contribute to a 
sound, balanced transportation system that can be a 
foundation for future growth and prosperity.



6 | Vol. 3 � Issue 1

In its last six quarters (since October 2007), the U.S. economy 
has observed four quarters of negative growth.  However, 
some economists see encouraging signs in the latest GDP 
numbers, as they show stabilization in the rate of decline 
- a possible indicator that the recession is bottoming out.  
The economy remains extremely weak, and growth (as 
opposed to a slower rate of decline) does not appear to be 
immediately at hand.

Exhibit 3 illustrates PB�s outlook for the U.S economy, which 
is a derivation of a number of governmental, international, 
and third-party forecasts.  For all of 2009, PB�s survey of 
forecasts yields a consensus 2.7 percent decline in real 
GDP, which tracks very closely with the IMF and Blue Chip 
Consensus forecasts.  The anticipated decline is slightly 
less severe than forecasts from Global Insight and the 
Congressional Budget O�  ce but more pronounced than 
the forecast from the O�  ce of Management and Budget.  
Looking beyond 2009, PB�s consensus anticipates a slower 
recovery in 2010, which is followed by a return to stable 
growth of around 3 percent to 3.5 percent.

Global Economic Outlook
According to the International Monetary Fund�s (IMF) World 
Economic Outlook (April 2009), global economic output is 
projected to decline 1.3 percent in 2009.  This would make 
the current recession the deepest of the post-World War 
II era.  Global output is expected to grow at 1.9 percent in 
2010, which is a relatively slow recovery compared to past 
recessions.  From 2011 onwards, world growth is expected 
to return to a stable growth rate of between 4 percent and 
5 percent.

U.S. Economic Outlook
According to the U.S. Bureau of Economic Analysis (BEA), 
in the � rst quarter of 2009 (when compared with the 
fourth quarter of 2008) U.S. real gross domestic product 
(GDP) decreased at an annual rate of 6.1 percent.  This 
decrease is on top of the 6.3 percent decline in real GDP 
observed in the fourth quarter of 2008 (when compared 
with the preceding quarter).  Continuing reductions in 
personal consumption and private investment (including 
residential and non-residential construction, inventory, 
and investments in key industries such as equipment 
and computer software) have contributed signi� cantly 
to the decline in GDP.  Imports are also in virtual free fall, 
although because of GDP accounting, imports have a 
negative impact on the GDP statistic.  

Economic Outlook and Construction Cost Escalation Forecasts
By Dr. Kumudu Gunasekera, Dr. Ira Hirschman, and Brad Ship
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Exhibit 1: Gross Domestic Product (World), Annual 
Percentage Change (constant prices)

Source: IMF, World Economic Outlook, April 2009
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Construction Economics
Prior to 2002, construction cost escalation had a stable 
linear growth trend that was in line with general in� ation as 
measured by the Consumer Price Index (CPI).  Since 2002, 
the variance between construction cost escalation and 
general CPI in� ation (as shown in Exhibit 4) has signi� cantly 
increased.  This divergence between general in� ation 
and construction cost escalation has been driven largely 
(although not entirely) by volatile growth in key global 
commodity prices, particularly oil and steel. November 
2008 through January 2009 saw the biggest widening in 
the variance, due in part to the run up in steel and fuel 
prices from the second quarter of the year, which had 
impacts that lagged declines in overall in� ation. Symptoms 
of the drop o�  in economic activity are already setting in 
as a result of the mounting world � nancial crisis.

Due to this increased variance, federal, state, and local 
agencies, as well as private investors, have recognized 
the importance of obtaining construction cost escalation 
forecasts that re� ect factors speci� c to construction rather 
than relying on forecasts of general in� ation (i.e., CPI).

While the current recession has changed the escalation 
environment for now, recovery and a resumption of 
global economic growth, when it occurs, is likely to be 
accompanied by a return to the upward pressure on 
commodity and thus construction prices.

What Drove Latest Growth in U.S. Construction 
Costs?
As mentioned above, construction cost escalation has 
deviated from general in� ation in recent years. Higher-
than-general in� ation cost growth has been partly  driven 
by a supply / demand imbalance in which suppliers and 
producers of construction components were unable 
to scale-up to meet rapidly increasing demand. While 
higher prices would provide incentives to producers to 
meet rapidly increasing demand, there are barriers to 
quick ramp-ups in supply in the construction component 
market. Constraining factors include political alliances (e.g. 
OPEC control of oil production), limited natural resources, 
physical timelines to bring on-line new production 
capabilities, localized competition for factor inputs, 
exchange rates, trade relations and barriers, decreased 
contractor competition, and market speculation. 
Conversely, in the recent past the demand side was not 
subject to these same constraints. Global forces including 
rapid growth in emerging economies (especially China), 
the residential construction boom in the U.S., and highly 
leveraged access to capital for infrastructure investment 
all played a part in the demand growth seen in the past 
5 years. 

From a theoretical perspective, due to the supply 
constraints outlined above, the short term aggregate 
construction material and labor supply curve is somewhat 
inelastic (i.e. elasticity is close to zero).  As the demand 
increased (i.e. an outward shift in the demand curve) due 
to the factors outlined above, the price disproportionately 
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U.S. Residential / Non-Residential Bubble
Recent years have seen high real growth in both residential 
and non-residential construction. Both categories reached 
high growth rates in the last 5 years (see Exhibit 7)1.  
Though residential investment growth started its decline 
in 2003, growth in the non-residential structure investment 
continued to increase, with peak growth in 2008, which 
perhaps delayed the onset of the current recession.  The 
decline in residential and non-residential investment was 
also observed in 2001, when the U.S. economy experienced 
a relatively mild recession.

increased, thus triggering high construction cost in� ation 
(see Exhibit 5).  The long�run aggregate construction 
material/labor supply curve is relatively more elastic 
because producers and contractors overtime will adapt to 
high demand requirements.  

Emerging Economy Growth
The rapid growth of emerging economies has driven 
demand for construction resources beyond the capacity 
of global suppliers to respond with increased inventories. 
Exhibit 6 demonstrates this period of rapid demand 
growth. While advanced economies have shown relatively 
stable real GDP growth of between one and four percent, 
emerging economies experienced much more rapid real 
GDP growth � for example, 8.3 percent in 2007. This trend 
is magni� ed in the case of China, which experienced 13 
percent real GDP growth in 2007. 

Strong growth in emerging economies requires large 
amounts of investment in civil infrastructure to support 
increasing trade and mobility. Included in this spending 
was extensive infrastructure improvement made by China 
in preparation for the 2008 summer Olympics.

In spite of the current deep global recession, it is likely 
that emerging economies will return to high growth in the 
next few years (although pre-recession growth rates may 
not be seen for some time). The IMF is predicting some 
recovery in 2010 and a return to growth rates of greater 
than 6 percent by 2011.
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Construction Cost Escalation Market Drivers
The following section highlights some of the key market 
factors and forces in� uencing prices for two of the major 
commodities e� ecting highway construction costs: crude 
oil and re� ned petroleum products, and concrete.   We 
further indicate how these forces have changed in recent 
years, and how they may change in the foreseeable future. 
In general, market factors which in� uence commodity 
prices include:

� Demand (global, national, and regional demand)

� Industry supply 

� Environmental and other regulatory factors

� Trade relations and trade agreements

� Political factors

� Exchange rates 

Oil/Re� ned Petroleum
Oil prices a� ect construction costs in a number of ways.   The 
price of oil directly a� ects highway costs through asphalt 
binder prices.  Asphalt binder � a byproduct of the re� ning 
process � constitutes about half of the materials costs of 
asphalt paving.  The remainder of the cost is comprised 
primarily of mineral aggregates. Asphalt averages about 
20 percent of highway costs nationwide.  In addition to 
its direct impact on asphalt prices, the price of oil a� ects 
construction costs through its impact on transportation 
costs, as well as its general in� uence on overall in� ation, as 
energy prices drive up costs throughout the economy.  

Oil prices are driven � rst and foremost by overall world 
demand.  Limited supply is the second major driver, due 
to both OPEC controls and limitations in re� ning capacity.  
While crude oil prices are kept arti� cially high by the OPEC 
cartel, OPEC discipline is not complete.  

Because of high � xed costs, U.S. re� ning capacity does not 
provide su�  cient excess margin when demand spikes or 
when re� neries are put out of commission, such as after 
Hurricanes Katrina and Rita.  As a result, re� ned petroleum 
product prices can fall independently of oil prices on spot 
markets.  Additional observations:

Additionally, high escalation of real estate prices 
encouraged construction and investment, as investors 
could achieve ever higher returns.  Conversely, the 
residential construction and housing markets were 
leaders in the drop-o�  of the overall economy and 
play a signi� cant role in the recent price drops of some 
construction components. 

Ready Access to Capital
An essential driver to the housing boom was ready access 
to inexpensive capital. This driver of growth helped 
to generate high demand for construction materials, 
equipment, labor, and other inputs. As major mortgage-
backed losses in the end of 2007 gave way to bankruptcies 
and government bailout packages by the end of 2008, 
credit essentially dried up for a period of months.  As banks 
move to protect their capital positions, loans have been 
di�  cult to obtain resulting in an uncertain situation for 
both private and public construction. While these funds 
have begun to � ow again (albeit at very low volumes), 
near-future infrastructure spending is most likely to come 
from the public sector.

Free � owing capital is evidenced by an extended period of 
low interbank spreads (the di� erence between interbank 
lending rates and government lending rates). Exhibit 
8  shows the di� erence between 3-month LIBOR and 3-
month U.S. Treasury bills. This period of inexpensive capital 
(approximately 2002-2007) corresponds to a period of high 
construction cost escalation. Escalation in 2008 is likely 
due to carry-over growth from the 2002-2007 period, as 
well as high oil and steel prices.
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� Crude oil prices are by far the most sensitive of 
global commodities to international political 
relations and con� icts.  Political disruptions are 
always possible, and can result in shortages and 
price increases at any time. 

� Because crude oil is commoditized � that is, it 
is sold primarily on spot markets, rather than 
directly from country to country � bilateral 
exchange rate di� erentials are less important 
than the overall status of the U.S. dollar against a 
market basket of currencies. 

� While global environmental concerns will have a 
major impact on the demand for oil in the long 
run, the process of weaning from oil to renewable 
energy sources will almost certainly be slow.  
Economic growth in China, India, and the rest of 
the rapidly developing world, once it resumes, 
will continue to place strong upward pressure 
on prices, particularly as world oil supplies reach 
their theoretical �tipping point� and as new � elds 
prove more expensive to tap.  

Asphalt prices, as noted, are closely correlated with crude 
oil and re� ned petroleum prices, but there can be a lag 
in the e� ect.  Engineering News Record (April 6, 2009) 
indicates that asphalt paving prices have fallen in response 
to the precipitous drop in oil prices, but with a lag of 3 to 
6 months. The U.S. Energy Information Administration 
forecasts oil prices; current forecasts for the short term are 
that crude oil prices for various spot markets will recover 
from around $40 per barrel in 2009 to around $50 per 
barrel for 2010.  As re� ned petroleum products resume 
their upward price trend after recovery, re� ners will focus 
on producing more gasoline and less asphalt binder, 
exerting more pressure on asphalt prices.

Cement/Concrete
Due to its weight and bulk, which make its transportation 
expensive, and also because most of the non-energy 
inputs can be procured locally, concrete is not generally 
shipped over very long distances.  Cement is the basic 
input to concrete, and is typically less closely linked to local 
supply constraints as other concrete components. Sand 
and aggregate prices can be highly localized due to high 
transportation prices of these heavy materials. Cement is, 
therefore, easiest to analyze on a national level. 

The price of cement is largely determined by the 
transportation costs involved in its delivery, as well as 
energy prices used in production.  Because of the relatively 
high cost of shipping cement, competition is generally 
maintained on a regional level.  Average transportation 
costs reported by U.S. producers for shipments within 50 
miles of the plant were $5.79 per ton.  Average shipping 
costs increased to $9.86 for shipments within 51-100 
miles, to $14.53 for 101-200 miles, and to $18.86 for 201-
300 miles.  For shipments that are 500 miles or more from 
the plant, transportation costs increased to $25.85 per ton.  
The majority of cement produced in the U.S. is sold within 
200 miles of the plant or terminal of origin. 

While cement is produced close to where it is used, cement 
production in the U.S. is dominated by foreign owned 
conglomerates; CEMEX, the Mexican producer, has the 
largest market share in the United States, operating many 
plants throughout the United States.   Because of a gap 
between U.S. domestic production capacity and demand, 
over 20 percent of U.S. cement is imported from Mexico, 
Canada, Thailand, and China.  As a result of the lower costs 
of production, and the less restrictive air quality regulations 
in Mexico, the southern tier states of the U.S. in particular 
have relied fairly heavily on cement imports from Mexico.  
In 2004, U.S. cement producers brought an anti-dumping 
claim against Mexican cement imports, but the case was 
resolved successfully for U.S. producers.  While the anti-
dumping resolution limited the worst price undercutting 
abuses in southern tier markets, the resolution of the anti-
dumping suit also restored imports of much of the Mexican 
produced cement, increased supplies, and reduced overall 
pressure on prices in that region of the U.S. 

