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Sufficient reliable data on private market total returns do not exist for infrastructure
investments, which makes it difficult to assess the performance of infrastructure
through macroeconomic cycles. In this article, using 27 years of historical EBITDA data
(1986-2012) for 229 mature infrastructure assets across six sub-sectors in the United
States and Western Europe, the authors explore cash-flow growth rates generated
by infrastructure, real estate, and corporations to provide important insights into the
investment performance of infrastructure. The results demonstrate that the volatility
of infrastructure cash flows is materially lower than, and not highly correlated with,
those of real estate and equities. Further, infrastructure cash flows outpaced CPI
inflation and GDP growth during the past three recessions. Finally, diversification

The Infrastructure Data Challenge’

Continued volatility in equity and fixed-income
markets, concerns about economic growth and inflation, and
low returns on fixed-income investments are causing investors to
step up their search for alternative investments.’ Ideally, these
investments will generate predictable, growing, low-volatility
returns that exhibit low correlation to equity and fixed income
and provide some protection against inflation. This search has
led to renewed interest in infrastructure investments.*

Infrastructure investments have monopolistic demand
characteristics for the essential services they provide. However,
insufficient private market data are available to give investors
the quantitative tools necessary to analyze, assess, and compare
investment performance, particularly during the severe recession
and global financial crisis of 2008 and 2009. Historical return
data simply do not exist, particularly in the United States, where
toll roads, bridges, airports, and seaports are largely owned and
operated by the government or by quasi-governmental agencies
and have, until recently, rarely been bought and sold on the
open market. Some historical public data relating to this asset
class do exist in Australia and, to a more limited extent, in
Western Europe, but we do not consider these data sufficient
to present an accurate assessment of future returns and risks
for the overall asset class.

When faced with an asset class for which rate-of-return data

opportunities exist across infrastructure sub-sectors and geographies.
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from any particular geographic region are limited, researchers
have two options. First, given the characteristics of infrastructure
assets with regulated returns, concession agreements, or long-term
contracts, we can generate hypothetical future return performance.
Second, we can use existing (but limited) historical return

data from outside the region and look at the relationship of
infrastructure investments to other asset classes in such regions.

However, both methods have important weaknesses. The
hypothetical option, without supporting data, might easily lead to
inefficient allocation decisions, as it is easy to overlook essential
factors in the absence of unbiased quantitative measures. On
the other hand, use of historical data from other regions is
suspect, given that the performance of infrastructure depends
heavily on the characteristics of a specific geographic region,
including population growth and other demographic trends,
tastes and preferences of people, income levels, regulation,
and other institutional factors.

A Cash-Flow Approach

The goal of the analysis described here is to provide empirical
evidence and additional insight into the investment performance
of infrastructure assets. Although this asset class as an investment
opportunity is relatively new, the assets themselves have existed,
and have provided essential services, for decades and even
centuries. Instead of the regular rate-of-return analysis, therefore,
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we can create a bottom-up approach, building the rate of growth
of cash flows (or cash-flow proxies) by looking at operating
incomes and costs of individual assets. This allows us to analyze
historical cash-flow performance and compare it to that of other
asset classes. It is a simpler way of looking at performance,
since asset appreciation, initial yield, and capital expenditures
are not factored in. Nevertheless, combined with other approaches,
including those mentioned above, it provides valuable insights.

We have constructed historical cash-flow indices for 27 years
for infrastructure assets in six sub-sectors in the United States
and Western Europe, which allows us to develop a viable
bottom-up approach to looking at infrastructure performance
over time. An analysis based on this approach uncovered the
following four key insights:

e The volatility of infrastructure cash flows is materially
lower than those of both equities and real estate.*

e Infrastructure cash flows are not highly correlated with
those of equities and real estate.

e Cash flows of infrastructure assets grow faster than the
consumer price index (CPI) growth rate over time, and
they performed better than nominal gross domestic
product (GDP) growth during the past three recessions.

