A History of Discount Rates and Their Use by Government Agencies

Richard O. Zerbe Jr.

Xi Han

David Layton

Tom Leshine

October 2002

1.0 Introduction

This report reflects a history of the use of discount rates by government agencies along with a history of the values of real interest rates.   The major conclusion of this report is that there is little consistency in government decisions to use or not to use discount rates or in their choice of particular rates when they are used. This article is organized as follows: section two deals with the concept of discount rates; section three examines various discount rates used by government agencies; section four analyzes why discount rates differ among government agencies; and section five looks at the history of real interest rate in U.S. We do not suggest here what discount rates should be used.  

2.0 What are Discount Rates?

Discount rates reflect simply the particular use of interest rates to find the earlier value of expected returns. Interest rates are used by lenders and borrowers to determine the amount of some future payment.
  Thus if P is the amount borrowed today and r is the interest rate, then the future value F, or the amount to be paid back at time T, will be given by
F = P(1+r)T





(1)

The interest rate r is called the discount rate when it is used to solve for P given the other values.  Thus in using the following equation (2) the practice is called discounting and r is said to be the discount rate
. 

P = F/(1+r)T





(2)

Thus the use of discount rates must be as old as the use of interest rates.  We will focus here simply on the use of such rates in more modern times and in particular their use by government agencies.

Interest rates and thus discount rates may be expressed in real or nominal terms.  Nominal rates are market rates which by their nature contain an expected inflation factor. Real rates are nominal rates from which expected inflation (in practice usually actual inflation) has been removed.  The real rate R is related to the nominal rate r as through the expected inflation rate, Ie as follows:

R = (1+ r)/(1+Ie) -1 





(1)

which may be expressed approximately as

R ( r - Ie






(2)

Thus if the nominal interest rate is 7%, expected inflation is 2%, the real interest rate R would be 4.90% or approximately 5%.


The conceptually correct procedure is to use real rates to discount real benefits and costs (constant-dollar values) and to use nominal rates to discount nominal benefits and costs (current-dollar values).  To mix real with nominal values is to allow inflation in one part of the calculation but not in the other. 







3.0 Rates for Government Agencies

3.1 Federal Agencies

There is little consistent practice in government both in the  choice of a particular discount rate, and in the decision of whether or not to use discount rates. This inconsistency is found across different levels of government, among different government agencies at the same level, and across time  within the same agency.   

Thus not all Federal agencies use the same discount rates, nor do they always use discounting at all. Bazelon and Smetters  (1999, p 219) note that, “In many cases, federal agencies do not discount. ” and further, "congressional cash-based budget planning does not discount either." Federal agencies often treat a dollar spent now exactly the same as a dollar spent next year (e.g. yearly budgets, mandatory spending).  Further, "changes in spending beyond the five or ten-year budget window . . .are essentially discounted at an infinite rate
." The following then briefly goes over the history of discount rates used by different federal agencies. 
I. Discount Rates Used by Office of Management and Budget (OMB)
According to the OMB Circular No. A-94, dated March 27, 1972 ,  "Discount Rates to be Used in Evaluating Time-Distributed Costs and Benefits"
, a real rate of 10 percent was recommended by OMB for use from March 27, 1972 until October 29, 1992. This rate represents an estimate of the average rate of return on private investment, before taxes and after inflation. 

This Circular applies to all agencies of the executive branch of the Federal Government except the U.S. Postal Service. And the 10 percent real discount rate applies to the evaluation of Government decisions concerning the initiation renewal or expansion of all programs or projects, other than those specifically exempted (decisions concerning water resource projects, the Government of the District of Columbia, and non-Federal recipients of Federal loans or grants). There have been two additional exceptions to the use of this rate according to Lyons (1990). The first is that agencies were allowed to use a different rate when an alternative rate can be justified. However, the acceptable basis for using a different rate are not spelled out. The second exception to the 10 percent rule has been lease or purchase decision, for which the OMB Circular No. A-104, dated June 14, 1972, "Comparative Cost Analysis for Decisions to Lease or Purchase General Purpose Real Property", specified a real rate of 7 percent. This rate represents an estimate of the internal rate of return on general purpose real property leased from the private sector, exclusive of property taxes and expected inflation. This rate is influenced by IRS tax treatment of real  property and by separate handling of property taxes in Circular A-104; and it is specific to lease-or-purchase decisions and is not comparable to before tax rates of return that the OMB specified in Circular A-94. 

In October 1992, the OMB Circular No. A-94 was extensively revised. According to the OMB Circular No. A-94, dated October 29th, 1992 ,"Guidelines and Discount Rates for Benefit-Cost Analysis of Federal Programs", two basic types of discount rates have been specified: (1) a discount rate for public investment and regulatory analyses; and (2) a discount rate for cost-effectiveness, lease-purchase, internal government investment and asset sale analyses. 

For the base case of public investment and regulatory analyses, OMB now suggests a real discount rate of 7 percent. This rate is said by OMB to approximate the marginal pretax rate of return on an average investment in the private sector in recent years.
For the cost-effectiveness, lease-purchase, internal government investment and asset sale analyses, OMB discount rates are based on interest rates on Treasury Notes and Bonds with maturities ranging from 3 to 30 years. The rate used may be either nominal or real, depending on how benefits and costs are measured. Analyses that involve constant-dollar costs should use the real Treasury borrowing rate on marketable securities of comparable maturity to the period of analysis. This rate is computed using the Administration's economic assumptions for the budget, which are published in January of each year. Real Treasury rates are obtained by removing expected inflation over the period of analysis from nominal Treasury interest rates.
The history of nominal interest rates used by OMB is presented in Table 1. These nominal rates are used for discounting nominal flows, which are often encountered in lease-purchase analysis.
And the history of real interest rates used by OMB is presented in Table 2. These real rates are used for discounting real (constant-dollar) flows, as is often required in cost-effectiveness analysis.
HISTORY OF PAST YEARS RATES *

(from the annual budget assumptions for the first year of the budget forecast)
Table 1: Nominal Treasury Interest Rates
Forecast Date
3-Year
5-Year
7-Year
10-Year
30-Year

February 1992
6.1
6.5
6.7
7
7.1

February 1993
5.6
6
6.3
6.7
6.8

February 1994
5
5.3
5.5
5.7
5.8

February 1995
7.3
7.6
7.7
7.9
8.1

February 1996
5.4
5.5
5.5
5.6
5.7

February 1997
5.8
5.9
6
6.1
6.3

February 1998
5.6
5.7
5.8
5.9
6.1

February 1999
4.7
4.8
4.9
4.9
5

February 2000
5.9
6
6
6.1
6.3

February 2001
5.4
5.4
5.4
5.4
5.3

February 2002
4.1
4.5
4.8
5.1
5.8

Table 2: Real Treasury Interest Rates
Forecast Date
3-Year
5-Year
7-Year
10-Year
30-Year

February 1992
2.7
3.1
3.3
3.6
3.8

February 1993
3.1
3.6
3.9
4.3
4.5

February 1994
2.1
2.3
2.5
2.7
2.8

February 1995
4.2
4.5
4.6
4.8
4.9

February 1996
2.6
2.7
2.8
2.8
3

February 1997
3.2
3.3
3.4
3.5
3.6

February 1998
3.4
3.5
3.5
3.6
3.8

February 1999
2.6
2.7
2.7
2.7
2.9

February 2000
3.8
3.9
4
4
4.2

February 2001
3.2
3.2
3.2
3.2
3.2

February 2002
2.1
2.8
3
3.1
3.9

*These are the rates that have appeared annually in Appendix C of OMB Circular A-94 since 1992.The discount rates in Appendix C are drawn from OMB's assumptions for interest rates used in the budget.
II. Discount Rates Used by Department of Energy (DOE)
Since 1996, the Department of Energy reports its discount rate yearly. The DOE discount rate is based on long-term Treasury bond rates averaged over the previous 12 months. The nominal, or market rate, is converted to a real rate using the projected rate of general price inflation from the Economic Report of the President's Council of Economic Advisors, to correspond with the constant-dollar analysis approach that is used in most federal life-cycle cost (LCC) analyses. Federal agencies and contractors to federal agencies are required by 10 CFR 436 to use the DOE discount rate when conducting LCC analyses related to energy conservation, renewable energy resources, and water conservation projects for federal facilities.

According to NISTIR 85-3273-10, October 1995, the Department of Energy uses a real discount rate of 4.1 percent or a nominal discount rate of 7.6 percent for 1996 (the projected rate of general price inflation was 3.4%). 

According to NISTIR 85-3273-11, July 1996, the Department of Energy uses a real discount rate of 3.4 percent or a nominal discount rate of 6.6 percent for 1996 (the projected rate of general price inflation was 3.1%). 

According to NISTIR 85-3273-12, April 1997, the Department of Energy uses a real discount rate of 3.8 percent or a nominal discount rate of 6.9 percent for 1997 (the projected rate of general price inflation was 2.9%). 

According to NISTIR 85-3273-13, April 1998, the Department of Energy uses a real discount rate of 4.1 percent or a nominal discount rate of 6.6 percent for 1998 (the projected rate of general price inflation was 2.4%).  

According to NISTIR 85-3273-14, July 1999, the Department of Energy uses a real discount rate of 3.1 percent or a nominal discount rate of 5.7 percent for 1999 (the projected rate of general price inflation was 2.5%).  