Cement prices, as noted, are closely tied to transportation 
costs, and energy costs in general.  Engineering News 
Record indicates that cement prices (Portland Cement) 
have fallen rapidly since December, and as a result are 
at about the same level as they were a year ago.  As with 
all construction related costs, cement prices are certain 
to continue to fall at least until 2010.  The U.S. stimulus 
program will reduce downward pressure on cement and 
concrete prices somewhat.
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Exhibit 9 provides a dashboard view of the historical 
growth rates for construction cost drivers, nationally.  Of 
all the drivers, labor is relatively stable while all other cost 
components (such as machinery, cement, steel, aggregates, 
etc.) show signi� cant peaks from year 2000 onwards.

Construction Escalation Outlook
The major market factors a� ecting non-residential 
construction, and their expected future trends, were 
summarized in the preceding sections.  Based on that 

Average Construction Hourly Earnings 
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Exhibit 9: Construction Cost Drivers, historical growth rates (1992-2008)

analysis, Exhibit 10 illustrates PB�s short- and mid-range 
highway construction cost escalation outlook.  It is 
important to note that this is a composite national level 
forecast; and as such, users should make appropriate 
adjustments (based on speci� c project characteristics and 
local market conditions) when applying this forecast to 
individual highway infrastructure projects.

Source: U.S Bureau of Labor Statistics
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In the next year or so, overall demand for construction 
is going to be more severely diminished than other 
sectors.  Contractors will be competing hard for what 
work remains in the sector, bidding down construction 
prices.  However, as the credit markets recover and as the 
federal government invests in public infrastructure to 
stimulate the economy, construction costs will begin to 
revert upward again.  As part of the American Recovery 
and Reinvestment Act (ARRA), there has been signi� cant 
funding included for infrastructure investments. A 
total of upwards of $125 billion has been included for 
infrastructure, including almost $50 billion above baseline 
spending for transportation projects. More information is 
included in the article by Mort Downey and Je�  Morales, 
which precedes this article in this publication.

It appears that the economic recovery from the current 
downturn will take longer than anticipated in the previous 
publication of EFR (November 2008). Prices, especially for 
commodities, have fallen drastically since their peak in the 
summer of 2008. Construction costs, however, have not 
completely followed this trend. While growth rates are 
substantially lower than those of the past summer, falling 
commodity prices have not eroded all of the price gains. 
This is evidenced by modest growth of Engineering New 
Record�s CCI from the end of 2008 to May 2009 (annualized 
growth of approximately 2 percent over this period). 

EFR�s previous forecast has been revised to re� ect a longer 
than anticipated downturn. With economic recovery 
(positive GDP growth) anticipated in 2010, construction 
escalation will lag and a spike in growth is anticipated in 
2011. Exhibit 10 shows this revision. Following this spike, 
escalation is projected to stabilize at around 4.5 percent in 
2013.  The initial spike in escalation in 2010 is expected due 
to a steep ramp-up of construction demand; this will occur 
as suppliers struggle to recover production capacity which 
was scaled back during the downturn. It is anticipated that 
over time (2-3 years) suppliers will be able to adjust to 
demand and escalation rates will stabilize somewhat.
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A New Normal for U.S. Container Trade
By Scudder Smith

Concerns about the current global economic downturn 
naturally lead to questions such as:

 

� When will the economic decline reach bottom?

� What shape will the recovery take, and how long 
will it last?

� When will the economy return to normal?

However, the root causes of the current recession, in 
addition to its breadth and depth, are raising questions 
not usually asked during an �ordinary� recession:

� Will economic growth return to historic norms?

� If not, what will the �new normal� look like?

These questions are equally relevant for international 
trade, and container volumes in particular. 

Recent Developments in U.S. Container 
Trade
Over the 15 years from 1992 through 2006, U.S. container 
trade grew more than twice as fast as real economic growth 
(an average of 7 percent versus 3 percent).  Previous articles 
in this publication suggested that the historic gap between 
container trade growth and real economic growth would 
decline over time and showed that the general rule of 
thumb that container trade is a multiple of GDP growth 
has fallen by the wayside during the past two years (see 
EFR, Volume 1, Issue 1; and EFR Volume 2, Issue 2). 

U.S. container trade declines over the past year, and 
especially over the past few months, have gone far beyond 
predictions of a long-term gradual decline. U.S. container 
volumes fell in 2008 by 5 percent from 2007 levels. First 
quarter 2009 volumes have fallen even more precipitously 
with the � ve largest U.S. West Coast ports dropping by 
22 percent from the same period in 2008. With the U.S. 
economy contracting during 2009, container volumes 
may fall at double digit rates from 2008 levels. This 
development is doubly unprecedented. U.S. container 
volumes had not previously declined in any year since the 
AAPA has published records beginning in 1990. 

-6%

-4%

-2%

0%

2%

4%

6%

8%

10%

12%

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

US TEUs US Real GDP

Exhibit 1: U.S. Container Trade Has Contracted Signi� cantly in 2008
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Why Has Trade Slowed So Quickly, and So 
Precipitously?
It is now obvious that the global economy has become 
more and more tightly linked, as global � nancial markets 
and economies have simultaneously receded. It is also 
clear that trade is an integral part of this tight linkage. 
Global and U.S. container trade declines are both a direct 
result of, as well as direct contributors to, these macro 
factors. While the impacts of trade links may a� ect global 
economic systems more slowly than � nancial linkages, 
timing di� erences have surely become smaller. While 
goods may move relatively more slowly during shipment 
compared to almost instant � nancial transactions, with 
modern supply chains, drops in consumption can now 
quickly be translated into lowered orders and slowed 
manufacturing. In addition, the e� ect of a sharp economic 
slump is magni� ed in trade volume declines as inventory 
levels are wrung out of supply chains.

What Goes Up Must Come Down
A quick review of the factors that led to trade growth from 
1992 through 2005 sheds light on why trade has recently 
fallen so deeply and suddenly. 

U.S. container trade growth from 1992 through 2005 was 
fueled by two engines of U.S. economic growth. One engine 
of trade growth through 2005 was residential investment, 
which doubled from 1992 to 2005. Large import product 
categories such as furniture, wood products, construction 
materials and many household goods are driven by 
this key economic sector. As can be seen in Exhibit 2, 
residential investment began to dip in 2006, nearly two 
years before the o�  cial beginning of the current recession 
in December 2007, and has declined sharply in 2007 and 
2008. The impacts of declining residential investment were 
somewhat o� set by growth in non-residential structures 
in 2006 through 2008. 
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Consumer Spending
The major engine of trade growth, aggregate consumer 
spending, increased inexorably over the last two decades, 
with growth rates slowing only during the recession of 
1990-91 and during the current recession in 2008 (note 
that slight declines in spending on goods did occur during 
these recessions). The only other recession during the past 
two decades, the recession of 2001, had relatively little 
impact on consumer spending (see Exhibit 3). 

Consumer spending continued to grow strongly through 
2007 and into the � rst half of 2008, to some extent 
compensating for the drop in trade directly related to 
residential investment noted above. 

Continued growth in consumer spending, supported by 
ever-increasing housing values, was also supported by a 
decline in the U.S. savings rate from 1992 through 2007. 
This rate dropped from a level that exceeded 7 percent up 
until 1992, to an average of 0.6 percent in 2005 through 
2007 (see Exhibit 4). This is the only period since the early 
1930s that the annual savings rate has been below 1 
percent.
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Exhibit 6: Savings Rates Have Rebounded in 2008 and 
2009

Source: U.S. Bureau of Economic Analysis
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The Simultaneous, Precipitous Drop
In 2008, a version of a perfect storm began to a� ect trade 
volumes. All of the principal factors that had supported 
trade volume growth through 2005 instead contributed  
to declining trade. Residential investment has continued 
to fall through the � rst quarter of 2009. Growth in non-
residential structures that had previously helped o� set 
declining residential investment also turned negative 
beginning in the fourth quarter of 2008 (see Exhibit 5). 
Signi� cant changes in consumer spending and savings 
also began to occur in 2008. In the second through fourth 
quarters of 2008, the savings rate rebounded to an average 
of 2.3 percent from the historic lows of 2005 through the � rst 
quarter of 2008 (see Exhibit 6). This increase in the savings 
rate was coincident with an almost unprecedented decline 
in consumer spending in the third and fourth quarters of 
2008 (see Exhibit 7). For the � rst time in recorded history, 
consecutive quarterly declines in consumer spending 
exceeded 3 percent (such quarterly declines must have 
occurred during the 1930s, but BEA data is not recorded 
by quarter for that time period). While consumer spending 
increased during the � rst quarter of 2009 by 2.2 percent, 
monthly results were mixed, with March values declining 
after increases in January and February.
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Exhibit 8: Alternative GDP Growth Forecasts

Source: Congressional Budget O�  ce

Real Economic Growth
While there is debate about how much the U.S. economy will 
grow over the next decade, there seems to be a consensus 
that growth rates will be less than those experienced since 
the 1990s. For example, the Congressional Budget O�  ce is 
projecting long term real GDP growth rates of 2.4 percent, 
greater than growth projected by the Blue Chip average, 
but less than the projections included in the President�s 
budget (see Exhibit 8).

A decline from the 3.0 percent real GDP growth rate of 
the past decade and a half to a 2.4 percent rate would 
suggest that, all else being equal, U.S. trade import growth 
would decline by a similar amount, or a drop of about 0.6 
percent. This is a fundamental change contributing to a 
new normal.

A New Cyclicality in Container Trade
In summary, during the past few quarters, container trade 
has joined the list of cyclical sectors of the U.S. economy, 
and done so strongly. Declines in residential investment 
have continued unabated, and growth in investment in 
non-residential structures has also moved into negative 
territory. Long-term, steadily positive, growth in consumer 
spending turned sharply negative in mid-2008. Beyond 
underlying economic driving factors, drops in import 
volumes have also undoubtedly been impacted by supply 
chain factors such as drawing down inventories and 
changes in sourcing. Finally, export volumes, which had 
been increasing during early 2008, have also declined in 
the fourth quarter of 2008 and the � rst quarter of 2009 
due to slowing global demand. The result of all of these 
factors has led to an unprecedented drop in U.S. container 
volumes in 2008 that has continued into 2009. 

The good news for GDP growth is that declines in imports, 
and the resulting improvement in the trade balance, count 
as positives in the calculation of GDP.

After the Recovery: A New Normal
The timing and shape of the economic recovery is the 
subject of much uncertainty and debate. The question 
here is what will happen to trade volumes, both during a 
recovery and thereafter. In the short term, an economic 
recovery will lead to a resumption of trade growth, 
accelerated by a re� lling of goods inventories. It now 
seems apparent that this recovery in trade will not occur 
until late in 2009, or perhaps in 2010. A speci� c forecast of 
this volume growth is not attempted in this short article. 
The important question for longer term planning purposes 
is what normal growth will look like after the recovery. The 
factors that will determine a new normal include at least 
four principal components:

� Real Economic Growth

� Investment: Residential and Nonresidential 
Structures

� Consumer Spending and Saving

� Sourcing and Supply Chain Factors
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Investment: Residential and 
Nonresidential Structures
While investment is a component of total GDP, these 
categories deserve singling out because of their large 
in� uence in determining import volumes. It is inevitable 
that declines in residential investment will eventually 
bottom out and begin to contribute to economic and trade 
growth, although the timing and magnitude of recovery 
in these sectors is uncertain. It seems likely that declines 
will continue after an aggregate recovery has begun, and 
that growth may be sluggish even after turning positive. 
This would suggest that imports of large categories of 
goods such furniture and construction materials may 
grow slower than other import categories, and contribute 
to a slower new normal growth after an o�  cial economic 
recovery has begun.

Consumer Spending
One of the principal questions concerning an economic 
recovery and future growth is whether the wrenching and 
nearly unprecedented changes in consumer spending 
seen during the last few quarters signal a likely change in 
consumer spending and savings patterns for the future. 
Previous articles suggested that consumer spending as 
a percent of real GDP would decline over time from the 
historic high of 72 percent recorded in the � rst quarter of 
2007 towards the 67 percent level normal in the 1990s. 

The recent precipitous declines in consumer spending and 
corresponding increases in savings rates lend credence to 
the possibility that these basic relationships are indeed 
likely to change, perhaps sooner rather than later. If this is 
the case, slower growth in imports across many consumer 
goods categories is likely after the current recessionary 
declines abate. Thus, after the recovery, rather than 
historically boosting trade growth, consumer spending 
will contribute to a slowdown in growth rates. This is a 
third fundamental factor that will drop container trade 
growth rates to a new normal level.

