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Recently, the Journal of Risk and Financial Management completed a Special Issue that
included papers based on invitations from the Editorial Board Members on a variety of
areas in applied financial economics and risk management. It contains a very diverse
collection of papers spanning many areas of interest that the academic community is
actively pursuing to promote research at the frontiers of the disciplines in question. The
aim was to provide an avenue for networking and communication between JRFM and
scholars in the field of financial and economic risk and management, and the final collection
attests to the success of the Issue in reaching this aim.

Below, I have provided an overview of the papers included in this Special Issue in the
order in which they were published.

The paper by Richard J. Cebula, “Economic Freedom, Budget Deficits, and Perceived
Risk from Larger National Debt-to-GDP Ratios: An Exploratory Analysis of Their Real
Interest Rate Effects”, revisits the issue of the impact of government budget deficits on
interest rates and the hypothesis that larger deficits raise interest rates, providing strong
evidence that the real interest rate yield on 10-year Treasuries in Canada and the real
interest rate yield on 10-year U.S. Treasury notes are increasing functions of the central
government budget deficits in both Canada and the U.S. and the real interest rate yields on
10-year Treasuries in Canada and 10-year U.S. Treasury notes are both decreasing functions
of economic freedom in Canada and the U.S., respectively. The paper by William A.
Barnett, JongSoo Lee and Naowar Mohiuddin, “Constructing Divisia Monetary Aggregates
for the Asian Tigers”, constructs Divisia monetary aggregates for the “Asian Tigers”—
Hong Kong (1999-2024), South Korea (2009-2024), Singapore (1991-2021), and Taiwan
(2005-2024)—and assesses whether Divisia monetary aggregates can explain nominal
GDP better than simple-sum money. The key finding demonstrates that Divisia indices
respond more sensitively to economic shocks and Divisia monetary aggregates can benefit
monetary policy analyses in these territories. The paper by Susana Alvarez-Otero and
Emma Alvarez-Valle, titled “The NGDOs Efficiency: A PROMETHEE Approach”, tries
to establish some objective indicators that would allow the efficiency of the operation of
non-governmental development organizations (NGDOs) to be evaluated, since knowledge
of the management of their previous projects could contribute towards the improvement
of their future achievements. The results of this research reveal that 44.6% of the NGDOs
(33 out of the 74 studied) operate inefficiently, compared to 29.7% of the sample considered
in the study which were found to be efficient.

The paper by Anastasios G. Malliaris, Mary Malliaris and Mark S. Rzepczynski, “One
Man'’s Bubble Is Another Man’s Rational Behavior: Comparing Alternative Macroeconomic
Hypotheses for the US Housing Market”, considers how competing macroeconomic hy-
potheses have been developed to explain the U.S. housing market and its possible bubble
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behavior. Using a neural network model as an atheoretical non-linear approach to capture
the relative importance of alternative macro variables, the authors show that these hypothe-
ses generate different macro relevance and reach different conclusions on the presence
of bubbles, creating bubble identification issues. The paper by H. D. Vinod, “May 2024
Buy-Sell Guide for Dow Jones 30 Stocks and Modified Omega Criterion”, looks at recent
monthly data to help guide long-term investors to buy or sell the 30 Dow Jones Industrial
Average (DJIA) Index components and constructs six stock-picking algorithms to provide
an average of their results using the past 474 months (39+ years) of monthly closing prices,
ending in May 2024. The paper reports twelve sets of ranks for both out-of- and in-sample
versions of the six algorithms, and it was found that averaging the twelve sets yields the
top and bottom k stocks.

The paper by John Fraser, Rob Quail and Betty Simkins “What’s Wrong with Enterprise
Risk Management?” considers the failure of companies to properly implement enterprise
risk management (ERM) and the reasons behind this. As such, the study provides a base
against which further future research can be performed as ERM best practices continue
to evolve. The study by Markus Brueckner, “Action-Based Fiscal Consolidations and Eco-
nomic Growth”, examines the hypothesis that action-based fiscal consolidations have a
negative effect on GDP growth, which their findings strongly reject. The reason given is
that the least squares estimates presented in previous studies suffer from negative reverse
causality bias: GDP growth has a significant positive effect on both the likelihood and the
magnitude of action-based fiscal consolidations, and to properly uncover the causal effects
of action-based fiscal consolidations, one needs to rely on an instrumental variables ap-
proach. In their study, “Downside Risk in Australian and Japanese Stock Markets: Evidence
Based on the Expectile Regression”, Kohei Marumo and Steven Li consider an expectile-
based Value at Risk (EVaR) approach to evaluate the stock market indices of Australia
and Japan. The findings suggest that both the Australian and Japanese stock markets are
affected by their past development and international stock markets. Additionally, the ASX
200 index has significant impact on Nikkei 225 in terms of downside tail risk, while the
impact of Nikkei 225 on ASX is not significant. In their paper, “Testing and Ranking of
Asset Pricing Models Using the GRS Statistic”, Mark J. Kamstra and Ruoyao Shi assess the
GRS statistic by providing the correct formula for it and the first proof of its F-distribution
in the general multiple-factor case. Casual generalization of the Sharpe-ratio-based inter-
pretation of the single-factor GRS statistic to the multiple-portfolio case makes asset pricing
studies susceptible to using an incorrect formula. The authors illustrate the consequences
of using the incorrect formulas as the ambiguity in the GRS leads to over-rejecting and
mis-ranking asset pricing models. Gilles Saint-Paul in “Knowledge Sharing and Cumula-
tive Innovation in Business Networks” shows that, if innovations are cumulative, making
an invention publicly available to a network of firms may be valuable if the firm expects
to benefit from future improvements made by other firms. A cooperative equilibrium
where all innovations are made public is shown to exist under certain conditions and it is
crucial not to deviate from this equilibrium regardless of another firm’s actions following
a deviation. The greater the number of firms in the network, the more likely it is for a
cooperative equilibrium to arise. When R&D efforts are endogenous, cooperative equilibria
are associated with strategic complementarities between firms’ research efforts, which
may lead to multiple equilibria. In “Segmenting Bitcoin Transactions for Price Movement
Prediction”, Yuxin Zhang, Rajiv Garg, Linda L. Golden, Patrick L. Brockett and Ajit Sharma
make use of standard machine learning models and blocks of publicly available transaction
data to predict the direction of Bitcoin price movement. The paper shows that segmenting
publicly available transactions based on investor typology helps achieve a higher prediction
accuracy compared to the existing Bitcoin price movement prediction models used in the
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literature. This transaction segmentation highlights the role of investor types in impacting
financial markets. The paper by Sonal Sahu, José Hugo Ochoa Vazquez, Alejandro Fonseca
Ramirez and Jong-Min Kim, “Analyzing Portfolio Optimization in Cryptocurrency Markets:
A Comparative Study of Short-Term Investment Strategies Using Hourly Data Approach”,
investigates portfolio optimization methodologies and short-term investment strategies
in the context of the cryptocurrency market, focusing on ten major cryptocurrencies from
June 2020 to March 2024. The empirical analysis reveals significant volatility, skewness and
kurtosis in cryptocurrencies, highlighting the need for sophisticated portfolio management
techniques, and the main finding is that the Kurtosis Minimization methodology used in
the paper consistently outperforms other optimization strategies, especially in shorter-term
investment horizons, delivering optimal returns to investors. The paper emphasizes the
importance of dynamic portfolio management, stressing the necessity of regular rebalanc-
ing in the volatile cryptocurrency market. Masoumeh Fathi, Klaus Grobys and James W.
Kolari in “On the Realized Risk of Foreign Exchange Rates: A Fractal Perspective” follow
Mandelbrot by taking a fractal perspective indicating that power laws offer an alternative
to the lognormal in terms of goodness-of-fit tests. The main finding is that the foreign
exchange rate market is far riskier than previously believed and, by implication, research
documented in the enormous body of literature that draws conclusions from variance
analyses stands on shaky grounds.

In “Volatility and Herding Bias on ESG Leaders’ Portfolios Performance”, Nektar-
ios Gavrilakis and Christos Floros analyze the factor loadings given by the CAPM, the
Fama-French three (FF3) and the five-factor model (FF5), and test the performance and the
validity of adding two more factors (volatility and dispersion of returns) to the FF5 factor
model of European index-based ESG leaders’ portfolios. They find that European ESG
leaders’ portfolios are biased towards a large cap and value stocks with robust operating
profitability and against aggressive investments and that European and Global ESG leaders’
portfolios tilt towards volatility and herding bias. The paper by Haim Levy and Moshe
Levy, “Option Pricing with the Logistic Return Distribution”, derives analytic option pric-
ing formulas for an underlying asset with a logistic return distribution. These formulas are
simple and elegant and employ exactly the same parameters as B&S. The logistic option
pricing formula fits empirical option prices much better than B&S, providing an explanatory
power comparable to much more complex models with a larger number of parameters. In
“The Impact of ESG Rating on Hedging Downside Risks: Evidence from a Weight-Tilted
Hang Seng Index”, Joseph K. W. Fung, E. Y. Eric Lam and Yiuman Tse examine the return
performance and resilience to market volatility of the recently introduced environment,
social/sustainable and governance (ESG) weight-tilted Hang Seng index compared to its
parent, the Hang Seng index. The results show that stocks with high ESG ratings are less
susceptible to trading pressures triggered by volatility-induced turnovers providing a sig-
nificant incremental information on the emerging market for ESG-related equity products in
Hong Kong. In “A Survey of Literature on the Interlinkage between Petroleum Prices and
Equity Markets”, Miramir Bagirov and Cesario Mateus provide an extensive review of a
plethora of empirical studies in this strand of the literature. By scrutinizing over 190 papers
published from 1983 to 2023, the survey reveals various research themes and points to
diverse findings that are sector- and country-specific and contingent on the methodologies,
data frequencies and time horizons employed. Petroleum price changes and shocks exert di-
rect or indirect effects dictated by the level of petroleum dependency across sectors and the
country’s position as a net petroleum exporter or importer, and the interlinkages between
these factors tend to display a time-varying nature and sensitivity to major market events.
The paper by Thilini V. Mahanama, Abootaleb Shirvani, Svetlozar Rachev and Frank J.
Fabozzi, “The Financial Market of Indices of Socioeconomic Well-Being”, discusses how
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financial economic theory and its quantitative tools can be applied to create socioeconomic
indices and develop a financial market for the so-called “socioeconomic well-being indices”.
While environmental, social and governmental (ESG) financial markets address socioeco-
nomic issues, the focus in the paper is broader, encompassing national citizens” well-being.
The findings propose a financial market model for well-being indices, encouraging the
financial industry to adopt and trade these indices as mechanisms to manage and protect
them against downturn risks. In “Can Investment Views Explain Why People Insure Their
Cell Phones But Not Their Homes?—A New Perspective on the Catastrophe Insurance
Puzzle”, Annette Hofmann and Peter Zweifel examine the consistently missing demand
for catastrophe insurance and for coverage of other low-probability-high-consequence
risks is often referred to as the catastrophe insurance puzzle. This paper points out that
the underlying rationale may be that individuals interpret insurance contracts with a low
payout probability as an investment with a negative expected net present value. The
main suggestion is that combining a low-probability with a high-probability loss insurance
contract may be a way to incentivize individuals to purchase catastrophe risk coverage.
In “Monte Carlo Sensitivities Using the Absolute Measure-Valued Derivative Method”,
Mark Joshi, Oh Kang Kwon and Stephen Satchell propose an alternative approach to the
recently adopted computationally intensive measure-valued differentiation (MVD) method,
called the absolute measure-valued differentiation (AMVD) method, which expresses the
derivative of the transition density at each simulation step as a single density rather than
a linear combination. It is computationally more efficient than the MVD method and can
result in sensitivity estimates with lower variance and analytic and numerical examples are
provided to compare the variance in the sensitivity estimates of the AMVD method against
alternative methods. Finally, the paper by Baixiao Liu, John J. McConnell and Andrew
Schrowang, “The Effect of Short-Sale Restrictions on Corporate Managers”, studies the ef-
fect of short selling on corporate managers from 2002 to 2010 and finds that, when deciding
whether to abandon value-reducing acquisition attempts during the program, managers of
pilot firms, whose stocks are less subject to short selling impediments, are more sensitive to
stock price changes than managers of nonpilot firms. These results indicate that, despite
their dislike of short sellers, managers believe that the level of informativeness from capital
markets is superior when short sellers are less impeded.

The above papers exemplify the diverse scope of the areas of research covered in this
Special Issue and offer a strategy for further high-caliber collections on this topic that would
be on the cutting edge of current research.
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Abstract: Since the early 1980s, there have been a number of principally empirical studies of the
impact of government budget deficits on interest rates that have typically tested the hypothesis that
larger deficits raise interest rates. However, in more recent years, this topic has received far less
attention. Accordingly, this study seeks to “update” the findings of such studies and to do so for the
dominant North American economies of Canada and the U.S. Furthermore, in the pursuit of further
insights into interest rates, the present study also investigates an effectively heretofore overlooked
variable that arguably also might influence interest rates, namely, economic freedom. Finally, given
the increased upward trend of government debt (relative to GDP) in recent years in Canada and the
U.S,, this study investigates the interest rate impact of rising national debt-to-GDP ratios. For the
1995-2024 period (and also in one estimate for the 1985-2001 period), this exploratory study finds
compelling evidence (1) that the real interest rate yield on 10-year Treasuries in Canada and the real
interest rate yield on 10-year U.S. Treasury notes are increasing functions of the central government
budget deficits in both Canada and the U.S., respectively, and (2) the real interest rate yields on
10-year Treasuries in Canada and 10-year U.S. Treasury notes are both decreasing functions of economic
freedom in Canada and the U.S., respectively. On the other hand, regarding the impact of a higher
national debt-to-GDP ratio on the real ten-year Treasury yield, there is only very mixed support for an
impact, with support for its impact coming from the Canadian estimates but no support whatsoever
coming from the U.S. estimates.

Keywords: economic freedom; government budget deficit; elevated national debt-to-GDP ratios; real
interest rate yield

1. Introduction

Federal government budget deficits have been studied both theoretically, e.g., within
the context of a government budget constraint, and empirically (using a variety of econo-
metrics tools), over the years with the deficit expressed/measured in a variety of forms.
These budget deficit forms have included those of the total budget deficit per se, the struc-
tural budget deficit (Darrat 2000), the cyclical budget deficit (Barth et al. 1984, 1985), and
even the total budget deficit net of debt service payments (Zahid 1988; Cebula and Rhodd
1993). Studies of the economic impacts and ramifications of such government budget
deficits on interest rates (both real and nominal), as well as on the term structure of interest
rates, inflation, real GDP growth, unemployment rates, and employment growth, along
with other economic or financial yardsticks, have been undertaken for a number of nations.
These nations include the U.K,, Italy, France, Germany, the U.S., Canada, Greece, and Spain,
and reach across much of the globe to a variety of developing nations. Regardless of the
form of the budget deficit being researched, however, a very common finding is that higher
budget deficits, typically expressed as a percentage of GDP, tend to elevate intermediate
and longer-term interest rates (Al-Saji 1993; Barth and Bradley 1989; Cebula and Koch
1994; Cebula et al. 2016; Choi and Holmes 2014; Cotton 2021; Cross 2022; Cukierman and
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Meltzer 1989; Zahid 1988; Darrat 2000; Ewing and Yanochik 1999; Findlay 1990; Gale and
Orszag 2003, 2004; Gissey 1999; Hoelscher 1986; Holloway 1986; Johnson 1992; McMillan
1986; Swamy et al. 1990; Tanzi 1985; Quayes and Jamal 2007; Laubach 2009; Cotton 2021);
however, these deficits are typically found to not affect short-term interest rate yields.!
Not surprisingly, there is reason to believe that rising interest rates exacerbate the cost
of servicing the national debt (Cebula 2014; Cukierman and Meltzer 1989; Laubach 2009;
Madura 2008), as well as complicating corporate governance in the realm of investment in
new plant and equipment decisions, arguably making continued /renewed research into
the deficit-interest rate issue more important.

This exploratory study has three primary objectives. Firstly, given that the impact of
central government budget deficits on interest rates has received only limited attention in
the scholarly literature during recent years, the first of the primary objectives of the present
study is to empirically investigate and update, for the cases of the neighboring North Amer-
ican nations of Canada and the U.S. (whose economies are very highly interdependent), the
impact of higher central government budget deficits (expressed as a percent of GDP) on
(1) the ex post real interest rate yield on 10-year Canadian Treasuries for the case of Canada
and (2) the ex post real interest rate yield on 10-year U.S. Treasury notes for the case of the
U.S. Secondly, another primary objective of this study is to help provide potentially useful,
salient new information, unlike what is found in the extant related literature, regarding
whether higher levels of economic freedom (The Heritage Foundation 2024) reduce the ex post
real interest rate yield on 10-year Treasury obligations in Canada and in the U.S. Given that
higher levels of economic freedom tend to yield greater financial market efficiency in a va-
riety of ways (to be explained further in Section 2 below), it is hypothesized that the higher
the level of economic freedom, the lower the real interest rate yield. Thirdly, the remaining
primary objective of this study is to investigate the hypothesis that a higher national debt,
relative to GDP (i.e., relative to the size of the economy) elevates the perceived risk of
default on the principal and/or interest and therefore elevates the interest rate required in
the financial marketplace to compensate for that perceived elevated risk. The exploratory
time series analysis presented here uses annual data within a loanable funds framework to
investigate the validity of these three hypotheses. The study initially considers the time
period from 1995 through to 2024 and subsequently considers the period 1985-2001 (the
latter made possible using economic freedom data derived by Stansel et al. (2023)).

2. The Framework and Study Objectives

To help identify factors influencing 10-year central government Treasury yields in
Canada and the U.S., respectively, we focus on the ex post real interest rate yields on
these financial instruments within the context of a loanable funds model (paralleling but
extending somewhat those found in Barth 1991; Barth et al. 1985; Brandl 2020; Madura
2008). Since this study deals with two separate nations, the model is interpreted such that
all of the variables considered below are associated with either Canada on the one hand or
the U.S. on the other hand. Accordingly, in each of the loanable funds models, the ex post
real yield on 10-year Treasury issues is, assuming all other bond markets are in equilibrium,
determined by the following:?

D+ CY + MY =S+ DEFY 1)

where D is private domestic demand for 10-year Treasury issues (in one of two forms:
either (a) 10-year Canadian Treasuries or (b) 10-year U.S. Treasury notes). Next, S is the
market supply for each nation of such 10-year Treasury issues. To reflect the open economy
dimension of the model, we follow Klein (1978), Barth (1991), Barth et al. (1984), Barth
etal. (1991), Cebula (2014), and others, who include a variable CY, which is the ratio for
each nation of net financial capital inflows to GDP, whereas MY is the ratio of the M2
money stock to the level of GDP. DEFY is the total central government (Canadian or U.S.)
budget deficit, expressed as a percent of GDP in Canada or the U.S. The value of the ex post
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real yield on these Canadian or U.S. Treasury notes (EPR10) is simply the nominal yield
on 10-year Treasuries in each of these nations (NOM10YLD) minus that nation’s actual
inflation rate (P):

EPR10=NOMI0YLD — P (2a)

Similarly, the ex post real yield on three-month Treasury bills is the nominal yield on
those bills (NOM3MTB) minus the inflation rate:

EPR3 = NOM3MTB — P (2b)

The total market demand for 10-year Treasury issues (debt) may be expressed as
follows (Al-Saji 1993; Barth et al. 1984, 1985, 1991; Hoelscher 1986; Cebula 2014):

D = D (EPR10, EPR3, EFI, UNRATE, DEBTY) 3)

such that
Deprio >0, Depr3 <0, Dgpy > 0, Duynrare < 0, Dpepry <0

Meanwhile, the supply of those 10-year Treasuries is expressed as follows:
S =S (EPR10, EPR3) )

such that
Sepr10 <0, Sgpr3 > 0

where the variable EPR10 is the epost real interest rate yield on 10-year Canadian Treasuries
or U.S. Treasuries and EPR3 is the ex post real interest rate yield on 3-month Canadian or
U.S. Treasury bills.