According to NISTIR 85-3273-15, April 2000, the Department of Energy uses a real discount rate of 3.4 percent or a nominal discount rate of 6.3 percent for 2000 (the projected rate of general price inflation was 2.8%).  

According to NISTIR 85-3273-16, April 2001, the Department of Energy uses a real discount rate of 3.3 percent or a nominal discount rate of 6.1 percent for 2001 (the projected rate of general price inflation was 2.7%).  

According to NISTIR 85-3273-17, April 2002, the Department of Energy uses a real discount rate of 3.2 percent or a nominal discount rate of 5.6 percent for 2002 (the projected rate of general price inflation was 2.3%). 

The following table sums up all the discount rates used by DOE from 1996 until 2002:

Table 3: Discount Rates Used by DOE

Year
Official Document
Real

Discount Rate
Nominal

Discount Rate
Projected 10-year

Average Inflation Rate

1996

(1995 analysis)
NISTIR 85-3273-10
4.1%
7.6%
3.4%

1996

(1996 analysis)
NISTIR 85-3273-11
3.4%
6.6%
3.1%

1997
NISTIR 85-3273-12
3.8%
6.9%
2.9%

1998
NISTIR 85-3273-13
4.1%
6.6%
2.4%

1999
NISTIR 85-3273-14
3.1%
5.7%
2.5%

2000
NISTIR 85-3273-15
3.4%
6.3%
2.8%

2001
NISTIR 85-3273-16
3.3%
6.1%
2.7%

2002
NISTIR 85-3273-17
3.2%
5.6%
2.3%

III. Discount Rates Used by Other Federal Agencies 

The Congressional Budget office (CBO) since 1990 has used a real rate of 2%
 (Thompson and Green, 1998; Bazelon and Smetters, 1999, p222).  Analysts are directed to perform sensitivity analysis using plus and minus 2 percent around this rate (Bazelon and Smetters, 1999, p222).  

The General Accounting Office (GAO) generally uses lower discount rate than the OMB recommended rates based on the average nominal yield on treasury debt minus the inflation rate. They recommends the use of a very low discount rate when analyzing policies with large intergenerational effects involving human life. They use especially lower rates (close to zero) for projects with strong intergenerational health effects
. The logic seems to be that the individual's growth in productivity would offset the interest rate.  Thus if the discount rate is 2.5% and the productivity growth rate is 2%, the GAO would suggest what is usually called a net discount rate of 0.5%. 

Water resource projects, contracting out, and federal energy management programs are exempt from GAO and OMB guidelines. These projects fall under different regulations. Water resource projects have been justly criticized in the past for using nominal interest rates with real dollar benefits and costs (see Lyons, pS-31).  The current guidance for water resource projects is the approved Economic and Environmental Principles and Guidelines for Water and Related Land Resources Implementation Studies (Principles and Guidelines, 1983)
. It requires the agencies to calculate present values of projects using the discount rate established annually for the formulation and economic evaluation of plans for water and related land resources plans. And the guidance for federal energy programs can be found in the Federal Register of January 25, 1990, and November 20, 1990 (Volume 55)
. In these guidances, the Department of Energy (DOE) states that measuring the interest rate on U.S. Treasury bonds and removing the effects of inflation is the appropriate procedure for setting a market-based discount rate to be used in performing life cycle cost analyses for purposes of estimating and comparing the cost effects of investing in greater energy efficiency in Federal buildings. The discount rate will be set by DOE for one-year intervals coinciding with the Federal fiscal year, and the supporting tables for use in life cycle cost analysis are to be made available in an annual supplement to the Life Cycle Costing Manual for the Federal Energy Management Program (NIST 85-3273) issued at the beginning of each fiscal year
. 

The rates used by the Corp of Engineers have varied from as low as 2.5% to as high as 8.75% over the period from 1957 through 1980 . (Zerbe and Dively, 1994, p277-278.) There also have been peculiar practices required of the Army Corp and the Bureau of Reclamation by which real rates are to be used with nominal benefits and costs. This practice of combining real and nominal values makes no sense and economists at the Corp and at the  Bureau of Reclamation with whom we (Zerbe) have talked recognize this.  We are unable to determine the origin of this practice.
In short, there is a lack of consistency for Federal government use of discount rates. The range of federal rates used by federal agencies is then from 2% to 7% in real terms, though the effective real rate used by the Bureau of Reclamation and the Corp of Engineers could be even higher when market rates , which include an expected inflation component, are applied to expected real benefits and costs. 

In so far as government rates are based on Treasury bond rates which is the case with OMB lease purchase decision and with the rates used by the Bureau of Reclamation and the Corp of Engineers, it is recommended that bonds be chosen whose terms correspond with the time period of the project. This means that longer lived projects would be evaluated with larger interest rates. 

The yields on Treasury instruments (over the period from January 1979 to February 2002) would yield a low real rate of 2.1% in February 2002 on 3-year notes and a high real rate of 7.9% in February 1982 for 30-year projects (the current OMB circular A-94).  Such rates normally increase with time due to inflation risk. If this logic is extended to very long lived projects it suggests quite large discount rates.
 
3.2 Rates Used by State and Municipal Governments

As far as we can discern no one has systemically collected information for discount rates used by various state governments. There appears to be no general knowledge of how the use of discount rates vary across state governments or what rates they use, although this knowledge can be gathered state by state.
 The justification for government rates has ranged from using the rate on government bonds (the government cost of capital) to using the rate on private capital to using the social rate of time preference.
Little has been published about municipal use of discount rates.  Consequently we attach an Appendix that contains an unpublished  survey of municipal rates that some of us undertook (Zerbe and Dively, 1993). A random sample of 72 cities with populations over 100,000 were asked a series of questions of their use and understanding of the use of capital budgeting and discount rates. About 37% reported they use such rates and as many as 46% may use them indirectly through consultants. That is, over half of municipal governments with populations over 100,000 do not use discount rates in their planning. The roughly 40% of municipal governments that use rates generally use a real rate in the 2.5% - 3.5% range.
 The only variable we found that is correlated with the use of discount rates is that cities with independently elected officials are more likely to use (and to understand) discount rates than other cities.
 Some municipal government consciously avoid benefit cost analysis and the use of discount rates. Interesting, expressed rationale in many cases is the desire to make decisions on a purely political basis which they find is complicated by the use of benefit cost analysis and the attendant use of discount rates. 
4.0 Why Rates Differ Among Agencies 

The basis for the choice of discount rates varies among agencies and appears to have been significantly influenced by academic literature at the Federal level.  The issues that have motivated these debates involve questions of  whether risk should be treated differently for government investments than for private investments, and whether the rate of time preference on the one hand or the opportunity cost of capital on the other is the more appropriate for government rates. In the case of municipal governments, however, the driving force appears to simply be the rate the municipality must pay on its bonds. 

There has been a debate in the economics literature for some time whether rates should reflect the social rate of time preference (SRTP) or the opportunity cost of capital (OCR). The SRTP is the rate at which individuals are willing to trade off present for future consumption. Some agencies base their choice of rates on a social rate of time preference (e.g., Congressional Budget Office, and General Accounting Office).  This rate is commonly equated with the risk free rate of return on government bonds, though there is no definitive SRTP rate.
 Other federal agencies such as OMB, base their rates on the price of capital in the private sector-the before tax rate of return to private capital.  Others, most commonly municipal governments, base their rate on their own costs of capital which they see as the interest they must pay to issue bonds so that in practice those that base their rate on the SRTP and pragmatically on the cost of generating government capital tend to choose about the same rates.  The OCR rates tend to be significantly higher than the rates based on the yield on government bonds so that OCR rates are generally significantly higher than rates used by municipalities or rates based on the SRTP.  

A parallel debate has concerned whether or not government discount rates should include a risk premium as they do in the private sector.  In general, private rates of return are said to equal the risk-free rate plus a risk premium depending on the market risk of the equity. The return to equities above government bills is said to have averaged 6 percentage points a year during the past century, an astronomical difference when compounded over time (Bazelon and Smetters. 1999)
. Bazelon and Smetters conclude that there is no good reason for the government to use different rates from the private sector.

A paper by Lind and Arrow (1970), however, suggests that government should use a risk-free rate. Bazelon and Smetters note that this view has "had considerable influence inside the Washington Beltway" (p214). 

5.0 Interest Rates in the United States

5.1 Realized Real Rates

Below we show  realized real discount rates in the United States over long time periods.  These rates can be reported in either real or nominal terms.  If reported in real terms, the issue arises as to what inflation measure to use to convert nominal to real data.  Typically nominal interest rates have been adjusted to real rates using actual, that is real rates of inflation.  Although Tables 4 and 5 report real rates using actual rates of inflation, as is the usual practice, this practice is incorrect. 
Table 4: Realized Real Rates Over Long Periods

A
B
C
D
E
F
G

PERIOD
PRIME COMMERCIAL PAPER

(CPI ADJUSTED)1

percent
AMERICAN RAILROAD BONDS

(CPI ADJUSTED)2

percent
1 YEAR TREAS NOTES

(CPI ADJUSTED)3

percent
3 YEAR TREAS BONDS

(CPI ADJUSTED)3

percent
20 YEAR TREAS BONDS

(CPI ADJUSTED)4

percent
INFLATION RATE
CPI 5

percent

1857-60

9.38





1865-89

8.86





1881-1915

4.27

[2.3]



0.16

[2.1]

1885-1893

4.62

[.13]

4.17

0

[0]

1890-1915
5.24

[2.3]
3.76

[2.3]



0.48

[2.1]

1920-29
5.38
5.16





1953-88-89
1.96

1.9
2.23
2.46


1977-89
2.92

3.2
3.56
3.97


1980-89
4.27

[0.023]

4.19
4.69
5.17


Figures in brackets are standard deviations. 