Sourcing and Supply Chain Factors
Previous articles have pointed out that trade growth is 
likely to decline because import propensities may be 
reaching saturation levels and that increased sourcing 
from Asian countries rather than Mexico and Canada has 
reached the end of the line. These factors, that previously 
boosted container trade, will inevitably run their course, 
contributing to a new lower normal growth.

The New Normal
Growth in U.S. container trade averaged in the high single 
digits from 1992 through 2006, 7.0 percent for the U.S. as 
a whole (see Exhibit 1) and 7.5 percent for the west coast. 
Based on the factors outlined above, it appears that U.S. 
container growth rates may be cut in half, to 3 to 4 percent 
per year or lower, for the medium to long term. It should 
be noted that this range of lower growth rates is still 
substantially greater than projected increases in real GDP 
(a trade increase of 4 percent per year is 1.6 times a real 
GDP growth rate of 2.5 percent).

In addition, based on recent trends and the expansion of 
the Panama Canal expected to be completed in 2014, shifts 
in coastal trade shares are likely to continue. Container 
volumes at west coast ports are likely to experience slower 
than average growth, while east coast and Gulf port 
volumes are like to grow faster than the average. If 3 to 4 
percent growth is the new normal, then a new norm for 
the west coast could be closer to 3 percent growth and 
for east coast and Gulf ports a higher 4 percent growth is 
likely.

A � nal point about a new normal, brought home by the 
current recession, is that as container volume growth more 
closely approximates real GDP growth, and container trade 
is likely to be more cyclical and volatile than previously 
experienced.
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Freight and Goods Movement: the Changing Environment
By Mike Zachary

The world as we know it is rapidly changing before our eyes. 
In terms of cargo, freight and goods movement, this clichØ 
has never been more appropriate. With the downturn of the 
economy and shrinking supply chains, the rationalization of 
assets, both landside and vessel deployment, is becoming 
commonplace. With an estimated 11 percent of the world�s 
container � eet capacity being laid up and containerized 
cargo down an estimated 28 percent globally, one would 
think that shippers, carriers and ports would seek ways to 
reduce costs and shorten delays, not add to them. But they 
are not.

The movement of freight rests on a three-legged concept 
of the �3 P�s�- governmental (not just the U.S. government) 
policies a� ecting global trade; the logistical processes 
and procedures used to purchase, move and pay for the 
goods being moved; and the physical practices applied 
to the actual touching of the cargo as it moves from the 
factory at the point of origin through the supply chain to 
its � nal destination. Each of the �P�s� are interrelated with 
the two other �P�s� to the extent an e� ect on one cannot 
help but a� ect the other two. That is what is happening 
in today�s world of global trade. The world�s governments, 
realizing that the global climate change and greenhouse 
gas (GHG) e� ects must now be considered as part of the 
transportation of goods, are creating policies without 
regard to the increase in costs to the supply chain. Instead, 
they are focused on �greening them up�.

Parsons Brinckerho�  (PB) has been in goods movement 
consulting for many years but, just recently, the company 
has put a much stronger emphasis on freight and the 
associated transportation aspects of moving freight. 
Greg Kelly, National Transportation Director, authorized 
the creation of  the �Freight 8�, which recently convened 
in New York to review PB�s global logistics and modal 
aspects of goods movement to determine the current 
and future strengths, weaknesses, and capacities of the 
world�s strategic supply chain and distribution networks. 
One of the key points of emphasis apparent was how 
freight�s carbon footprint a� ects global climate change 
and the need to address the issue, which will in turn create 
a ripple e� ect through all aspects of our lives, including as 
consumers in the world economy.

The bottom line is that, as infrastructure and goods 
movement specialists, we must not only understand the 
impact of freight�s carbon footprint but we must be ahead 
of the legislative policies in order to assist ports, shippers 
and carriers in predicting and preparing for the resultant 
changes in costs, service reliability, and infrastructure 
capacity and funding requirements. Will these policies 
result in additional costs to move freight through the 
supply chain? Yes. Will supply chains react to the increased 
costs by strategically redeploying their supply chain�s 
distribution network? Absolutely!

One of the biggest policy impacts will occur from a global 
policy called �cap and trade�. Presently the U.S. does not 
have a cap and trade policy but the rest of the world has 
created a policy that has been successfully implemented. 
President Obama has made it clear that his administration 
will develop a national policy on cap and trade that will 
mimic, but not match, the current EU cap and trade policy. 
What is �cap and trade�? Kimberly Farley, a senior member 
of PB�s Environmental TEC and a leading member of the 
Freight 8, does an outstanding job of de� ning the global 
policy with the following (simpli� ed for this e� ort):

The �cap� is a legal limit on the quantity of GHG allowed to 
be emitted each year. The idea is that each year the limit is 
lessened, until we have reached our targets. The idea behind 
�trading� is that companies will be able to swap permission 
to emit GHG amongst themselves, creating a market for 
pollution permits. The theory is that if we allow such trading, 
we will put a price on pollution that will travel throughout 
the economy, motivating corporations and the public to � nd 
ways to trim GHGs. An o� set is a GHG emission reduction or 
carbon sequestration project that can meet the requirements 
of a cap and trade scheme. Companies unable to meet their 
permitted allowances could purchase or �trade� allowances 
from other companies or other aspects of their production 
and distribution networks.

It is the latter point of trading and/or selling credits on the 
free market that has the greatest impact on current and 
future infrastructure and capacities in the global goods 
movement market.
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We need to point out one of the biggest areas of �discussion� 
amongst the governments of the world: �Is the cap on 
emissions speci� cally tied to a company, a product, a 
process or a transportation/distribution network and can 
credits � ow freely between these areas?�

For example, product �Yellow�, with the manufacturing 
process that is 200 tons over the capped emissions limit, 
would need to � nd credits somewhere in the life of the 
product to o� set the 200 tons in order to be at or below the 
capped limits. If the supply chain is green enough, and the 
distribution component�s emissions are below the capped 
limit, the total product and its associated distribution 
chain may net out at zero, resulting in no �costs� to the 
product. If it doesn�t net out, then the shipper (or the 
manufacturer) must pay for the units above the cap. If the 
shipper, manufacturer, or carrier has other processes or 
components that are below the caps, then they can trade 
their credits within their own supply chain without having 
to purchase or trade credits outside the supply chain.

So where does this leave the freight and goods movement 
component of the supply chain? The maritime component 
is actively working to become a �credit� in this global e� ort. 
As evidence of this, the major container ports on the west 
coast (LA, Long Beach, Seattle, Tacoma, and Vancouver) 
have all implemented signi� cant initiatives to speci� cally 
create �credits� for the supply chains that move through 
their port terminals and rail distribution networks. Some 
of the key components of these initiatives are:

reducing vessel speeds and switching to low sulfur and 
ultra-low sulfur fuel within 40 miles of the port to reduce air 
emissions; requiring all terminal cargo handling equipment 
to be electric or use reduced emission technologies; in 
California, the state purchased more than 100 low emission 
technology locomotives for intermodal trains; requiring 
trucks and drayage units to be �clean�, meaning they must 
have engines that meet the California air quality criteria for 
diesel emissions and are newer than the 2007 models.

While there have been some �issues� with the above 
(speci� cally the Ports of Long Beach and Los Angeles 
have been sued over the trucking licensing issue), the 
maritime industry, in general, has embraced these moves 
and for good reason. The Port of Seattle, for example, has 
positioned itself as �North America�s leading Green Port.� 
The underpinning of this is the ability, in their minds, to be 
a source of �credits� to the supply chains coming through 
the Port. Obviously this is only applicable if the �credits� 
can extend to the supply chain for entities outside of 
the production e� ort. But the Port�s e� ort is admirable. 
If they can produce 100 tons of credit for each container 
of product �Yellow� and give the credits (without charge) 
to the shipper and/or carrier of the product, with the only 
caveat being that the shipper use the Port as its Port of 
Choice for all of the shipper�s import cargo, they will have 
performed a marketing coup. If cargo doesn�t � ow through 
a port, infrastructure improvements and capacity can�t be 
supported or funded.

While this sounds very good from a marketing perspective, 
the ability to actually deliver on this concept has several 
hurdles to overcome. The � rst has been mentioned 
previously; the question of credits being obtained from 
the manufacturing process (product speci� c) or from 
components of the supply chain (distribution aspect). 
The other, and probably the largest hurdle, is (regardless 
of the argument of product vs. supply chain) the ability 
of the shipper to have visibility into the entire supply 
chain to the point where the total emission levels and 
the associated credits/debits for each component can be 
determined. Part of this hurdle is the ability to have several 
governments (U.S. and foreign) agree on the caps, the 
credits and the permitting processes. This is the biggest 
reason, in my opinion, why the U.S. does not have cap 
and trade legislation in place at this point of time. We will 
continue to closely monitor this important and signi� cant 
impact of governmental policies on the movement of 
goods and freight on a global basis and o� er our strategic 
consulting services to our clients, regarding their strategy 
for preparing for �cap and trade.�

Mike Zachary is a Principal Consultant specializing in the movement of freight through the maritime and intermodal rail 
environs. Mike has been active in the industry for more than 25 years with more than 200 port, marine, and intermodal 
rail projects throughout the world to his credit. Mike�s clientele consist of global port authorities, public agencies, and 
private shippers and investors in the maritime infrastructure industry.

M.B.A., Executive Program, St. Mary�s College; B.S., Industrial Engineering, Purdue University
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Economists forecast the � nancial environment for 
government operations, providing invaluable insight into 
an agency�s � scal solvency. Another arm of management 
consulting�strategic planning and organizational 
development�assesses how ready the client is to face 
the future that economists have forecast. PB Consult�s 
organizational development practice provides this 
additional expertise.

Organizational Development and PB�s 
Practice De� ned
At its heart, organizational development is a collection of 
services that help clients improve the way they strategically 
manage their people and programs. It largely focuses 
on setting direction, assessing business processes and 
resources, reporting performance, developing skills, and 
reviewing management and reporting structures.

PB Consult has assembled a group of industry experts 
uniquely quali� ed to provide such organizational 
development assistance to infrastructure clients. Speci� c 
OD services it provides include:

� Organizational Assessment

� Business Process Improvement

� Organizational Structuring

� Change Management

� Strategic Planning

� Asset Management

� IT Business Process Advisory Services

� Procurement Advisory

� Capital Program Management

� Capital Program Prioritization

� Performance Measurement

� Capacity Building & Skills Development

� Management Review/Auditing 

� Coaching

� Communications Strategies

The PB organizational development team often � nds 
itself working in tandem with PB�s � nancial/economic 
consultants in providing �front end� consulting to clients 
as they embark upon or revamp key programs. The 
practice�s transportation clients include/have included 
Orange County Transportation Authority, Transport for 
London, San Francisco �Muni,� BART, Washington State 
Department of Transportation, New York City Department 
of Transportation, and Toronto MetroLinx, among others, 
and organizational development services have also been 
provided for water (e.g., The Metropolitan District, Hartford) 
and buildings (e.g., New York City School Construction 
Authority) clients. 

PB�s approach to organizational development assignments 
is distinguished by three factors:

1. As part of the larger PB corporate family, PB 
Consult uniquely knows its clients� needs and 
challenges and can apply its state-of-the-art 
management consulting methodologies to an 
industry about which it is already knowledgeable.

2. For each assignment, PB Consult provides 
project managers and senior team members 
who themselves have managed public agencies 
and understand the perspectives of clients from 
having been in their shoes.

3. PB Consult is particularly committed to 
assisting clients in realizing their objectives and 
implementing recommended management 
improvements.

Organizational Assessment as an 
Organizational Development Service
One of the most common organizational development 
services provided by PB is the organizational assessment. 
An organizational assessment is a broad-based, structured 
look at a client�s operations. While steeped in detailed 
documentation and analysis, it stops short of a formal 
audit. Although an organizational assessment commonly 

Leveraging Organizational Development for Sustained 
Client Performance
By Erick Roecks and Alan Lubliner
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has several key areas of focus (i.e. reviewing procurement 
challenges, assessing sta�  ng levels, etc.), its scope usually 
encompasses exploration in these areas:

� Management Approaches and Organizational 
Structure

� Processes

� Technology Use

� Internal / External Communication

PB applies its 4-Step Organizational Improvement Process 
approach to conducting organizational assessments. 
This methodology is depicted below. Broadly, its steps 
include:

Step 1: De� ne the Current Situation
Step 1 involves an interactive process to document the 
products and services being provided by the client as well 
as an inventory of its current organization, people, business 
processes, information systems, assets, and technology. 

Interviews, focus groups, workshops, and document 
reviews are used to de� ne and document the current 
situation. Information is compiled into a preliminary gaps 
analysis identifying Strengths-Weaknesses-Opportunities-
Threats/Barriers (SWOT/B) from an organizational 
e� ectiveness and service delivery perspective.