* Diversification opportunities exist within the infrastructure
asset class itself.

Constructing a Cash-Flow Index

Constructing an index of cash flows generated by infrastructure
assets requires combining data for different types of entities:
privately owned companies, publicly traded companies, and
government-owned entities. For example, as well as having
different forms of financial statements, a government-owned
toll road can also have quite different economic and political
goals from a privately operated toll road. Looking at a common
denominator such as cash flows helps to avoid mixing apples and
oranges. The assumption is that in the long run, the growth rate
of cash flows is a function of increases in tariffs and in volume,
which do not directly depend on what entity operates the asset.
Some management experts argue that the private sector can often
produce greater operating efficiencies and will charge for services
in a more economically rational manner than the public sector.
Because we have not adjusted for the additional efficiencies that
might be available if government-owned assets were operated
by the private sector, the performance results presented in this
article likely err on the conservative side.

We used annual EBITDA (earnings before interest, taxes,
depreciation, and amortization) as the main cash-flow measure
in our data set. An advantage of using EBITDA is that it is not
affected by an entity’s capital structure and taxes; a disadvantage
is that it looks only at earnings before various expenses, including

the cost of maintaining the assets. A good understanding of
maintenance costs is important to assessing the performance
of an asset. For almost all infrastructure assets, however,
maintenance is a continuous effort; as long as the maintenance
work is not an improvement (i.e., it does not eventually increase
either capacity or demand), it should not affect the growth rate
of cash flows. Also, we are averaging cash-flow growth rates
of many assets for sub-sectors to create indices, which should
smooth the effects of maintenance schedules.

We should also add that the true maintenance capital in
infrastructure tends to be relatively small as a percentage of
asset value. After all, the main characteristic of this asset class is
that it has long-lived capital assets with low depreciation rates.’
Since we are looking only at the growth rates of cash flows,
subtracting a smooth line item for maintenance cost from the
series does lower the free cash flow, but it does not materially
change the growth rates. Consequently, for conceptual reasons
(invariance to capital structure, taxes, and capital expenditures) as
well as practical reasons (availability of a wide variety of entities,
from publicly traded companies to government-controlled
assets), we believe that EBITDA remains a valid measure.

The Data Set

We measured cash flows across all infrastructure sub-sectors
from 1986 to 2012 — the longest period we could track using
available data. For entities for which reported EBITDAs do
not exist (e.g., state and local government-owned toll roads,
bridges, and airports), we estimated EBITDA by using operating
revenues and subtracting expenditures provided in annual
financial statements. Any entity that undertook significant
capital expenditures is excluded. The focus on mature entities
with stabilized cash-flow streams creates a selection bias in
our sampling method, consistent with “core” and “core-plus”
strategies that focus on relatively lower-risk and lower-return
parts of the risk / return spectrum.” We chose to focus on
mature assets and not to attempt to predict the future value

of an asset or major improvements to an asset. For that reason,
we excluded companies and entities established after 1986,
entities that ceased operations during the timeframe examined,
and entities with significant mergers and acquisitions activity.

The infrastructure assets in our data set span six sub-sectors

(see lable 1):

1. Electricity companies, including regulated utilities,
transmission companies, and companies with contracted
generation assets

2. Natural gas companies, including regulated utilities as
well as storage and pipeline companies

3. Water and sewerage companies, including investor-owned
regulated utilities
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Table 1: Number of Infrastructure Entities in the Cash-Flows Database by Geography and Sub-sector

Utilities Transportation Assets
Water and
Location Electric Natural Gas | Wastewater | Toll Roads Airports Seaports Total
United States 38 14 6 33 38 7 136
EU-15 18 8 10 12 25 20 93
Total 56 22 16 45 63 27 229

Table 2: Compounded Annual Growth Rates (CAGR), Standard Deviations, and Correlation Coefficients
of Infrastructure, Corporate, and Real-Estate Cash Flows in the United States, 1986-2012