According to the model expressed above, the private sector demand for 10-year
Treasury obligations is an increasing function of EPR10, ceteris paribus; this is because
rational bond buyers prefer a higher real rate of return on their investment over a lower rate
of return. On the other hand, Treasury note suppliers/issuers would supply/issue/offer
to the financial market fewer high-grade municipal bonds in response to a higher EPR10
since such a condition would raise the debt service costs, ceteris paribus, and hence the
total cost of their public investment and other outlays. However, if the cost of supplying
more 3-month T-bills rises, they may issue more 10-year Treasuries instead, ceferis paribus.
Next, the higher the ex post real interest rate yield on 3-month Treasury bills (EPR3), the
lower the private sector demand for 10-year Treasury issues, as investors substitute such
higher-paying 3-month issues for the longer-term and arguably riskier 10-year bonds,?
ceteris paribus.

It is hypothesized here that the private sector demand for Treasury notes is an in-
creasing function of economic freedom, whose value ranges from a potential low of 0.0 to a
potential high of 100.0.# A higher level of economic freedom implies a diminished degree
of government regulation, fewer governmental /agency rules, and generally fewer imped-
iments to financial transactions involving bonds, equities, and ETFs in the marketplace.
Additionally, greater economic freedom implies less interference in and lower pecuniary
transactions costs in the financial decision process and in the subsequent execution process,
as well as fewer impediments in the exercise of free judgment and free will of economic
agents, be they individuals, households, non-profit corporations, or for-profit organizations,
or other types of enterprise or institution. Arguably, then, greater economic freedom, mea-
sured here initially by the Heritage Foundation Economic Freedom Index, EFI, promotes
more efficient economic and financial transactions in an economy. This presumably would
be reflected in lower interest rate yields. Accordingly, it is hypothesized here that the ex
post real interest rate yield on 10-year Canadian government Treasuries and the ex post real
interest rate yield on 10-year U.S. Treasury notes are arguably decreasing functions of EFI.

Thus, the private sector demand for 10-year Treasury obligations is hypothesized to
be positively related to the level of economic freedom, ceteris paribus. Hence, the first of
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the three central hypotheses being investigated in this study of Canada and the U.S. is the
following;:

H1: Ceteris paribus, the ex post real interest rate yield on 10-year Treasuries in Canada and the U.S.
are decreasing functions of the economic freedom levels in Canada and the U.S., respectively.5

The sequencing runs as follows: as economic freedom rises, private sector demand for
Treasuries (D) rises, the Treasury price rises, and the Treasury yield declines.

In addition to the economic freedom index, there is the federal budget deficit, which is,
as noted above, the second central focus of this study. Following the conventional wisdom
(Carlson and Spencer 1975), it is hypothesized that the greater the central government
budget deficit relative to its GDP (DEFY), the greater the upward pressure on interest rates
generally (including EPR10) as a reflection of the central government’s competing with the
remainder of the economy for funds, ceteris paribus (Al-Saji 1993; Barth et al. 1984, 1985;
Cebula and Koch 1994; Cebula 2014; Choi and Holmes 2014; Cukierman and Meltzer 1989;
Engen and Hubbard 2004; Ewing and Yanochik 1999; Finlay et al. 2020; Gale and Orszag
2003, 2004; Gissey 1999; Gomme 2022; Hoelscher 1986; Johnson 1992; Klein 1974; Kolluri
and Giannaros 1987; Swamy et al. 1990; Tanzi 1985; Quayes and Jamal 2007; Laubach 2009;
Reinhart and Rogoff 2010; Cotton 2021). Hence, the second of the central hypotheses being
investigated in this study of Canada and the U.S. is the following:

H2: Ceteris paribus, the ex post real interest rate yield on 10-year Treasuries in Canada and the ex
post real interest rate yield on 10-year ULS. Treasury notes are increasing functions of the central
government budget deficit in Canada and in the U.S., respectively.

Next, it is hypothesized that higher values for the control variable DEBTY, the ratio of
the national debt to GDP, have been found in certain prior studies (Carlson and Spencer
1975; Klein 1978; Cukierman and Meltzer 1989; Cebula and Rhodd 1993; Engen and
Hubbard 2004; Reinhart and Rogoff 2010) to have exerted upward pressure on interest rates
in the U.S. Arguably this impact is a reflection of greater Treasury pressure on the financial
markets as well as a reflection of the greater perceived riskiness of federal government
debt management. The debt-to-GDP ratio, usually expressed in percentage terms, can be
interpreted as an indicator of a nation’s economic circumstances. Arguably, the higher a
nation’s DEBTY, the less likely that nation is to pay off that debt or the interest payable
thereupon; alternatively stated, with a higher DEBTY, that nation’s prospects of default
may be regarded as increased. If the DEBTY rises, it may be that debt increases relative to
the ability to discharge that debt. Alternatively stated, this is treated as hypothesis H3:

H3: Ceteris paribus, the higher the DEBTY (the national debt-to-GDP ratio), the lower the demand
for 10-year bonds due to perceived higher risk, ceteris paribus, and hence the lower their market
prices, so that the interest rate yield on those bonds rises.

To summarize, aside from the hypothesized relationships compounded above in
H1, H2, and H3, the model initially consists of four control variables: CY, MY, UNRATE,
and EPR3. The first of these is a net financial capital inflows variable, CY. Following the
conventional wisdom, it is hypothesized that the greater the extent of net financial capital
inflows relative to GDP, the greater the extent to which domestic debt issues are absorbed
and hence the less the upward pressure on interest rate yields, ceteris paribus. Strong
empirical support for this perspective is found for the U.S. in Cebula and Koch (1994). The
variable MY is the ratio of M2 money supply to the level of GDP, expressed as a percentage.
The greater this ratio, the greater the degree to which the FED demands (absorbs), among
other things, 10-year Treasury debt issues. Hence, it follows that EPR10 is a decreasing
function of MY, ceteris paribus. Logically, the higher the unemployment rate (UNRATE),
the lower the demand for bonds, and hence the lower the price of bonds, and, consequently,
ultimately the higher the yield on those bonds. Thus, it is expected here that the higher the
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EPR10; = ap +ag DEFY; + ap EPR3; + as UNRATE:,l + ay4 CYf,l + as MYt,]+ ag EFI; 4

unemployment rate, the higher the ex post real interest rate yield. Similarly, the higher the
real interest rate yield on three-month Treasury bills, the higher the demand for those bills
and hence (due to substitution) the lower the demand for 10-year Treasuries, and hence the
lower the price of the latter and the higher their yield.

Accordingly, the basic model is provided, as follows:

EPR10 = f(DEFY, EFI, UNRATE, EPR3, CY, MY, DEBTY) ®)

Clearly, based upon the above discussion/modeling, it is hypothesized that

foery >0, ferr <0, funrate > 0, fepr3 > 0, fey < 0. fary< 0, fpeeTY >0 (6)

Furthermore, within the construct reflected in (5) and (6), the principal explanatory
variables of interest are DEFY, EFI, and DEBTY, so as to reflect H1, H2, and H3, whereas
the control variables initially are UNRATE, EPR3, CY, and MY.

3. Model and Data: The Case of Canada

Based upon the model expressed in Equations (5) and in (6) above, the following
empirical model is to be considered initially:

+ay DEBTY;_1 + ag AR(1) + ag AR(2) + &¢ @
where AR(1) and AR(2) are the autoregressive terms (which are briefly discussed below)
and ¢ is the stochastic error term. For Canada (and the U.S., which is considered in
Section 3 of this study), the budget deficit, net capital flows variable, and M2 money supply
are all scaled by GDP because the sizes of the budget deficit, net capital inflows, and money
supply should be judged relative to the size of the economy (Cukierman and Meltzer 1989;
Ostrosky 1990; Barth et al. 1984, 1985; Cebula and Koch 1994). As observed above, this
study uses annual data from 1995 through to 2024. The data sources for Canada for the
above model were the Bank of Canada (2023a, 2023b, 2023c¢), Statistics Canada (2023a,
2023b), and The Heritage Foundation (2024). For the interested reader, the VIFs (Variance
Inflation Factors) are summarized in Table 1, where all are shown to be less than 10.0;
therefore, the evidence implies that multicollinearity is not a serious statistical problem in
this specification for Canada.®

Table 1. Variance inflation factors for initial estimates, Canada and the U.S.

Explanatory Variable VIFs [Canada] VIFs [U.S.]

DEFY 6.04 7.74

EPR3 7.01 6.51

CcYy 5.12 4.49
UNRATE 4.88 391

MY 5.49 5.92

EFI 3.17 3.28

DEBTY 6.11 7.75

Five of the seven explanatory variables in this model are lagged by one period. This
lagging is intended to reflect the conventional wisdom that intermediate and long-term
bond markets respond with a time lag to (a) unemployment rate changes; (b) monetary
policy actions by the central bank, The Bank of Canada for Canada or the Federal Reserve
for the U.S.; (c) economic freedom index changes; (d) changes in net financial capital inflows;
and (e) growth in the debt-to-GDP ratio. Such lags have been analyzed in a variety of
scholarly and academic outlets (Cukierman and Meltzer 1989; Feldstein and Eckstein 1970;
Carlson and Spencer 1975; Klein 1974, 1978; Barth and Bradley 1989; Ostrosky 1990; Darrat
2000; Madura 2008; Reinhart and Rogoff 2010; Brandl 2020). However, the remaining two
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explanatory variables, DEFY and EPR3, are both unlagged, which is consistent with much of
the extant literature on deficits and intermediate and long-term interest rate yields (Al-Saji
1993; Barth et al. 1984, 1985; Cebula and Koch 1994; Choi and Holmes 2014; Cukierman and
Meltzer 1989; Darrat 2000; Ewing and Yanochik 1999; Feldstein and Eckstein 1970; Gissey
1999; Hoelscher 1986; Johnson 1992; Ostrosky 1990; Swamy et al. 1990; and Tanzi 1985).

Given that the dependent variable, the ex post real interest rate yield on 10-year Cana-
dian Treasuries (EPR10;), is contemporaneous with the variables DEFY; and EPR3;,, the
possibility of simultaneity bias arises. This problem can be addressed through an estimation
by two-stage least squares (TSLS) after integrating/adopting appropriate instrumental
variables into the analysis for each of the unlagged right-hand side/explanatory variables.
Each of the instrumental variables in the estimate provided in Table 2 is lagged by two
years. The instrumental variables adopted for the variable DEFY; \re the two-year lags of
the average ex post real interest rate paid on long-term borrowing by businesses in Canada
(EPRBUS; _3) and the annualized percentage change in real GDP (Y;_5); the instrument
adopted for the variable EPR3; is the two-year lag of the ex post real interest rate on 3-year
Canadian Treasury bills (EPR3Y;_5). The choice of instruments in this study is based (1) on
the finding that for Canada the variables EPRBUS;_, and Y;_, are both highly correlated
with the DEFY; variable for Canada and the finding that the variable EPR3Y;_ is highly
correlated with EPR3;, whereas (2) these two-period lagged instruments are uncorrelated
with the error term in the system.

Table 2. AR/TSLS model estimate using a two-period lag on the instruments [Canadal].

Dependent Variable: EPR10

Initial Estimate Second Estimate
Explanatory Variables Coefficient
Constant 22.15 23.66
DEFY; 0.0455 *** 0.0461 ***
EPR3; 0.6128 *** 0.6023 ***
CY; 1 —0.0311 —0.0307
UNRATE; 4 0.0982 * 0.0977 %
MY —0.0428 *** —0.0426 ***
EFI; 4 —0.2646 *** —0.2646 *
DEBTY; 1 0.049 ** 0.0425 **
EPR30; 1 0.1423 ***
AR(1) 0.1212 *** 0.1226 ***
AR(2) —0.5003 *** 0.4878 ***

Initial Estimate:

J-Statistic = 24.32 **, DW =2.01
Second Estimate:

J-Statistic = 24.21 **, DW = 2.05

Newey—West heteroscedasticity correction adopted: *** Statistically significant at the 1% level; ** statistically
significant at the 2.5% level; * statistically significant at the 5% level; # statistically significant at the 10% level.

The estimates provided in this study involve autoregressive, i.e., AR(1) and AR(2),
processes. The AR(1) and AR(2) models are of interest as a process for many time series
applications. They are perhaps best applicable to time series that exhibit more volatile
behavior, such as stock market indices, equity stock prices, and, as investigated in this
study, interest rates (Liitkepohl 1993; Enders 1995). The autoregressive/TSLS, i.e., AR/TSLS,
estimate of Equation (9) with the Newey and West (1987) heteroscedasticity correction
adopted is reported below in Table 2, where all seven estimated coefficients exhibit the
hypothesized signs, with five of the seven statistically significant at the 1% level and one
statistically significant at the 5% level. Thus, it is revealed that the ex post real interest
rate yield on 10-year Canadian Treasuries (EPR10;) is an increasing function of DEFY,
UNRATE;_q, DEBTY, and EPR3;, while being a decreasing function of EFl;_; and MY;_q,
although not significantly a function of CY;_1. The J-statistic is statistically significant at the

10
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5% level, attesting to the exogeneity of the instrumental variables adopted (Sargan 1958).
In any event, these empirical results are supportive of hypotheses H1, H2, and H3.

The empirical analysis summarized in Table 2 can be extended/expanded in a variety
of ways. One such extension would be to add the ex post real interest rate yield on 30-year
Canadian Treasury bonds, EPR30), to the list of explanatory variables, arguably by including
it in the private sector demand for 10-year Canadian Treasuries, where its competition with
10-year Treasuries can be reflected. Clearly, ceteris paribus, an increase in EPR30 would
at the margin increase the demand for 30-year Canadian Treasuries and in the process act
through a process of substitution to reduce the demand for 10-year Canadian Treasuries,
such that the price on the latter would decline, thereby raising their yield. Hence, it is
hypothesized that, ceteris paribus, the variable EPR10 would be an increasing function of
the variable EPR30.” Accordingly, the following specification is now to be estimated:

EPR10; = ag + a1 DEFY}; + ap EPR3; + a3 UNRATE; 1 +a4 CYy_1 +a5s MY; 4 ®)
+ ag EFIt,1+ ay DEBTYt,l + ag EPRSOt,‘l + ag AR(l) +ajp AR(Z) + €t
The AR/TSLS, estimate of Equation (8) is provided in Table 2, where it is shown that
all eight of the coefficients on the explanatory variables exhibit the hypothesized signs,
with four (one of which is EPR30;_1) being statistically significant at the 1% level, two
being statistically significant at the 5% level, and one being significant at somewhat beyond
the 10% level. Only the coefficient on the variable CY;_; fails (once again) to be statistically
significant at the 10% level. These results are effectively compatible with those in Table 2.
Of greatest relevance in this modest de facto robustness test, the coefficients on both EFI;_1,
DEFY; and DEBTY;_, are statistically significant, with the expected signs at the 5%, 1%,
and 2% levels, respectively. These three results are strongly supportive of the H1, H2, and
H3 hypotheses, respectively, for the case of Canada.

4. Model and Data: The Case of the U.S.

Based initially upon the analytical modeling expressed in Equation (8) above, the
following empirical model is to be estimated initially for the case of the U.S.:

EPR10; = ap +ap DEFY; + ap EPR3; + as lOgUNRATEt,1 + ag CYt,I + as dMYt,l (9)
+ag EFl;_1 + ay DEBTY;_1 + ag EPR30;_1 +a9 AR(1) + ajo AR(2) + ¢

This modified AR/TSLS specification for the U.S. parallels that shown in Equation (9)
for Canada. The data for this specification for the U.S. were obtained from the following:
FRED (2023); the Council of Economic Advisors (2014, 2018, 2023); and The Heritage
Foundation (2024). As was the case for the model addressing thel0-year real interest
rate yield in Canada, the Variance Inflation Factors (VIFs) for the U.S. for the variables in
Equation (9) were estimated. These VIFs are all shown in Table 1, and each was found to
be less than 10.0; consequently, a multicollinearity problem does not exist in the U.S. real
interest rate estimation.

The AR/TSLS estimate of the model for the U.S., is provided in Table 3. Seven of
the eight estimated coefficients in Table 3 exhibit the hypothesized signs, with three being
statistically significant at the 1% level, one being statistically significant at the 5% level,
and one being significant at the 10% level. Once again, as in the Canadian case, the capital
inflows variable is not statistically significant at even the 10% level. Unlike the results
for Canada reported in Table 2, the estimated coefficients for the unemployment rate and
debt-to-GDP variables in the U.S. case also fail to be statistically significant at the 10% level.
The J-statistic is statistically significant at the 5% level, attesting to the exogeneity of the
instrumental variables.

The estimation results found in Table 3 imply that the ex post real interest rate yield
on 10-year U.S. Treasury notes is an increasing function of the federal government budget
deficit (at the 1% level) while being a decreasing function of the economic freedom index (at
beyond the 5% level). Hence, it follows that hypotheses H1 and H2 are once again strongly

11
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supported by the empirical evidence, in this case within the context of the U.S. Indeed,
the empirical results for the U.S. and Canada closely parallel each other, with the ex post
real interest rate yield on 10-year U.S. Treasury notes (EPR10;) also being an increasing
function of DEFY}, EPR30;_1, and EPR3;, while being a decreasing function of EFI;_1 and
MY;_1 but not of CY;_4. Thus, although hypotheses H1 and H2 continue to exhibit a strong
affirmation, hypothesis (H3) finds no empirical support.”

Table 3. AR/TSLS model estimate using a two-period lag on the instruments [U.S.].

Dependent Variable: EPR10

Initial Estimate Alternative Estimate
Explanatory Variables Coefficient
Constant 13.31 —1.44
DEFY; 0.1056 *** 0.0744 ***
EPR3; 0.2581 *** 0.2362 ***
CY¢ 1 —0.0843 0.0872
Log UNRATE; 0.2412 0.3258
dMY; 1 —0.1160 * —0.0368
EFI; 4 —0.1793 **
dEFNAI; 4 —0.0005 ***
DEBTY; 1 —0.0136 —0.8766
EPR30;_1 0.7203 *** 0.8087 ***
AR(1) 0.1128 0.4013 **
AR(2) —0.1954 —0.0301

Initial Estimate:

J-Statistic = 24.00 **, DW =2.13

Alternative Estimate:

J-Statistic = 31.60 **, DW = 2.01
Newey—West heteroscedasticity correction adopted: *** Statistically significant at the 1% level; ** statistically
significant at the 2.5% level; * statistically significant at the 5% level; # statistically significant at the 10% level.

Consequently, to undertake this modest de facto robustness test of the model summa-
rized in Table 3, the following specification is to be estimated for the U.S.:10

EPR10; = ag + a; DEFY; + ap EPR3; + a3 logUNRATE; 1 + a4 CY;_1 + a5 dAMY;_4 (10)
+ag dEFNAI;_1 + ay dDEBTYf_l +ag EPR30;_1 + ag AR(l) +ajp AR(Z) + &t

It should be observed that this robustness test estimation adopts a different measure
of economic freedom, namely, the index provided in Economic Freedom of North America by
Stansel et al. (2023), EFNAI;_1, which provides a measure of overall economic freedom that
largely parallels computations for 1995-2004 by The Heritage Foundation (2024), EFI, but
which provides data for the period 1985 through 2021.

The AR/TSLS estimate of Equation (10) is provided in Table 3, along with the estimate
of Equation (9). As revealed in this table, six of the eight estimated coefficients on the
explanatory variables exhibit the hypothesized signs, with four (including the control
variable EPR30;_1, as well as DEFY}, EFNAI;_1, and EPR3;) being statistically significant at
the 1% level. As for the variables CY;_1, MY;_1, DEBT;_1,and UNRATE; 4, their respective
t-statistics are not significant at even the 10% level. Of greater relevance to this study, the
coefficients on DEFY}, and EFNAI;_; are highly statistically significant with the expected
signs and therefore supportive of hypotheses H1 and H2, respectively, for the case of the
U.S. However, within this context of the economic freedom measure derived by Stansel
et al. (2023), the coefficient on the debt-to-GDP variable, DEBT;_1, fails to be statistically
significant. Hence, there is further evidence that in the U.S. hypothesis H3 is empirically
unsupported. Arguably, this lack of statistical significance on behalf of H3 reflects, however
subtly, the role of the U.S. dollar as the reserve currency of most of the world and the fact
that the U.S. is the world’s largest economy.