Step 2: Compare with Best [Peer] Practices and 
Identify Gaps
Step 2 involves a structured process to compile information 
on peer agency organization/practices. The peer agency 
information is analyzed and used to complete a re� ned 
SWOT/B gaps analysis, which is used to develop an initial 
vision of future requirements/needs. We � nd that the most 
successful peer reviews include the following elements:

� Leveraging industry contacts

� Focusing on strengths 

� Keeping an eye on how identi� ed practices can 
be implemented

Exhibit 1: PB�s Organizational Assessment Approach
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Step 3: Develop Improvement Strategy and Plan
Step 3 utilizes the information and knowledge gained to 
develop an improvement plan. The plan typically goes 
through a vetting cycle and the � nal plan provides a road 
map that de� nes the elements and sequencing of plan 
activities. Workshops, work groups and other methods 
are used as part of an interactive process to analyze 
alternatives/options, select the preferred option and 
build the plan. Qualitative and quantitative costs and 
bene� ts often accompany each alternative.  In addition to 
generating the plan itself, we generally:

� Assess the change readiness of a� ected sta�   

� Develop communication strategies and materials  

� Develop and present tools to measure, track, 
and report performance of change initiatives for 
consideration by the client

Step 4: Implement Improvement Plan
Step 4 is focused on implementing the plan. We commonly 
set aside a signi� cant number of hours of consultant time 
to assist the client in implementing the improvement 
strategies that have been developed. Commonly, the 
hours are applied toward the following activities:

� Conducting presentations to management/sta�  

� Working with the client�s HR, IT, and marketing 
representatives on implementation actions that 
require coordination

� Advising client management on the types of skills 
needed for e� ective implementation  

� Training client management in the elements of 
change management and the stewardship of 
change

� Ensuring that measurement processes and 
contingency plans are in place

� Providing a structure for continuous 
improvement

� Managing the implementation of select change 
initiatives

The work products from each of these steps often culminate 
in a � nal report.

A CASE IN POINT:  OCTA
The exact form and desired outcomes for organizational 
assessments vary as much as the clients that request 
them. One example that generally followed the PB 4-
Step approach and has had far-reaching impacts was 
the organizational readiness and capacity assessment 
that PB recently conducted for the Orange County 
Transportation Authority (OCTA). OCTA faced a number 
of major challenges on the horizon, including delivery 
of its voter-approved renewed Measure M (M2) program 
(a transportation capital improvement program funded 
by a county half-cent sales tax) and implementation of 
operating e�  ciencies. PB�s approach to this assignment 
was to engage OCTA in identifying the hurdles and 
potential barriers to e� ective and e�  cient delivery of M2 
and its other OCTA core business services as well as to 
develop solutions to the identi� ed issues.

Step 1
The project began with a high level assessment of agency 
organization and operation. Initial activities were designed 
to achieve:

� Recognition and consensus on the highest 
priority issues identi� ed by the consultant team 
through observation of OCTA operations and 
personal interactions, review of earlier studies, 
and a set of interviews with the entire executive 
management team�plus a number of directors 
and department managers throughout the 
agency

� Initial development of an internal process 
that would facilitate cross-division and cross-
department cooperative actions not only to 
address the highest priority issues during the 
study period, but to sustain that approach as the 
normal way of doing business

Tasks included:

� Kick-o�  meeting and con� rmation of 
requirements 

� Document review 

� Executive team meeting and interviews 

� Preliminary SWOT/B (Strengths, Weaknesses, 
Opportunities, Threats, and Barriers) analysis
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� Project Management Needs Analysis � The 
consultant team reviewed current sta�  ng levels 
in the highway portion of the M2 program, 
along with the anticipated workload in terms 
of number, type, size, and location of projects 
as well as OCTA�s role in executing the project. 
The analysis included an assessment of the 
di� ering requirements and activities as the 
projects transition through the various phases 
of development (i.e. planning, project approval, 
and environmental documentation); preparation 
of plans, speci� cations, and estimates; right-of-
way acquisition, construction, and close out. This 
analysis, based on comparisons with other similar 
programs, resulted in estimates of approximate 
sta�  ng levels required to yield reasonable 
workloads and spans of controls for each function 
involved in project delivery. Source documents 
used for the analysis also came from OCTA�s 
Development and Finance, Administration, and 
Human Resources divisions.

Step 3 and 4
The consultant team prepared an outline of alternative 
models for program delivery for consideration by OCTA as 
potential means to meet its program management needs 
while addressing some of the identi� ed issues. Also, a list 
of criteria for assessing the potential e� ectiveness of the 
alternative models was prepared. A workshop was held 
with OCTA managers and executives to select a model. 
Through this process, the PB consultant team reached 
general conclusions and developed recommendations 
related to:

� Su�  ciency of basic capital program components 
necessary for successful delivery of the M 
program.

� E�  ciency and e� ectiveness of speci� c 
program management approaches, including 
consideration of:

� Clarity of organizational vision and 
commitment to OCTA�s core businesses

� Cross-division/department problem-solving

� Centralized coordination of policy 
development, program/project management 
tool use, and resolution of broad, cross-
cutting issues

Since most of the issues identi� ed as a result of performing 
these tasks were related to program and project 
management, the second and more extensive phase 
of the project was designed to assess OCTA�s program 
management capabilities for the M2 program. The focus 
was on answering the question, �Is the current OCTA 
organization fully prepared to meet  the challenges of the M2 
program?�  The customized methodology PB employed in 
order to answer this question�based on its organizational 
assessment approach�consisted of document reviews 
and interviews as well as a comprehensive inventory of 
program management practices in use. 

Step 2
The inventory resulted in information and insights that 
were used by the consultant team as input for the following 
analytic approaches:

� Comparison to Established Program 
Management Practices - PB assembled a list 
of the characteristics of a well-run program 
management organization for a major capital 
improvement program and compared OCTA 
practices against it.

� Assignment of Capability Maturity Model Ratings 
- PB assessed OCTA�s program management 
practices in each of 12 program management 
areas for their level of maturity using a program 
management maturity technique.

� Peer Analysis - The consultant team applied its 
experiences with similar organizations, private 
industry, and the successful delivery of other 
capital programs in order to identify overall 
strengths and weaknesses of the OCTA program. 
Following up on one of the identi� ed issues, PB 
then conducted a focused peer benchmarking 
e� ort among relevant agencies on the topic of 
Board involvement in procurement decisions. 
Criteria for selecting the agencies for comparison 
included:

� A balance of both half-cent sales tax agencies 
and other agencies with large capital 
programs

� Agencies speci� cally requested by OCTA
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� Speed of procurement activities and Board 
processes 

� Attention to continuous improvement

Completing the Picture
In conclusion, PB�s OD services�working in tandem with 
economic forecasting�can help a client make great 
strides toward achieving sustainable performance. It can 
be suggested that this combination results in:

� An impetus for demonstrated positive 
performance, improvement and change is 
created.  A key to ensuring that economic/
� nancial performance remains positive is to 
obviously have accurate and insightful � nancial 
reports and forecasts.  Equally as important 
is to know the strengths and weaknesses of 
the organization well enough to understand 
what process, communications, structural, and 
technology adjustments can be made to respond 
to the story the numbers are telling.  

� Agency operations and strategy are 
meaningfully linked. A common failing 
identi� ed in an organization is the inability to 
e� ectively connect its operations with its strategy, 
or vision. A gap exists because multiple foci are 
driving agency actions, thus greatly limiting 
optimal overall organizational performance.  
Economic and � nancial forecasts generally 
provide the more operational data; the results of 
organizational development e� orts provide an in-
depth understanding of the strategic side. When 
the two are combined, agency leaders see the 
extensive e�  ciencies of integrating the two. 

� A context for understanding �the numbers� 
is developed. Managing within government 
today is characterized by growing pressure 
for public accountability and by a demand for 
speci� c, quantitatively measured results and 
future plans. As a result, many agency leaders 
have access to excellent data, including economic 
and � nancial forecasts � but lack the equally-
detailed, qualitative assessment of their agency�s 
performance that organizational development 
services can provide. OCTA capitalized upon 
the opportunity to build this context; the PB 
organizational readiness and capacity assessment 
o� ered agency leaders a detailed view of how 
well OCTA was prepared to deliver the billions of 
dollars in improvements to which it is committed.

Eric Roecks is a principal consultant with PB�s organizaitonal development practice. He has over 20 years of experience 
providing organizational assessment and other OD-related services to government, private, and non-pro� t clients 
throughout the United States and Canada.

M.P.A, University of Washington; B.A., Whitworth College

Alan Lubliner leads PB�s strategic planning and organizational development practice.  His distinguished career includes 
strategic consulting services and projects for several major cities, county and state agencies, the federal government, 
agencies in other countries and a multi-lateral development banks.  Mr. Lubliner served as organizational development 
advisor for the OCTA Organizational Readiness and Capacity Assessment.

B.A., Political Science, University of Colorado
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PB is Raising the Bar and Setting New Standards in Project Risk 
Management on Major Infrastructure Projects
By Joe O�Carroll 

Using risk analytical tools such as Pertmaster (distributed 
by Oracle) and @Risk (distributed by Pallisade Corporation), 
our risk analysis approach is similar to other industry-
recognized techniques such as Washington State 
Department of Transportation�s CEVP (Cost Estimate 
Validation Process) and the Federal Transit Administration 
risk analysis for major transit capital investments.  The 
major di� erence is that our approach uses analytics both 
as a guide to focus on risks that have the greatest impact 
on the project and as a means to monitor success of the 
risk mitigation e� orts.  

Despite the use of the word �management�, most work 
done in this � eld has consisted of little more than an initial 
assessment of the risks in qualitative or semi-quantitative 
terms. Although attempts have been made to quantify 
the risk exposure of a project, little or no probabilistic 
risk analysis has been done within a cost and schedule 
framework.

Projects that have a formal risk management process 
experience fewer surprises,   bene� t from minimized threats 
to the achievement of their objectives and maximized 
opportunities to work faster, smarter, and cheaper.  Risk 
management leads to more successful projects delivered 
on time, within budget, and ful� lling scope. Realistic initial 

In the current � scal environment, it is increasingly 
important for major investment projects to have credible 
cost estimates and construction schedules established 
in their very early stages�simply put, overruns are not 
an option.  At PB, we are seeing a change in the way our 
clients want us to approach projects, including a need to 
better de� ne their risks, to establish aggressive project 
estimates with realistic contingencies, and to increase the 
focus on managing those contingencies so their projects 
can be completed within budget.

Regardless of what phase a program or project is in, taking 
a proactive approach to managing project risk can be both 
time and cost-e� ective. Major infrastructure programs 
often carry more risk than anticipated and technical and 
management challenges can be underestimated during 
the planning stages. New risks arise as a project unfolds, 
stemming from decision making or technical challenges, 
new regulatory constraints, resource allocation, or other 
factors. Often, when a project is underway, managers are 
forced to respond reactively to each threat as it emerges. 
This reactive stance results in constantly �putting out 
� res�, rather than maintaining control over the process 
and having the ability and time to plan for the next steps. 
To be successful in today�s business environment, risk 
management must be viewed as an explicit, structured 
process � a project culture as well as a tool to help 
manage uncertain events.  As such, it helps to understand 
and manage the relationships between the business 
environment, strategic objectives, project goals, and 
actual performance.  By proactively addressing risk drivers, 
organizations and project managers can approach projects 
based upon their tolerance for risk.  

PB in the United States has implemented a formal project 
risk management approach on over $30 billion of public 
infrastructure work. Some of these projects include: Sound 
Transit ST2 Light Rail Program in Seattle; Utah Transit 
Authority 2015 Transit Program; the Port of Miami Tunnel 
in Florida; the Central Subway project in San Francisco; 
large-diameter combined sewer outfall storage tunnels 
in Boston, Portland and Detroit; and the Medupi Power 
Station project in South Africa. 

@ Risk 

PertMaster 

 Owner

Exhibit 1: A Full Suite of Tools Supports Risk Assessment, 
Analysis, and Management

Source: Graphics generated using @Risk and PerMaster
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Exhibit 2: Web-Based Risk Registers used for 
Management of Risk on UTA Frontlines Projects

planning and improved � exibility and resilience to change 
in the latter stages of a project minimize waste and rework. 
Well-structured and e� ective risk assessment improves 
the ability to determine the impact of risk exposure of 
proposed or imposed changes on a project. Where risk 
remains (it is inevitable that it will), an appropriate level 
of risk contingency can be allocated and the people best 
able to manage residual risk can be identi� ed.

PB�s risk  management  approach  and systems help 
managers and the project teams manage risk on a 
continuous timeline throughout the life of the project�
from concept to closure. PB�s approach includes a 
comprehensive assessment of risk value, use of risk 
workshops, continuous application of a �live� web-
based risk register, risk analysis, and the development 
of risk management systems and action plans. Regular 
monitoring of the status of the risks, opportunities, and 
e� ectiveness of the action plans are embedded in the 
project�s culture and procedures to ensure that actions are 
being implemented and are e� ective.  