Infrastructure US Real-Estate S&P500 Operating
EBITDA NOI Earnings US Inflation

CAGR 4.07% 1.99% 8.43% 2.88%
SD 2.25% 4.17% 17.60%* 1.15%
Correlation coefficients

Infrastructure EBITDA 1.00 0.45 0.34 0.32
Real Estate NOI 1.00 -0.10 0.17
S&P Operating Earnings 1.00 -0.23

US inflation 1.00

* In earlier versions of this work ' we reported lower SD figures for S&P Operating Earnings. This figure increased significantly with the inclusion of 2010-2012 data.

Source: J.R Morgan Asset Management

4. Toll roads, including assets operated by state and local
governments as well as by privately owned entities

5. Airports, including large to mid-sized airports with
continuous commercial air traffic

6. Seaports, including the largest seaports by cargo tonnage
handled

We constructed an illustrative infrastructure cash-flows index
in two steps. First, for each sub-sector considered, a weighted
average of cash flows is calculated. Second, the infrastructure
cash-flows index is created by giving each sub-sector an equal
weight. Though the equal-weights infrastructure portfolio may
not be optimal, it strongly demonstrates that infrastructure as
an asset class provides diversification opportunities.

Infrastructure vs. Equities and Real-Estate Cash
Flows: Key Findings

To compare infrastructure with other asset classes in the United
States, we considered the EBITDA index of infrastructure assets
in the United States, net operating income (NOI) of American

real-estate assets, and annual aggregate EBITDAs for publicly
listed American corporations. EBITDA and NOI are proxies
for cash flow, and the comparison, though not perfect, is
reasonably meaningful.

As Table 2 demonstrates, infrastructure assets perform quite well:

e First, infrastructure has the lowest cash-flow volatility
(measured by standard deviation (SD) of growth rates),
and its compounded annual growth rate (CAGR) ranks
between those of real estate and corporations.

* Second, correlation coefficients among the three sectors
are low.

¢ Third, the correlation coefficient between infrastructure
cash flows and CPI is not exceptionally high, likely because
of timing differences between the monthly publication of
inflation statistics and the annual (or less frequent) rate
increases allowed by regulators and under concession
agreements. It is nevertheless the highest of the three sectors,
and we can therefore conclude that infrastructure assets protect
against inflation better than either equity or real estate.
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Figure 1: Indices of Annual Cash Flows for American Infrastructure Sub-sectors against
American CPI, 1986-2012 (1986 = 100)
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Sources: J.P Morgan, FactSet, FAA, Federal Highway Administration, Maritime Administration, and company websites

Table 3: Infrastructure EBITDA vs. Inflation and GDP Growth Rates during Recessions*

Recessionary Infrastructure
Periods EBITDA Growth CPI Inflation Nominal GDP Growth Real GDP Growth
1990-1991 5.8% 4.7% 5.4% 0.5%
2001 4.2% 2.8% 3.9% 1.0%
2008-2009 -1.4% 0.7% -2.2% -1.6%
Full sample (1986-2012) 4.1% 2.7% 4.3% 2.1%

* Inflation and GDP growth rates are US and EU-15 weighted averages.
Source: J.P Morgan Asset Management

Figure 1 shows the American cash-flow indices for six sub- Table 4 illustrates that the cash-flow growth rates of infrastructure
sectors and maps a portfolio of infrastructure assets based on sub-sectors are not highly correlated. An infrastructure portfolio
equal weights against American CPI. The average cash flow with assets from all six sub-sectors is well diversified, with a
grew faster than CPI in 19 of 27 years and, as lable 3 shows, low-volatility cash-flow stream.

was stable enough to outperform nominal GDP during the
recessions in our sampled time frame.
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Table 4: Correlation Coefficients of Annual Cash-Flow Growth Rates of American Infrastructure