1. Historical Statistics of the United States, Bicentennial Edition, Commerce, Bureau of the Census, Washington DC, 1988, pg. 996, 1001, series X-445.

2. Historical Statistics of the United States, Series X456-465, pg. 1002.

3. The Economic Report of the President, Washington, DC 1988, 1990. Federal Reserve Bulletin, selected months.

4. Analytic record of Yields and Yield Spreads from 1945, Salmon Brothers Inc.

5. Historical Statistics of the United States, Series E, pgs. 210-212. The Economic Report of the President, selected years.

Table 4 shows realized real interest rates, that is actual interest rates minus actual inflation, for various yields and time periods. The actual real rates for 20-year United States Treasury Bonds varies from 2.46% to 5.17%. The rates are similar though slightly higher for 30-year Treasury Bonds. Rates for periods with little inflation and with little change in inflation have a particular appeal since rates during these periods are likely to be less influenced by expectations of inflation or by changes in inflation. Because of low levels of inflation and/or a low variance in inflation rates, three periods of particular interest are the periods 1881-1951, 1885-93, 1890-1915. During these periods, actual real rates on American Railroad bonds varied between 3.76% to 4.62%. Rates on Prime Commercial Paper in the latter period averaged 5.24%. In the period 1885-93, inflation was zero throughout. In this eight-year period, the average yield on American Railroad bonds was 4.62% with a standard deviation of 0.13%. The range of rates two standard deviations to either side of this 4.62% rate is between 4.36% to 4.88%.

The smallest actual real rates mentioned in Table 4 are for the period 1953-88-89 and are about 2.5% for 20-year bonds. But, as is now well recognized, part of this period included egregious misjudgments about what the rate of inflation would be. The highest rates in Table 2 are those for the period before 1900. These should not be given as much weight as more recent rates. The rate of 4.62% for the period of greatest economic stability, 1885-1893, lays well within the range of rates derived from the expected real rates in Table 1 of 3.5% to 5.5%. A range of rates during this period of greater economic stability based on four standard deviations around the mean is included in this range. 

The figures here are supported by calculations from another source. Table 5 shows long-term realized real interest rates calculated by Barro (1993).
Table 5: Real Interest Rates (Percent)

Period
   Real Interest Rate (percent)

1840-1860
9.1

1867-1880
9.1

1880-1900
6.3

1900-1916
3.1

1920-1940
4.9

1947-1960
-0.2

1960-1980
1.2

1980-1990
4.8

Weighted Average 1840-1990
4.87

Weighted Average

1840-1990 without 1947-60
5.38

Based on Rates for four to six months commercial paper and the GNP deflator. 

From Barro (1993, Table 11.1, p. 285). Because of price controls during the Korean war, the figures between for the early 50's are probably not representative on a non-price controlled period. 

5.2 Realized Real Rates Versus Expected Real Rates

The above data use realized real interest rates which subtract actual inflation from the nominal discount rate.  This results in a bias when the realized or actual rates differ from the expected rates. We can make this clearer through the following relationships. The expected real rate of return (ERR) is recognized to be the conceptually correct measure of the discount rate to use with inflation adjusted income streams because it represents the rate at which people are willing to lend or to borrow. This is approximately equal to the market or nominal rate of return minus expected inflation. That is, the expected real rate is approximately calculated as follows (see equation 2)
:
ERR = Nominal Rate - Expected Inflation 




(6)

The realized real rate of return (RRR) is different; it is the nominal rate of return minus actual inflation. That is:


RRR = Nominal Rate -Actual Inflation




(7)

The difference in the expected real rate and the realized real rate is then equal to 


ERR - RRR = (Actual Inflation - Expected Inflation)


(8)

That is, the realized real rate of return is given by


RRR = ERR + (Expected Inflation - Realized Inflation)


(9)
Equation (9) shows the source of the bias. The realized real rate will only be the unbiased rate with expected inflatioin equals realized inflation. If realized inflation exceeds expected inflation, the realized real rate will be lower than the expected real rate of return by the difference between actual and expected inflation. The estimate of the expected real rate of return will then be too low. If expected inflation exceeds actual inflation, the reverse is true. Systematic bias between the expected real rate and the realized real rate will be smaller in the long run; otherwise people will learn to gain from exploiting this bias. Thus, in calculating real rates of return, the longer the time period used the better. 
In practice often short period discount rates are used as representative of the rates applying over longer periods. The use of short periods can result in biased estimates when there is a significant divergence between actual and expected inflation. For example, real discount rates are low during the 1950's and 1960's because expected inflation was less than actual inflation. Since actual inflation experienced is usually used to calculate real interest rates, the subtracted amount is too large in this situation. Similarly, net discount rates (nominal retes minus productivity growth) during the period from 1950 through 1973 are low by historical standards because the rate of growth of capital relative to the rate of growth of labor was unusually high by historical standards not only in the United States but also in most other developed countries. These differential rates of growth produced a relatively high rate of growth of wages and a relatively low rate of return to capital so that the net discount rate during this period contains a downward bias when judged by long-term historical standards and by the experience since 1980. 
Newell and Pizer (2000, 2001, 2002), have compiled a series of expected real interest rates over the two century period 1978 through 1999
. For most of the period 1978-1999 they use market yields on long-term U.S. federal government bonds. For years when federal government bonds were unavailable (1829-1843) or distorted (1865-1920)
 they use market yields for municipal bonds. Based on these nominal rates, they create a series of real interest rates by subtracting a measure of expected inflation. And their inflation adjustment is based on the surveyed expectations of professional economists and several historical facts that are described in more detail in Homer and Sylla (1998) and Spiro (1989). Starting 1955, Newell and Pizer adjust the nomial market interest rates for inflation by substracting a moving average of the expected inflation rate of the CPI over the pervious ten years, as measured by the Livingston Survey of professional economists. Before 1955, they assume expectations were that inflation would be zero so that the nominal and the real rates are equal. Then Newell and Pizer point out that these real interest rates reveal pesistent changes, including a secular decline from near 6 percent in 1800 to 3 percent at the end of 20th century along with five noticeable shifts to at least 1 percent lasting  ten years or more. 
xi-table here

5.3 The Use of Rates Over a Short Period May be  Biasesed Estimators of Rates 

With the above definitions in hand we can establish the proposition that  real interest rates during the 1953-1990 period understate the real discount rate to be applied to future periods.

From the previous discussion it is sufficient to establish that during most of the 1950-1991 period, actual inflation exceeded expected inflation by significant amounts. That this is the case that is well recognized (Barro, 1993; Theis, 1982; Walsh, 1987; Huizanga and Miskin, 1984; Nelson and Plosser, 1982.) Table 6 shows the difference between expected inflation according to the Livingston Index and actual inflation by decade.
 A negative number means that actual inflation exceeded expected inflation, and a positive number indicates that expected inflation was larger. 

Table 6: Difference Between Expected and Actual Inflation

Period
Difference between expected and actual inflation

1950-59
-1.43%

1960-69
-0.87%

1970-79
-1.55%

1980-89
0.98%

1990-91
0.02%


*   Calculated from Barro (1993) p176-177.


** Calculated by [(1+Ie)/(I+Ia)]-1 where Ie is expected inflation for the year and Ia is actual inflation. 

Table 6 suggests that a real interest rate calculated using actual inflation during the period 1950-1979 would underestimate the real interest rate by about 1.3 percentage points. The downward bias is probably greater than this since the Livingstone index used to calculate expected inflation produces less of a difference between expected and actual interest rates than other measures. Real interest rates during the period 1947-1980 were about 1%. For the whole period 1840 through 1990, omitting the war years, the real interest rates averaged 5%. 

Table 6 suggests the proposition that the realized real rates of the 1980's, 1990 and 1991 will be better predictors of rates in the future than earlier post-war rates. Table 6 suggests that the real interest rate calculated using actual inflation in the 1980's and 1990's has a upward bias but that this upward bias is much smaller than bias of the previous three decades. In addition, Huizinga and Mishkin (1984), Nelson and Plosser (1982), and Walsh (1987) present evidence to suggest there has been a shift in the structural real rate process beginning about October 1979. This suggests that expected real rates during the post-war period, before the 1980's, understate expected real rates in the near future. Expected real rates have been higher during the 1980's than earlier in the post-war period (Walsh, 1987). Walsh finds that a 1% change in nominal rates during the period 1979 QIV to 1984 QIII was on the average produced by a 0.8% change in expected real rates and by a 0.2% change in expected inflation. 