Over the last 3 years, PB in the United States has set 
new standards in the construction industry for risk 
management on major infrastructure projects. Our 
experience ranges from the Frontlines (FTA New Starts) 
light rail and commuter rail program in Salt Lake City to 
the 4800 MW Medupi Power Station in South Africa.  Both 
utilized a customized web-based portal solution, easily 
accessible to all members of the program and project 
management teams in order to achieve e�  cient and cost 
e� ective risk management. For both of these projects, this 
web-based risk management system facilitated multiple 
users accessing multiple risk registers that interlinked in 
horizontal and vertical directions to give project managers 
a comprehensive picture of their risk exposure at a project 
level.  Senior management sees the overall risk exposure 
and the actions being taken to mitigate and manage risk 
at the programmatic level. 

PB�s state-of-the-art web-based risk management system 
is comprised of:

� Create and edit capabilities for individual 
risks including assignment of management 
responsibility and associated action items;

� Probability-impact matrices with embedded links 
so management can quickly identify, and get 
details of, key risks to the project;

� E-mail alert functionality to draw attention to key 
risk events;

� Risk analytics developed using Monte Carlo 
simulations for both cost and schedule;

� Drill-downs of risk exposure, available at the 
project, contract package, and individual risk 
levels;

� Real-time summaries of total risk exposure;

� Advanced cost and schedule analysis, including 
historical tracking; and

� Customized reporting.

Project Risk 
Summary page : 
summarizes cost 
and schedule risk 
exposure 

Risk Distribution:  
heat maps categorize 
risk based on level of 
impact and probability 
of occurrence 

Package/Group 
Summary : links to 
cost and schedule 
risk information by 
group 

Heat Maps can be 
used to navigate 
directly to the 
critical risks  

Exhibit 3: Dashboards for Navigation and Displaying Risk 
Summary Information

Source: PB analysis

Source: PB analysis
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The PB risk management systems can be quickly 
customized for individual projects.  They accommodate 
and consolidate a project�s risk assessment data with 
centralized access for the project executives, program 
managers, project managers, contract managers, and 
engineering, construction, and safety managers. 

Case Study 1: 
Central Subway Project, San Francisco
The Central Subway Project is a 1.7 mile surface/
subsurface extension of the Muni Metro Third Street 
Light Rail Project.  The Locally Preferred Alternative 
Alignment continues as in-street surface guideway 
from the Initial Operating Segment�s northerly terminus 
at Fourth and King Streets, to a double track portal 
between Bryant and Harrison Streets where the surface 
alignment transitions to a subway con� guration.  The 
project continues north in subway under Fourth Street 
to Market Street then continues under Stockton Street 
to the Chinatown Station between Clay Street and 
Jackson Street.  Subway stations are also located at 
the Moscone Convention Center on Fourth Street and 
between Union Square and Powell Street Station on 
Stockton Street.  A surface station is located on Fourth 
Street at Brannan Street.  Construction of the new 
subway in this densely developed urban environment 
of downtown San Francisco presented the San Francisco 
Municipal Transportation Agency with many political, 
economic and technical challenges that impart risk to 
the � nancial certainty of the project and the ability to 
deliver the project within the proposed schedule.

Risk assessments included impact analyses on both 
cost and schedule that provided the basis for critical 
decision making on the chosen alignment, depth 
of tunneling, extent of geotechnical investigations 
performed, construction methodology for the stations, 
and the sequence of construction on the project. The 
results of these risk assessments were documented 
in the project risk register.  Comprehensive measures 
to eliminate or minimize the potential impacts of 
these risks to the project were identi� ed. The project 
team then proceeded to implement these mitigation 
measures as far as reasonably practical within the 
limits of preliminary engineering.  The targeted risk 
assessments and registers that were developed were 
used to support the overall FTA Capital Project Risk 
Assessment. 

Schedule risk analyses resulted in a selected 
construction sequence for the overall project and 
selected construction methodologies for key elements 
of the project such as Union Square/Market Street 
Station, Chinatown Station and the guideway tunnels.  
This risk mitigation was instrumental in determining 
the contract packaging strategy.

Exhibit CS1-1: Stages and Associated Activities in Risk Management.

A risk-based approach relies on a teams� understanding 
of their mission and relentless focusing on preventing 
problems. Risk-based project management gives 
con� dence and control even when the process is starting 
from apparent chaos. Once the initial risks are mitigated, 
projects must be kept on course by continuing to actively 
manage risk�ultimately increasing con� dence levels in 
executing the project on time and within budget. 
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Many projects are now making use of virtual design and 
construction (VDC or 4-dimensional modelling) to review 
construction progress against a deterministic baseline 
schedule.  By adding a 5th dimension (i.e. importing a 
risk impacted schedule with duration uncertainty and risk 
events incorporated) to a VDC model, project managers 
and the teams will be able to visualize the impacts of 
unmitigated risk on their project. A picture speaks a 
thousand words, and the ability to visualize the impacts 
of unmitigated risk has tremendously positive impacts 
on controlling potential schedule overruns during 
construction.

Our goal is to make risk management as much a part of 
the job as any other project activity; to establish a culture 
in which risk analysis and management are part of the 
periodic meetings, brie� ngs, and interviews that project 
managers conduct; and to transform the notion that risk 
management is merely one more optional management 
tool into one in which there are rewards from investment 
in state-of-the-art risk assessment, risk analysis, and risk 
management practices.  

PB has a full suite of risk analysis and risk management tools 
and the expertise to support a broad range of highway, 
transit, water, wastewater and power projects. For more 
information please contact Joe O� Carroll (+1-415-420-9650 
or ocarroll@pbworld.com) or Noel Berry (+1-415-238-8875 
or berryn@pbworld.com).

Case Study 2: 
Frontlines 2015, Salt Lake City 
Background: 
Frontlines 2015 will construct 70 miles of new rail 
service in seven years, expanding the transit options 
along the Wasatch Front in Utah. It consists of the 
Commuter Rail South (Provo to Salt Lake) line and 
four light rail Transit (LRT) lines�Mid-Jordan, Draper, 
West Valley, and Airport.  The Mid-Jordan project 
was approved in the Federal Transit Administration�s 
New Starts Preliminary Engineering Phase in 2007 
and it has since been awarded a Full Funding Grant 
Agreement.

Management Philosophy: 
The risk philosophy for the Utah Transportation 
Authority was to identify potential risks, determine 
varying levels of risk, then assign a minimum risk 
budget speci� cally to each transit line, based on 
the detailed evaluation, while retaining a reserve of 
unallocated risk for the entire program. This provided 
the managers with a lean budget, su�  cient to 
complete their projects, but with the understanding 
that they would have to be diligent in reducing and 
eliminating risks on their line in order to complete 
the construction within budget.

Analytical Approach: 
Once each identi� ed risk was de� ned and collected 
in a risk register, Monte Carlo simulations were 
run for each line and all their associated risks. The 
Monte Carlo analysis allowed the project team to, in 
e� ect, run tens of thousands of �what-if� scenarios, 
developing a range of possible outcomes for the 
project budget and determining the appropriate 
contingency levels associated with those outcomes. 
The cycle of assessment, analysis, and management 
is repeated during the life of the project to keep 
the risk analysis and management e� orts current. 
Risk analysis results are displayed graphically to 
help project managers see the bene� ts of risk 
management e� orts.

 

Exhibit 4: Graphical Risk Analysis Results Help Project 
Managers See the Bene� ts of Risk Management E� orts

Source: PB analysis
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Case Study 3:  
Medupi Power Station Project 
Background:
Eskom, the leading power generation provider in 
Southern Africa, is  in  the  process of upgrading their 
power generation capabilities to meet the future 
demands of the region.  The � rst in a series of projects 
currently in design and under construction is the 
Medupi Power Station, a 4800 MW power station 
located in Lephalale approximately 260 miles northwest 
of Johannesburg.   The project comprises 38 contract 
packages either awarded or in the process of award 
for design and construction of the new power station.  
These include a number of civil and plant packages. 
For the civil works, contracts include Terracing, Main 
Civil Works, Building Works, Infrastructures, and 
Chimney.  The Plant will include all the equipment and 
interconnecting services to complete the power station.  
Due to the number of separate design-build contract 
packages on the project, it was important that a robust 
coordination system to support the risk management 
process was in place.

Management Philosophy: 
Eskom�s management philosophy and policy is to 
instinctively and consistently manage risks in the 
planning, execution, and monitoring of all aspects 
of a project. Senior management fosters a culture 
that supports sensible decisions about risks.  Eskom 
recognized the importance of having a robust system 
for identifying and controlling risks to minimize any 
negative impact and maximize any positive impact on 
the delivery and execution of the project and requested 
PB to design a world class state-of-the-art management 
system to help them achieve their goals.

Approach:
The Medupi Risk Management System was speci� cally 
designed to make the acquisition of information, from 
both within and outside of the project team, as easy 
as possible.  Toward that end, it has been designed as 
a web-based system with straightforward assessment 
forms to maximize accessibility for the project team 
and make risk identi� cation and assessment of risk as 
simple as possible.

 

Exhibit CS3-1: Medupi Risk Management System

    Continued...
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          Joe O�Carroll has worldwide experience in design, construction, project management, and risk management of large 
infrastructure projects.  Key highlights in Joe�s career include risk assessments for large diameter tunnels in Boston, 
Portland, Detroit, and Miami; San Francisco and Seattle�s future Light Rail programs; and the implementation of a state-
of-the-art risk management program for the Utah Transit Authority�s 2015 Transit Program and the Medupi Power 
Station project in South Africa. Joe manages PB�s Tunnel Construction Engineering Group that provides tunneling and 
underground constructability, cost estimating, scheduling, risk analysis, and dispute resolution services. Joe is a PB 
Fellow and has been recognized by the PB Americas Award committee for his work on risk management.

            B.S., Brighton University

Risks in all areas of the project are managed by the 
project team, including  design and engineering risks; 
site management risks; safety, health, environmental, 
and quality risks; IT risks; human resources risks; 
commercial risks; legal risks; reputation risks; � nance 
risk; and supply chain and stakeholder management 
risks. 

The risk management system provides a centralized 
repository for e� orts aimed at preventing the identi� ed 
risk and/or limiting its impact should it occur. Users 
can see who has overall management responsibility 
for a particular risk. Management can monitor risk

management e� orts for all key risks by simply logging 
into the system and checking the status of assigned 
action items.  Risk analytics are used to evaluate and 
present management with the potential cost and 
schedule impacts of the identi� ed risks at a contract 
package level, a group level and an overall project 
level. 

The risk management system can deliver a number of 
pre-de� ned reports or, using a �Query Module,� a user can 
specify precisely what information they want based on 
almost limitless combinations of factors such as impact 
area, organizational element, severity or probability of 
occurrence.

Exhibit CS3-3: Medupi Risk Management System
Exhibit CS3-2: Medupi Risk Management System
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Masdar: Managing Sustainability
By Meg Cederoth

PB is providing project management services for the 
design and construction of the Masdar Institute of Science 
and Technology and Ancillary Buildings.  Masdar�s notable 
characteristic is that it is planned and touted to be the 
world�s � rst carbon-neutral, zero-waste city, free of cars. The 
exceptional challenge is achieving this in the car-oriented, 
consumption-pro� igate, sun-scrubbed environment of 
Abu Dhabi. Achieving these aggressive ambitions requires 
thoughtful, and very di� erent design for this area, radical 
changes in construction practices, and altering the habits 
and assumptions about living the good life in the desert.

Origins
In 2006, the World Wildlife Federation analyzed the 
consumption patterns of every country in the world, 
and determined an ecological footprint, per capita, for 
each nation. The UAE ranked the worst, with the highest 
ecological footprint per capita in the world, just edging out 
the US. This ranking is due to carbon emissions associated 
with the primary energy used for lighting and cooling 
the Emirates, and potable water production. More than 
80 percent of the potable water in the UAE is extracted 
from the Gulf and goes through an energy-intensive 
desalination process.

Recognizing that fossil fuel extraction will only carry the 
fortune of the nation so far, and that investment in new 
technology would be essential, the Abu Dhabi government 
created Masdar for investment in renewable technology. 
This $22 billion fund was spread between investment in 
generation and research, and funding Masdar city. The 
city is intended to be a demonstration of how to design 
and build a carbon-neutral city, a city that minimizes its 
environmental impact in construction and operation, 
where people can still enjoy a high quality of life.

Masdar also signed on to the ten principles of One Planet 
Living, a concept developed and promoted by UK-based 
BioRegional. 

What is Sustainability?
Everyone has been saying it, but what is it? Climate change 
is showing us that the environment can and will alter in 
response to the system imbalance created by excessive 
greenhouse gases.  Adapting to this changed environment, 
and trying to stem the tide of emissions that warm the 
globe are reasons for adopting a sustainability approach.  

Sustainability, as a framework, can be mistaken for being 
all things to all people. There is a subtlety to implementing 
sustainability in that it must respond to speci� c 
circumstances. A sustainable infrastructure project in 
Detroit looks very di� erent from one in Scottsdale because 
there are di� erent underlying circumstances, physically 
and socially. Similarly, a sustainable city in Abu Dhabi 
faces very di� erent challenges to deliver triple bottom 
line performance than one in Munich. The climate is very 
di� erent, the materials are very di� erent. 