12
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5. Conclusions

This empirical undertaking has sought to provide updated and new insights, albeit
perhaps exploratory, to our understanding of the factors that influence the ex post real interest
rate yield on government-issued debt, namely, 10-year Treasuries. To provide updated
information, the study period adopts annual data for the period 1995-2024 (and then, in orne
estimate, 1985-2021). Two neighboring and highly integrated nations, Canada and the U.S.,
are studied. Three factors are focused upon: (1) most prominently, the heretofore effectively
ignored financial market impact of economic freedom [as computed by The Heritage Foundation
(2024) on the one hand and the Fraser Institute (Stansel et al. 2023) on the other hand], (2) the
central/federal government budget deficit, expressed as a percentage of GDP, and (3) the
oft-neglected central government debt-to-GDP ratio, expressed as a percentage.

Accordingly, three central hypotheses are investigated, with the AR/TSLS results
provided in Table 2 for Canada and in Table 3 for the U.S. As shown in these tables, higher
levels of economic freedom act to reduce the real interest rate yield on 10-year Treasury
notes in both Canada and the U.S. Arguably, this is the most interesting contribution of the
study. However, in both Canada and the U.S., higher central government budget deficits
relative to GDP are found to raise the real interest rate yield on 10-year Treasuries. On the
other hand, there is only mixed evidence regarding the interest rate impact of a higher
debt-to-GDP ratio. Thus, the estimation results provided here consistently support only
two of the three central hypotheses in this study for Canada and the U.S.

Future scholarly research involving the subject matter in the present study could take
the form of investigating alternative ex post real interest rates, such as those for 30-year
Treasuries, 20-year Treasuries, and 5-year or 7-year Treasuries. Short-term Treasury debt
instruments and/or the term structure of interest rates could also be investigated. Moreover,
a longer study period could be investigated. Perhaps longer lags on the instruments
could be considered as well. More elaborate modeling could also be undertaken, possibly
including a variety of financial market factors. Furthermore, more elegant econometrics
tools could be applied, such as cointegration. Finally, perhaps an alternative to the national
debt-to-GDP variable can be identified as a better reflection of risk, e.g., the bank failure rate.
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Notes

1

However, there are a few exceptions. For example, Barth et al. (1984, 1985) have found the budget deficit in the U.S.to positively
impact 3-month Treasury bills.

Loanable funds models have bene used extensively in the scholarly literature, e.g., Al-Saji (1993), Barth et al. (1984, 1985, 1991),
Hoelscher (1986), and Cebula (2014).

This risk is referred to as “interest rate risk” (Cecchetti 2006).

The most recent overall EFI for Canada is 72.4 while that for the U.S. is 70.1

Research underlying this study reveals no prior effort to explore economic freedom’s acting to reduce real interest rates, whether
ex post real or ex ante real.

For the interested reader, the P-P and ADF tests both confirm that all of the variables in (7) and (8) area stationary in levels.

See Hoelscher (1986) for an example of the substitution between different U.S. Treasury issues, namely, 3 month T-bills and
10-year T-notes.

For the interested reader, the P-P and ADF tests both confirm that the only variable in this specification that is non-stationary in
levels is MY} _y; all of the remaining variables in Equation (9) are stationary in levels.

Note that, paralleling our treatment of investigating hypotheses H1, H2, and H3 for Canada, we introduce the ex post real interest
rate yield on 30-year U.S. Treasuries (EPR30) into the private sector demand for 10-year U.S. Treasuries. This specification clearly
implies that, for the case of the U.S., a rise in the value of EPR30 should result in a higher demand for 30-year U.S. Treasuries but
results at the same time in at least some degree of substitution of those 30-year issues for 10-year issues. Thus, it is hypothesized
that through competition between these two Treasury debt issues, an elevated EPR30 leads to an elevated EPR10, ceteris paribus.
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10 For the interested reader, the P-P and SADF tests both confirm that the only variables in this specification that are non-stationary
in levels are MY;_1 and EFNA;_4; all of the remaining variables in Equation (9) are stationary in levels.
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Abstract: This study constructs Divisia monetary aggregates for the “Asian Tigers”—Hong Kong
(1999-2024), South Korea (2009-2024), Singapore (1991-2021), and Taiwan (2005-2024)—and assesses
whether Divisia monetary aggregates explain nominal GDP better than simple-sum money. Our
findings demonstrate that Divisia indices respond more sensitively to economic shocks. For Hong
Kong and Taiwan, narrow Divisia money provides the best explanations for fluctuations in nominal
GDP. Our results suggest that Divisia monetary aggregates can be beneficial for monetary policy
analysis in these territories and underscore the importance of further research into the empirical
performance of Divisia monetary aggregates in macroeconomic prediction.

Keywords: divisia index; divisia monetary aggregates; vector error-correction model

1. Introduction

The “Barnett critique” highlights the superiority of Divisia monetary aggregation over
the traditional simple-sum method of monetary aggregation (Barnett et al. 1992; Chrystal
and MacDonald 1994; Belongia 1996). The simple-sum approach, which assumes that all
financial components are perfect substitutes, is not consistent with economic theory. Even
much earlier studies (Chetty 1969; Moroney and Wilbratte 1976; Boughton 1981) found that
financial assets are less than perfect substitutes and advocated for different weights to be
assigned to each component within monetary aggregates. While the simple-sum method
has historically been used to measure spikes in the growth rate of the money supply,
Barnett (2016) has demonstrated that these simple-sum spikes can be misleading. For
example, after the end of the “monetarist experiment period”, Milton Friedman observed
a seemingly alarming surge in simple-sum M2, which Barnett attributed to regulatory
changes having no significant effect on the demand or supply for monetary services in the
economy. Barnett’s research highlights that the Divisia index, based on well-established
aggregation and index number theory, offers a more accurate measure of the money supply
by avoiding the distortions and unusual spikes that are inherent in the simple-sum method.

The survey by Kumah (1989) indicated that the measurement of money in over
150 countries is limited to M1, M2, and M3, depending on the level of development
or monetization of the financial system. A comparison of M2 and Lf (which is similar to M3
in other countries), and inflation rates in South Korea (hereafter Korea) from January 1998
to September 2022 reveals that these traditional simple-sum monetary aggregates could
not adequately reflect the inflation trend or nominal GDP during the same period. This
observation underscores Barnett’s (1980) criticisms of adding financial assets” components
without appropriately weighing each asset’s contribution to the monetary service flow.
Barnett argued that the simple-sum monetary aggregate, which assumes equal weights for
all components, cannot accurately measure the flow of monetary services. He advocated the
well-known Divisia quantity index, which weights component growth rates with the value
shares for each component, to provide a measure consistent with economic aggregation
and index number theory.
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The superiority of the Divisia monetary aggregates has been increasingly recognized
across many countries. Studies have shown that the Divisia aggregates provide better
recession signals, more accurate money-demand predictions, and improved macroeconomic
forecasts for the Euro Area and the United States (Hendrickson 2014; Serletis and Gogas
2014; Barnett and Gaekwad 2021; Brill et al. 2021). In Asia, Divisia aggregates have been
found to offer more precise monetary signals during financial crises and better forecasts of
economic activity, particularly in Singapore, India, and China, although their efficacy during
the COVID-19 pandemic posed challenges (Barnett and Nguyen 2021; Barnett et al. 2022b;
Sengupta et al. 2024). Further confirmation of the Divisia monetary aggregates’ utility in
enhancing monetary policy comes from studies in the UK and Saudi Arabia (Alkhareif
and Al-Rasasi 2021; Belongia and Ireland 2021; Barnett et al. 2022a). Since 2010, research
in territories like Germany, Indonesia, Israel, Pakistan, Taiwan, and Turkey supports the
advantages of the Divisia aggregates (Sarwar et al. 2010; Puah and Hiew 2011; Chen and
Nautz 2015; Benchimol 2016; Binner and Kelly 2017; Polat 2018). However, relevant studies
about Korea, Taiwan, Hong Kong, and Singapore have become less common in recent times
(See Appendix A Table Al).

In light of this fact, active research on Divisia monetary aggregates in various Asian
countries is now underway (Jha and Longjam 2008; Barnett and Nguyen 2021). However,
there has been a noticeable gap in research for Hong Kong, Korea, and Taiwan—territories
that continue to use simple-sum monetary indicators. The only previously published
research on Divisia monetary aggregates for Taiwan was Shih (2000), who constructed
Divisia monetary aggregates for Taiwan and evaluated the empirical performance of
those aggregates against the standards chosen by the central bank for the intermediate
target variable in the conduct of monetary policy. Additionally, such research on Hong
Kong, Korea, and Taiwan could enable a meaningful focus on applying Divisia monetary
aggregates to all developing and developed Asian territories. Habibullah (1999) states that
the Divisia monetary aggregates are more effective in developed countries with market-
oriented financial systems. Korea’s recent reclassification as a developed country by the
United Nations Conference on Trade and Development (UNCTAD) in July 2021 highlights
the need to examine the usefulness and feasibility of Divisia monetary aggregates in this
new context.

The term “Asian Tigers”, also known as “Asian Dragons”, collectively refers to Hong
Kong, Korea, Singapore, and Taiwan, which experienced rapid economic growth from the
1960s to the 1990s (Figure 1). This term metaphorically compares these territories” dynamic
and aggressive economic growth to the characteristics of tigers. There are two main reasons
why our study focuses on the Asian Tigers. First, despite their high level of economic
development, these territories still use simple-sum monetary aggregates and can benefit
from exploring the Divisia approach. Second, the complexity and advanced nature of these
territories’ financial systems make them highly relevant for observing the effects of Divisia
monetary measurement. For these reasons, research on Divisia monetary aggregates for
the Asian Tigers is likely to provide significant academic and policy implications.

Our study aims to calculate and compare Divisia monetary aggregates with simple-
sum aggregates for the Asian Tigers—Hong Kong, Korea, Singapore, and Taiwan. To
achieve this, we utilize relevant data for each country’s money supply and conduct a
comparative analysis between the simple-sum and Divisia monetary aggregates. The study
addresses two key research questions. First, can countries achieve more accurate analytical
research outcomes using Divisia economic monetary aggregates instead of simple-sum
accounting aggregates? Is Habibullah’s (1999) conclusion still relevant in the current eco-
nomic environment? Second, do Divisia economic monetary services provide a better
explanation of nominal GDP than simple-sum accounting measures of money? By explor-
ing these questions, the study aims to enhance the understanding of the relevance and
effectiveness of Divisia measures in varying economic contexts.
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Figure 1. Nominal GDP per capita of the Asian Tigers (1950-2022). Source: Bolt and Van Zanden-
Maddison Project Database 2023. Note: These data are adjusted for inflation and differences in the
cost of living and are expressed in international dollars at 2011 prices.

This study has three significant contributions and implications. Firstly, it is the only
study on economic monetary aggregation that collectively focuses on the Asian Tigers,
known for their rapid economic growth. Notably, there has been no research on Korea and
Taiwan since 2010, and no studies have examined the Divisia monetary aggregates in Hong
Kong. Secondly, this study provides an opportunity to examine whether Divisia monetary
aggregates can effectively reflect economic conditions in developed Asian territories. Finally,
this study will provide a more accurate financial policy indicator for these Asian territories.

For example, (Barnett et al. 2022b) highlight the importance of the Divisia index
for monetary aggregation in Hong Kong, particularly with the emergence of Central
Bank Digital Currencies (CBDCs) and the increasing diversity of transaction services. In
the case of Korea, the Bank of Korea emphasized the significance of Divisia monetary
aggregates in a note (Park and Shim 2018), demonstrating that the Divisia economic index
for M2 provides a more accurate reflection of economic growth than the simple-sum
accounting monetary aggregate. Furthermore, the Korea Institute of Finance argued that
“For quantitative easing (QE) to be successful in the post-global financial crisis era, it is
important to measure the actual liquidity that can influence the real economy, which Divisia
monetary aggregates can help achieve” (Korea Institute of Finance 2016). In the case of
Taiwan, the rapid economic, social, and political changes since the early 1980s led to long-
term macroeconomic imbalances. The subsequent financial innovations and deregulation,
particularly following the 1989 Banking Act amendment, revealed the limitations of the
simple-sum method for measuring money supply, necessitating the adoption of the Divisia
index (Binner et al. 2002). Furthermore, Shih (2000) suggests that a re-evaluation of the
usefulness of Divisia aggregates as a monetary target variable after the developments
of the Taiwanese financial markets reach a certain stage, might be useful. These studies
underscore that Divisia monetary aggregates provide a more reliable tool for informing
financial policy.
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In sum, this study pioneers research on the Asian Tigers jointly, evaluating the effec-
tiveness of Divisia monetary aggregates across various economic contexts and emphasizing
their importance as a more accurate financial policy indicator.

We hypothesize that the Divisia monetary index provides a more accurate and robust
explanation of nominal GDP fluctuations than the simple-sum method. The Divisia mon-
etary index, by accounting for the different levels of services of various monetary assets,
is expected to outperform the traditional simple-sum method in explaining changes to
nominal GDP. To test this hypothesis, we comprehensively compare the Divisia economic
monetary index with the simple-sum accounting measure across the Asian Tiger territories
to assess the effectiveness of the measures in explaining nominal GDP. Specifically, we use
the Augmented Dickey-Fuller (ADF) test to check for stationarity, the Johansen cointegra-
tion test to analyze long-term relationships, and the Vector Error-Correction Model (VECM)
to examine both short-term dynamics and the long-term equilibrium. The objective is to
determine whether the Divisia monetary index indeed offers a superior explanation of
nominal GDP fluctuations than the simple-sum aggregate.

The remainder of this paper is structured as follows: Section 2 outlines the methodol-
ogy followed for our analysis, while Section 3 presents the data and identification strategies
used for analyzing the issue. Section 4 details the results of the Divisia monetary aggre-
gates and the corresponding test outcomes. Finally, Section 5 discusses the limitations and
concludes the study.

2. Methodology
2.1. Simple Sum

Problems with the U.S. monetary demand function using simple-sum money measures
were caused by rapid institutional innovation and changes in regulations. Liberalizations
of bank management have caused demand for the constituent assets of the available simple-
sum monetary accounting aggregates to fluctuate. The mix of monetary services from
monetary assets and the savings motive associated with the interest rate payments on
monetary assets has varied across components and over time. The opportunity costs of
each monetary asset have fluctuated over both time and monetary assets. Measuring
the services from aggregated monetary assets by simple-sum aggregation has become
inconsistent with aggregation and index number theory and produces the appearance of
instability of the demand from the improper measurement of the service flow.

Barnett (1980) identified the fundamental problem in measuring the monetary service
flow as an accounting sum. He pointed out that monetary aggregation by accounting
summation implies that each component asset is a perfect substitute for each of the others,
and he showed how existing economic aggregation and index number theory can solve
the problem. In addition, numerous studies have argued that the assumption of perfect
substitutability is unreasonable (e.g., Feige and Pearce 1977; Barnett 1982).

Fisher (1922) concluded that the simple sum is the most unreasonable among all the
possible indexes he studied in his famous book (also see Barnett et al. 1992). As stated by
Fisher (1922, p. 363), the simple sum has the two worst properties of an index number:

“There are two objections to Formula 1, the simple arithmetic (1) that it is simple
and (2) that is arithmetic; that it is at once freakish and biased.”

Barnett (1980, 1981) provided the relevant microeconomic aggregation and index

number theory to measure monetary services. See (Barnett et al. 1992) for an overview of
the relevant derivation and theory.

2.2. Divisia Index

In Divisia aggregation, the opportunity costs of individual monetary asset services
are the prices used in computing the share weights of the monetary component growth
rates. This opportunity cost is the user cost price of each monetary asset’s services. That
price is the interest rate foregone to consume the services of the asset during the period.
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The interest foregone at the end of the period is discounted from the end of the period to
the beginning of the discrete time period (Barnett 1978). Thus, the opportunity cost is

R—I’i

“1+R’ @

T

where r; is the expected rate of return on the ith component monetary asset, and R refers
to the expected return on the “benchmark” asset, which is an economy’s pure capital
providing only store of value and no other services. For example, demand deposits and
cash that do not pay interest have the highest user cost price with r; = 0 and, hence, the
highest marginal utility. But as in the famous diamonds versus water paradox, high
marginal utility does not necessarily mean high total or average utility. While the user cost
prices are needed to compute the expenditure shares that weigh the component growth
rates, the user cost prices are not weights in the index. They are prices at the margin. In
aggregation and index number theory, user cost price aggregates have a dual relationship
with monetary quantity aggregates and can be used to produce the implied interest rate
aggregates uniquely (Barnett 2010).

Upon deriving the user cost of monetary assets, Barnett (1980) linked the resulting
index number theory with microeconomic monetary aggregation theory. Diewert (1976)
defined a class of superlative index numbers that bridged the gap between index number
theory and aggregation theory. Diewert proved that the Fisher Ideal and Térnqvist-Theil
Divisia indices are in a class of superlative indexes providing a second-order approximation
to any aggregator function. Barnett correspondingly proposed two quantity indices for
monetary aggregation, consisting of the Fisher Ideal and Divisia indices in discrete time
with user cost prices. The Térnqvist-Theil discrete time approximation to the Divisia index
is the most useful quantity index for policymakers since it has the most easily understood
form of any index numbers in Diewert’s (1976) superlative index number class. We shall
hereafter refer to the Tornqvist-Theil as just the Divisia index, although, strictly speaking,
the Divisia index is the continuous time index attained when discrete time converges to
continuous time. Ishida (1984) correspondingly agreed that the Divisia index (in discrete
time) is the best statistical index, and he then proceeded to produce Divisia monetary
aggregates for Japan.

The Divisia index in continuous time is a line integral approximated during time period
t in discrete time by the Tornqvist-Theil index, MP. Let T, (.) designate the multiplication
operator over the N component assets, i = 1, ..., N. Then, the resulting discrete-time Divisia
index is

MP < Xt )%(5@#5;‘,:1) @
MPy E

Xijt—1
where x;; is the quantity of good 7 during period ¢. In our case, that quantity will be the

nominal quantity of monetary asset i, and s;; will be asset i’s share in the user cost evaluated
expenditure on the services of all of the N monetary asset components, as follows:

TCit Xit
5o = [ —itTit ) 3)
" <Zi:1 ﬂktxkt>

Taking the log of each side of Equation (2), we find the equation below and can observe
that the growth rate of the Divisia index is a weighted average of the growth rates of each
component asset, as follows:

Sit +Sit-1

InMP —InMP =Y., { 5

} (Inxjp — Inx;jp_q). (4)

20



J. Risk Financial Manag. 2024, 17, 435

The growth rate of the Divisia aggregate can be written as
b N
G(MP) =} siG(xig), ®)
i=1

where s}, = 0.5(s;; +5s;;—1) and G is the log change operator. Single-period changes,
beginning with a base period, could be cumulated to determine the Divisia aggregate level
in each period.

2.3. Benchmark Rate

The benchmark rate is an important variable in the user cost prices needed in the
computation of the expenditure shares appearing in the Divisia index growth rate. The
benchmark rate theoretically reflects the return on a pure capital investment that offers no
monetary services, setting an upper limit on the returns on monetary assets that do provide
monetary services, as well as a possible lower rate of return. The benchmark rate must
never be less than the highest return among the component assets, which provide both
monetary services as well as investment returns. In practice, the benchmark rate is often
calculated as the highest yield among the assets in the broadest monetary aggregate, or a
proxy yield on a high-yielding illiquid asset. The benchmark rate must never be less than
the rate of return on any of the monetary component assets to avoid negative user cost
prices violating the definition of the benchmark asset.