Even aside from a change in structure, to some extent, changes in rates have a random walk component. That is, if the rate goes up there is no tendency to return to any average or trend line value (See Nelson and Plosser, 1982, for example). Thus, the use of the 1953-90 period to calculate actual real rates will lead to substantial errors in the calculation of the real discount rate because it includes a substantial period with a downward bias for expected real interest rates, and because the most recent period, the period since 1979, has shown higher expected real rates which should be given greater weight given the evidence of a change in the structural rate process and in the existence of auto correlation among rates. These considerations, taken together, suggest the real discount rate during the 1980's should be given more weight than the 1953-90 period as a whole. 

5.4. A Correct Approach

We have suggested that examining actual real rates in the post-war period, except for the 1980-90 period, will yield biased estimates of real discount rates and that net discount rates during this period may also be biased. Several alternatives are possible. We can examine expected instead of actual discount rates, and we can examine longer time periods. We do both of these below. Table 7 shows expected real rates calculated from several sources.
Table 7: Expected Real Rates

A
B
C
D
E
F
G

PERIOD
EXPECTED REAL RATES TREAS BONDS

1 YEAR

(LIVINGSTONE ADJUSTED)
EXPECTED REAL RATES TREAS BONDS

1 YEAR

(DRI ADJUSTED)1

percent
EXPECTED REAL RATES TREAS BONDS

3 YEAR

(DRI ADJUSTED)2

percent
EXPECTED REAL RATES TREAS BONDS

20 YEAR

(DRI ADJUSTED)3

percent
EXPECTED REAL RATES PRIME RATES

15 YEARS

(DECISION MAKERS POLL)

(HAVRILESKSY)4

percent
EXPECTED REAL RATES TREAS BONDS

1 YEAR

THIES (1986)

AV. OF BUYING AND SELLING

PRICE EXPECTATIONS

percent

1953-89
2.02






1953-84





2.85

1980-84





5.82

1975-89

3.12

4.17



1977-89

3.54
3.81
4.40



Sept 78-

Nov 87




4.11


1980-89

4.50
4.68
5.55



1. The Livingstone adjusted figures are calculated from Barro (1993) pg. 176-77.

2. Treasury yields to maturity for one year notes minus one year expected inflation as calculated from quarterly minus one year expected inflation data provided by Data Resources Inc. Treasury yields are from the Federal Reserve Bulletin.

3. Treasury yields to maturity for three year notes minus three year expected inflation as calculated from quarterly data provided by Data Resources Inc. treasury yields are from the Federal Reserve Bulletin.

4. Calculated by multiplying the ratio of the nominal yield of twenty year treasury bonds to that of 1 and treasury bonds by the yields in columns b and c. Yields are from data published by Salmon Brothers yields are arithmetic averages.

5. Data are approximately bi-weekly. There are 51 observations.

6. Treasury yields to maturity for one year notes minus one year expected inflation as calculated by Thies, for business expectations of buying and selling price inflation.

The rates shown in Table 7 vary from 2.09 to 5.82%. The 2.09% real rates result from use of the Livingstone poll. Unlike all of the other polls this is based on a survey of economists. The other polls based on expectations of businessmen and may more accurately reflect what the market expects. These real rates are significantly higher than the 1% or less that is sometimes cited. 

6.0. The Net Discount Rate

6.1 A Definition

In court cases, the value of life is usually determined by taking the present value of expected lifetime earnings, or, in some states, of earnings minus consumption. An issue is what discount rate to use. One way of avoiding the issue of using realized versus expected real interest rates is to calculate the net discount rate. The net discount rate is found by subtracting the growth in earnings from the nominal or market interest rate. This procedure has led to arguments for a total offset method, which is simply the use of a zero discount rate applied to the assumption of the continuation of the existing earnings level, perhaps with a life cycle earnings adjustment. The net discount rate may be defined approximately as: 

Net Discount Rate = Market Interest Rate - Nominal Wage Growth 
 (4)

An exact definition can be made by referring to equation (3). If we define k as [(1+R)/(1+G)] -1, we can more formally define k as the net discount rate. Note that the above expression for K will approximately equal R-G. If R and G contain the same inflation component, then k will also equal r -g where the lower case letters refer to real components. Equation (3) may now be written solely in terms of real components as:
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(5)

Clearly the use of the net discount rate will give the same answer as the use of nominal or real rates since equation (5) is the same as equation (3). 

The net discount rate will be influenced by capital labor ratios and by technological progress. If the growth of capital relative to labor were especially high during some historical period the rate of growth of wages to the interest rate would be particularly large, and the use of this period as a guide to the future net discount rate would be biased downward. The use of a time period such as from 1953 to 1990 to calculate net discount rates raises the question of whether or not this is reasonably representative of the future. 

6.2 The Problem with the 1953-90 Period for Calculation of the Net Discount Rate
The period from about 1950 to about 1973 was the "golden age of growth" for a period running from about the end of the Napoleonic Wars, say from 1820, to the present for all of the developed countries. For developing nations including the United States, as shown in Table 8. 

Table 8: Percentage Growth in Per Capita GDP and
in Non-Residential Capital Stock for Developed Countries*

Time Periods
1870-1913
1913-50
1950-73
1973-87-89*

GDP Per Person**
1.4
1.2
3.8
1.6

Capital Stock*** 
3.4
2.0
5.8
4.2

  *From Maddison, Table 4.9 pg118. 

 **For 16 countries. A listing of these is given in Maddison, Table 3.1, pg 49.

*** For 6 countries including the US. For a listing see Maddison, Table 5.4, pg. 140. 
GDP per person during this period increased at significantly higher rate than in other periods, an average rate of 3.8 % per person per year for all developed countries, a rate far greater than occurs elsewhere in this period. For example, the growth rate during the period from 1870 to 1950 is about 1.3% per year in GDP per person. In the U. S. this period is not quite as dramatic but nevertheless clearly stands out as is shown in Table 9.
Table 9: Compound Rates of Growth of Per Capital GDP,
Net Capital Stock and Labor Productivity in the US.

1
Time Period
1820-70
1870-1913
1913-50
1950-73
1973-89

2
GDPa
4.5
3.9
2.8
3.6
2.7

3
GDP per Headb
1.5
1.8
1.6
2.2
1.6

4
Net Non-Residential Capital Stockc


1.69
3.84
2.59

5
Adusted Labor Inputs d


0.85
1.67
1.87

6
Capital. minus Labor growth


0.84
2.17
0.72

7
Productivity:

Output per Man Houre 
–
1.9
2.4
2.5
1.0

a. From Maddison Table 3.2, pg. 50

b. From Maddison Table 3.1 pg. 49

c. From Maddison, Table 5.5 pg. 141

d. From Maddison Table 5.3, pg. 135

e. From Maddison Table 3.3 pg 51

Table 6 shows that the period 1950-1973 was a period of unusual growth in capital relative to labor and that therefore wages should be unusually high during this period relative to the return to capital, that is relative to interest rates.  

6.3 . Examining The Net Discount Rate

We now examine the net discount rate over a longer period than the post war-period. Table 10 below shows the net discount rate from 1890 to 1990. Column F shows the net discount rate using wage compensation. Column E shows the net discount rate using total compensation. Total compensation figures are not reported before 1948; they differ from wages in including fringe benefits. Benefits were not increasing as a percentage of wages before W.W.II, and immediately following . This is suggested by the fact that the percentage increase in wages is the same as for total compensation for the 1953-59 period. Thus the wage should give an accurate figure for the net discount rate for the pre-war period. In the post-war period, the yearly increase in fringe benefits has been about 0.6 percentage points greater than the increase in wages. This is shown by Table 10 below. 

 If we use the growth of wages before the war, not counting the depression, we find that real earnings grew at about 2.17 % per year. Since these are changes in real compensation, they must be subtracted from changes in real interest rates to obtain a net discount rate. Comparing this with our expected real rate of about 3.5 to 5 percent in Table 7 gives a rate of about 1.3% to 2.8% as the net discount rate. 

A direct determination of real rates earnings and total compensation gives a similar result as shown in Tables 10 and 11. 
Table 10: Net Discount Rates

A
B
C
D
E
F


Prime
Percentage
Prime Com.
Percentage
Prime Com.


Commercial
Change in 
Paper minus
Change in Total
Paper minus


Paper
Mftg. Wages
% change in
Compensation
% Change in Total


(CPI adjusted)
 (Average)
Mfg. Wages
(CPI adjusted)
Compensation

YEARS

(CPI adjusted)
Column B - C
Column B - E















1890-99
6.90%
1.21%
5.69%



1900-09
4.81%
1.69%
3.11%



1910-14
3.25%
1.22%
2.03%



1919-29
4.14%
3.92%
0.22%



1930-39
3.86%
3.41%
0.45%



1940-45
-3.55%
3.83%
-7.39%



1946-49
-5.54%
0.59%
-6.13%



1950-52
-1.57%
2.30%
-3.88%



1953-59
1.47%
2.85%
-1.38%
2.86%
-1.39%

1960-69
2.26%
1.48%
0.77%
2.45%
-0.20%

1970-79
0.09%
0.61%
-0.52%
0.02%
0.07%

1980-89
4.02%
-0.69%
4.71%
0.31%
3.71%

1990-91
2.15%
-1.34%
3.50%
-0.14%
2.29%









*from Newzerbe
*newzerbe

*earning



Series X
Series D 802

Alaska Law Rev.



444-455
Mfg. Average 

Dec. 1985 &



HSUS part 2
Hourly Earnings
economic rept.



p. 1001


of pres. '92



Source:  Board of





Govs. of the FRS.




 
also, Economic






Rept. of Pres. 