Sustainability anywhere, though, balances decisions 
according to a triple bottom line of the society, the 
economy, and the environment.  Usually the underlying 
objectives of a given sustainability project are the same: 

� Minimize the environmental impact, including 
the non-renewable fossil fuel energy 
consumption and carbon footprint, over the 
project life cycle from design, materials selection, 
transport and manufacturing of materials and 
equipment,  construction, facilities operation and 
maintenance, through � nal disposition at the end 
of project service life.

� Provide for excellent  conditions for people

� Keep within a life-cycle budget

As an umbrella concept, it covers how PB delivers work. 
Decision-making is retooled to consider the triple bottom 
line, not just money. Design solutions favor minimizing 
the extraction and reliance on scarce resources and 
denuding the environment. Although it sounds simple, 
a sustainability approach is fundamentally di� erent from 
other design solutions.  
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The Project: Masdar Institute of Science 
and Technology & Ancillary Facilities
The Masdar Institute of Science and Technology was 
formed in partnership with the Massachusetts Institute of 
Technology to bring the excellence of MIT research and 
teaching to the UAE.  The � rst phase has been scheduled to 
be completed in August 2009, and consists of state of the 
art engineering laboratories, faculty o�  ces, and graduate 
student accommodation.  

The design of the laboratories and faculty o�  ces is 
intended to promote interaction among the variety of 
disciplines. Open, � exible labs that can be rearranged 
to suit new research projects, with site lines through the 
space and into other laboratories, were designed through 
each lab.   The residential areas respected local vernacular 
architecture through the use of materials (local sand) and 
careful arrangement of balconies and windows. The design 
directly addressed the climate through orientation and 
shading, and channeling of breezes through and around 
the building to maximize natural ventilation when possible, 
and minimize solar gain always. The designers used CFD 
analysis, con� rmed and enhanced by wind tunnel studies, 
to optimize the placement of shading devices and a wind 
tower in the central courtyard. This wind tower is intended 
to provide ventilation of the public realm without pulling 
students and faculty o�  their feet on a particularly windy 
day.

The Institute  is located in the heart of Masdar, which 
presents a logistical challenge for the � rst few years 
of occupancy. The initial phase of the city will go into 
construction as students are arriving for their � rst day 
of classes.  To enable as normal and safe access and 
functioning as feasible, a transit and utility corridor, 
car park, and gateway were designed from the edge of 
the city to the Institute. The design and construction of 
these ancillary facilities was also managed by PB. A new 
architectural and design team worked on this phase of the 
project, and a new main contractor was hired.  

While this might sound not quite as glamorous as a state-
of-the-art engineering laboratory, the urban design and 
sustainability component of this project was vital to the 
long-term interest of Masdar. Eventually these facilities 
would serve as the public face, or wall of the city, and the 
pedestrian and bicycle access would be one of only a few 

gateways into the city.  From a sustainability perspective, 
the major design challenge was creating elements that 
could be reused after the completion of the � rst phase. 
This included �concrete elements� such as the design of 
the components of the temporary transit system so that 
they could be reused in the permanent station, as well as 
softer but no less complex issues, such as the re-use or 
re-location of the temporary landscaping from the grand 
opening. 

Sustainability Management
PB worked under a program manager that was sta�  ng up 
for a program as we were implementing a project. The slim 
sta�  ng, and the collaborative nature of the work, meant 
that much of the sustainability management bled between 
project and program, so that successfully implemented 
speci� cations, method statements, and procedures were 
shared with the program management. 

For example, at project inception the details of sustainability 
indicators for the program were not � nalized, nor was there 
a speci� c methodology for sustainability assessment. This 
gave us the luxury to explore the range of methodologies, 
eventually narrowing down indicators to a few key sets. 
However, this also meant the contractual language for 
consultants was lacking some detail and clarity. The result 
could have muddled speci� cation writing and direction to 
the contractor as goals and policy changed. 

Exhibit 1: Early Concept of Masdar Institute

Source: Foster and Partners
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For the Institute project, PB wrote a sustainability strategy 
and project-speci� c implementation plan, as well as 
sustainability compliance documents for each contractor 
as they mobilized (e.g. piling contractor, main contractor, 
MEP contractor, o� -site manufacturers, façade contractor, 
FFE contractor, etc.).  PB also organized and facilitated 
sustainability workshops with the design team, briefed 
new designers on Masdar requirements, and inducted 
new contractors on Masdar sustainability requirements.

Translating between British and U.S. work approaches 
and speci� cations  also proved a quirk to achieving 
sustainability. One lynchpin of delivering sustainable 
projects is specifying particular materials (e.g. recycled 
content, rapidly renewable, low-embodied carbon, low-
Volatile Organic Compounds) and methods. However, 
the subtle di� erence between U.S. and UK approaches 
to speci� cation writing created the need for bridging 
documents that we referred to as �sustainability 
compliance requirement� documents. These were issued 
to the contractor as part of their bid package to alert them 
to some of the unique aspects and particular procedures 
they would follow working at Masdar.  It also provided 
clear procedures for materials selection and review. 

The nascent character of the program also meant that 
the project tested the tracking system, both for overall 
sustainability and for carbon tracking.  One way of tackling 
this was engaging in a sustainability workshop with the 
entire design team at conceptual design, setting initial 

sustainability targets.  These were, over the course of the 
project, aligned with the program indicators and major 
objectives.  The design team also included discussion of 
sustainability elements, water and energy e�  ciency, low-
carbon materials, and social and � nancial sustainability 
considerations in their design reports.

Once the contractor came on board, sustainability was 
somewhat more clear-cut contractually, through the use 
of bridging documents between the speci� cation and the 
requirements for reporting to the program sustainability 
tracking system. Carbon tracking and foot printing the 
amount of fossil fuel energy consumption and greenhouse 
gas emissions was the principle concern.

Carbon Footprint
Although  carbon foot printing  and  monitoring 
sustainability sounds straightforward�provide the 
contractor with a speci� cation and an excel sheet to 
complete monthly�it took daily checking and educating 
to make a di� erence, as well as running over the monthly 
submittal with a � ne tooth comb to catch errors and 
omissions. Carbon footprinting and attention to materials 
at the level of detail the Masdar project required was 
entirely new for these contractors.  In fact, the scope 
and detail of the carbon footprinting was unique to any 
construction project in the world. 

Exhibit 2:  Excerpt from Submittal
MATERIALS

Product 
(model/name)

Specific Components 
Within

(please specify types, grade, 
and recycled content)

Quantity Ordered 
for Delivery

Unit (tonnes, m3, 

m2, linear metres)

19-Jun-08 Piling Concrete + Steel M 40 Piling OPC+60%GGBS 284 m3

20-Jun-08 Piling Concrete + Steel M 40 Piling OPC+60%GGBS 132 m3

21-Jun-08 Piling Concrete + Steel M 40 Piling OPC+60%GGBS 257 m3

22-Jun-08 Piling Concrete + Steel M 40 Piling OPC+60%GGBS 275 m3

23-Jun-08 Piling Concrete + Steel M 40 Piling OPC+60%GGBS 216 m3

24-Jun-08 Piling Concrete + Steel M 40 Piling OPC+60%GGBS 325 m3

25-Jun-08 Piling Concrete + Steel M 40 Piling OPC+60%GGBS 330 m3

26-Jun-08 Piling Concrete + Steel M 40 Piling OPC+60%GGBS 165 m3

28-Jun-08 Piling Concrete + Steel M 40 Piling OPC+60%GGBS 90 m3

29-Jun-08 Piling Concrete + Steel M 40 Piling OPC+60%GGBS 144 m3

QUANTITIESPRODUCT

DATE
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The project started simply, with just a piling contractor. 
Just one contractor installing a foundation with two 
major materials (concrete and reinforcing steel), kilowatt 
hours from a few generators to note, a few pieces of plant 
to record fuel consumption, and only 50 sta�  to track 
commuting. The contractor was eager to participate at 
Masdar, and demonstrate their capacity to meet the 
aggressive sustainability and environmental requirements. 
They were very good at submitting their data on time, and 
at � rst that data was su�  cient. What we recognized as a 
few months passed was that more detail and di� erent 
units of reporting were required to aggregate the data 
more � nely. Not surprisingly, backtracking old data proved 
challenging, particularly once the contractor was done 
with their work, and ready to demobilize. It took a lot of 
teeth pulling to retool the data for more accuracy.  

In terms of quality control for the data, it was easy at � rst to 
rely on the site supervisory engineers and daily site visits 
to see what work had gone on, but once multi-storey, 24-
hour work was underway, it became far more complicated 
to track materials. A more automated system would be very 
useful for developing a carbon footprint, ideally through 
a linkage with bills of quantities and quantity take-o� s at 
detailed design.

The missteps with the piling contractor were helpful 
lessons learned to improve data collection, submittals, and 
quality assurance with the main contractor.  It was crucial 
for the main contractor to have dedicated data entry clerks 
who were savvy about where to get the information. Sub-
contractors come in, and leave quickly, sometimes without 
everyone on the project management team knowing, and 
it is very di�  cult to back� ll data. Once a contract is done, 
it is over, and the slim margins that most contractors are 
trying to achieve do not allow for extra data collection 
and redoing submittals. The main contractor�s data entry 
personnel were meticulous and very proud of making 
sure their information was accurate and on time, and they 
were determined in the pursuit of their subcontractors 
information.

Another quirk that provieded a learning moment was that 
monthly submittals of data for meeting travel and � ights 
from the design team did not coincide with their invoicing. 
Consequently, the reporting was adjusted for design 
teams to streamline submittals. It may sound like school-
yard shenanigans, but we found public shaming and peer 
pressure to work wonders for getting data submitted on 
time. No one wanted to be the carbon bandit.

The crucial takeaway from the carbon foot printing is to 
keep it simple. Clear, short directions, simple, easy to use 
spreadsheets or online database tools. Also, expect some 
hand holding in early days. Finally be sure the contract 
asks for exactly what data you want to be reported in the 
method you want. 

Lessons Learned
Speed was the driver for the project.  For the sub-structure, 
there was extensive use of bespoke concrete mixes that 
achieved strength, durability, rapid curing time, and low-
carbon. One win for sustainability was that local ready 
mix commonly used ground granulated blast furnace slag 
(GGBS) for sul� de and chloride resistance for foundation 
concrete. This meant that with relatively little e� ort, the 
embodied carbon of the structure per meter squared was 
lower than a standard SRC-mix.

Certainly, the capacity to use any space for any equipment 
meant that the slabs had to support the worst case loading 
scenario. This had an impact on sustainability; more � exible 
space meant thicker slabs.  In the end, though, there is the 
aspiration that the collaboration between disciplines will 
yield a better method for obtaining energy from the sun, 
or the capacity to safely dispose of nuclear waste.  If so, 
then that extra thick slab will prove its worth. 

Physically, the lack of infrastructure meant that the 
buildings were designed to adapt to future technology, it 
also meant that they were not going to achieve the highest 
marks possible, because we could only use currently 
available technology and could not rely on district cooling, 
central waste-handling and waste-water disposal, or even 
a grey-water network for irrigation. Future systems that 
were in design had to be coordinated and � tted out for, 
but were not in place. 
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The solid design work from Foster & Partners and PHA and 
AKT was the foundation for achieving a high-performance 
building. While it is not the �-est� of any one element, the 
combination of water and energy e�  ciency, integration 
of renewable energy technologies, intricacy of shading 
elements, along with attention to the full life-cycle of 
all materials used, is unique to buildings anywhere, and 
particularly in the UAE. The speed of implementation and 
the lack of availability of materials locally did compromise 
some design choices. 

Visually, the Institute is not a wild, dramatic, or tall building. 
However, the wave feature of the residential building 
is an aesthetically pleasing, privacy providing, and very 
complex shading element. The residential buildings had 
an internal copper skin, visible through the exterior screen. 
This skin was fully recyclable and the supplier guaranteed 
a higher post-consumer recycled content than standard 
copper cladding available on the market at a competitive 
price. The initial cladding choice for the laboratories was a 
dust-shedding Ethylene tetra� uoroethylene ETFE �pillow� 
which had a high solar re� ectance, excellent U value, as 
part of the envelop system, and, though a plastic, is 100 
percent recyclable.  The manufacturer had also retooled 
their production process to capture the greenhouse gases 
associated with its production, consequently lowering the 
embodied carbon of the material. 

To get to carbon neutral in operation meant an aggressive 
approach to energy demand. Given the geographic 
location and the local climate, the biggest challenge was 
minimizing the cooling load, getting the warm water 
out of the air, and keeping out the heat of the sun, while 
enjoying the illumination. The designers used ASHRAE 
codes for thermal comfort, which were a change from 
business as usual local preferences for exceptionally cool 
interior spaces. One solution to avoid uniformly very-
cooled spaces, and minimize the shock of transition from 
the outside, was to create di� erent zones and regions 
cooled to di� erent temperatures, and capable of being 
naturally ventilated during portions of the year.