Selecting an appropriate proxy for the benchmark rate is essential, as it significantly
impacts the behavior and accuracy of Divisia monetary aggregates. Countries tailor this
concept to their specific contexts. For instance, Hahm and Kim (2000), for Korea, opted for
the upper envelope over the yields on 3-year corporate bonds and the yield on all monetary
assets, while Barnett and Nguyen (2021) used the prime lending rate in Singapore. In
Taiwan, Binner and Kelly (2017) added a 100-basis point liquidity premium to the upper
envelope over the rates of return on all monetary assets within the aggregate. The choice
of proxy is important to ensure that the user costs accurately reflect the opportunity
costs of holding money and align with the financial environment of the respective country.
However, there is reasonable robustness of the Divisia index to the choice of benchmark rate,
since that rate appears symmetrically in all terms in both the numerator and denominator
of the expenditure shares. In contrast, accurate measurement of the rates of return on the
component assets is very important, since the share weights are sensitive to those measures.

2.4. Vector Error-Correction Model (VECM)

Based on our results, we evaluate whether Divisia monetary aggregates significantly
enhance the explanatory power of changes in nominal GDP (NGDP) compared to simple-
sum aggregates. To test this hypothesis, we first verify the order of integration for each
of the variables using the Augmented Dickey-Fuller (ADF) test to check for unit root,
with the lag lengths determined by the Akaike Information Criterion (AIC) (Akaike 1973).
The null hypothesis is that the variable has a unit root. Two variables are cointegrated
if there exists a linear combination that is integrated of order zero, 1(0), which indicates
that the variables have a long-run relationship and share a common stochastic trend over
time (Engle and Granger 1987). Cointegration requires that the variables be stationary
in their first differences and non-stationary in levels. Based on the findings of the ADF
test, we then assess cointegration using the Maximum Likelihood approach proposed by
Johansen (1988).

Following these steps, we use the Vector Error-Correction Model (VECM) to analyze
whether Divisia monetary aggregates offer a better explanation for NGDP, a widely ac-
cepted proxy for economic activity, compared to the simple-sum monetary aggregates. The
VECM is particularly suitable for addressing the limitations of the Vector Autoregressive
(VAR) model, specifically its inability to account for cointegrated variables that share a
long-term equilibrium relationship. This framework allows us to model both short-term
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deviations and long-term equilibrium relationships between variables. Previous studies
have used similar approaches, employing the ADF test and estimating models with ECM
or VECM techniques to assess the explanatory power of Divisia monetary aggregates
(Habibullah 1999; Hahm and Kim 2000; Sarwar et al. 2010; Ramachandran et al. 2010; Puah
and Hiew 2011; Bhatnagar 2022). The VECM is formulated as follows:

ANGDP; = By + ﬁll(L)ANGDPt_l + ‘Blz(L)AMf_l + ﬁm(NGDPt_l — M;_1) +e1 (6)

AM; = Boo + B21(L)ANGDP;_1 + B (L)AM;_1 + B3(NGDP;_y — My_q) + e3¢ (7)

where L is the lag operator, M; refers to the respective variable for monetary policy for the
four territories (that include simple-sum monetary aggregates, Divisia monetary aggregates,
and an interest rate variable), and NGDP; is the log of quarterly nominal GDP, while
(NGDP;_1 — M;_1) refers to the error-correction term. Following Ramachandran et al.
(2010), we test the null hypothesis that f13 = 0 and Bo3 = 0. If we reject the first and accept
the second, then that would imply that the growth rate of output responds to disequilibrium
errors in the last period, while the growth rate of money does not.

2.5. Forecast Error-Variance Decomposition (FEVD)

We use a Forecast Error-Variance Decomposition (hereafter referred to as FEVD)
analysis to quantify the importance of each shock in explaining the variation in each
variable by calculating the fraction of the forecast error variance attributable to each shock
at different horizons. This analysis provides insights into the dynamic interactions between
variables, revealing the relative importance of various shocks in driving fluctuations.

In the context of monetary policy analysis, FEVD has proven particularly valuable.
For instance, when applied to Divisia monetary aggregates, FEVD can demonstrate their
superior performance over simple-sum aggregates in explaining variations in economic
output. The analysis effectively identifies which monetary aggregates influence output
more, underscoring their value in policy analysis. The ability of FEVD to decompose and
attribute forecast errors to specific shocks makes it an especially valuable tool for under-
standing the nuances of monetary policy and economic fluctuations, thereby informing
more effective decision-making.

3. Data
3.1. Hong Kong

Hong Kong'’s financial system is structured around a three-tier banking framework
comprising licensed banks, restricted license banks (RLBs), and deposit-taking companies
(DTCs). Licensed banks, offering the broadest range of services, significantly influence
the narrow money supply (M1) through demand deposits and currency circulation. RLBs
principally engage in merchant banking and capital market activities and take deposits of
any maturity of HKG 500,000 or more. DTCs contribute to broader monetary aggregates,
particularly M2 and M3, by accepting deposits of HKG 100,000 or more with an original
term of maturity of at least 3 months. DTCs also engage in a range of specialized activities,
including consumer finance, commercial lending, and securities business.

Significant fluctuations have marked the trajectory of Hong Kong’s monetary aggre-
gates following domestic policy changes and external economic pressures. During the 1980s
and early 1990s, Hong Kong saw steady growth as it established itself as a global financial
center. However, the 1997 Asian Financial Crisis introduced volatility, leading to stringent
monetary policies to defend the currency peg and stabilize the financial system. Post-1997,
especially after the 2008 global financial crisis, broader monetary measures such as M2
and M3 expanded again from liquidity injections by the Hong Kong Monetary Authority
(HKMA) and increased foreign capital inflows.
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The monetary aggregates M1, M2, and M3 are primary indicators of the economy’s
money supply. Appendix B Table A2 provides a basic description of Hong Kong’s monetary
asset components. The monthly dataset covers January 1999 to June 2024, with the data
on levels reported in millions of Hong Kong dollars (HKG). M1, the most liquid form,
reflects immediate spending power through currency in circulation and customers” demand
deposits. M2 builds upon M1 by including customers’ savings and time deposits and
negotiable certificates of deposit (NCDs) issued by licensed banks held outside the banking
sector, offering a broader perspective on available funds. M3 encompasses all components
of M2 plus customers’ deposits with restricted license banks and deposit-taking companies,
plus NCDs issued by these institutions held outside the banking sector.

The types of liabilities included in the money supply of Hong Kong are similar to those
in other economies. However, a major difference relates to the treatment of Government and
Exchange Fund placements with banks. The government’s deposit holdings are included in
the Hong Kong dollar broad money, whereas in most other economies, they are excluded.
Furthermore, exchange fund placements with a maturity of over 1 month are counted as
customer deposits and, hence, included in the money supply figures.

Although the HKMA reports interest rates for savings and time deposits with licensed
banks, the HKMA does not provide the rates for savings and time deposits with restricted
licensed banks and deposit-taking companies. We use the average interest rates for time
deposits (6 months) and savings deposits of less than HKG 100,000 quoted by the major
licensed banks for time and savings deposits included in M2. But for deposits with RLBs
and DTCs, we use the 3-month time deposit rate, since DTCs require that deposits have an
original term of maturity of at least 3 months. However, due to data limitations, although
DTCs require the deposits to be of at least HKG 100,000, and RLBs require the deposits to
be of at least HKG 500,000, we use the 3-month deposit rate for deposits of less than HKG
100,000 as a proxy for the rate of deposits with RLBs and DTCs.

In the series for the level of NCDs issued by RLBs and DTCs during the period from
May 2011 to April 2015, the quantities reported are zeros, which does not seem credible.
We smoothed the data on NCDs for the above period by approximating the zero-quantities
by the average of the quantities 12 months before and 12 months after that period. Since
the rate of return on NCDs is not reported, we use the yield for 1-year exchange fund
bills, which has been included in the broad money aggregates since April 1997. We chose
a timeline post-1997 to make use of the “new data” series reported by HKMA. For the
benchmark rate, we use the best lending rate quoted by the Hong Kong and Shanghai
Banking Corporation Limited and reported by the HKMA.

To compare the performance of Divisia monetary aggregates and simple-sum aggre-
gates in explaining nominal GDP, we use the seasonally adjusted data for nominal GDP
between 2009 Q1-2023 Q4 reported by the Census and Statistics Department of the Govern-
ment of the Hong Kong Special Administrative Region. For the interest rate variable, we use
the overnight lending rate provided by HKMA. For our analysis, we use log-transformed
variables unless mentioned otherwise. We seasonally adjust all the monetary variables
using the X-13 ARIMA (Autoregressive Integrated Moving Average) SEATS procedure.

3.2. South Korea

In Korea, the compilation of various monetary indicators, including the old version
of M2, began in March 1981. In 2002, the Bank of Korea revised and published M1 and
M2 as new indicators, guided by the IMF’s Monetary and Financial Statistics Manual
(International Monetary Fund 2000). Since 2006, the Bank of Korea has also prepared and
published liquidity indicators Lf and L, resembling M3 and M4 in some other territories.
The monetary statistics by economic entities, released in September 2013, show the amount
of currency held by each economic entity based on M2 among monetary and liquidity
indicators. Until 2002, Korea’s monetary and liquidity indicators served as intermediate
targets for monetary policy. However, with the adoption of an inflation-targeting system,
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the interest rate-oriented monetary policy framework now uses interest rates as informative
variables for policy management.

Appendix B Table A3 provides a basic description of Korea’s monetary asset com-
ponents, covering a monthly dataset from January 2009 to June 2024, with the data on
levels reported in millions of Korean won (KRW). The data, sourced from the Economic
Statistics System (ECOS) of the Bank of Korea, are based on monthly averages and have
been seasonally adjusted. The Bank of Korea classifies the primary components of M1
(narrow money) as currency in circulation, demand deposits, and transferable savings de-
posits. M2, which includes M1, refers to broad money, encompassing money market funds
(MMFs), short-term time and savings deposits, beneficiary certificates, marketable financial
instruments, short-term financial debentures, short-term money in trust, and others. The
maturity of all assets in M2 is within 2 years. Lf includes liquid financial instruments. L
includes long-term assets (over 2 years), such as long-term financial instruments and life
insurance reserves.

Unfortunately, the Bank of Korea does not report matched interest rates for all assets!.
When the Bank of Korea collects data, it gathers total amounts and interest rates separately
from various institutions, which can lead to mismatches between the two?. For instance,
short-term financial debentures and short-term money in trust do not have corresponding
interest rates. In such cases, to best reflect the interest rates of short-term assets, the most
relevant proxy interest rates were used, such as the interest rates of 1-year treasury bonds
and 91-day CDs, which best capture the characteristics of short-term assets. For Lf’s life
insurance reserves, the 3-year treasury bond rate was used as a proxy for the interest rate
on life insurance because treasury bond yields are directly employed in insurance product
design, pricing, and reserve calculations, and they also serve as a key factor influencing the
overall financial performance of insurance companies (Lee 2016)3. L includes long-term
assets such as liquid financial instruments like government and municipal bonds. In this
case, to adjust for the yield curve, the rate of return on long-term assets was replaced with
the interest rate on comparable short-term assets, specifically the 1-year Treasury bond rate.

This paper will use the corporate bond rate (BBB-) as the benchmark rate for Korea,
following the approach of Hahm and Kim (2000) for compatibility with their results.
However, there are two more reasons. First, there are data limitations for Korea. Barnett
et al. (2013) measured the benchmark rate as the weighted average effective loan rate
for low-risk, 31-365 days’ loans across all commercial banks from the FRED database
maintained by the St. Louis Federal Reserve Bank. A comparable loan rate does exist in
Korea and typically exceeds deposit interest rates. However, the loan rate is a weighted
average rate for all loans, not specifically for low-risk short-term loans. Therefore, in
the case of Korea, it is challenging to distinguish between various risk levels and loan
periods. Secondly, corporate bonds in Korea are categorized by ratings such as AA- and
BBB-, which allows for a more precise differentiation of risk levels. Moreover, the Bank of
Korea provides data on corporate bonds with a 3-year maturity, which will be used in this
study. While a 3-year bond rate is relevant to the theory, we do not use long-term bond
rates, which would be too far removed from the necessary short-term rate of return for an
accurate benchmark.

To compare the performance of Divisia monetary aggregates and simple-sum aggre-
gates in explaining nominal GDP, we use the seasonally adjusted data for nominal GDP
between 1999 Q1 and 2024 Q1 reported by the Federal Reserve Bank of St. Louis. For the
interest rate variable, we use the overnight lending rate provided by the Bank of Korea. For
our analysis, we use log-transformed variables unless mentioned otherwise.

3.3. Singapore

Singapore’s monetary policy framework employs an institution-based approach to
measuring money supply, aligning with methodologies used in the United Kingdom and
Germany. This approach defines monetary aggregates based on the liabilities of specific
financial institutions rather than the characteristics of monetary instruments. The narrowest
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measure, M1, includes currency in active circulation and private sector demand deposits
within the banking system. M2 expands upon M1 by incorporating quasi-money, while M3,
the broadest measure, further includes net deposits with non-bank financial institutions
(NBFIs). The banking system comprises the Board of Commissioners of Currency, Singapore
(BCCS), and commercial banks, forming the foundation for M1 and M2 calculations. M3
extends this scope by integrating net deposits from finance companies, offering a more
comprehensive view of the monetary landscape.

A significant modification to this framework, which has evolved over time, occurred
in November 1998, following the Post Office Savings Bank’s (POSB) merger with the
Development Bank of Singapore (DBS). This consolidation required a recalibration of
monetary measurements, as POSB’s deposits were reclassified on par with other commercial
banks and thus incorporated into M1 and M2 aggregates. Additionally, the computation of
M3 was adjusted to include POSB’s term deposits held with the Monetary Authority of
Singapore (MAS), which were previously excluded. To maintain consistency in monetary
data, authorities implemented retrospective revisions dating back to October 1982, when
POSB initially placed deposits with MAS. This restructuring underscores Singapore’s
commitment to precise monetary statistics and adapting to evolving institutional dynamics.
Consequently, Singapore’s monetary policy framework is anchored in a tripartite system
of monetary aggregates—M1, M2, and M3—each serving as a distinct indicator of money
supply with progressively expanding scope and complexity.

For Singapore, we use monthly data from January 1991 to June 2021, with data reported
in millions of Singapore dollars (SGD) from the MAS. The period concludes in June 2021
due to the transition of the commercial bank interest rate data from monthly to quarterly
reporting. The MAS reports three levels of simple-sum monetary aggregates. Appendix B
Table A4 provides a basic description of Singapore’s monetary asset data. M1 includes
currency in circulation and demand deposits in banks, both carrying zero interest rates. M2
expands upon M1 by adding fixed deposits, savings deposits, and negotiable certificates of
deposit (NCDs) within the banking sector. M3 further broadens the definition of money by
including net deposits in finance companies. According to MAS guidelines, POSB’s fixed
deposits and savings deposits have been included within the respective commercial banks,
while the remaining components of POSB have been incorporated into M1. Here, “banks”
refers to commercial banks, and “finance” refers to finance companies.

Barnett and Nguyen (2021) previously examined Singapore’s financial data and pro-
posed alternatives to address data limitations. Our paper not only refines their approach
but also underscores the significant role of their proposals. To achieve a more accurate
composition of monetary aggregates, POSB’s non-fixed deposits and non-savings compo-
nents were included in M1, which aligns with Singapore’s banking guidelines. Following
DBS'’s acquisition of POSB in November 1998, POSB’s data were incorporated into M1 and
M2, with separate data no longer provided. Consequently, M2 now includes POSB’s fixed
deposits and savings, while M1 comprises the remaining components. The allocation of
POSB data follows Barnett and Nguyen’s (2021) methodology, assuming POSB interest
rates align with those of the banking sector.

For M3, net deposits with finance companies were divided into fixed and savings
deposits using the net deposits’ liabilities ratio and corresponding 3-month interest rates.
Due to the unavailability of the NCDS interest rate for M2, we substitute the 3-month T-bill
rate. Barnett and Nguyen (2021) used the 3-month commercial bill rate but switched to the
T-bill rate post-2013 after the MAS ceased providing the former data. The 3-month T-bill
rate is chosen as it is a short-term, low-risk asset with comprehensive data available.

This paper adopts the short-term lending rate as the benchmark rate for Singapore,
following the methodology of Barnett et al. (2013), for three principal reasons. First, from a
theoretical perspective, the benchmark rate should reflect the rate of return on pure capital
and must exceed the returns on all monetary assets that provide services to depositors.
Second, from an economic standpoint, it is unrealistic for banks to offer deposit rates
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that exceed their investment yields. Lastly, in the specific context of Singapore, the prime
lending rate consistently exceeds the interest rates on the component monetary assets.

To compare the performance of Divisia monetary aggregates and simple-sum aggre-
gates in explaining nominal GDP, we use the seasonally adjusted data for nominal GDP
between 2005 Q4 and 2020 Q2 as reported by the Singapore Department of Statistics. For the
interest rate variable, we use the overnight lending rate provided by the Monetary Author-
ity of Singapore. Due to the interest rates being reported from 2005 to 2020, we choose that
timeline. For our analysis, we use log-transformed variables unless mentioned otherwise.

3.4. Taiwan

Taiwan’s financial system, while sharing similarities with other advanced economies
in East Asia, possesses distinct characteristics that set it apart. The system is characterized
by a well-developed banking sector and a robust regulatory framework. The Central
Bank of the Republic of China (Taiwan), the nation’s central bank, plays a pivotal role in
regulating monetary aggregates. These aggregates are essential indicators of the economy’s
money supply and financial stability, and the central bank’s management of them is a key
aspect of the financial system’s stability.

A unique feature of Taiwan’s financial landscape is the role of Chunghwa Post, the
official postal service. Beyond its traditional functions, Chunghwa Post operates a postal
savings system, forming a significant component of the nation’s broader financial infras-
tructure. This system allows individuals to hold savings accounts and make deposits,
contributing substantially to the overall monetary aggregates, particularly M2. Integrating
postal services with financial functions provides Taiwan with a distinctive mechanism for
mobilizing domestic savings and enhancing financial system stability.

Over time, Taiwan’s monetary aggregates have shown significant changes in response
to both internal and external economic factors. The rapid industrialization of the 1970s
and 1980s led to substantial increases in M1 and M2, followed by a period of stabilization
in the 1990s as the economy matured. Global events, such as the 1997 Asian Financial
Crisis and the 2008 Global Financial Crisis, prompted shifts in monetary strategy. The
central bank responded by implementing various measures to manage liquidity and ensure
financial stability. In the post-2008 era, the central bank has maintained a cautious approach,
balancing economic stimulus with concerns about asset bubbles and inflation, resulting in
moderate growth in monetary aggregates with occasional adjustments.

Appendix B Table A5 provides a basic description of Taiwan’s monetary asset com-
ponents. The monthly dataset covers January 2005 to June 2024 with the data on levels
presented in millions of New Taiwan dollars (TWD). In terms of monetary aggregates in
Taiwan, the central bank distinguishes between M1A and M1B, with M1A representing
currency in circulation, checking accounts, and passbook deposits, while M1B includes
M1A plus passbook savings deposits. M2 expands on M1B by including savings deposits,
time deposits, foreign currency deposits, postal savings deposits, negotiable certificates
of deposit (NCDs), money market funds (MMFs), repurchase agreements, and govern-
ment deposits.

The data on levels for MMFs provided by the central bank start from October 2004.
Therefore, for our analysis, we use the data starting from January 2005 to June 2024.
However, the data for MMFs have not been reported since May 2017. We use a regression
of the series to fill in the missing data.

For the rates of return on passbook deposits, passbook savings deposits, time and
savings deposits, and foreign currency deposits of commercial banks, we use the respective
interest rates quoted by the Bank of Taiwan and reported by the central bank. For the rate of
return on NCDs, we use the 91-180 days’ NCDs rate in the secondary market. For the rates
of return on repurchase agreements, we use the 91-180 days’ repos rate on government
bonds in the secondary market. Since the rates of return on MMFs are not reported, we use
the overnight interbank loan rate. For the benchmark rate, we use the average base lending
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rate offered by the five major banks as published by the Central Bank of the Republic of
China (Taiwan).