Feb. '92






pg. 378





Column D in Table 10 shows the net discount rate. Column C shows the figures  using the rate of return on commercial paper and manufacturing wages.  Column  E shows the net discount rate using total compensation. The shaded areas show the applicable net discount rate for the indicated periods. The use of Commercial paper rates give a downward bias to the rates since these are very short term rates and are used only because they are available for long time periods. Table 11 shows the net discount rate for selected periods. For the period before W.W.II , the rate of growth in earnings is used in calculating the net discount rate, and for the period after the war, the growth in total compensation is used. The war periods should be disregarded because controls on wage and interest rates do not allow the calculation of accurate figures. A depression as severe as that during the 1930's is unlikely to occur again so the depression years should also be eliminated. The argument for treating the period 1950-as special has already been made here. Finally, the period 1946-49 shows negative real interest rates and represents the effect of a continuation of war time controls so that this period also should not be included. The figure of 2.47 % appears to represent the better figure. The period producing this rate eliminates the war periods, the depression years, the period from 1950-1970 because of its special nature, and the period 1946-49 when controls led to a negative real discount rate.  This rate is especially supportable because of the downward bias from using commercial paper rates.  A net discount rate of zero or less than 1.0 percent  appears to be without justification.

Table 11: Average Net Discount Rates for Selected Periods

Table 8: Average Net Discount Rates for Selected Periods 

Av. Net Discount Rate w/o War Periods 
1.44 %

Av. Net Discount Rate w/o War Periods & 1950-70 
1.71%

Av. Net Discount Rate w/o War Periods & Depression 
1.91 %

Av. Net Discount Rate w/o War, Depression and Period 1946-1969
2.47 %

7.0  Conclusions

· Federal Government agencies are inconsistent, among themselves and sometimes internally and sometimes over time, in their use of discount rates.

· In some cases Federal agencies use nominal discount rates with real benefits and costs in defiance of logic and theory. 

· Federal Government agencies have no recommendations as to the use of discount rates when considering the far future.

· Little information is available on the use of discount rates by state governments.

· A bit less than half of municipal governments with populations over 100,000 appear to use discount rates.

· Municipalities sometimes avoid the use of benefit-cost analysis with its associated discount rates for polictical reasons. 
· Their use is positively correlated when the presence of independly elected finanacial examiners. 

· Projects analysis should use real discount rates with real benefits and costs.

· Real rates should be calculated using expected inflation rather than actual inflation, though the use of actual inflation is the usual practice. 
· Over the 1953-1989 period, expected real rates vary between about 2% and 5%.

· Over the period from 1857-1989, expected real rates vary betweeen about 2% and 9.4%. 

· Thus, there is considerable volatiliaty in expected real rates over long periods.
· The use of post war realized or actual real rates, particularly in the 1950-1975 period result in rates that are biased downward. 

· Net discount rates over the 1890-1991 period vary beween 6.9% and -1.34%.

· Average net discont rates over this period eliminating periods of war and depression are about 2.5%. 

Net discount rates during the 1950-1973 period are lower than during other historical periods probably since 1820.

Net discount rates during the period 1950-73 are biased downward when applied to future net discount rates.
A figure of about 5% is a reasonable estimate of the real discount rate.

Not only is this about the long term historical average, but it is about the rate that has prevailed in the most recent period. Long-term real productivity growth has been about 1.5-2.0 percent per year which suggests a net discount rate of about 3.0 to 3.5 percent.
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Appendix 

The Use of  Discount Rates  for Capital Budgeting  by American Cities
*

Dwight Dively

Richard O. Zerbe Jr.

Introduction

Almost nothing is known about municipal use of techniques for evaluation of capital projects and the associated discount rate for project evaluation.
  In response to this  lack of specific knowledge we surveyed municipal use of discount rates for capital project analysis through telephone and written surveys for 72 American cities in the fall of 1990 and the Spring of 1991. 

The results suggest that  substantial efficiency gains are available from the introduction of capital budgeting techniques into municipal decision making, and that one way in which efficiency can be realized is by providing for independently elected financial officials.  The presence of these officials is associated with the greater use of discount rates by cities, and quite probably with greater efficiency in capital budgeting decisions.  The survey showed that  most  cities do not use discount rates, but instead a variety of ad hoc and political techniques to choose capital projects.  The most common  technique for choosing a discount rate was the city's cost of capital.  

Methodology
Two types of discount rate surveys were used. First, telephone interviews were held with officials from the budget offices of 27 randomly selected cities with populations greater than 105,000 scattered throughout the country. Second, written surveys were sent to the budget directors of 81 randomly selected cities, of which 51 were returned, representing a 63 percent response rate.
 We used both telephone and written surveys to determine if there were differences in replies by type of survey instrument. We could determine no differences. Six cities were duplicated between the two groups in order to assess the validity of combining the surveys. Thus, a total of 72 different cities responded to the survey.

The sample of cities provide a diverse sample of major U.S. municipalities. Only cities with populations in excess of 100,000 were included since smaller cities are less likely to have the types of projects that require discount rate analysis. The responding cities represented 37 states and ranged in population from Eugene, Oregon at 112,669 to Los Angeles, California at 3,485,398. The list of cities is shown in Table 1.

Both the telephone and written surveys asked the same questions about the discount rate.  The telephone surveys contained a substantial introductory discussion to elicit the level of understanding about benefit-cost techniques for capital budgeting techniques.  We found in discussions that lack of knowledge about the function of discount rates seems a very good proxy for lack of knowledge about evaluative capital budgeting techniques in general.  The specific discount rate questions were:

1.
Does the city use discount rates for evaluating projects?

2.
If so, what is the current discount rate?

3.
How is the discount rate established?

4.
Are different discount rates used for different types of projects?

5.
How often is the discount rate re-evaluated?

In addition, the surveys gathered information about the types of utilities operated by the responding cities. This information was collected since utilities often have capital projects that are the subject of detailed financial analysis.

At the conclusion of the survey processes, the results for the six cities that were in both the telephone and written samples were compared.  In general, the responses to the two types of surveys were sufficiently similar to allow the samples to be combined.

Use of Discount Rates

The surveys revealed that the use of discount rates among major cities is less prevalent than had been assumed. Less than half of the cities sampled (37.5 percent) use discount rates for project evaluation, and several of these indicated that the use is infrequent. Furthermore, the surveys suggested that many municipal finance officials are completely unaware of the concept of discount rates or of benefit cost analysis. Officials in about 15 cities indicated that they had never heard of the term, and several others confused it with the lending rates set by the Federal Reserve Board. The same lack of knowledge showed up in telephone interviews we conducted in which we attempted assiduously to make sure we were speaking with the highest level and best qualified city employee.

As part of the telephone survey, cities that do not use discount rates were asked to explain how they evaluate projects. Most of the responses indicated that projects were identified based on perceived needs or political priorities, without any form of comparative quantitative analysis. In a few cases, cities indicated that they relied on recommendations from experts, who might use cost-benefit analysis in making those recommendations. Thus, the actual use of discount rates may be greater than 37.5 percent, with an upper bound of 43%, if this implicit use by consultants is included.

About half of the cities using discount rates indicated that different rates may be used in some cases. This typically involves rates used for projects paid for by special enterprise funds, including airports or water systems. The approach for setting discount rates is usually the same regardless of the funding source, but the actual rate may vary. For example, cities that use the current cost of capital for setting the discount rate may have different costs of capital for different purposes.

Selection of Discount Rates

Cities use a wide range of approaches for selecting discount rates, with a few cities relying on a combination of approaches. Nine distinct types of approaches were identified. These are listed below in the order of frequency:

1.
The city's current cost of capital is used by nine cities to select a discount rate. This is typically a mix of short-term and long-term tax-exempt borrowing rates. These cities are generally among the larger cities in the sample.

2.
The city's current return on invested funds is used by eight cities. This is usually defined as the current short-term rate earned by the city's invested cash. Most of the cities using this approach are in the lower population range among the sample.


3.
Estimates by consultants are used by four cities. These usually involve consulting with a financial advisor or accounting firm to identify an appropriate rate. These four cities all have populations in the 200,000 to 400,000 range.

4.
Bond yields for other cities are used by three of the responding municipalities. This usually means the use of current long-term borrowing costs for new debt issues.

5.
 The city's cost of existing debt is used by two cities (Pittsburgh, Pennsylvania and San Francisco, California). However, both of these cities also use other approaches as part of setting the discount rate.

6.
A combination of an inflation estimate and a real discount rate is used by two cities (San Francisco, California and Seattle, Washington), although San Francisco also uses other approaches. The real discount rate is set in the 2.00 to 3.00 percent range.

7.
The city's long-term bond rate is used by one city (Philadelphia, Pennsylvania). This is similar to the city's cost of capital, but includes only long-term debt.

8.
The taxpayer's cost of capital is used by one city (Minneapolis, Minnesota). This rate is a combination of consumer borrowing rates, such as mortgages and personal loans, and lending rates for savings instruments. This approach accounts for Minneapolis having the highest discount rate in the survey, since consumer debt typically carries an interest rate higher than that of municipal debt.