Sub-sectors, 1986-2012

Electric Gas Water and
Toll Roads Airports Seaports Companies Companies Sewer Utilities
Toll Roads 1.00 0.49 0.28 -0.27 -0.32 0.00
Airports 1.00 0.38 -0.29 -0.15 0.19
Seaports 1.00 -0.05 0.09 -0.08
Electric Companies 1.00 0.33 -0.08
Gas Companies 1.00 0.06
Water and Sewer Utilities 1.00

Source: J.R Morgan Asset Management

Table 5: Standard Deviations, CAGR, and Correlation with CPl of Annual Cash-Flow Growth Rates of

American Infrastructure Sub-sectors, 1986-2012

Infrastructure
Portfolio Toll Roads Airports

Electric Gas Water and
Seaports Companies Companies | Sewer Utilities

SD 2.19% 4.03% 3.97%
CAGR 4.20% 4.61% 3.60%

Correlation with
inflation 0.32 0.28 0.25

6.77% 2.72% 4.75% 2.86%
5.09% 4.02% 3.74% 3.92%
0.17 0.36 0.08 -0.12

Source: J.R Morgan Asset Management

As Table 5 shows, the standard deviation of growth rates for
our sample infrastructure portfolio with equal weights is 2.2%,
significantly lower than the corresponding figures for individual
sub-sectors. The equal weights portfolio is not the optimum
portfolio from a mean-variance perspective; for instance, a
portfolio consisting of 30% electricity companies, 30% toll
roads, and 10% each for the remaining four sub-sectors has a
comparable CAGR of 4.3% and a significantly lower standard
deviation of 1.9%.

For some sub-sectors, correlations with CPI are positive but
lower than expected. One reason for this is the differences in
the inflation measure selected. When determining regulated
returns for infrastructure assets, some regulatory bodies use
CPI-U (CPI All Items urban consumers) while others opt
for specific measures such as a construction cost index,

the employment cost index, or regional inflation measures
rather than the nationwide CPI-U. A more important issue
is regulatory lag — the time difference between cost increases
and a regulator’s approval of rate increases for cost recovery.
While inflation is measured continuously, regulatory rate

increases are usually discrete events, occurring in intervals
of two years or more. Similarly, concession-based toll roads
managed by private-sector operators generally allow toll rate
increases no more than once a year, while many government-
operated toll roads in the United States experience toll rate
increases only every 10 or 20 years.

Adding European Infrastructure Assets
to the Mix

The history of private-sector involvement in infrastructure
assets is longer in Europe, especially in the United Kingdom,
than in the United States. In order to look at a portfolio
consisting of both American and European assets, we gathered
similar cash-flow data for European infrastructure companies.
For consistency with an investment strategy that focuses on
Western Europe, we used only EU-15 countries, those included
in the European Union before its 2004 enlargement. One
important issue to consider when determining the combined
cash-flow data for the sub-sectors is the volatility of exchange
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Figure 2: Indices of Annual Cash Flows for EU-15 Infrastructure Sub-sectors against Average
European CPI, 1986-2012 (1986 = 100)
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Sources: J.P Morgan, FactSet, Eurostat, OECD, IMF, and company websites

Table 6: Standard Deviations and CAGR of Annual Cash-Flow Growth Rates of European Infrastructure
Sub-sectors, 1986-2012

Infrastructure Electric Gas Water and
Portfolio Toll Roads Airports Seaports Companies | Companies | Sewer Utilities
SD 2.52% 3.51% 5.83% 7.80% 3.84% 3.92% 4.25%
CAGR 4.32% 3.52% 5.07% 3.81% 4.29% 4.91% 4.10%