To compare the performance of Divisia monetary aggregates and simple-sum aggre-
gates in explaining nominal GDP, we use the seasonally adjusted data for nominal GDP
between 2005 Q1-2024 Q1 reported by the National Statistics, Republic of China (Taiwan).
For the interest rate variable, we use the overnight lending rate provided by the Central
Bank of the Republic of China (Taiwan). For our analysis, we use log-transformed variables
unless mentioned otherwise. We seasonally adjust all the monetary variables using the
X-13 ARIMA (Autoregressive Integrated Moving Average) SEATS procedure.

4. Results
4.1. Divisia Monetary Aggregates Results
4.1.1. Hong Kong

In Hong Kong, as shown in Figures 2a and 3a, M1 and DM1 are identical, as is expected
since they consist of the same components with zero interest rates, leading to identical user
cost prices. However, a significant divergence exists between the narrower M1/DM1 and
the broader M2 and M3 measures for both simple-sum and Divisia aggregates. Simple-sum
measures of M2 and M3 are generally higher than their Divisia counterparts, suggesting
that simple-sum measures overstate the quantity of monetary services in the economy.
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Figure 2. Divisia versus simple-sum monetary aggregates for the four Asian tigers.
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Figure 3. Divisia versus simple-sum growth rates for the four Asian tigers.

Over time, particularly after 2008, the gaps between simple-sum and Divisia measures
widen, likely due to financial innovations and interest rate changes. Divisia measures
capture fluctuations, such as those during the global financial crisis and the COVID-19
pandemic, more distinctly, thereby highlighting their sensitivity to changes in the monetary
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environment. This underscores the importance of using Divisia aggregates for a more
accurate understanding of monetary conditions in Hong Kong and the crucial role they
play in shaping effective monetary policy.

4.1.2. South Korea

In Korea, as depicted in Figures 2b and 3b, M1 and DM1 are almost identical, reflecting
that M1’s components, including cash and demand deposits, have zero or very low interest
rates. While there are slight differences between simple-sum M2 and DM2, with DM2
generally being slightly higher, the difference between them remains consistent over time.

A more noticeable difference is seen between Lf and DLf, with DLf being consistently
higher. Additionally, DL follows a similar trend, maintaining a higher level than the
corresponding simple-sum measures. Clearly, the broad simple-sum monetary aggregates
undervalue the growth rate of monetary services produced by its components.

All monetary aggregates show an upward trend over time, with a notable increase
after 2015. The consistent elevation of Divisia indices above simple-sum measures indicates
that in Korea, the simple-sum measures undervalue the growth of monetary services in
the economy, reflecting the structure of Korea’s financial market, interest rate environment,
and financial instrument substitutability. Over time, the widening divergence between
Divisia and simple-sum indices underscores the importance of using Divisia aggregates for
accurate monetary policy analysis in Korea.

4.1.3. Singapore

In Singapore, Figures 2c and 3c reveal notable differences between simple-sum and
Divisia measures, especially in the broader aggregates such as M2 and M3. M1 and DM1
are nearly identical in Singapore, as the components of M1, such as currency and demand
deposits, typically have low or zero interest rates, leading to equivalent user cost prices.

However, unlike in Korea where Divisia measures were consistently higher, Singa-
pore’s DM2 and DM3 are slightly lower than their simple-sum counterparts, with nearly
identical growth rates. This aligns with findings from Barnett and Nguyen (2021), that Di-
visia measures behave most differently from simple-sum measures when interest rates are
high. A significant structural change in November 1998, when simple-sum M2 peaked due
to the acquisition of POSB into the banking sector, is not reflected in Divisia’s measures, indi-
cating their robustness to institutional changes not altering demand for monetary services.

During the 1997-1998 Asian financial crisis, a notable contraction in money services
was observed in the growth rates of DM2 and DM3, while this change was less apparent in
M2 and M3, thereby indicating that the Divisia index is more sensitive to economic shocks
than the simple sum accounting stock.

4.1.4. Taiwan

In Taiwan, the analysis of monetary indicators, as shown in Figures 2d and 3d, reveals
significant differences between M1A and DM1A. Unlike other territories, Taiwan’s M1A
includes passbook deposits that typically carry higher interest rates. In contrast, DM1A
and DM2 show levels lower than their simple sum counterparts.

Over time, all monetary indicators exhibit an upward trend, although growth rates
fluctuate during major economic events such as the 2008 global financial crisis and the 2020
COVID-19 pandemic. Divisia indices appear more sensitive to these shocks, and there is a
trend of widening gaps between Divisia and simple-sum indices over time, reflecting the
impact of financial innovations and interest rate changes.

The Divisia indices” ability to capture changes in economic conditions more accurately
underscores their importance in Taiwan’s monetary policy decisions. The differences be-
tween Divisia and simple-sum indices in M1B and M2 can be attributed to the structural
characteristics of Taiwan’s financial market and the substitutability of various financial
products. The greater sensitivity of Divisia indices to economic shocks and financial innova-
tions suggests they provide a more accurate reflection of Taiwan’s monetary environment.
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The findings of this analysis significantly differ from the earlier paper by Shih (2000), as
expected from the rapid development of Taiwan'’s financial markets since the late 90s.

In sum, the analysis across Hong Kong, Korea, Singapore, and Taiwan demonstrates
that Divisia monetary aggregates offer a more precise reflection of economic conditions than
simple-sum measures, particularly during financial innovations and economic shocks. This
is attributed to the Divisia indices” heightened sensitivity to interest rate changes and their
superior ability to capture the liquidity and substitutability of financial assets, underscoring
their importance for accurate and effective monetary policy analysis in these regions.

4.2. VECM Results
4.2.1. Hong Kong

Appendix B Table A6 shows the results of the ADF test for all the variables in the log
level and the first difference. The results show the presence of a unit root in the log level
for all variables but no presence of a unit root in the first differences, thereby indicating
that the order of integration of the variables is 1.

We then carry out the Johansen cointegration test using p — 1 lags, where p is deter-
mined by the Akaike Information Criterion (AIC). Based on the results, as presented in
Appendix B Table A7, where “r” represents the cointegration rank, we conclude that at
a 5% level of significance M1 and DM1 are cointegrated with NGDP. On the other hand,
M2, DM2, M3, DM3, and R are not cointegrated with NGDP. We then proceed to fita VEC
model for M1 and DM1. Table 1 summarizes the results and Table 2 shows the results
of the cointegration space. We note that in the cases of both M1 and DM1, we reject the
null hypothesis that 813 = 0 and accept the null hypothesis that B3 = 0. This implies that
the growth rate of both simple-sum and Divisia money are exogenous to NGDP and are,
therefore, predictors of NGDP. In the case of Hong Kong, both simple-sum and Divisia
aggregates perform equally well in terms of predicting NGDP. In Hong Kong, narrow
money contributes towards the prediction of NGDP more significantly than broad money.

Table 1. Error-Correction Term.

Variables ECT in Output Equation ECT in Money Equation

M1 Significant Not significant
DM1 Significant Not significant

M2! - -
DM2 ! - -
M3 1! - -
DM3 ! - -

R! - -

1 No cointegrating relationship exists between GDP and M2, DM2, M3, DM3, and R, respectively.

Table 2. Results of the cointegration space.

NGDP and M1
Eigenvectors, normalized to the first column:
Variables NGDP M1
NGDP 1.000 1.000
M1 —0.398 *** —0.134
Loading matrix
Variables NGDP M1
ANGDP —0.231 *** —0.00314 ***
AM1 —0.0262 —0.0505
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Table 2. Cont.

NGDP and DM1
Eigenvectors, normalized to the first column:
Variables NGDP DM1
NGDP 1.000 1.000
DM1 —0.398 *** —0.134
Loading matrix
Variables NGDP DM1
ANGDP —0.231 *** —0.00314 ***
ADM1 —0.0262 —0.0505

Note: Significance codes: *** 0.01, ** 0.05, * 0.1.

4.2.2. South Korea

Appendix B Table A8 shows the ADF test results for all the variables at the log level
and in the first difference. The ADF test results for Korea show that although GDF, M2, Lf,
L, DM2, DLf, DL, and R are integrated to the order of 1, M1 and DM1 are not. They are in
fact integrated in the order of 2. Because candidates for inclusion in a cointegrating vector
must share an identical order of integration, we do not perform the Johansen cointegration
tests for GDP and M1 and GDP and DM1. However, conducting the Johansen cointegration
tests between GDP and the rest of the variables (M2, Lf, L, DM2, DLf, and DL) presented in
Appendix B Table A9 shows no presence of cointegrating relationships.

4.2.3. Singapore

Appendix B Table A10 shows the ADF test results for all the variables at the log level
and in the first difference for Singapore. The test results show that although M1, M2, M3,
DM1, DM2, DM3, and R are integrated to the order of 1, NGDP is not. Because candidates
for inclusion in a cointegrating vector must share an identical order of integration, we do
not perform the Johansen cointegration tests for Singapore.

4.2.4. Taiwan

Appendix B Table A1l shows the results of the ADF test for all the variables at the log
level and in the first difference. The results show the presence of a unit root in the log level
for all variables but no presence of a unit root in the first difference, thereby indicating that
the order of integration of the variables is 1.

We then conduct the Johansen cointegration test using p — 1 lags where p is determined
by the Akaike Information Criterion (AIC). Based on the result, as presented in Appendix B
Table A12, we conclude that at a 5% level of significance, DM1A is cointegrated with
NGDP. On the other hand, M1A, M1B, M2, DM1B, DM2, and R are not cointegrated with
NGDP. We then proceed to fit a VEC model for DM1A. Table 3 below summarizes the
results, and Table 4 shows the results of the cointegration space. We note that in the case
of DM1A, we reject the null hypothesis that 813 = 0 and accept the null hypothesis that
B3 = 0. This implies that the growth rate of Divisia money supply is exogenous to NGDP
and can, therefore, contribute to predicting NGDP. Similar to Hong Kong, in Taiwan, Divisia
narrow money contributes more significantly towards the prediction of NGDP as opposed
to broad money.
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Table 3. Error-Correction Term.

Variables ECT in Output Equation ECT in Money Equation

Mi1A ! - -
DMI1A Significant Not significant
MiB! - -
DM1B ! - -
M2 - -
DM21 - -
R! - -

1 No cointegrating relationship exists between GDP and M1A, M1B, DM1B, M2, DM2 and R, respectively.

Table 4. Results of the cointegration space.

NGDP and DM1A
Eigenvectors, normalized to the first column:

Variables NGDP DM1A
NGDP 1.000 1.000
DM1A —0.554 *** —0.320

Loading matrix

Variables NGDP DM1A

ANGDP —0.386 *** —0.00420 ***

ADM1A —0.0117 0.0170

Note: Significance codes: ***0.01, ** 0.05, * 0.1.

4.3. FEVD Results
4.3.1. Hong Kong

Figures 4 and 5 depict the variance decomposition for the models with M1 and DM1
in Hong Kong. The FEVD analysis confirms our findings above. We see that both M1 and
DM1 are almost completely exogenous in the sense that almost none of their variances are
being explained by shocks in NGDP. On the other hand, shocks in M1 and DM1 explain
a significant fraction of the variances in NGDP. By the 10th quarter, those shocks explain
almost 40% of the fluctuations in NGDP. It is important to note that, since the interest rates
are zero for the components in M1, the simple sum and Divisia measures for narrow money
in Hong Kong are the same. Therefore, the results of the FEVD analysis for M1 and DM1
are identical.
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4.3.2. Taiwan

Figure 6 depicts the variance decomposition for the model with DM1A in Taiwan. We
can see that DM1A is completely exogenous in the sense that almost none of its variance is
explained by shocks in NGDP. On the other hand, shocks in DM1A explain a significant
fraction of the variances in NGDP. By the 10th quarter, those shocks explain almost 40% of
the fluctuations in NGDP.

33



J. Risk Financial Manag. 2024, 17, 435

FEVD Plot for GDP and DM1A - Level

FEVD for GDP
= GDP
O DM1A

]
% o
g
5 o
o

=]

o

1 2 3 4 5 6 7 8 9 10
Horizon
FEVD for DM1A

o 3
g
c
g =
5 o
o

=]

o

1 2 3 4 5 6 7 8 9 10

Horizon
Figure 6. FEVD Plot for GDP and DM1A.

4.4. Forecast Evaluation and Residual Analysis
4.4.1. Hong Kong

To check for the reliability of the Vector Error Correction model (VECM) used in
Section 4.2, we perform a dynamic factor model and time-series analysis of the residuals.
We backtest the VECM by producing Monte Carlo simulations with 1000 replications to
forecast 10 horizons. We use the forecast performance metrics of mean absolute error
(MAE), mean error (ME), and root mean square error (RMSE) for 10 horizons, shown in
Appendix B Figure Al, to evaluate the model’s forecast performance. The MAE, ME, and
RMSE all increase with the forecast horizon for both GDP and M1, with M1 consistently
showing higher error rates. This suggests that the model’s predictions for money supply
are less accurate than for GDP. The positive and increasing ME for both variables indicates
a systematic overestimation in the model’s forecasts. Overall, the forecast performance
for Hong Kong suggests that the VECM model’s accuracy diminishes for longer-term
predictions, with money supply being particularly challenging to forecast accurately.

We then perform dynamic factor analysis as well as residual analysis on the VECM
as shown in Appendix B Table A13. The factor loadings show that both GDP and M1
have equal weights on the first factor (PC1), while they have opposite weights on the
second factor (PC2). This suggests that PC1 captures overall economic activity, while PC2
might represent divergences between GDP and money supply. The correlations between
VECM residuals and factors are relatively low, indicating that the factors capture most of
the systematic variation in the data. Residual diagnostics reveal normality, no significant
correlation, and no volatility clustering. The analysis of GDP and DM1 are similar. Since
the interest rates are zero for the components in M1, the simple sum and Divisia measures
for narrow money in Hong Kong are the same.
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4.4.2. Taiwan

Similarly, for Taiwan, we also present the forecast performance metrics of mean
absolute error (MAE), mean error (ME), and root mean square error (RMSE) for 10 horizons,
as shown in Appendix B Figure A2, to evaluate the model’s forecast performance. Taiwan’s
VEC model demonstrates more stability and generally lower forecast errors compared to
Hong Kong. The MAE initially increases but then slightly decreases for longer horizons,
with GDP showing a higher MAE than DM1A. The ME is negative for both variables,
indicating a tendency for the model to underestimate, though the bias for DM1A approaches
zero at longer horizons. The RMSE increases with the forecast horizon, with GDP and
DM1A showing similar patterns.

We then perform dynamic factor analysis as well as residual analysis on the VECM
as shown in Appendix B Table A14. The factor loadings show that both GDP and DM1A
have equal weights on the first factor (PC1), while they have opposite weights on the
second factor (PC2). This suggests that PC1 captures overall economic activity, while PC2
might represent divergences between GDP and money supply. The correlations between
VECM residuals and factors are relatively low except for that between the residuals of
GDP and Factor 2, indicating that the factors capture most of the systematic variation in
the data. Residual diagnostics reveal near normality, no significant correlation, and no
volatility clustering.

5. Conclusions

A large number of theoretical studies as well as empirical studies have repeatedly
shown that Divisia monetary aggregates are superior to their simple sum counterparts,
which have no competent foundations in economic theory. Nevertheless, many central
banks in the world, including those of developed economies, such as the Hong Kong
Monetary Authority (HKMA), Bank of Korea (BOK), Monetary Authority of Singapore
(MAS), and the Central Bank of the Republic of China (Taiwan), continue reporting money
supply as a simple sum. This paper provides the construction of Divisia monetary aggre-
gates jointly for the Asian Tigers, the four developed Asian economies, Hong Kong, South
Korea, Singapore, and Taiwan, and explores the link between various monetary aggregates,
interest rates, and output. Our analysis demonstrates that for developed Asian economies,
Divisia monetary aggregates offer a more precise reflection of economic conditions than
simple sum measures, particularly during financial innovations and economic shocks.
Our analysis also suggests that for both Hong Kong and Taiwan, growth rates of Divisia
monetary aggregates contribute to predicting nominal GDP. However, contrary to evidence
in other advanced economies, such as the US, narrow money explains a larger fraction of
the variance in economic activity than broad money.

Narrow money tends to respond more sensitively to short-term fluctuations in eco-
nomic activity because narrow money is more directly and rapidly influenced by monetary
policy in our sample. In contrast, broad money includes deposits and financial assets,
which may be less sensitive to short run fluctuations, especially in economies where eco-
nomic agents hold financial assets for longer-term purposes. For example, Friedman and
Schwartz (1963) demonstrate how changes in the money supply impact economic activity
differently over time, emphasizing the more immediate effects of narrow money. The
higher explanatory power of narrow money in this sample may be due to monetary policy
having a more pronounced and rapid effect on short-term cash and liquid assets, compared
to financial assets held for longer durations in the Asian Tiger economies, perhaps for
cultural reasons and slow subjective rates of time discount.

A significant portion of our analysis depended on data reported by the respective
central banks of Hong Kong, South Korea, Singapore, and Taiwan. However, due to various
limitations in data availability, we had to choose relevant proxy variables for certain interest
rates, since the exact rates for the relevant variables included in the money supply of these
territories were not reported by the respective central banks.
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Appendix A

Table A1. Recent Country-specific Studies on Divisia Monetary Aggregates.

Authors Country Data Sources Components Years Research Design Main Results
Monetary services indexes
(MSI) using Divisia
Federal Reserve Divisia monetary monetary aggregation
Anderson and Board, Bank Rate > aggregates, Revision improves the accuracy of
Jones (2011) us Monitor Corporation, M1, M2 1967-2011 of Monetary Services economic forecasts
FRED Indexes compared to simple sum
aggregates, especially for
broader monetary measures.
Divisia aggregates
outperform simple sums,
People’s Bank of especially for broader
China, China Divisia monetary aggregates. Augmented
Barnett et al. China Statistical Yearbook, MO, M1, M2, 2000-2020 aggregates, Spectral Divisia captures COVID-19
(2022b) Ant Group IPO M3 analysis, effects. All aggregates have
prospectus, Dickey-Fuller Test low short-run but high
Alibaba China. long-run coherence with
GDP. Monetary aggregates
lag GDP in the short run.
SVAR analysis, Models with Divisia
OECD database, Impulse response monetary aggregates
Barnett et al Index Mundi, Econ anaﬁ sis Vall?iance outperform those with
. India Stats website, M1, M2, M3 2000-2008 ySIS, var simple sum aggregates in
(2016) Decomposition, ..
(Ramachandran et al. Flip-Flop analvsis explaining exchange rate
2010) 1p-riop Y818, fluctuations and monetary
Forecasting S
policy impacts.
Divisia monetary aggregates
significantly predict
inflation, with larger and
Belongia and P-star regressions for statistically significant
Ireland (2022) Euro Area ECB, Bruegel M1, M2, M3 2001-2019 the price level coefficients when the
sample includes the
COVID-19
pandemic period.
Divisia monetary aggregates
. g provide a more stable
Belongia and UK Bank of England Not . 1978-2019 P starA model, framework for nominal
Ireland (2021) applicable H-P filter . .
income targeting under the
zero lower bound.
Strong correlations between
money supply measures
and economic
. Center for Financial out—put/Prices', gsPecially
Belongia and Us Stability, Federal M1, M2 1967-2013  Structural VAR when using Divisia
Ireland (2016) Reserve monetary aggregates

instead of simple-sum
measures, suggest monetary
policy plays an important
role in business cycles.

36



J. Risk Financial Manag. 2024, 17, 435

Table A1. Cont.