9.
The local inflation rate is used by one city (Lincoln, Nebraska).

The average discount rate used by the 38 percent of cities that used a discount rate was a nominal rate of 7.89 percent, with a range between 5.00 and 10.00 percent. The real rate appears to have been about 3 percent given that expected inflation was about 5% at the time.
   A real discount rate of 3% is consistent with the range of 2.5% to 5% recommended by Lyons (1990), by Zerbe(1992) and by Lesser and Zerbe (1994).
  The real (inflation adjusted) cost of capital can be reasonably represented by the after tax rate on long term (20 year bonds) government bonds and by the rate of return of safe financial instruments such as long term railroad bonds or the rate of return on commercial paper. The rates on these instruments over the period from 1900 to 1990 show a range of real rates of between about 2.5 to 5 % (Zerbe, 1992).  We think this is a reasonable range to use as the discount rate for government projects. Only three cities have rates outside of our recommended range, and one (Baltimore) is right at the edge of the lower range., and one is a bit less than 0.5 percentage points below our lower range. The third city, Lincoln Nebraska, has a real rate of zero, which seems clearly inappropriate. 

Lincoln is also the only city that uses discount rates that clearly has an inappropriate method (uses the inflation rate).  The eight cities (category 2) that use the current return on invested funds use  short term rates for long term projects, and their rates tend to fall into the bottom of the range. Nevertheless, these rates tend to be within the recommended range. 

Revision of the Discount Rate
There is no unanimity among the cities regarding the frequency with which the discount rate should be revised. Five different approaches were mentioned:

1.
Revisions as needed were listed by 12 cities. This typically means that the rate is re-evaluated as part of the review of each major project. For a few jurisdictions, the rate is revised whenever there appear to be major changes in the local economy.

2.
Annual revisions are made by nine cities.

3.
Continuous revisions are made by four cities. This term means that the discount rate is checked regularly by a budget official responsible for overseeing capital projects. The cities using this approach are typically among the larger ones in the sample.

4.
Monthly revisions are made by one city (Louisville, Kentucky).

5.
Revisions after each bond issue are made by one city (Baton Rouge, Louisiana).

In practice, revisions as needed, continuous revisions, revisions after each bond issue, and monthly revisions probably amount to the same thing. Yearly revisions presumably give less variability in rates used, but probably do not yield a difference in average rates.

Determinants of Discount Rate Use 
We considered the following variables in connection with the use of discount rates. 

Population. Larger cities typically have larger and more sophisticated budget and finance staffs. Hence, such cities might be expected to make more extensive use of discount rates. The average population of cities using discount rates was 536,512, while the average for cities not using discount rates was 383,620. The overall survey average was 440,940. Within any population size range, there were some cities using discount rates and some not using them.  A t test of the differences between means of the populations of cities grouped according to whether or not they used a discount rate is only significant at the 14% level, below the usual level of scientific significance.  We can not then reject the hypothesis of no relationship though a larger sample size might allow rejection of this hypothesis.

Growth in population. Discount rates are commonly used to help choose among options for capital projects. Thus, it might be expected that growing cities would make more use of discount rates since they need to set priorities among the many capital facilities needed to respond to growth. However, the survey suggested an opposite conclusion. Between 1980 and 1990, the cities using discount rates had an average population growth of only 1.50 percent, while those not using discount rates grew by an average of 10.04 percent. The difference (t test) is significant at the 2% level of significance.  Faster growing cities do appear less likely to use a discount rate contrary to what we expected. 

City Age In order to further explore this conclusion, the cities in the sample with populations of more than 100,000 in 1900 were identified. These are generally older, more established cities. Twenty-two of the 72 responding cities qualified under this standard. Of these 22, 12 use discount rates. This 52 percent usage rate is greater than the 38 percent rate (15 out of 49) for the sample as a whole, and far greater than the rate for newer cities of only 31%. The difference in using discount rates between older and newer cities is close to significance (at 11% level).  Given the small sample size we are reluctant to reject the hypothesis of no relationship between city age and use of a discount rate. A larger sample may show significance and if so there are several possible explanations for this including:

—
The older cities have greater needs to repair and rehabilitate infrastructure, These longer term projects may encourage the use of discount rates in project evaluation. However, if this is the case, we would also expect a positive correlation between municipal owned utilities and the use of a discount rate and we do not find this.

—
The older cities have more complex public decision making processes, and possibility somewhat different structures of government that may generate more controversy, which creates a demand for quantitative analysis.

—
The older cities have larger and perhaps better trained finance staffs, which increases the probability of using quantitative tools.

We leave these as hypotheses to be explored in subsequent work. 

Presence of utilities. Some municipal governments have responsibility for water, electric, or natural gas utilities. Since these functions often require extensive capital facilities, it might be expected that cities with these utilities would make greater use of discount rates. (The cities with utilities were larger than the rest of the sample, with an average population of 557,850). However, there is no statistically significant difference between cities that had and did not have utilities in their likelihood of using a discount rates (t significant only at the 88% level). About 52 percent of the cities that used discount rates had utilities, while 50 percent of those that did not use discount rates had utilities. 

Bond rating. The use of quantitative financial methods is often discussed as one of the important factors in setting a jurisdiction's bond rating. In order to test this hypothesis, bond ratings for the cities in the sample were collected and analyzed. The August 1991 ratings by Moody's Investors Service were used for this purpose. Ratings were not available for all of the cities since some cities have not issued debt recently.  There is not significant difference in using a discount rate between the half of cities with the higher bond rating and the half with the lower (sig nificant at 68% level).  However, the sample size for this variable is only 42 and the difference in discount rate usage is, however, close to significance between the cities with a bond rating of A or better and those with a B or worse rating (significant at 11%). The cities with lower bond ratings may be more likely to use a discount rate.  (There is a weak correlation between (r= 0.187) with lower bond ratings.)  There is a possibility that cities with a lower bond rating are using more formal capital budgeting techniques to improve their rating or that there capital constraints are greater and they are attempting to use them more efficiently.  

Higher bond ratings are thought to lower interest rates paid on debt, which should also lower the cost of capital and therefore also probably lower discount rates (Zerbe ,1993). However, the survey revealed that this effect is very modest at least for our sample, and not statistically significant, since the cities with Aa ratings or higher used an average discount rate of 7.82 percent, compared 7.92 percent for cities with lower bond ratings.

Presence of independently elected officials. Some cities have independently elected finance officials, such as an auditor, comptroller, treasurer, or revenue commissioner. It might be expected that the presence of such officials would increase the use of discount rates since there would be a higher standard of review of proposals. This higher standard often would result because of discussions between different finance staffs: one reporting to the mayor or city manager, and one reporting to the independently elected official. The survey results support this hypothesis. Eight of the cities surveyed have independently elected finance officials, and six of the eight (75.0 percent) use discount rates.  This use of discount rates is double the rate for the sample as a whole.  The difference in discount rate usage between cities with and without independently elected officials is significant at the 1.6% level.
  Thus, there appears to be a statistically significant difference in the use of discount rates depending on the presence of independently elected officials.
  Perhaps also the independently elected official crates a single accountable post which is responsible for decision making, thus increasing the incentive to make the best decision. 

Geographical location. Cities in some sections of the country might make more extensive use of discount rates because of prevailing practices or the presence of educational institutions emphasizing such techniques. The survey revealed some such geographical differences. Discount rates seem to be used more often by cities in the West Coast, Great Lakes, and Middle Atlantic states. Discount rates seem to be the least used by cities in the New England and Southern states. The surveys revealed no obvious reason for these differences.

As a more sophisticated statistical approach a logit equation was run in which the dependent variable was a binary variable, the use or non-use of the discount rate.  In a logit equation the coefficients represent the effect of the variable on the log of the odds-here the odds of using a discount rate.  In each equation there were two independent variables; independently elected financial officials was run separately with population, population growth and city age.  In all of these two variable runs, independently elected financial officials is significant at better than the 5% level.  The cities growth rate is close to significance at the 11% level, and the other variables are not significant. 
  The Tables in the Appendix report the statistics for three of the runs with two variables.

The major result of the data analysis to compare differences in means is that cities with independently elected officials are more likely to use (and to understand) discount rates than other cities.
   A test of the differences in means suggests that cites with higher population growth rates are less likely to use discount rates.  Older cities may be more likely to use discount rates, but cities with larger populations may be more likely to use them.  The presence of utilities and bond rating appear not to be correlated with the use of discount rates.  The survey also revealed that discount rates appear  to be used more frequently in cities in the West Coast, Great Lakes and Middle Atlantic states.  They are least used by the New England and Southern states.
  The survey revealed no obvious reason for these differences. 

Summary

Most municipal governments may not use discount rates and appear not to understand present value analysis. A number of these were rather forthright about political concerns dominating investment decisions and gave as a reason for not using discount rates that their use would make politically based decisions more difficult.   This explanation is consistent with the major finding that the presence of independently elected finance officials significantly increases the use of discount rates and the understanding of present value analysis.   Such officials may reduce the discretion of others in an administration.  It seems possible that the existence of such officials is cost-effective from a financial perspective.

A potentially important finding is that cities with independently elected finance review officials are more likely to use a discount rate, suggesting the possibility that the presence of these review officials produces a higher standard of analysis.  What this study strongly suggests most strongly is that there is substantial opportunity for improving the efficiency of capital budgeting by municipal governments.  It also suggests that one way to do this is to have an independently elected financial official.  