Exhibit 4: Construction in January 2009

Exhibit 3: Foster and Partners Model at World Future 
Energy Summit 2009

Source: PB

Source: PB
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Managing a Sustainable Project
Managing a sustainable project is not fundamentally 
di� erent from managing any complex engineering project, 
except that you are paying attention to new issues, or issues 
which do not classically receive tremendous consideration. 
Even though it had to be done quickly, we could not 
overbuild. Even though it had to be done quickly, we could 
not procure materials from anywhere.  Even though it had 
to be done quickly, there was no compromise on safety. 
Finally, even though it had to be done quickly, it had to be 
done within the budget. 

What helps in the delivery of carbon-neutral, sustainability 
projects:

� Solid understanding of the clients� objectives 

� Good understanding of technology

� Solar power, generation, transmission, and 
storage

� Wind power, generation, transmission, and 
storage

� Wastewater treatment

� Waste management 

� Water management and treatment

� Green Design Knowledge 

� Willingness to dig through the supply chain to 
demand better products

� Designing pedestrian and bike-friendly spaces

� Excellent communication skills, and the capacity 
to tease out discrete decisions in a complex 
process

� Capacity to evaluate � nancial, quantitative, 
and qualitative information together to help in 
decision making

Exhibit 5: Energy Pile

Exhibit 6: Photovoltaic Array

Meg Cederoth is a Senior Planner and Professional Associate in Sustainability in the Washington, DC o�  ce. She 
worked as the Sustainability Manager for Parsons Brinckerho�  on the Masdar project in Abu Dhabi from inception 
through March 2009.
 
Master of Urban Planning; B.A., University of Illinois, Urbana-Champaign

Source: PB

Source: PB
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Alternative Fuel Retail Service Development:  The Public Sector Pull 
on a Private Industry
By Nick Amrhein

The U.S. transportation sector is heavily dependent on 
petroleum-based gasoline and diesel fuels, providing 
about 95 percent of U.S. transportation energy needs.  
Vehicle emissions and our dependence on foreign oil, two 
negative outcomes of this heavy fuel use, are currently hot 
topics of discussion.  Vehicles using alternative fuels are 
being developed to serve a large and growing market of 
people and organizations who want to reduce petroleum-
based fuel use for a variety of political, social, and 
environmental reasons, but the industries that will provide 
e�  cient systems to support the use of these vehicles, 
including fuels (producing, distributing and retailing) 
and services, are still in their infancy.  Up and down the 
value chain there are gaps that need to be addressed with 
investments in technology, logistical networks, marketing, 
and other systems to meet demand for alternative fuel 
vehicle use.  Given these needs, the greatest challenge 
seems to be coordination of decisions and resources.  

Herein we share our experiences and research with 
alternative fuel industries and discuss how a few west coast 
state DOTs are attempting to accelerate the development 
of certain private alternative fuel industries for the public 
good.  First we discuss issues related to supply and demand 
for the fuels and then present our approach for answering 
tough questions about the future of alternative fuel use 
posed by the DOT. 

Supply Side 
The supply chain network for petroleum-based gasoline 
and diesel has evolved and expanded over the past century 
into a complex and interconnected system that ties together 
oil importing and extraction, re� ning and processing, and 
distribution to retail establishments.  While the petroleum 
system could be used as a model, replicating such a system 
for other fuel types would be a complex, costly, and time 
consuming process. Parsons Brinckerho�  (PB) assessed 
potential barriers and opportunities in the supply chain 
network for � ve alternative fuels:  ethanol, biodiesel, 
compressed natural gas, electricity, and hydrogen.  
Although incentives are available to promote the use of 
these alternative fuels and infrastructure development, 
supply chain barriers still limit alternative fuels� ability to 

compete with petroleum-based fuels.  The main supply 
chain challenge for all of the fuel types is transportation 
cost.   The trips from the feedstock source to the re� nery 
and then to the retail store (without pipelines commonly 
used in petroleum-based fuel production) can be long and 
expensive, adding considerable overhead costs which are 
passed on to the end user.  Exhibit 1 shows these logistical 
movements using ethanol as an example.  

Demand Side 
Alternative fuels and vehicles have been successfully 
introduced in small demonstration programs with personal 
users, in public and private � eets, and in niche markets 
where vehicles, fuels, and fueling infrastructure were made 
available to users concurrently.  This approach seems to be 
viable if the � eet owner can cost-e� ectively provide the 
fuel and services needed to maintain the operation.  The 
majority of personal users, however, do not have access 
to several alternative fueling options that are convenient 
and cost competitive with traditional petroleum-based 
gasoline or diesel.  This creates a situation where the 
public is hesitant to invest in vehicles using alternative 
fuels, especially for vehicles that do not also run on the 
petroleum-based substitute, for fear they may become 
obsolete because of fuel costs or availability.  

Exhibit 1: Wholesale Ethanol Supply Chain

Source: USDA Ethanol Transporter Background
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Analysis Framework
To bridge the gap between alternative fuel supply and 
demand, the states of Washington, Oregon, and California 
are developing a project concept where the pubic sector 
would encourage private businesses to establish retail 
alternative fuel stations in advance of expected demand 
for the fuels, thereby solving an apparent �chicken and 
egg� relationship between fuel retailing and fuel use.  If 
the market for these fuels develops as expected, the 
availability of retail fueling stations will ease the general 
public�s concern that they could end up owning an 
alternative fuel vehicle that is inconvenient or expensive 
to use on a regular basis.  At the same time, alternative fuel 
vehicle manufactures will move forward with rolling out 
vehicles in these markets because they know the fueling 
infrastructure and facilities are in place.  

The states know they cannot do this alone.  A wide array 
of potential partners / stakeholders from the public and 
the private sectors have already expended vast resources 
in promoting alternative fuels and have a vested interest 
in helping the new technologies complete their journey 
through the product life cycle, achieving full market 
implementation. But can the policy, capital investment, 
and consumer preference decisions be made concurrently 
to fast-track the development of an entire industry?  

The Washington State DOT (WSDOT) o�  ce of Public-Private 
Partnerships and other o�  ces at the State are enthusiastic 
about moving forward with a plan to use public-owned 
land to help private retailers of alternative fuels take hold 
in the Interstate 5 corridor.  But to make informed decisions 

about how to structure the public-private partnerships, 
they needed more information on the � nancial and 
economic forces that would shape the transaction.  Could 
these publicly supported refueling stations make it 
past the ramp-up period to a time when alternative fuel 
vehicles are widely available and used?   What quantities 
of the various fuels would the public demand and how 
pro� table could each station be in the near and medium 
terms?  How many stations would be needed to create a 
�convenient� network of retail locations?  

Realizing there was very little historical alternative fuel 
market data, PB developed an approach to answering 
these forward looking questions that relied heavily on 
causal and judgmental forecasting techniques.  With 
help from alternative fuel systems experts at the Institute 
for Transportation Studies at the University of California, 
Davis (UC Davis), PB developed assumptions for cost and 
demand factors that would feed into a business operating 
model developed using historical petroleum-based 
gasoline fueling station and convenience store statistics.  
The main categories of assumptions were:  

Capital costs � Estimated using UC Davis cost models 
for system components and installation of various 
types of fueling equipment, given expected required 
station capacity to meet demand.  As demand increased, 
additional fueling capacity was added to the stations.  
Costs of the building and other peripheral equipment 
were also developed for certain scenarios, though not all 
station types were assumed to have additional services.  
Station land costs were reduced (or eliminated) under 
the assumption that stations would be located at State-
owned interstate rest areas.  Land typically makes up 
about 1/3 of station capital costs, so it was a valuable lever 
in enhancing the pro� tability of the stations despite low 
demand expected in the � rst years of operation.

Operating costs � Estimated using labor, retail equipment 
lease, maintenance, and utility costs associated with 
operating a gas station and convenience store, adjusted for 
the specialized alternative fuel equipment and presence 
/ absence of sundry sales space. Electric vehicle charging 
equipment required special high voltage service which 
impacted both capital and operating costs. 

Gasoline - a Lure for Sundry Sales 
The retail gas station industry operates on very 
thin margins, earning pennies on each gallon of 
gasoline sold.  Gasoline retailers sell gasoline simply 
to get customers to their store in hopes they will 
purchase other sundry items or services that carry 
a higher pro� t margin more typical of retail sales.  
The average convenience store in 2007 (across the 
US) sold approximately 1.6 million gallons of fuel, 
yielding $4.1 million in revenue and gross pro� ts of 
about $233,000 (6%).  Non-fuel sales for the same 
period averaged $1.4 million in revenue with gross 
pro� ts of $440,000 (31%).   
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Wholesale fuel cost (COGS) paid by retailers  � Estimated 
by PB and UC Davis based on likely technology and shipping 
costs to the I-5 corridor. For instance, there are biodiesel 
re� neries located in the Northwest region from which fuel 
can easily be shipped, while ethanol is generally re� ned 
in the Midwest and therefore incurs higher shipping costs 
to Washington State.  Hydrogen, depending on the level 
of demand, can be shipped by truck or produced on site 
(creating a tradeo�  between higher capital costs and 
lower COGS). 

Fuel demand - Estimated for each fuel type with help 
from UC Davis using national trends in alternative fuel 
feedstock production, fuel production capacity, current 
fuel use, population trends, and expected alternative 
fuel vehicle availability.  With limited and multi-sourced 
information for the various fuel types, the team could not 
replicate the same forecast approach for each fuel.  For 
instance, hydrogen  demand growth was estimated based 
on planned hydrogen fuel cell vehicle demonstration 
programs by auto manufactures such as Honda and 
Toyota, while the biodiesel forecasts relied on estimates 
of the percentage of vehicles expected to use biodiesel 
over petroleum diesel (based on consumption and 
availability trends for biodiesel).  These were by far the 
most di�  cult items to forecast due to uncertainties related 
to fuel performance (overall emissions reduction), vehicle 
availability, and the relative price competitiveness of the 
fuels.  

First, the team estimated demand using a bottom up 
approach, generally along the following lines:

� Estimate annual national or regional alternative 
fuel demand from government sources; 

� Allocate a portion of this demand to the state and 
the I-5 corridor; 

� Allocate a portion of corridor demand to 
passenger cars; and 

� Grow annual corridor passenger car demand 
using guidance on expected production capacity, 
vehicle availability, demographic trends, and 
other factors noted above. 

Forecasts incorporated observed adoption trends from 
gasoline/electric hybrid vehicle technology and likely 
ramp-up factors for the various fuels based on current use.  
For instance, biodiesel was expected to have passed the 
ramp-up stage and have a steady and gradual increase 
in demand (Exhibit 2) while hydrogen fuel cell demand is 
expected to be minimal in the near-term, ramp up in the 
medium-term and then begin to grow at gradual pace 
(Exhibit 3).  
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Exhibit 2: Forecast Corridor Biodiesel Demand 
(2010 � 2040)
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Next, the team, having established a � rst estimate of 
demand, used a di� erent approach and estimated what 
revenues would have to be for a station to be � nancially 
viable (based on required capital and operating costs 
structures).  This �required revenue� was translated into a 
�required demand� and then evaluated for reasonableness 
by the UC Davis sta�  based on the bottom up forecasting 
e� ort.  Both demand estimation approaches were insightful 
and played a part in arriving at the set of demand forecasts 
that were used in the subsequent investment analysis.  

Forecasts for cost and revenue were combined in the 
operating model, and cash � ows from the various types 
of retail fueling stations were calculated.  These scenarios 
were evaluated for � nancial feasibility in a concession 
framework where a minimum internal rate of return (IRR) of 
15 percent would be required to entice private investment.   
Cash � ows over 15 years were examined as well as a longer 
30-year structure.  

Nick Amrhein specializes in market-based real estate development and economic analysis related to transportation 
projects.  Nick�s specializations are in forecasting revenues from local taxes and project sources and performing � nancial 
analyses using value capture mechanisms.  Nick also applies market based economic analysis to re� ning tra�  c model 
inputs for forecasting toll road revenue, which he has done frequently for both private investment consortiums and 
public agencies.  

M.B.A., Rochester Institute of Technology; B.A., Edinboro University of Pennsylvania

Analysis Results
Generally, the biofuel scenarios (ethanol and biodiesel) 
were the strongest revenue generators due to their 
early penetration in the I-5 corridor.  While the biofuels 
have momentum, they are also hindered by the price 
competition with regular gasoline and diesel, which are 
considered close substitutes.  As such, the biofuels must 
be priced competitively, which could mean slim unit pro� t 
margins of less than 10 percent.  Operating with such slim 
margins creates a situation where the IRR of a concession 
can range widely with relatively small shifts in capital and 
operating costs and unit pro� tability. 

  

The electricity kiosks are not expected to have strong 
pro� t potential in the early years due to the low number 
of electric cars on the road today, though these kiosks are 
expected to grow in use in the latter years of the forecast 
period and provide substantial pro� ts due to the low cost 
of the operations and high unit margins.  Hydrogen fuel 
cell vehicle technology is not near a point where fueling 
stations would be feasible.  