Authors Country Data Sources Components Years Research Design Main Results
Divisia monetary aggregates
) Bank of Israel, New Keynesian s1gr'flf1can't1y impact output
Benchimol . DSGE models, during crises, offer better
Israel Michelson and Suhoy ~ M1, M2 1995-2013 R . . X
(2016) 2014) Bayesian estimations,  forecasting accuracy, and
Simulations money shocks predict
financial risks.
Switching the ISA interest
L rate in Divisia calculations
Description of from quoted to effective
Berar and Bank of England, Not amendments to q
] UK . 2011-2012 s . rates leads to downward
Owladi (2013) Bankstats applicable Divisia money series L. PO
. revisions in Divisia money
calculation . X
growth series, especially for
the household sector.
Divisia aggregates with
Bhatnagar Reserve Bank of India, narrow money better
(2022) & India Central Statistics M1, M2, M3 1999-2019 VECM, FEVD predict economic activity
Office compared to simple
sum aggregates.
Divisia monetary aggregates
resolve short-run price,
Binner and Central Bank of the Block recursive output, and exchange rate
Taiwan Republic of China M2 1985-2016 puzzles and provide
Kelly (2017) X structural VAR model . .
(Taiwan), DataStream sensible long-run impulse
responses to
monetary shocks.
Cointegration
analysis, Maximum Long-run money demand
likelihood approach relationships exist for UK
. of Johansen and Divisia and simple sum
Bissoondeeal ;¢ Bank of England M1, M2 1977-2008  Juselius (1990) aggregates, with similar
etal. (2010) Datastream o X
methods, Weak elasticities and minor
exogeneity tests, differences in share
Parameter price effects.
constancy tests
Divisia monetary aggregates
for the euro area predict
recessions more accurately
. - Divisia monetary than simple-sum aggregates
Brill et al. Euro Area ECB Statistical Data M1, M2 2003-2018 aggregates, Panel and are useful for
(2021) Warehouse, MFIL X . . .
probit analysis macroeconomic analysis
and forecasting of
country-specific
monetary conditions.
The divergence between M3
and Divisia M3 provides
Chen and Deutsche Divisia monetary superior forecasts for
Nautz (2015) Germany Bundesbank, ECB, M3 2001-2014 aggregates, Structural ~ German output growth
Eurostat, MFI VAR models, DM-test  during the Great Recession
compared to models using
only M3 or Divisia M3.
Divisia monetary aggregates
ECB, Bruegel Structural VAR significantly impact output
Darvas (2015) Euro Area Eurolstat gl M1, M2, M3 2001- 2014 models, Impulse and prices, while
response functions simple-sum measures do
not show significant results.
Divisia aggregates are
El-Shagi and Eurostat, IME ECB Divisia monetary excellent predictors of debt
Euro area ’ 4 ’ M3 2003-2013 aggregates, crises, better capturing
Kelly (2013) NCB ; TISES,
Signals approach liquidity changes than

simple sum measures.
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Table A1. Cont.

Authors Country Data Sources Components Years Research Design Main Results
Divisia monetary aggregates
are robust to benchmark

Fourier demand rates except during the
Fleissig et al. Euro Area ECB M1, M2, M3 20002021 model, VAR models, glol_oal finangial crisis,
(2023) Impulse response indicating differences from
functions simple sum aggregates,
particularly in elasticity and
substitution responses.
g:ﬁt g£ ir;i?nd’ Strong causality from
Indi National B lé ¢ Unit root test, V. Divisia money to exchange
ndia, ational bani o nitroot test, ar rates, particularly when
Ghosh and Israel, Poland, M1, M2, M3, 19942017 parameter stability com /are d to alternative
Bhadury (2018)  Poland, the = Ramachandran et al. M4 test, Bootstrapped mong tary indicators like
UK, the US  (2010), OECD Granger causality . y
database, Center for §1mple sum aggregates or
Financial Stability Interest rates.
Divisia monetary aggregates
significantly improve GDP
forecasting accuracy
Gogas et al. Support Vector compared to simple sum
(20%) Euro Area  CEPR, Bruegel M1LM2,M3 20012018 (rPROT aggrggates, demg’mtraﬁng
robust predictive power in
various economic conditions
and aggregation levels.
Cointegrated VAR Divisia monetary aggregates
model, Granger provide better explanatory
Hendrickson Center for Financial causality tests, power for money demand
(014) Us Stability, St. Louis M1, M2 1967-2012 Backward-looking IS stability, nominal income,
Federal Reserve FRED equation, Dynamic price level, and the output
New Keynesian gap compared to simple
model sum aggregates.
Divisia M4, as the policy
indicator variable, solves
Structure VAR model,  the price puzzle without
Keating et al. Impulse response needing to add extraneous
(2014) us FRED, BEA, CRB M 1960-2013 functions, Granger information to the model
causality tests and remains informative
even when interest rates are
near zero.
Incorporating both
conventional and Divisia
monetary aggregates along
Kelly et al. Switzerland Swiss National Bank M3 1984-2019 g/[RN m O%;;i’R with a short-term interest
(2024) witzerian data via DataStream baye51an rate significantly enhances
enchmark . . .
inflation forecasting
accuracy over 12-, 24-, and
36-month horizons.
Divisia monetary aggregate
and exchange rate changes
significantly affect money
demand, with asymmetric
Not mentioned, but NARDL approach, effects observed zor
Leong etal. Malaysi ibly from Bank M2 19912018  ADF test, CUSUM, urrency appreciation in th
(2019 alaysia possibly from B, and CUSUM currency appreciation in the
Negara Malaysia long run. The model using

Squared tests

Divisia money is stable and
performs better in
estimating the money
demand function.
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Table A1. Cont.

Authors Country Data Sources Components Years Research Design Main Results
Divisia aggregates show
high comovement with

Divisia monetary GDP at low frequencies and
Central Bank - aggregates, Wavelet some predictive power for
Polat (2018) Turkey of Turkey MI, M2 2005-2016 analysis, Structural output and prices, but their
VAR analysis theoretical advantages are
not strongly supported by
empirical evidence.
Divisia M1 outperforms
other aggregates in
. VECM, Granger R 7
Puah and Hiew Indonesia IFS M1, M2 1981-2005 causality, residual, estimating St?b} € money
(2011) . . demand, exhibiting the
and cointegration test .

fastest adjustment to

long-run equilibrium.

Divisia monetary aggregates

outperformed simple sum

Divisi measures in predicting
Ramachandran . . 1visia monetary inflation in India,
India Reserve Bank of India M2, M3, L1 1993-2008 aggregates, VECM, . .
etal. (2010) ; : suggesting they could be
Cointegration tests .
more valuable indicators for
monetary policy during the
post-liberalization period.
Restrepo- ONS, CIA’s World Habit-based asset Risk adjustment is
2 Fact Book, FRED, Not L unnecessary when
Tobon UK Bank of England, UK.  applicable 1965-2011 pricing model, CC constructing Divisia
(2015) ' gland, L& app and DCC model &
unit trusts monetary aggregates.
Divisia monetary aggregate
provides more realistic and
Divisia monetary stable money demand
Sarwar et al State Bank of Pakistan aggregates, ARDL estimates, suggesting the
(2010) : Pakistan (SBP), Statistical MO0, M1, M2 1972-2007 approach, SBP should switch from
Bulletins, IMF Cointegration, Error Simple sum to Divisia
correction mechanism  aggregates to enhance the
effectiveness of monetary
policy formulation.
Divisia monetary aggregates
Granger cause economic
Reserve Bank of India, Divisia monetary actlylty, but the link broke
aggregates, Granger during the COVID-19
Sengupta et al. India Handbook of M1, M2, 2001-2020 causality tests, andemic, highlighting the
(2024) Statistics on the M3, M4 s Y tests, p s UGG
. yclical need for adaptive monetary
Indian Economy . . . L
correlations analysis policy strategies in response
to unprecedented

economic shocks.

Divisia aggregates better
cerleti 4 Johansen (1988) \C/iahdatﬁce1 tfhe lc;yg—run monec}lf
o 'Z;ségl n Us AMFM M1, M2 1967-2011  maximum likelihood | “7n UAC 18 OMPAE

8 approach, VAR model p seregates,

offering more accurate and
stable estimates.

Notes: The compilation includes only English-language papers after 2010.
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Appendix B

Table A2. Monetary Asset Components (Hong Kong).

# Asset M1 M2 M3 Rate of Return
1 Currency X X X 0%
2 Customers” Demand Deposits X X X 0%
3 Customers’ Savings Deposits | X X Savings deposit rate (Banks)
4 Customers’ Time Deposits ! X X 6-month Time deposit rate (Banks)
5 Negotiable CDs (NCDs) ! X X 364-day Exchange Fund Bills rate
6 Customers’ Savings Deposits 2 X Savings deposit rate (Banks)
7 Customers’ Time Deposits > X 3-month Time deposit rate (Banks)
8 Negotiable CDs (NCDs) 2 X 364-day Exchange Fund Bills rate
Source: Hong Kong Monetary Authority (HKMA). ! Deposits that are issued with licensed banks and held by the
public. 2 Deposits are issued with restricted license banks and deposit-taking companies and held by the public.
Table A3. Monetary Asset Components (South Korea), where M3 is called Lf and M4 is called L.
# Asset M1 M2 Lf L Rate of Return
1 Currency X X X X 0%
2 Demand Deposits X X X X 0.3-0.6%
3 Transferable Saving Deposits X X X X 0.2-1.5%
4 Money Market Funds (MMFs) X X X MMFs (7-day)
5 Short-term Time and Savings Deposits X X X CDs (3-month)
6 Beneficiary Certificates X X X Yields of Treasury Bonds (1-year)
7 Marketable Financial Instruments ! X X X Marketable Financial instruments rate
8 Short-term Financial Debentures X X X Short-term Financial debenture rate
9 Short-term Money in Trust X X X CDs (3-month)
10 Other Short-term Financial Assets 2 X X X CDs (3-month)
11 Long-term financial instruments X X Yields of Treasury Bonds (3-year)
12 Life Insurance Reserves X X Yields of Treasury Bonds (3-year)
13 Liquid financial instruments 3 X Yields of Treasury Bonds (1-year)
Source: Economic Statistics System (ECOS) from Bank of Korea. 1 Marketable financial instruments include CDs
(Certificates of Deposit), RPs (Repurchase Agreements), and cover bills. 2 Other short-term financial assets include
CMAs (Cash Management Accounts), foreign currency deposits with maturities of less than two years, bills issued
by merchant banking corporations, and securities investment savings at investment trust companies. ® Liquid
financial instruments include government bonds & municipal bonds, financial instruments of other financial
corporations, and corporate bonds & commercial papers.
Table A4. Monetary Asset Components (Singapore).
# Asset M1 M2 M3 Rate of Return
1 Currency X X X
2 Demand Deposits X X X
3 Fixed Deposits (Banks) ! X X 3-month Fixed Deposits (Banks)
4 Negotiable CDs (NCDs, Banks) X X 3-month T-bill yield
5 Saving & Other Deposits (Banks) > X X Savings Deposits (Banks)
6 Fixed Deposits (Finance) X 3-month Fixed Deposits (Finance)
7 Saving & Other Deposits (Finance) X Savings Deposits (Finance)

Source: Monetary Authority of Singapore (MAS). I Including the POSB’s fixed deposits; > Including the POSB’s

savings deposits.
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Table A5. Monetary Asset Components (Taiwan).

# Asset M1A Mi1B M3 Rate of Return

1 Currency X X X 0%

2 Passbook Deposits X X X Passbook deposit rate *

3 Passbook Savings Deposits X X Passbook savings deposit rate *

4 Time and Savings Deposits X 2-yr Time deposit rate *

5 Foreign Currency Deposits X Foreign currency deposit rate (for US$) *

6 Postal Savings Deposits X Passbook savings deposit rate of Chunghwa Post Co.

7 Negotiable CDs (NCDs) X 91-180 days” NCD rate in the secondary market

8 Repurchase Agreements X 91-180 days’ Repos rate on Government bonds in the secondary market
9 MMFs and Government Deposits X Overnight Interbank Loan rate

Source: Central Bank of the Republic of China (Taiwan). * Rates offered by the Bank of Taiwan.

Table A6. ADF unit root test (Hong Kong).

Hj: Variable Has a Unit Root

ADF Test Statistics

Variables N N
Levels First Difference
NGDP —0.8980029 (0.7896) —21.45086 (0.00)
M1 —1.778881 (0.3915) —4.618605 (0.00)
M2 —0.6147134 (0.8651) —5.56583 (0.00)
M3 —0.6203887 (0.8638) —5.545811 (0.00)
DM1 —1.778881 (0.3915) —4.618605 (0.00)
DM2 —0.4127978 (0.9048) —5.216365 (0.00)
DM3 —0.4176722 (0.9039) —5.211939 (0.00)
R —2.9608 (0.0387) —8.729453 (0.00)

Note: The numbers in parentheses are p-values.

Table A7. Test Statistics from the Johansen Cointegration Test (Hong Kong).

Johansen-Procedure Cointegration Test:

Test Type: Maximal Eigenvalue Statistic (Lambda Max), without Linear Trend and Constant
in Cointegration.

Variables Hypothesis Test Statistic
NGDP & M1 ’ - (1) Zi'_gé )
NGDP & M2 . - ? 151_'5015
NGDP & M3 ’ - (1) 15‘515
NGDP & DM1 . - (1) zi"gé ’
NGDP & DM2 . - (1) 15 '1%49
NGDP & DM3 ’ - (1) 15 '1433

= o
r=0 17.95

Critical values r<1 8.18

* Indicate significance at 5%.
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Table A8. ADF unit root test (South Korea).

Hj: Variable Has a Unit Root

ADF Test Statistics
Variables " N

Levels First Difference

NGDP —1.691144 (0.4358) —5.107981 (0.00)
M1 —0.5400484 (0.8810) —2.823301 (0.0550)
M2 0.3280406 (0.9798) —3.074774 (0.0285)
Lf —0.8881352 (0.7926) —3.926544 (0.0019)
L —1.774415 (0.3937) —3.747036 (0.0035)
DM1 —0.5450154 (0.8800) —2.824143 (0.0549)
DM2 —0.2726098 (0.9266) —2.918711 (0.0432)
DLf —1.242655 (0.6581) —3.49344 (0.0082)
DL —1.907839 (0.3290) —3.387125 (0.0114)
R —2.060423 (0.2611) —3.161076 (0.0224)

Note: The numbers in parentheses are p-values.

Table A9. Test Statistics from the Johansen Cointegration Test (South Korea).

Johansen-Procedure Cointegration Test:

Test Type: Maximal Eigenvalue Statistic (Lambda Max), without Linear Trend and Constant
in Cointegration.

Variables Hypothesis Test Statistic
NGDP & M2 r=0 5.94
r<1 2.13
NGDP & Lf r=0 11.76
r<1 0.72
NGDP & L r=0 13.47
r<1 02.34
NGDP & DM2 r=0 6.61
r<1i 2.54
NGDP & DLf r=0 12.04
r<1 1.02
NGDP & DL r=0 13.60
r<1 2.32
NGDP & R r=0 9.12
r<l1 343

= 17.

Critical values r=0 95
r<1 8.18
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Table A10. ADF unit root test (Singapore).

Hj: Variable Has a Unit Root

ADF Test Statistics
Variables " N
Levels First Difference
NGDP —2.145387 (0.2269) —1.81814 (0.3720)
M1 —1.792058 (0.3849) —3.230571 (0.0183)
M2 —3.272511 (0.0162) —3.440986 (0.0097)
M3 —3.297754 (0.0150) —3.387432 (0.0114)
DM1 —1.792058 (0.3849) —3.230571 (0.0183)
DM2 —3.268824 (0.0164) —3.425891 (0.0101)
DM3 —3.292385 (0.0153) —3.375615 (0.0119)
R —1.956108 (0.3067) —3.661892 (0.0047)
Note: The numbers in parentheses are p-values.
Table A11. ADF unit root test (Taiwan).
Hj: Variable Has a Unit Root
ADF Test Statistics
Variables
Levels First Difference
NGDP 0.5175334 (0.9874) —5.939329 (0.0000)
M1A 0.5485959 (0.9883) —4.15461 (0.0008)
M1B 0.1234442 (0.9675) —3.899677 (0.0020)
M2 1.475913 (0.9993) —4.313209 (0.0004)
DM1A 1.463601 (0.9993) —4.734366 (0.0001)
DM1B 0.7366827 (0.9930) —3.908257 (0.0020)
DM2 0.7125017 (0.9925) —4.063133 (0.0011)
R —2.462664 (0.1248) —4.720949 (0.0001)

Note: The numbers in parentheses are p-values.

Table A12. Test Statistics from the Johansen Cointegration Test (Taiwan).

Johansen-Procedure Cointegration Test:

Test Type: Maximal Eigenvalue Statistic (Lambda Max), without Linear Trend and Constant
in Cointegration.

Variables Hypothesis Test Statistic
NGDP & M1A . - (1) g:g‘;
NGDP & M1B . - (1) 101"9626

NGDP & M2 ’ - (1) 1; f
NGDP & DM1A ’ - ? 12'_973
NGDP & DM1B , - (1] 1& 63;

NGDP & DM2 , - (1) (7):?3}
= gt
r=0 17.95

Critical values r<i 8.18

* Indicate significance at 5%.
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Table A13. Dynamic Factor Analysis and Residual Diagnostics (Hong Kong).

Factor Loadings

PC1 PC2
GDP 0.7071068 —0.7071068
M1 0.7071068 0.7071068
Correlations between VECM residuals and factor
Factor 1 Factor 2
Residuals of GDP 0.01043529 —0.2062272
Residuals of DM1 —0.17128507 0.1769230
Residual Diagnostics
Multivariate Shapiro-Wilk test for normality: p-value = 0.355
Portmanteau Test (asymptotic) p-value = 0.1054
Multivariate ARCH-LM test: p-value = 0.217

Note: The results are the same for DM1 as due to the interest rates being zero for the components in M1, the
simple sum and Divisia measures for narrow money in Hong Kong are the same.

Table A14. Dynamic Factor Analysis and Residual Diagnostics (Taiwan).

Factor Loadings

PC1 PC2
GDP 0.7071068 0.7071068
DMI1A 0.7071068 —0.7071068
Correlations between VECM residuals and factor
Factor 1 Factor 2
Residuals of GDP 0.02935621 0.6809136
Residuals of DM1 0.15298498 —0.1841777
Residual Diagnostics
Multivariate Shapiro-Wilk test for normality: p-value = 0.08831
Portmanteau Test (asymptotic) p-value = 0.3667
Multivariate ARCH-LM test: p-value = 0.2461
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Forecast Performance for Hong Kong
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Figure Al. Forecast Performance Metrics for Hong Kong.
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Forecast Performance for Taiwan
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Figure A2. Forecast Performance Metrics for Taiwan.
Notes

1 The Bank of Korea's issue note focused on studying M2, precisely matching components with corresponding interest rates. The

matching was done as follows: currency (0%), demand deposits (demand deposit rate), short-term time deposits with maturities
(pure savings deposits), short-term savings deposits (savings deposit rate), certificates of deposit (certificate of deposit rate),
repurchase agreements (repurchase agreement rate), and financial debentures (financial debenture rate). Other items, particularly
those not held for transactional purposes, were likely excluded from the analysis, indicating a prioritization of components with
clearly defined interest rates. We thank Dr. Park for his kind response to our email inquiry.

We would also like to extend our gratitude to the former Financial Supervisory Service employee who provided helpful insights
into the BOK'’s data collection process.

Lee (2016) analyzed the 3-year government bond yield as a variable that increased the risk-weighted asset ratio in life insurance
companies following the global financial crisis of 2008. This suggests that the 3-year government bond yield influences the
interest rate decisions of life insurance companies and can be used as a proxy interest rate.
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Abstract: The current economic and political crisis has brought about a change in the environment
in which non-governmental development organisations (NGDOs) have traditionally operated. This
change can be summed up as a reduction in the funds they receive and an increase in the population
they must serve. The need then arises to have mechanisms that allow an analysis of the good work
performed by the NGDOs. Knowing the efficiency of the NGDOs in the management of their previous
projects can contribute towards improving their future achievements. The aim of this research is to
establish some objective indicators that allow an evaluation of the efficiency of these organisations.
Firstly, a detailed analysis of the regulation of the three agencies is conducted (Spanish-AECID,
European-EuropeAid, and American-USAID). This allows us to synthesise the indicators of good
performance of the NGDO based on the study of the eligibility criteria of public donors. The research
concludes with the study of the efficiency following the Promethee Approach. Our results reveal
that 44.6% of the NGDOs (33 out of the 74 studied) operate inefficiently, compared to 29.7%, which
are efficient.