Of the approximately 40% of municipal governments that use discount rates almost all use some variant of the cost of capital to determine the rate. The range of rates they exhibit, at least at the point in time we examined, is almost entirely within the range we have determined to represent the range for the real after tax return to government bonds which in turn appears consistent with social rate of time preference rate suggested by economic theory (Zerbe and Lesser, 1994)  Thus, municipal use of discount rates is more consistent among municipalities and more consistent with theory than are rates used by different divisions within the Federal government. The Federal Office of Management and the Budget (OMB) (in circular A-94) at the time this survey was written recommended and often required a real (inflation adjusted) rate of 10%, far higher than theory would suggest.
 Congressional agencies use other rates (Lyons, 1990). 

A complete explanation of why certain cities use discount rates would require further research. Such research might focus on the role of state laws in influencing city budget practices, the form of city government, a more comprehensive review of the types of capital projects undertaken by cities, and on the educational backgrounds of budget officers in different parts of the country.

There is no unanimity among cities regarding the frequency with which the discount rate should be revised or reexamined. We found no statistically significant relationship between population size and the probability of using a discount rate, although there is some suggestion that there is a weak, positive correlation.  Older cities appear are more likely to use a discount rate. We do not know why older cities may be  more likely to use a discount rate. Cities that are growing faster are less likely to use discount rate, and this appears to be due mainly to the fact that older cities are more slowing growing and are more likely to use a discount rate than newer cities. Neither the importance of city utilities nor the cities bond rating are correlated with the use of a discount rate.

Table 1. Results of Discount Rate Survey


Use






of
Nominal
Real
Method


City
Rate
Rate
Rate
for Setting
Revision


Albuquerque, NM
No
–
–
–
–

Anaheim, CA
Yes
9.00
4.00
Current return on funds
Annually

Anchorage, AK
No
–
–
–
–

Arlington, TX
No
–

–
–

Atlanta, GA
Yes
7.50
2.5
Current cost of capital
Continuously

Baltimore, MD
Yes
7.48
2.48
Current cost of capital
As needed

Baton Rouge, LA
Yes
7.02
2.02
Estimate by consultant
Each bond issue

Birmingham, AL
No
–
–
–
–

Boise, ID

No
–
–
–

Boston, MA

No
–
–
–

Bridgeport, CT
No
–
–
–
–

Buffalo, NY
Yes
8.00
3.0
Estimate by consultant
Annually

Charlotte, NC
No
–
–
–
–

Cincinnati, OH
Yes
8.00
3.0–
Current cost of capital
Annually

Columbus, OH
No
–
–
–
–

Corpus Christi, TX
No
–
–
–
–

Dallas, TX
No
–
–
–
–

Dayton, OH
Yes
7.75
2.75–
Current return on funds
As needed

Denver, CO
Yes
varies
varies–
Current cost of capital;
As needed





current return on funds

Des Moines, IA
No
–
–
–
–

Detroit, MI
No
–
–
–
–

Eugene, OR
Yes
8.50
3.5
Current return on funds
As needed

Fort Wayne, IN
No
–
–
–
–

Fresno, CA
No
–
–
–
–

Hartford, CT
No
–
–
–
–

Honolulu, HI
No
–
–
–
–

Houston, TX
No
–
–
–
–

Indianapolis, IN
Yes
7.50
2.5
Bond yields for other cities
Annually

Jackson, MS
No
–
–
–
–

Jersey City, NJ
No
–
–
–
–

Kansas City, MO
No
–
–
–
–

Knoxville, TN
No
–
–
–
–

Lincoln, NE
 Yes
5.00
0
Inflation rate
Annually

Little Rock, AR
No
–
–
–

Los Angeles, CA
Yes
varies
–
Current cost of capital
Continuously

Louisville, KY
Yes
8.00
3.0
Bond yields for other cities 
Monthly

Madison, WI
No
–
–
–
–

Memphis, TN
 No
–
–
–
–

Miami, FL
Yes
7.00
2.00
Estimate by consultant
Annually

Table 1. Results of Discount Rate Survey (continued)


Use






of
Nominal
Real
Method


City
Rate
Rate
Rate
for Setting
Revision


Milwaukee, WI
Yes
7.00
2.00
Current cost of capital
Annually

Minneapolis, MN
Yes
10.00
5.00
Taxpayer cost of capital
As needed

Mobile, AL
No
–
–
–
–

Nashville–Davidson, TN
No
–
–
–
–

New Orleans, LA
No
–
–
–
–

Oakland, CA
No
–
–
–
–

Omaha, NE
No
–
–
–
–

Orlando, FL
No
–
–
–
–

Paterson, NJ
No
–
–
–
–

Peoria, IL
No
–
–
–
–

Philadelphia, PA
Yes
varies
–
Long-term bond rate
As needed

Phoenix, AZ
No
–
–
–
–

Pittsburgh, PA 
Yes
8.50
3.50
Current cost of capital;
Annually





cost of existing debt

Portland, OR
Yes
7.50
2.50
Current return on funds
As needed

Raleigh, NC
No
–
–
–
–

Richmond, VA
 No
–
–
–
–

Rochester, NY
 Yes
varies
3.75
Estimate by consultant
As needed

Sacramento, CA
 Yes
8.75
3.75–
Current return on funds
As needed

Saint Paul, MN
 No
–
–
–
–

Saint Petersburg, FL
 No
–
–
–
–

Salt Lake City, UT
 No
–
–
–
–

San Diego, CA
 No
–
–
–
–

San Francisco, CA
 Yes
7.50
2.50–
Current cost of capital;
Continuously





cost of existing debt;





inflation plus real rate

San Jose, CA

No
–
–
–

Santa Ana, CA
No
–
–
–
–

Seattle, WA
Yes
7.50
2.50–
Inflation plus real rate
As needed

Spokane, WA
Yes
8.50
3.50–
Current return on funds
As needed

Stockton, CA
No
–
–
–
–

Syracuse, NY
No
–
–
–
–

Tucson, AZ
Yes
10.00
5.00–
Current cost of capital,
Continuously





modified by risk of project

Tulsa, OK
Yes
varies
–
Current return on funds
As needed

Winston–Salem, NC
No
–
–
–
–

Yonkers, NY
 Yes
7.50
2.50–
Bond yields for other cities
Annually

Average

8.06
3.06

Table 2. Characteristics of Responding Cities

City
Use of Rate
1990 Population
Utilities

Albuquerque, NM
No
384,736
Yes

Anaheim, CA
Yes
266,406
No

Anchorage, AK
No
226,338
Yes

Arlington, TX
No
261,721
Yes

Atlanta, GA
Yes
394,017
Yes

Baltimore, MD
Yes
736,014
Yes

Baton Rouge, LA
Yes
219,531
No

Birmingham, AL
No
265,968
No

Boise, ID
No
125,738
No

Boston, MA
No
574,283
No

Bridgeport, CT
No
141,686
No

Buffalo, NY
Yes
328,123
No

Charlotte, NC
No
395,934
Yes

Cincinnati, OH
Yes
364,040
NA

Columbus, OH
No
632,910
Yes

Corpus Christi, TX
No
257,453
Yes

Dallas, TX
No
1,006,877
Yes

Dayton, OH
Yes
182,044
No

Denver, CO
Yes
467,610
No

Des Moines, IA
No
193,187
No

Detroit, MI
No
1,027,974
Yes

Eugene, OR
Yes
112,669
No

Fort Wayne, IN
No
173,072
Yes

Fresno, CA
No
354,202
Yes

Hartford, CT
No
139,739
No

Honolulu, HI
No
365,272
Yes

Houston, TX
No
1,630,553
 No

Indianapolis, IN
Yes
741,952
No

Jackson, MS
No
196,637
Yes

Jersey City, NJ
No
228,537
No

Kansas City, MO
No
435,146
No

Knoxville, TN
No
165,121
No

Lincoln, NE
Yes
191,972
Yes

Little Rock, AR
No
175,795
No

Los Angeles, CA
Yes
3,485,398
Yes

Louisville, KY
Yes
269,063
No

Madison, WI
No
191,262
Yes

Table 2. Characteristics of Responding Cities (continued)

City
Use of Rate
1990 Population
Utilities

Memphis, TN
 No
610,337
No

Miami, FL
Yes
358,548
No

Milwaukee, WI
Yes
628,088
Yes

Minneapolis, MN
Yes
368,383
Yes

Mobile, AL
No
196,278
NA

Nashville-Davidson, TN
No
510,784
No

New Orleans, LA
No
496,938
No

Oakland, CA
No
372,242
No

Omaha, NE
No
335,795
No

Orlando, FL
No
164,693
No

Paterson, NJ
No
140,891
No

Peoria, IL
No
113,504
No

Philadelphia, PA
Yes
1,585,577
Yes

Phoenix, AZ
No
983,403
Yes

Pittsburgh, PA 
Yes
369,879
NA

Portland, OR
Yes
437,319
Yes

Raleigh, NC
No
207,951
Yes

Richmond, VA
No
203,056
No

Rochester, NY
Yes
231,636
No

Sacramento, CA
Yes
369,365
No

Saint Paul, MN
No
272,235
Yes

Saint Petersburg, FL
No
238,629
Yes 

Salt Lake City, UT
No
159,936
Yes

San Diego, CA
No
1,110,549
Yes

San Francisco, CA
Yes
723,959
Yes

San Jose, CA
No
782,248
NA

Santa Ana, CA
No
293,742
Yes 

Seattle, WA
Yes
516,259
Yes

Spokane, WA
Yes
177,196
Yes

Stockton, CA
No
210,943
Yes

Syracuse, NY
No
163,860
NA

Tucson, AZ
Yes
405,390
Yes

Tulsa, OK
Yes
367,302
Yes

Winston-Salem, NC
No
143,485
No

Yonkers, NY
Yes
188,082
No
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APPENDIX:  LOGIT TABLES

The following three tables show the coefficients for the two variable logit runs.  The sample sizes are 45, 44, and 45 for the three cases.