Despite having these insights about alternative fuels and 
the potential value of state-owned interstate rest areas in 
a concession transaction, there are still many unknown 
and uncontrollable factors that both WSDOT and any 
potential concessionaires would need to consider 
before structuring a concession.  The decisions of many 
stakeholders pursuing separate goals must still be 
coordinated to achieve a smooth acceleration of public 
alternative fuel use.
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PRISM: A Customized Application to Measure Economic Impacts of 
Transportation Infrastructure Investments
By Matt Nespoli, Dr. Kumudu Gunasekera, and Dr. Ira Hirschman

The Need for Tools to Evaluate Potential 
Infrastructure Projects
Public sector transportation infrastructure owners are 
currently faced with the increasingly di�  cult task of doing 
more with less; that is, maintaining their existing stock 
of infrastructure in good condition, as well as adding 
new growth-stimulating transportation facilities, with 
decreasing levels of real � nancial capital, especially in the 
short term. Private investors in the transportation market 
also have a smaller pool of funds available to spend and a 
lower appetite for risk than in the past, due to the global 
� nancial crisis and economic downturn.  

In this current paradigm, public agencies, as well as private 
investors, are under pressure from taxpayers and private 
shareholders to make transparent, informed, and data-
driven decisions regarding the types of infrastructure 
projects in which they should be investing, based on 
a thorough analysis of the relative costs, bene� ts, and 
economic impacts of each potential project. In addition, 
state and local government agencies are receiving federal 
economic stimulus funding for new infrastructure projects, 
and need to determine what projects will generate the 
most immediate growth in employment and economic 
production per dollar spent. 

Two commonly used frameworks which can help public 
agencies or private investors evaluate the merits and 
feasibility of infrastructure projects are cost-bene� t 
models and regional economic impact models (such 
as input-output or general equilibrium models). Cost-
bene� t models are most commonly used to estimate the 
Economic Rate of Return (ERR), Net Present Value (NPV), 
and Bene� t-Cost ratio for a certain investment, with all 
metrics based on the real cash � ows generated by a project 
when accounting for all costs and bene� ts, including 
safety and environmental bene� ts. Regional economic 
impact models, on the other hand, determine the e� ects 
of a speci� ed infrastructure project on key economic 
indicators, including employment, economic output, and 
value added in a given county, region, or state. 

Parsons Brinckerho�  (PB) economists have decades of 
experience using these frameworks to support various 
public and private transportation infrastructure owners 
and investors. PB has developed customized regional 
economic impact and/or bene� t-cost models throughout 
the country, including places as varied as Kansas, Los 
Angeles, Ohio, Oklahoma, Oregon, Washington, Colorado, 
California, Tennessee, and Detroit. 

The PB Solution: PRISM
Along with the experience of regional PB economists and 
consultants located across the country, PB o� ers public 
agencies and private investors a software tool called 
PRISM, which stands for PB Regional Impact Scenario 
Model.  PRISM is a JAVA-based model application that 
provides users with the ability to use both bene� t-cost 
and regional economic impact modeling frameworks to 
evaluate the e� ects of transportation sector investments 
on the regional economy. It is designed as an easy-to-use, 
� exible, and transparent model that can allow agents in 
both the public and private sectors to better accomplish 
the following:

� Create long-term strategic capital plans 
that highlight viable future transportation 
infrastructure projects. 

� Rank or prioritize a set of planned infrastructure 
projects in the short- or medium-term, 
depending on the desired outcomes of the 
agency/� rm (e.g. the expected rate of return, 
environmental bene� ts, new jobs created, or 
economic output). In particular, PRISM is an 
excellent tool for evaluating infrastructure 
projects to fund with stimulus money to catalyze 
short-term job creation. 

� Determine the economic feasibility or economic 
impact of current, planned, or potential 
transportation projects at the local, county, 
regional, or state level. 
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PRISM Model Architecture & Methodology
The PRISM application has two modules � the bene� t-cost 
module and the regional economic impact module. The 
bene� t-cost module utilizes a consumer surplus approach 
that is the almost universally accepted paradigm for 
transportation bene� t-cost studies. The regional impact 
module is based on input-output multipliers from IMPLAN1, 
and as three sub-modules:

� The Freight Sub-module, which captures the 
short-term and long-term bene� ts of goods 
movement projects;

� The Passenger Sub-module, which captures 
the short-term and long-term e� ects of projects 
bene� ting passenger work-related travel; and

� The Construction Sub-module, which captures 
the short-term e� ects of the demand for 
construction services to implement the project(s).

Both sub-modules are accessed through an easy-to-
use Graphical User Interface (GUI), which is shown in 
Exhibit 2. The GUI allows the user to select the appropriate 
modules to run, input the necessary data, and view model 
outputs.

Both PRISM modules have been designed to seamlessly 
integrate as a �post processor� to external regional travel 
demand models. PRISM is able to plug into and interface 
with the outputs of any county, state, or regional travel 
demand model, with little ramp-up time needed for 
customization.

Speci� cally, the PRISM software is capable of evaluating the 
following types of transportation infrastructure projects:

� Maintenance, resurfacing, reconstruction, 
expansion, or construction of new:

� Arterial or non-arterial roads

� Highways

� Bridges

� Tunnels

� Maintenance and expansion of freight operations, 
such as:

� New or improved intermodal facilities (short- 
and long-haul freight trips on truckload or 
light-truck-load vehicles)

� Expansion of freight rail capacity (short-line 
and Class I railroads)

� Maintenance, expansion, or new construction of 
public transit, such as:

� Bus transit corridor improvements / 
implementation of Bus Rapid Transit corridors

� New light or heavy rail transit corridors, 
including city transit, regional commuter rail, 
or high-speed rail

� Improved frequency or capacity on existing 
passenger rail corridors

� Congestion pricing alternatives

1. IMPLAN is an input-output model, which captures the inter-industry linkages of a regional economy and estimate economic multipliers.  In 
essence, a large matrix is created that relates outputs of one industry to inputs of all other industries.  The use of intermediate goods and services 
as demanded by one industry is broken down and stated as dependent relationships on other suppliers.
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Exhibit 1: PRISM Model Architecture

The main sources of information needed from a travel 
demand model are the reductions in travel times and 
distance caused by the proposed transportation project, 
broken down by mode of transportation. Freight trips 
can also be disaggregated by industry type. These data, 
along with other assumptions inputted by the user, are 
automatically transferred to a back-end PRISM database, 
where they are processed and converted into the 
aforementioned cost-bene� t and economic impact model 
outputs.

The cost-bene� t module uses travel time and distance 
savings from the travel demand model, and project cost 
information inputted from the user, to compute the present 
value of bene� ts and costs in real dollars. The bene� ts are 
converted into dollars using a set of assumptions regarding 
the value of time for di� erent groups of commuters, which 
are customized for each region of the U.S. Bene� ts also 
include the cost savings associated with fewer tra�  c 
accidents and fewer vehicle miles traveled, the latter 
of which reduces vehicle operating costs, as well as the 
environmental bene� t of shorter commute distances. 

Exhibit 2: PRISM Graphical User Interface � Main Screen

Source: PB

Source: PB
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In the back-end engine of the regional economic impact 
module, travel time bene� ts are combined with economic 
multipliers from IMPLAN to convert the time and cost 
savings from a potential transportation project into new 
jobs, production, and value added in any future year. The 
IMPLAN data is broken down by every county in the U.S. 
and disaggregated into a set of 509 commodity categories 
based on the NAICS classi� cation system. These commodity 
categories and counties can be manipulated to match 
any inter-industry economic structure and geographical 
classi� cation scheme, including TAZ-level capabilities. Thus, 
PRISM is a � exible model that can easily be customized 
to the commodity structure and geographic de� nitions 
utilized in any regional travel demand model.

Although the calculations in both modules occur behind 
the scenes, PRISM is also set up to be transparent, as users 
can easily view the underlying data and assumptions used 
to transform travel demand model outputs into economic 
e� ects (see Exhibit 4).

Exhibit 3: Loading Travel Demand Model Inputs into PRISM

For both the cost-bene� t and economic impact modules, 
outputs are produced by a simple click of the �Run� button 
after all inputs are entered, and are displayed in a MS Excel 
format for easy storage.  

Bene� t-cost outputs include the economic rate of return, 
which is a measure of the social or economic return on 
the investment, as well as the net present value of cash 
� ows and the bene� t-cost ratio, de� ned as the ratio of 
dollars of bene� ts per dollars of costs. The latter metric is a 
transparent and useful means of ranking a set of potential 
transportation investments based on their socioeconomic 
merits.

Regional economic impact outputs include the projected 
number of new jobs, value of economic output, and value 
added as a result of the project, either during construction 
or in any future year following project completion. The 
outputs are disaggregated by geography and commodity 
to enable users to evaluate not only the total number of 
jobs created, but also the types of jobs and corresponding 
labor income generated from the jobs.

Source: PB
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Exhibit 4: Analyzing and Editing PRISM Assumptions

Exhibit 5: Outputs from the Bene� t-Cost Module
Exhibit 6: Outputs from the Regional Economic Impact 
Module

Source: PB

Source: PBSource: PB
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PB seeks frequent approval from the client during the 
design phase. Once all designs are complete, PB assists 
in the deployment and implementation on-site with all 
modeling stakeholders.

As a standard additional service, all economic data 
underlying the PRISM application is customized and 
calibrated to the local conditions of each geographic area 
for each client based on the latest available data. 

Matthew Nespoli specializes in economic and � nancial analysis and forecasting services for clients in the transportation 
and water/wastewater markets. His speci� c experience includes economic impact modeling, cost-bene� t analysis, 
tax base forecasting, international trade forecasting, macroeconomic forecasting, and revenue forecasting for various 
public sector clients in the US and Latin America.  
 
B.A., Villanova University

Dr. Kumudu Gunasekera is a senior infrastructure economist specializing in highway/transit cost bene� t analyses, 
regional economic impact assessments, econometric forecasting, and goods movement analysis.  He has extensive 
experience in managing the development and implementation of large transportation sector regional economic 
impact models. Most recently, Dr. Gunasekera managed the deployment of the PB Regional Impact Scenario Model 
(PRISM) with the Ohio Department of Transportation. 

Ph.D., M.A., Boston University; B.A., Hobart and William Smith Colleges

Dr. Ira Hirschman is a principal economist with over 27 years of consulting experience.  He has managed or been the 
primary economic analyst for transportation, urban development, and infrastructure development studies both in the 
U.S. and internationally. He is a member of the TRB Transportation and Economic Development Committee, and has 
presented and published numerous papers and articles in transportation economics.

Ph.D., M.A., B.A., Rutgers University

Tailoring PRISM to the Needs of Individual 
Clients
In order to meet the speci� c needs of each individual 
client, PB customizes the format, style, and usability of 
the front-end PRISM user interface. For past clients, PB 
has created a range of user interfaces, from command-
line MS-DOS prompts to colorful, user-friendly graphical 
windows, depending on each client�s preferences. Thus, 
instead of presenting a one-size-� ts-all interface that may 
not be optimized for each agency�s or investor�s needs, PB 
intends to work closely with all potential users of the PRISM 
application to create a unique interface that maximizes 
usability, comfort, and e�  ciency. 

As part of the customization, PB works closely with the 
key modeling stakeholders on the client side to conduct a 
requirements and needs analysis workshop, which frames 
the desired format, style and usability of the graphical user 
interface (GUI) application. This customization includes 
both the preferred interfacing with a speci� c travel 
demand model, the set of available assumptions and 
options available to each user, and the format and style of 
model outputs. 



PAST ISSUES of EFR can be accessed via: 
http://www.pbworld.com/news_events/publications/efr

For Information Contact
Kumudu Gunasekera, PhD.
202-661-5330
gunasekera@pbworld.com

About the Cover

The cover photo is a computer generated rendering 
of California’s proposed High-Speed Train System.  

California’s High-Speed Train System will provide 
new transportation options to more than 90 percent 
of the residents of the state.  More than 300 weekday 
trains (150 in each direction) are planned to serve 
the statewide intercity travel market.  A high-speed 
train system between Los Angeles/Anaheim and San 
Francisco with extensions to Sacramento and San 
Diego is estimated to carry more than 90 million 
passengers by 2035.

Parsons Brinckerhoff (PB) is providing overall Program 
Management services to the California High-Speed 
Rail Authority for the project-level environmental 
clearance, right-of-way acquisition, preliminary 
engineering design, construction and equipment 
procurement, and testing and commissioning of the 
system.  As Program Manager, PB is also leading 
the development of all technical criteria required 
to design the system, and to secure the ability 
to bring true high-speed train technology to the 
United States for the Þ rst time.  Currently, project-
level environmental clearance and preliminary 
engineering work is underway for the full system.  
The Þ rst phase of the system, between Los Angeles/
Anaheim and San Francisco, is expected to be open 
for revenue service in 2020.
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