Keywords: non-governmental development organisation (NGDO); performance; indicators; coopera-
tion; donor; promethee

1. Introduction

In recent years, the economic crises and the publication in the media of dubious prac-
tices by Non-Governmental Development Organisations (NGDOs) have put organisations
dedicated to development cooperation in trouble. It is necessary to strengthen these non-
profit organisations with donors and with society in general. In addition, provide their
managers with tools that allow them to identify the areas in which they must act to improve
their results, making the most of their resources. Efficiency studies cover both needs: on
the one hand, they make it possible to identify which entities are the best performers,
legitimising them in relation to society, and, on the other hand, they give organisations a
vision for their operation and possible areas for improvement.

There are several studies dedicated to efficiency in NGDOs. However, the limitations
that third-sector entities present, mainly due to the absence of a benefit that serves as
an indicator and the use of peculiar resources, such as free donor financing, public and
private, or the use of volunteers, result in not having objective and agreed items to measure
efficiency. There is not even a doctrinal consensus on the very notion of efficiency in the
field of development cooperation, nor on what the outputs are or, the objectives that these
entities pursue.

This paper aims to study the efficiency in the development cooperation sector, define
the objectives and resources of the NGDOs, and find general indicators that allow verifying
to what extent the entities are achieving their goals and using their resources to be able to
apply them to an efficiency study.

The efficiency indicators are inferred from those used by public donors when they
select the NGDOs to receive funding, the so-called eligibility criteria published in different
norms and laws. Thus, efficiency is measured in this paper using the indicators collected in
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the eligibility criteria of three of the main cooperation agencies, the Spanish Agency for
International Development Cooperation (AECID), the European Agency (EuropeAid), and
the Agency for the United States for International Development (USAID).

It is a novel method of fixing identifiers because, up to now, in the studies analysed,
they were established either by the authors themselves or by means of surveys conducted
with NGDO personnel or agency technicians. Efficiency indicators are inferred from
those used by public donors when selecting NGDOs to receive funding, the so-called
eligibility criteria published in different regulations and laws in force. This concept is more
appropriate because it comes precisely from the perspective of the donor and therefore
determines its funding and possibilities for future projects.

A very important novelty of this research, which fills a gap in the literature on this
subject, is that we measure efficiency using the indicators included in the eligibility criteria
of three of the main cooperation agencies mentioned before. This is a novel method of
establishing identifiers, as until now, in the studies analysed, they were established either
by the authors themselves or by means of surveys of NGDO staff or agency technicians.
The fact that the indicators are obtained from donor regulations allows them to be more
general and objective than those traditionally used.

One of the first facts found in this study is the opacity surrounding the eligibility
criteria. The different criteria, the indicators used to corroborate compliance, and the
sources from which the donors extract the data to quantify the indicator are scattered across
different standards without establishing a clear relationship between them. The weights
are generally available for the criteria without disaggregating the weight of each indicator.

Given this opacity and in order to know if the indicators published by donors were
sufficient to determine the award of a public grant to a NGDO, a simulation of granting
public funding was applied. For this, the 74 NGDOs that in 2016 (up to 2018-2023) belonged
to the Spanish Coordinator were taken. With the donor variables, a study of the efficiency
of the coordinator’s NGDOs is carried out, using a technique that is an adaptation of the
Promethee multi-criteria method known as PROMETHEE Productivity Analysis (PPA)
developed by Ishizaka et al. (2017) to study the efficiency of UK universities. Our efficiency
study reveals that 44.6% of the NGDOs (33 out of the 74 studied) operate inefficiently,
compared to 29.7%, which are efficient.

We dedicate the following section to the literature review. The third section is ori-
entated towards inferring, from donor regulations, the efficiency indicators. For this, the
eligibility criteria of three public agencies are analysed: the Spanish Cooperation Agency
(AECID), the European Agency (EuropeAid), and the American Agency (USAID). For each
agency, the criteria, indicators, verification sources, and associated weights are extracted
and reported in its regulations. This study shows that the criteria related to the narrative of
the candidate project to be subsidised are, apparently, the most valued by donors, but a
pre-selection is deduced, the existence of an internal tide of criteria and indicators, which
donors do not specify.

The fourth section begins by combining the indicators established by the three donors,
analysed in the previous section, with the methodology of Promethee applied to the list
of organisations that have received the most public grants. The paper ends with the
conclusions of this research, taking into account the results obtained in the previous section,
including limitations of the paper and future research.

2. Literature Review

The first attempts to develop performance indicators for non-profit organisations were
based on the adaptation of those established for for-profit organisations. Despite doctrinal
efforts to reach a consensus, as early as 1998, Forbes (1998) showed how difficult it was to
find valid indicators, since measures such as profitability or return per shareholder, which
made it possible to evaluate the performance of for-profit organisations, were not easy to
translate to the non-profit world.
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Measuring the performance of third sector entities is subject to a series of limitations
already known in the academic literature. The absence of a benefit that serves as an
indicator, the search for rewards with qualitative and intangible features, the performance
of material and immaterial activities that are difficult to quantify, the existence of volunteer
staff, or the difficulty of measuring the impact of their actions mean that neither what
performance should be measured, nor the approach to measure it, nor the indicators to
use for it, nor even what is the justification for measuring that performance (Cordery and
Sinclair 2013; Moxham 2014; Bach-Mortensen and Montgomery 2018) is clarified. Adding
to these difficulties is the fact that there is a lack of official data on the third sector, especially
on NGDOs, due to the limitation of having to quantify their performance in third countries.
In addition, the strong dependence of NGDOs on donations and the need to present a good
image in order to continue to have the support of their funders, together with the lack of
economic experts within these entities, can lead to misreporting, an incorrect imputation of
accounting items that distort the operability of the data collected (Pérez Martin et al. 2012).

The limitations listed above mean that most of the published works approach the
study of the efficiency of third sector entities from a common approach (Lecy et al. 2012;
Cordery and Sinclair 2013; Mouchamps 2014), using various tools, all of them coming
from the for-profit sphere, so that their validity for the third sector is questioned, and with
indicators of achievement established subjectively by the authors of the study, generally
based on the data available to carry it out. In this sense, Mouchamps (2014) states that
traditional performance measurement tools (in his study he focused on three of them: the
balanced scorecard, the social return on investment, and the Global Reporting Initiative)
would need to be adapted in such a way to the peculiarities of the third sector that, if this
could be performed successfully, we would be faced with a completely new tool.

Among the studies dedicated to analysing the performance of NGDOs or the third
sector in general (excluding, therefore, those dedicated exclusively to social action or hu-
manitarian aid organisations), there are studies dedicated to analysing the efficiency of one
of the activities carried out by the organisations or of one aspect of their activity. Thus, Ribar
and Wilhelm (2002) analysed the efficiency in fundraising and in carrying out interventions
by American NGDOs, concluding that efficiency in one of the activities detracts from
efficiency in the other. Hernangémez Barahona et al. (2006) studied the objective pursued
by NGDOs from the point of view of satisfying the interests that stakeholders place in the
organisation and, based on this objective of creating value for participants, analysed the
efficiency of Spanish NGDOs. Garcia Cebridn and Cerbds (2007) studied the efficiency
of NGDOs in attracting resources; the results obtained showed that the influence of size,
measured by NGDO income, is very relevant in their efficiency and that the NGDOs that
specialise in public funds or private funds obtain better results.

Berber et al. (2011) studied the efficiency of fundraising and service provision in
non-profit organisations, taking as their objective the social benefit generated by these
organisations. In their study, they state that to date no rigorous method has been presented
to analyse the efficiency of non-profit organisations, with potential donors being satisfied
with analysing the ratio of funds raised to administrative expenses, concluding that there
are service provision costs that the organisations did not account for in order to improve
their image in the eyes of potential donors, which influenced the measurement of efficiency.

Martin Pérez et al. (2015) use DEA to study the efficiency of Spanish NGDOs’ devel-
opment interventions. They conclude that efficiency is to some extent independent of the
specific environment where the actions are implemented and depends, to a greater extent,
on the type of cooperation instrument through which the aid has been channelled. They
also conclude that the country results highlight the importance of focussing on smaller
areas of action.

Gélvez-Rodriguez et al. (2016) studied the efficiency of Colombian NGOs, focussing on
transparency as a means to legitimise these entities. They conclude that only 16.83% of the
organisations studied are efficient—those that employ the fewest workers and volunteers
and those that receive the least public funding. They also note a strong correlation between
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the transparency of the organisation, especially financial and performance transparency,
and its efficiency, with the influence of governance transparency and the profile of the
organisation on the organisation’s efficiency not being significant.

Ferreira et al. (2017) focus on the study of fundraising activity and how the quality
and quantity of fundraising can influence the performance of NGDOs. They conclude that
the greater the diversity of funders, the lower the dependence of NGDOs on their donors,
providing management autonomy that favours a better performance of the entity.

There are also studies dedicated to analysing the methodology used to study organ-
isational efficiency and the most appropriate indicators for this purpose. Kaplan (2001)
attempted to adapt the balanced scorecard of the for-profit sector to non-profit organisa-
tions. The same effort was made by Gonzélez Quintana and Molina (2008) for Spanish
organisations and Greiling (2010) for German third sector organisations. However, the
use of the balanced scorecard has not taken off in the non-profit sector (Retolaza 2010),
questioning whether the dimensions used to measure the performance of NGOs are ap-
propriate, due to the fact that they do not include the evaluation of the decision-making
process and due to the difficulty of evaluating the indicators established by the balanced
scorecard to measure the outputs obtained and the necessary inputs for this (Mouchamps
2014). Another criticism is that it tempts managers to set unambitious targets in order to be
able to publicise the success of their achievements (Bisbe and Barrubés 2012).

The tool commonly used by donors for the design and monitoring of interventions
is the logical framework approach, which has also been widely criticised for its rigidity,
to the extent that it has become a mere administrative procedure rather than a method of
planning by objectives (Sainz 2007; Cordery and Sinclair 2013).

Mouchamps, in 2014, made an attempt to find the most suitable tool for measuring the
performance of third sector organisations and came to the overwhelming conclusion that
“kitchen scales (tools designed for the for-profit sector) are being used to weigh elephants
(non-profit organisations)” and that specific systems need to be designed for the third sector.
However, there is an absence of studies examining how such systems should be developed
(Moxham 2014). Bach-Mortensen and Montgomery (2018) went as far as to state that
non-profit entities do not analyse their performance due to a lack of consistent guidelines
on how such an evaluation should be carried out, with what criteria and indicators.

As we have seen, there is no agreement on which tools, criteria, and indicators are
the most appropriate for analysing the good work of third-sector entities and, therefore, of
NGOs. However, it is recognised in the studies analysed (Medina Rey 2009), as well as by
the cooperation agencies themselves (Comision Europea 2016, USAID 2012; Resolution of
17 September 2013, of the Presidency of the Spanish Agency for International Development
Cooperation), that the regulations and indicators established by donors to manage and
choose the organisations to which they grant subsidies are rigorous and guarantee the good
work of these organisations. Taking this statement into account, that is, if the criteria used
by donors to select the NGDOs that will receive a grant are strict and guarantee the good
work of the chosen organisations, they could serve as indicators of the good work of these
entities and could give rise to indicators that are not only valid but also accepted for the
third sector. Consequently, by analysing donor eligibility criteria and the indicators used
by public donors to grant subsidies to some entities or others, it will be possible to obtain
performance indicators for NGDOs that will allow us to classify entities according to their
better or worse performance. We will devote the next section of this paper to this analysis.

3. Analysis of the Three Agencies

In this section, we establish a series of NGDO performance indicators based on the
study of the eligibility criteria of public donors. For this purpose, an analysis of the
regulations of three cooperation agencies has been carried out: the Spanish Agency for
International Development Cooperation (AECID), the European Agency (Europe-Aid), and
the United States Agency for International Development (USAID). This study has allowed
us to synthesise the indicators of good performance used by each one of the agencies. By
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comparing the criteria, indicators, requirements, weightings, and sources of verification
used by the three agencies, we will deduce which criteria and indicators can be used to
verify the internal performance of NGDOs. These common indicators will allow us to
demonstrate the performance of NGDOs to any public donor and, by extension, to the
stakeholders of these entities.

3.1. Analysis of the AECID’s Eligibility Criteria

From the analysis of the general regulatory framework to which AECID grants are
subject, it can be concluded that the eligibility criteria are defined in an imprecise and
unclear manner, scattered throughout the regulations, and without establishing precise
relationships between the criteria, the indicators used to verify compliance, and the sources
of verification used for each indicator.

In all the regulations, there is only one criterion relating to the entity’s performance,
which is to have a structure capable of sufficiently guaranteeing the fulfilment of its
objectives. However, the indicators used by the donor to analyse compliance with this
sufficiency criterion must be deduced from the sources of verification listed in article 7
(f) of Royal Decree 193/2015 (BOE 2015), regulating the prescriptive registration in the
AECID Register, as the agency requires the organisation chart of the organisation and
its delegations, the number of partners, the staff hired, and the number of volunteers
and development workers dedicated to activities related to international development
cooperation. In sections (g) and (h) of the same article, and without relating them directly
to any criteria, a certificate is requested accrediting the funds received from membership
fees, donations, and income generated by private fundraising activities that could finance
part of the entity’s activity, and the annual report corresponding to the last year of activity,
if any.

All the indicators listed, although not explicitly stated in the regulation, are clearly
related to the analysis of the material and human resources that the entity possesses and its
capacity to carry out the development actions it undertakes and can therefore be considered
indicators of the criterion of sufficient structure.

This lack of legislative clarity in establishing the indicators used to verify compliance
with the criterion of having a structure capable of sufficiently guaranteeing the fulfilment
of its objectives means that it is not possible to be sure exactly which are the real indicators
used by the agency to verify this sufficiency. It is not known whether it takes these data
in an absolute sense or whether it takes into account other indicators derived from them.
Nor does the legislation make explicit what requirements these indicators must meet in
order to consider that the entity has sufficient structure (a minimum number of partners,
staff, projects carried out, etc., a reference threshold that sets the boundary between a bad
and a good structure). It is known that the weight given by law to these requirements is
100%, as failure to meet the criterion of having a sufficient structure will result in refusal
of registration in the AECID Register. Therefore, to calculate the weight given to each
indicator of the criterion, this 100% is divided among all indicators (see Table 1).

In the general regulations, the rules governing subsidies according to the type of devel-
opment cooperation action (agreement, project, or action) establish four eligibility criteria,
three of which refer to the formulation of the specific intervention to be subsidised: the
quality and effectiveness of the aid, the complementarity of the project with the objectives
of Spanish cooperation and the quality of the formulation, viability and sustainability of
the proposed actions, and only one criterion referring to the internal functioning of the
NGDO, institutional solvency, which is weighted with 20% of the total of the four criteria.

Furthermore, it is pointed out that, in the case of bidding for project subsidies, bidding
NGDOs must have carried out at least five cooperation projects in the last eight years, which
is why a new criterion is identified: the entity’s previous experience, with the indicator
being the number of projects carried out with a formal weighting of 100%. In the case of
tenders for agreements, the NGDO is required to be qualified, a qualification requirement
to which we will refer later (article 5 Order AEC/2909/2011 (BOE 2011)).
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Table 1. Indicators from AECID’s general regulations.

Indicator Stage Weight Total Weight

Organisation chart AECID Registration 12.50%

Number of members AECID Registration 12.50%

Number of workers hired AECID Registration 12.50%

Number of volunteers AECID Registration 12.50%

100%

Number of development workers AECID Registration 12.50%

Volume of private funds received AECID Registration 12.50%

Volume of public donations received AECID Registration 12.50%

(|| U | QN

Annual report of activities AECID Registration 12.50%

Source: Own elaboration.

After analysing the general regulations, it remains to study the specific regulations
contained in the calls for proposals for each of the agency’s funding instruments. The
AECID annually calls for grants for the implementation of projects; every four years it calls
for agreements; and periodically calls for development cooperation actions.

Taking into account all the indicators established by the agency in the different funding
instruments analysed, for the institutional solvency criterion, the only one referring to
good internal functioning, the following indicators can be established: 1. having the
following published on the organisation’s website: activity reports, audited accounts, and
the composition of the governing bodies; 2. the number of employees according to the
entity’s funds; 3. indicators relating to sources of funding; 4. indicators referring to the
quality of justification of previous AECID subsidies; 5. the existence of rules of conduct for
employees; 6. the existence of mechanisms for processing complaints and suggestions; and
7. the alliances made.

In both calls for projects and agreements, the criterion of institutional solvency has a
weight for the AECID of 20% in the evaluation (article 9 of Order AEC/2909/2011 (BOE
2011)), but it is not known what specific weight the agency gives to each of the indicators
of this solvency, so for the purposes of this study;, it is considered that they all have the
same weight, i.e., each indicator listed counts 1/7 of the 20% (2.86%) corresponding to each
solvency indicator.

In addition, some of the indicators listed involve data that is not publicly available,
so the associated indicators 4, 5, 6, and 7 should not be taken into account. In summary,
Table 2 shows the indicators extracted from the reading of Order AEC/2909/2011 (BOE
2011) as well as the different resolutions calling for grants for the three AECID cooperation
instruments, except for the one referring to the required qualification.

Table 2. Indicators from Order AEC/2909/2011 (BOE 2011) and the resolutions on the call for
subsidies.

Indicator Stage Weight

10

11

Transparency

To have the activity report published on the website Scale of subsidies 0.95%

To have the annual accounts published on the website Scale of subsidies 0.95%

To have the details of the members of the governing bodies

published on the website Scale of subsidies 0.95%

12

Number of workers according to their funding Scale of subsidies 2.86%

13

Sources of funding

Scale of subsidies 2.86%

14

Partnerships made

Scale of subsidies 2.86%

Source: Own elaboration.
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The procedure to obtain the qualification is divided into two phases. In the first phase,
it is analysed whether the organisation verifies a series of general requirements; without
the accreditation of these requirements, it will not pass to the next phase and qualification
will be denied. The second phase involves subjecting the organisation to a quantitative and
qualitative assessment of its performance, giving each item analysed a certain score.

In order not to be exhaustive in listing all the indicators included in the resolution
regulating the rating of entities, Tables 3 and 4 list only those indicators included in the
assessment of the rating that are related to the internal functioning of the entity, leaving out
the formal indicators and those whose verification requires unpublished data. Nor are the
minimum compliance thresholds established by the agency to consider the indicator passed
taken into account, since, as they are established for large NGDOs, if these thresholds were
taken into account, they would cease to be valid as indicators of good performance for
medium-sized and small NGDOs.

Table 3. Indicators collected in the first qualification phase.

Indicator Stage Weight Total Weight

15 Years: in cooperation receiving public Minimum qualification requirements 12.50%

funding
16 Number of projects executed Minimum qualification requirements 12.50%
17 Volume of funds managed Minimum qualification requirements 12.50%
18 Audit of annual accounts Minimum qualification requirements 12.50% 100%
19 Volume of profits or losses Minimum qualification requirements 12.50%
20 Evolution of shareholders’ equity Minimum qualification requirements 12.50%
21 Number of staff hired Minimum qualification requirements 12.50%
22 SO.C fal base: Number of members and Minimum qualification requirements 12.50%

private donors.

Source: Own elaboration.

For the purposes of this research, in order to weight these indicators, and given that
the agency gives 100% weight to compliance with each of the associated requirements, it
will be considered that together they weigh 100% for the agency, so that each of them will
have a weight in this study of 1/8 of 100%, i.e., 12.5%.

Table 4. Indicators extracted from the quantitative and qualitative assessment of the AECID qualification.
. Weight .
Indicator Stage (Real of the Agency) Total Weight
23 Solvency Ratio Scale of 6.00%
qualification
Scale of 49.35/100
24 Average Workforce lificati 2.25% The rest of the indicators up to
quattication 100 points cannot be assessed due to
Temporariness Rate (average percentage of a lack of public data or because they
. Scale of o
25  permanent contracts with respect to the average P 2.00% are formal (for example, the number
qualification . . .
workforce). of women in managerial positions or
Average ratio of cooperating partners per project presence in priority countries for
26 (includes the AECID requirement: number of uiiiaf]iiaotifon 3.15% Spanish cooperation).
development workers in the field) q
27 Number of partners ch 12 O.f 3.00%
qualification
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Table 4. Cont.