Source: J.R Morgan Asset Management

rates across European currencies; the volatility of European slowed. Figure 2 shows that the behaviors of American and
currencies against the US dollar is also an issue going forward. European infrastructure sub-sectors — in terms of generated cash
One simple solution to this problem is to keep the figures in flows — are very similar, generating EBITDAS that grow faster
local currencies and calculate averages in that manner. than the European CPI average and are resilient to recessions.
Figure 2 presents cash-flow indices for European infrastructure The standard deviations and CAGRs across all infrastructure
sub-sectors measured against a weighted CPI average for the sub-sectors in Europe, shown in lable 6, illustrate that, as in
countries considered. Because of regional differences, not all the American case, an equally weighted average infrastructure
European economies went through recessions simultaneously; portfolio has significantly lower volatility, providing
therefore, instead of the strict definition of recession, we diversification benefits thanks to low correlations between
considered the years when the EU-15’s aggregate GDP growth sub-sector growth rates.
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Figure 3: Index of Annual US and EU-15 Infrastructure Cash Flows against Average High-Income

OECD CPI, 1986-2012 (1986 = 100)
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In addition, the correlation coefficient between EBITDA
growth rates for American and European infrastructure sectors
is 0.57," producing a diversification benefit illustrated by the
low standard deviation shown in Table 7 and the smooth cash-
flow progression shown in Figure 3 for a combined American
and European infrastructure portfolio.

Attractive Characteristics

What does all this analysis mean for investors? While the past

is no guarantee of the future, the patterns we observed indicate

that for mature core infrastructure assets,

e cash flows are not highly correlated with those of equities,
fixed income, or real estate;

e over time, cash flows grow faster than CPI, and hence may
offer long-term protection against inflation;

e diversification opportunities exist across infrastructure
sub-sectors; and

e historical cash-flow growth and volatility are similar in
American and European infrastructure assets, yet investments
in both geographic regions diversify each other.

Our research also indicates that infrastructure investment
produces stable, growing cash flows and that the cash flows
generated by these assets may be less influenced by economic
cycles than corporate operating earnings and the net operating
income of private real estate. Investors seeking investments
with different risk and return characteristics from more
traditional investments such as public equity, fixed income,
and private real estate may do well to consider adding
infrastructure to their portfolio.

Table 7: Standard Deviations and CAGR of Annual
Cash-Flow Growth Rates of Infrastructure Indices
in the US and Europe, 1986-2012

Us EU-15 Combined
SD 2.19% 2.52% 2.25%
CAGR 4.20% 4.32% 4.26%

Source: J.P Morgan Asset Management
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Endnotes

1. This document is intended solely to report on various investment views
held by J.P. Morgan Asset Management. Opinions, estimates, forecasts
and statements of financial market trends that are based on current market
conditions constitute our judgment and are subject to change without
notice. We believe the information provided here is reliable, but it should
not be assumed to be accurate or complete. The views and strategies
described may not be suitable for all investors.

2. Allocations and commitments to the infrastructure sector grew rapidly
in 2006-2008, slowed considerably in 2009 and 2010, and resumed in
2011-2013.

3. For an earlier discussion of the subject and an introduction to the asset
class, see Weisdort (2007’

4. Fixed income, as the name suggests, has the most stable cash flows, thanks
to fixed coupon payments. It goes without saying that infrastructure cash
flows are not correlated with fixed-income returns.

. Following common usage in real-estate investing, we use “core,

Various studies by the Federal Highway Administration (FHWA) in the
United States, for example, put the depreciation rate for US highways at 8
basis points per year. See, e.g., Nadiri and Mamuneas (1998 ; FHWA (1996).
" “core-plus,”
“value-add,” and “opportunistic” strategies to describe relative risk and
potential return on a spectrum from lower-risk (core) to higher-risk
(opportunistic).

. Earlier versions, with less current data, were distributed as J.P. Morgan

Asset Management Insights pieces titled “Infrastructure Investing: A
Portfolio Diversifier with Stable Cash Flows.”

. The correlation coefficient between American and European infrastructure

EBITDA growth rates is higher than in earlier versions of this article that
did not include data updates through 2010-2012. One major reason for the
higher figure is the impact of American and European currencies’ moving
in opposite directions during much of that time frame.
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