Variable
Beta (coefficient)
Standard Error
Significance

Independently      Elected Officials
1.68
0.9170
6.7%

City Age
-0.013
.0099
18.7%

Constant
24.11
18.91
20.2%

Variable
Beta (coefficient)
Standard Error
Significance

Independently Elected Officials
1.79
0.91
4.9%

Percent Growth Rate
-3.91
2.43
10.8%

Constant
-0.57
0.39
15.0

Variable
Beta (coefficient)
Standard Error
Significance

Independently Elected Officials
1.84
0.91
4.4%

Population 1990
.0004
.0007
57%

Constant
-0.57
0.39
3.9

Appendix

Nominal or real interest rates and are used to discount economic loss to present value in tort cases. Nominal discount rates are market rates in current dollars, that is, unadjusted for inflation. Real rates are nominal rates adjusted for inflation. Similar definitions apply to nominal and real wage growth. The relationships are approximately as follows:


Market Rate (Nominal Rate) = Real Rate + Inflation
(1)


Real Rate = Nominal Rate - Inflation. 
(2)

As long as the market discount rate is used with nominal wages and the real discount rate is used with real wages, the use of the nominal and real rates will give the same answer as long as the inflation component is the same. This may be seen by writing out the expression for the net present value of a wage stream:



 EMBED Unknown 
[image: image2.wmf]n

n

o

o

o

r

g

W

r

g

W

r

g

W

NPV

)

1

(

)

1

(

......

)

1

(

)

1

(

)

1

(

)

1

(

2

2

+

+

+

+

+

+

+

+

=






(3)

where 

g is the nominal or market growth wages in wages, 

Wois the wage one period before the initial period, and 

r is the nominal or market discount rate.

The nominal growth rate, G, will equal [(1 + I)(1 + g)]-1 where
 

I is the Inflation rate and 

g is the real (inflation adjusted) growth rate.

Similarly, the nominal discount rate, r, will equal [(1 + I) (1+ r)]-1 

where r is the real (inflation adjusted) discount rate. 

The expression containing the inflation components will then divide out as long as the inflation components are the same in the denominator and numerator so that equation (4) may be written as:
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(4)

That is, equations (3) and (4) shows that the NPV can equivalently be expressed in real or nominal terms. 

� A history of interest rates from prehistoric times to 1990, including a history of rates in the United States from 1700's through 1990, may be found in Homer and Sylla (1998). 


� Equation 2 assumes yearly discounting, i.e., the interest rate is paid yearly. Economists often use continuous discounting as it lends itself to more elegant mathematics. Then the formula will be P =F/(ert) where e is the natural log and r and T as before. However, the difference in the final results is not large even if the time period is long.  For example the present value of a future sum discounted continuously over a 500 year-period will be about 80% of the present value calculated using yearly discounting.  If the future value were 100 trillion, the present value difference would be only about $8,000 as the discounted figures would both be in the $30,000 range.  


� Changes to the budget in spending beyond 5-10 years (depending on the structure of the budget) in the future often do not enter the calculations and Bazelon notes that this basically discounts the changes infinitely.


� From 1968, the Bureau of the Budget (BOB) had undertaken a review of the theoretical foundations for discounting and issued Circular A-94 in June, 1969, in which a real discount rate of 10% is set for all government agencies except those concerned with water resources. This means that a real rate of 10% was recommended by BOB from 1969 until 1972. 


� See Footnote 1 


� Bazelon and Smetters (1999) mention that  "the GAO guidelines recommend the use of a very low discount rate when analyzing policies with large intergenerational effects involving human life". And in GAO, 1991, "the guidelines note that if the value of human life increases with increases in productivity, the effective discount rate for evaluating the present value of future human lives is roughly zero". 


� Implementation studies of the following agency activities are covered by these principles: (a) Corps of Engineers (Civil Works) water resources project plans; (b) Bureau of Reclamation water resources project plans; (c) Tennessee Valley Authority water resources project plans; (d) Soil Conservation Service water resouces project plans. 


� In the Federal Register of January 25, 1990, the Department of Energy proposes to amend 10 CFR part 436, which sets forth guidelines applicable to Federal agency in-house energy management programs. In the Federal Register of November 20, 1990, the Department of Energy gives notice of final amendments to 10 CFR part 436 to update the guidelines applicable to Federal agency in-house energy management programs.


� See the previous Part "II. Discount Rates Used by Department of Energy (DOE)". 


� See Appendix C, OMB Circular No. A-94, Tuesday, August 6, 2001


� See for example, "Manual for Discounting Oil and Gas Income", Texas Comproller of Public Accounts, 1999.


� Dively, Dwight D., Zerbe, Richard O., “Benefit Cost Analysis In Theory and Practice”, HarperCollins College Publishers, 1994.


� Technically one says that having independently elected officials increases the log odds of using discount rates by the amount given by the beta coefficient  (Judge et al, ). (See betas in Appendix tables). Differences were also tested using chi-square tests with similar results. 


� Individuals show quite different ranges of time preference in revealed choice experiments depending on the type of decision they must make (e.g. consumption versus saving for retirement) and on their level of education. CITES). 


� Bazelon is the Principal Analyst, Congressional Budget Office, Washington, D. C. 


� This is an approximation of the correct calculation which is :


			 ERR = [(1 + nominal rate)/ (1 + expected inflation)] -1


A similar expression is the correct expression for the RRR.  The expressions used in the body of the text are, however, more intuitive.


� Their data are based on Tables 38, 45, 48, 51 and 84 of Homer and Sylla (1998), with recent data for 1996-1999 from the Federal Reserve (2000). 


� From about 1865 until 1920, U.S. government bond yields were distorted due to major changes in banking policies. In order to establish a single national currency, banks were required to hold government bonds in exchange for the right to circulate government notes. This was followed by a period when government surpluses lead to repurchase of outstanding debt and a shortage of government bonds. 


� A comparison of the Livingstone Index with others (see Table X) suggests that it produces a smaller difference than others between expected and actual inflation so that the bias may be greater than is indicated in Table 4.


� The calculations here do not take into account life-cycle effects and some economists incorporate these into the net discount rate.  On the other hand, the calculations here do not take into account  any increase in interest rates to account for financial risk.


� *We would like to thank Kitty Nelson who at Zerbe’s suggestion began the original telephone survey as part of her degree project, and Traci Jones, Marieka Klawitter, Robert Plotnick,  and Bill Zumeta for most useful comments. We would like to especially thank Sally McFarlane for statistical work.


�An informal survey that we conducted among academic colleagues at several Universities and with legislative analysts at the City of Seattle leads us to suspect that most analysts believe cities make use of discount rates in evaluating major projects.  See also Forrester (1993)


�There are approximately 200 cities in the United States with greater than 105,000 population


�In two cases, there were minor differences in response, apparently due to having different individuals respond to the surveys. Follow-up calls were made to clarify these differing responses.


�.  Data Resources reports three year expected real rates of about 5.5 as the average for the 1980-1989 period.   Havrilesksy (1988) reports an average expected rate for the next 15 years of about 4.1 percent for the late 1980's 


�Several authors recently have suggested that in practical terms the leading approach to the discount rate derivation, the Shadow Price of Capital (SPC) approach can reasonably approximated by one that in which projects are evaluated using the cost of capital (Lind, 1990, Lyons, 1990; Zerbe, 1993, Lesser and Zerbe, 1994). .


�This is the significance level assuming the two groups have the same variance.  assuming unequal variances the level of significance is better than 5% (at 0.03).  





�The cities with independently elected officials tend to be larger than those without and this may also play a role. .





�When all variables are entered only 42 observations are available, and the small number of observations make it less likely that significant relationships will be exhibited by the data.  For the logit equation with all variables entered none of the variables reaches significance at the 10% level, although the presence of independently elected officials was close to significance (at the 13% level), and was followed  in significance by the percentage population growth rate (at the .28 level ).  A run without bond rating allows the use of the full sample of 72 and in this run independently elected officials is significant but no other variables.





� Technically one says that having independently elected officials increases the log odds of using discount rates by the amount given by the beta coefficient  (Judge et al, ). (See betas in Appendix tables).  Differences were also tested using chi square tests with similar results. 


�A variable that might be of interest is the level of schooling of city officials. 


�.  Since this survey OMB has reduced its recommended real rate to 7%.


�The exact definitions are, NR  = [(1 +r)(1+I)]-1, and r = [(1 + R)/(1 + I]  -1.where NR is the nominal rate, R is the nominal rate, r is the real rate of interest ,and I is inflation.


�Note that this equals I + g + Ig or approximately just I + g.
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