Indicator

Stage

Weight
(Real of the Agency)

Total Weight

28

Number of volunteers

Includes the following AECID indicators:

(1) Number of volunteers (with a weight of

3 points out of 100) and (2) The organisation has
had volunteer personnel continuously for the last
five years and has complied with Law 6/1996
and Law 23/1998 (BOE 1998) (which is valued at
1.08 points out of 100).

Scale of
qualification

4.08%

29

Volume of funds earmarked for cooperation

Scale of
qualification

2.00%

30

Years of dedication of the NGDO to development
cooperation

Scale of
qualification

4.00%

31

Number of countries in which it is present

Scale of
qualification

2.00%

32

Publicity on the website of Strategic Planning.

It covers the following AECID requirements:

(1) The existence of a document setting out the
mission, vision, and values (scored 0.45 points
out of 100); (2) The publicity of this document
(scored 0.45 points out of 100); and (3) Staff,
including volunteers, are aware of the mission,
vision, and values (scored 0.45 points out of 100).

Scale of
qualification

4.05%

33

The names of the people who make up the board
of trustees or the board of directors are published
with a brief biographical sketch or curriculum
vitae on the website. It meets AECID
requirements: (1) The members of the governing
bodies are publicised (scored 0.9 points out of
100) and (2) The members of the governing bodies
are renewed (scored 0.45 points out of 100).

Scale of
qualification

1.35%

34

It has an updated website.

It includes the AECID indicators: (1) The NGDO
has an updated website (rated 1.5 points out of
100) and (2) There is a website that complies with
the provisions of Law 19/2013 (rated 2.475 points
out of 100).

Scale of
qualification

3.98%

35

Organisational chart and document that defines
the functions of each department and job
position.

Scale of
qualification

0.50%

36

Publication of the annual activity report on the
website.

This indicator includes the following AECID
indicators: (1) The governing body annually
monitors compliance with the objectives
established in the strategic planning (rated

0.9 points out of 100); (2) The entity’s activities
are in line with the vision and strategic plan
(rated 0.9 points out of 100); (3) There is a
document that includes the annual planning of
activities, approved by the governing body (rated
1.6 points out of 100); (4) The governing body is
aware of the degree of compliance with the
objectives of the annual planning (rated 1 point
out of 100); (5) The governing body is aware of
the degree of compliance with the objectives of
the annual planning (rated 1 point out of 100).
(rated 1.6 points out of 100); (6) The governing
body is aware of the degree of compliance with
the objectives of the annual planning (rated 1
point out of 100); and (7) The activities report is
sent annually to members and collaborators
(rated 0.9 points out of 100).

Scale of
qualification

5.30%

49.35/100
The rest of the indicators up to
100 points cannot be assessed due to
a lack of public data or because they
are formal (for example, the number
of women in managerial positions or
presence in priority countries for
Spanish cooperation).
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Table 4. Cont.

Indicator Stage (Real o‘évtel:fl‘:gency) Total Weight
Membership in networks and platforms.
This includes the following AECID indicators: (1)
The NGDO belongs to a specific Spanish platform Scale of
37  for Development Cooperation (rated 1.05 points lificati 2.10%
out of 100) and (2) The NGDO belongs to an quaihication
international platform and actively participates
(rated 1.05 points out of 100).
38  The website contains the investment policy. Sc'a %e O.f 0.90%
qualification
39 Profitor loss. Scale of 0.315%
qualification
The audit reports are published on the website. 49.35/100
It includes the following AECID indicators: (1) The rest of the indicators up to 100
The audit reports of the last three years do not points cannot be assessed due to a
reflect uncertainty regarding the continuity of the Scale of lack of public data or because they
40 activity (valued with 0.525 points out of 100), and alification 0.84% are formal (for example, the number
(2) In the last six years, the audit reports of the qualificatio of women in managerial positions or
annual accounts do not present the same presence in priority countries for
qualification on two or more occasions (valued Spanish cooperation).
with 0.315 points out of 100).
41 Evolution of equity qu‘igﬁ;‘;fm 0.315%
The annual accounts are published on the website. Scale of
42 Includes the AECID indicator: access to e 0.315%
. qualification
accounting records.
Percentage of public funding
This includes AECID’s requirement that in the Scale of
43 last five years, considered separately, more than caeo 0.90%
qualification

80% of income does not come from public
subsidies.

Source: Own elaboration.

Once the first phase has been completed, the agency carries out a quantitative and
qualitative assessment of the entity. The criteria and indicators extracted from the regula-
tions that can be verified with the published data are shown in Table 4. It should be noted
that those of the indicators established by the agency that are closely related to each other
have been grouped together in the same indicator, and that in other cases the wording of
the indicator has been adapted so that it can be verified with public data; these points are
indicated in Table 4.

Analysing all the indicators derived from the regulations that set out the AECID’s
eligibility criteria, the following conclusions can be drawn: Firstly, that there are repeated
indicators or indicators that value similar concepts, which have been grouped together in a
single indicator, adding the weighting given to each of them. Thus, for example, Table 5
shows how the number of workers is valued in indicators 3, 13, 22, and 25, which can be
grouped together in a single indicator, called average workforce, with a weighting that
is the result of the sum of the weights of each indicator grouped together. The average
workforce would be an indicator with a total weight of 30.11 percentage points out of
260.78 possible.

Secondly, it is concluded that the indicators can be summarised, by similarity, in four
criteria: experience, transparency and internal functioning, human resources, and financial
resources. Table 6 summarises the indicators extracted from the AECID’s eligibility criteria,
classified into criteria, and summarised under a single criterion for all indicators that are
similar. For each indicator, those to which it would correspond for the agency are indicated.
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Table 5. Grouping of indicators corresponding to the average workforce indicator.

Indicator Stage Weight

3 Number of workers employed. AECID Registration (2) 12.50%
12 Number of workers according to their funds Scale grant (4) 2.86%
21 Number of staff employed Minimum qualification requirements (3.2.1) 12.50%
24 Average number of staff Qualification scale (3.2.2) 2.25%
Average Workforce 30.11%

Source: Own elaboration.

Table 6. Aggregate indicators and standardised weights used by AECID.

Summary Indicator Indicators Total Weight Standardised Weight
Volume of funds managed 17 and 29 14.50% 5.50%
. Number of projects implemented 16 12.50% 5%
Experience
Number of countries in which it is present 31 2% 0.70%
Age of the NGDO 15 and 30 16.50% 6%
Publication of the organisation chart on the website 1and 34 13.16% 5%
Organisational chart and a document that defines 2 0.50% 0.20°
the functions of each department and job position. U e
Publication of the strategic planning on the website. 32 and 34 4.71% 2%
PubllFatlon of the annual activity report on the 8,9, 34 and 36 19.41% 750%
Trans d website.
parency an
performance Have the annual accounts and audit reports 10, 18, 34, 40 and 15.27% 6%
published on the website. 42 e ’
Having the names of the people who make up the
bo.ard gf trustges or the board of.dlrectors_ with a 11,33 and 34 2.96% 1%
brief biographical sketch or curriculum vitae
published on the website.
The website contains the investment policy. 34 and 38 1.56% 0.60%
Membership in networks and platforms. 14 and 37 4.96% 2%
Average workforce 3,12,21 and 24 30.11% 11.50%
Temporary staffing rate 25 2% 0.70%
Human Resources Number of volunteers 4 and 28 16.58% 6.50%
Number of development worl'<ers (average ratio of 5 and 26 15.65% 6%
development workers per project).
Social base: number of partners and private donors. 2,22 and 27 28.00% 11%
Volume of private funds received 6and 13 13.93% 5%
Volume of public donations received 7 and 13 13.93% 5%
Financial Resources Percentage of public funding 43 0.90% 0.30%
Solvency ratio (current assets/current liabilities) 23 6.00% 2.50%
Evolution of shareholders’ equity 20 and 41 12.82% 5%
Profit or loss 19 and 39 12.81% 5%
Total Weight 260.78% 100

Source: Own elaboration.

3.2. Analysis of the European Union’s Eligibility Criteria (Europe-Aid)

The European Union has been engaged in development cooperation since its creation
as the European Economic Community in 1957. EU development cooperation policy is
managed by the Commission’s Directorate-General for International Cooperation and
Development (DG DEVCO), which since 2015 has brought together the former Europe-Aid
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Cooperation Office (AIDCO, created in 2011) and the Directorate-General for Development
and Relations with ACP (African, Caribbean, and Pacific) States.!

The EU accompanies each call for proposals with a guide for applicants, which de-
scribes, among other things, the purpose of the call for proposals, the eligibility require-
ments for applicants, and the evaluation criteria for the selection of competing NGDOs
and the award of the grant. In general, in order to be eligible to tender for grants, the EU
requires NGDOs to meet certain requirements related to: (i) the nationality of the entities
(contracts are only concluded and grants awarded to entities from certain countries) or
(ii) to the origin of the goods they intend to purchase with EU funds. In addition, it asks
entities to provide a declaration of honour certifying that they have not committed any
irregularities in their previous operation. These irregularities have to do with bankruptcy
proceedings, fraud, corruption, or terrorist offences in previous contracts with the EU. All
these requirements cannot be considered indicators of good performance. In general, in or-
der to check the financial and operational capacity of NGDOs, the EU requires applicants to
be registered in the Potential Applicant Data On-Line Registration (PADOR). Organisations
wishing to obtain EU funds must provide PADOR with data on the organisation’s profile,
values, target population, sectorial and geographical experience, as well as financial data,
human resources, and the composition of the governing body. However, the regulations
do not make explicit to what extent and how these data are used (Europe-Aid Online
Registration Service 2008).

Once registered in PADOR, an evaluation committee carries out a first analysis of
the technical formulation of the project submitted by the NGDO to obtain the grant. In
this first analysis (called the analysis of the synthesis formulation), only aspects of the
project are rated according to criteria that are individually assessed on a scale of 1 to 5
(1 would be very poor compliance and 5 would be very satisfactory compliance). Only
the summary documents that have obtained a certain minimum total score will be taken
into account for pre-selection purposes. These criteria, as they refer to specific aspects
of the project submitted by the NGDO for the grant (relevance and design), do not pro-
vide information on the general functioning of the organisation but only on how it will
implement this particular project. Therefore, they cannot be considered as indicators of the
organisation’s performance.

After the pre-selection, in the next step, the EU reassesses, through the data provided
in a ‘complete” application form, aspects related to the specific action to be carried out. In
this step the goal is reassessing its relevance and also assessing its effectiveness, viability,
and sustainability, devoting a single criterion, to which it awards a weighting of 20 points
out of 100, to the assessment of the operational and financial capacity of the applicants.

The indicators established by the EU linked to this criterion and their weighting are
listed in Table 7. The scoring scale for each criterion ranges from 1 to 5, where 1 = very
poor; 2 = poor; 3 = acceptable; 4 = satisfactory; 5 = very satisfactory. The NGDO must
score a minimum of 12 points on this criterion to pass the selection. The description of
the indicators is ambiguous as terms such as “sufficient experience”, “sufficient capacity”,
or “sufficient sources of funding” are used, so the final score given to each indicator will
depend on the experts.

After the evaluation of the financial and operational capacity, the NGDOs will be
analysed by the evaluation committee by comparing the data declared to PADOR with
the information contained in the statutes of the entity. These statutes include the financial
reports, the audit report of the last year available, a legal entity form (showing the legal
form of the entity and its personal data), a financial entity form (showing the bank in which
the grant will be deposited), and a declaration of the entity stating that it has the means to
carry out the action and commits itself to do so.

In no case does the EU provide information on the indicators and the requirements
associated with them that serve as a basis for the assessment of NGDOs. It is not possible
to know on what basis the EU finally decides which organisations to subsidise out of all

those that have passed the previous stages analysed.>
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Table 7. Indicators for the financial and operational capacity criterion of the EU full application form.

Section Maximun Score
1. Financial and operational capacity 20
1.1 Do the applicants and, if applicable, their affiliated entities have sufficient project management 5
experience?
1.2 Do the applicants and, if applicable, their affiliated entities have sufficient technical expertise? (in 5
particular, knowledge of the issues to be addressed)?
1.3 Do the applicants and, if applicable, their affiliated entities have sufficient management capacity (in 5
particular staff, equipment, and capacity to manage the budget of the action)?
1.4 Does the lead applicant have stable and sufficient sources of funding? 5

Source: Assessment table of the completed application form. (Comision Europea 2016).

The analysis of the data requested by the EU has made it possible to identify possible
indicators that have been classified into four criteria (see Table 8). As the financial and
operational capacity criterion has a weighting of 20% for the EU in the subsidy scale, it
has been divided among all the indicators identified in this study, giving them all the
same weighting.

Table 8. Indicators derived from the EU’s financial and operational capacity criterion.

Criterion Indicator Weight Standardised Weight
Number of projects carried out 1.67% 8.5%
Project mapagement Number of countries in which it operates 1.67% 8.5%
experience
Volume of funds implemented 1.67% 8.5%
Number of sectors in which the NGDO operates 2.50% 12.5%
Technical expertise
Years of experience 2.50% 12.5%
Number of staff at headquarters/average 1.05% 6%
number of staff
Management capacity Number of development worl.<ers /ratio of 1.05% 6%
development workers per project.
Average number of volunteers 1.25% 6%
Volume of non-current assets 1.25% 6%
Number of private donors 1.67% 8.5%
Stable and sufflg ent SOUrces  Number of public donors 1.67% 8.5%
of funding
Percentage of public funding 1.67% 8.5%
Total Weight 20 100

Source: Own elaboration.

3.3. Analysis of USAID Eligibility Criteria

The United States regulates the awarding of development cooperation grants in the
Foreign Assistance Act of 1961 and in Regulation 2 CFR 200: Uniform Administrative
Requirements, Cost Principles, and Audit Requirements for Federal Awards (U.S. Gov-
ernment Publishing Office [GPO], n.d.). USAID, as the agency in charge of US foreign
policy in the area of development cooperation, works under a series of rules, directives,
encompassed in a system called ADS (Automated Directives System).

When USAID issues a Notices of Funding Opportunity (NOFO), any NGDO that
wants to apply for a USAID grant must have a DUNS (Data Universal Numbering System)
number, which identifies the organisation. It also must have a NATO Commercial and
Government Entity Code (N Cage) and be registered in the United States Government
Grants Management System (SAM) (US Federal Register of Contractors, USFCR 2020).
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Obtaining the DUNS and (N) Cage does not require any additional requirements other
than providing the organisation’s identification data.

Registration with SAM also involves providing information on the organisation’s age,
fiscal year-end date, total revenues for the last three years, number of employees for the
last year, compliance with environmental laws, tax obligations, and federal antitrust and
corruption laws (affecting the organisation’s officers and directors). These include that the
organisation’s representatives and officers must not be debarred from working with the fed-
eral government or have been convicted of antitrust violations, compliance with previous
contracts with the US government, declaration of non-procurement of goods and services
from countries that do not guarantee labour rights or have restricted foreign policies®, and
compliance with US laws on non-discrimination on the basis of race, sex, religion, colour,
sexual orientation, or national origin. Upon registration with SAM, organisations seeking
to receive a USAID grant must sign a declaration of honour* certifying compliance with
certain legal and ethical obligations.

Once these pre-requisites for registration have been met, USAID subjects the eligibility
of organisations to a four-stage screening process.

The first phase consists of passing general criteria, usually related to the NGDO'’s
experience, resources, and compliance with US legislation. The second phase involves the
fulfilment of the criteria set out in the specific call for proposals for a grant. These usually
refer to the applicant organisation’s previous experience both sectorially and geographically,
taking as indicators the number of successful actions previously carried out in the same
sector and the number of years working in the country. Once the two previous phases have
been completed, USAID submits the NGDO to an initial review. The criteria for passing
this initial evaluation are established in each call for proposals, although, in general, they
are in line with those listed in Table 9.

Table 9. USAID Initial Review Assessment Criteria.

Technical Aspects (65 points)

Creative solutions for the priority intervention areas (30%)

Coherent implementation plan and likelihood of implementation within the proposed
timeframe (13%)

Describe any potential risks of the proposed activity to (i) the health and safety of participants and
beneficiaries, or to (ii) the environment and local ecosystems; and detail risk mitigation plans (2%)

Proposed monitoring and evaluation factors as indicators to measure programme impacts (10%)

Strategy for capturing knowledge and sharing lessons learnt (10%)

Management and institutional capacity (35 points)

Human resources (staff, partners, and/or consultants) to implement all project components,
including technical, administrative, financial, and monitoring and evaluation. (25%)

Previous performance experience of the applicant in similar project activities (10%)
Source: USAID (2018).

USAID does not establish the specific indicators that will be studied to verify com-
pliance with each of the criteria, nor the weight to be given to each indicator. Thus, for
example, one of the criteria that appears is previous experience in activities similar to those
of the project with a weight of 10%. The fact is that it does not say whether experience
will be measured by the number of projects previously carried out in the same sector, by
the number of projects carried out in the same country, or whether other indicators will
be taken into account. Nor does it indicate what the requirements are for each indicator
to be considered positive or what weight each indicator has when assessing the criterion
in question if there is more than one indicator to check the same criterion. Furthermore,
USAID gives the scale with the weights associated with each criterion but does not establish
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the minimum score to be achieved in order to pass this preliminary phase. The only thing
it adds is that the applicant will be informed in writing after the initial review.

In relation to the criteria set out in Table 9, those referring to the technical approach of
the project (technical aspects) will not be taken into account in this study. The reason is that
they are criteria related to a specific project in time and therefore represent a declaration of
intent, but do not demonstrate the real functioning of the entity.

The criteria set out in the management and organisational analysis (management and
institutional capacity) are considered, but their indicators are not provided by the agency.
It is known that the data on which the decision is based are contained in SAM and in the
documents requested from the entity. In consequence, the analysis of previous experience
will be based on the data on the seniority of the organisation contained in SAM and on the
applicant’s performance history. It is not possible to know from the data in the performance
history, which specific indicators are used to verify this experience, which has a weighting
of 10% in the grant analysed. In this work, two indicators are considered: the length of
service of the organisation and the number of projects previously carried out, both with a
weight of 5% each (see Table 10).

Table 10. Indicators derived from the USAID targeting phases.

Phase Criterion Indicators Weight Total Weight

Experience Age of the NGDO 33.33%

1. To work with USAID Human resources Number of employees 33.33% 100%
Financial resources Income in the last three years 33.33%
2. As required by the ) Number of countries in which it operates 50.00%

Experience - 100%
call for proposals Number of projects carried out 50.00%
Age of the NGDO 5.00%

. . Experience o

3. Initial review Number of projects carried out 5.00% 35%

Human resources Number of employees in the last year 25.00%

Source: Own elaboration.

To check human resources, USAID uses the indicator number of employees in the
last year. Although, as the criterion is worded, human resources—staff, partners, and/or
consultants—to implement all project components, including technical, administrative,
financial, and monitoring and evaluation, seems to only analyse human resources. Con-
sidering that total income for the last three years is also requested (in SAM) and that
audit reports are required (in the grant application), it is concluded that the analysis also
covers financial resources. However, it is not known what data is analysed from these
documents and therefore which indicators are associated with this requirement, so we will
only consider the USAID explicit indicator of the number of people employed in the last
year, with an associated weight of 25% (see Table 10).

If the NGDO passes the initial assessment and the three previous phases, it will go on
to a new, more detailed analysis of its capacity, generally by means of a “pre-assessment
survey” (NUPAS—Non-U.S. Organisation Pre-Award Survey). The NUPAS involves the
analysis and evaluation, by a group of experts appointed by the agency, of 29 criteria,
classified into six categories or blocks of equal weight, i.e., each of the blocks has a weight
of 1/6 of the total score.

To verify compliance, each criterion may have one or more indicators, which will
be evaluated according to a scale ranging from a score of 1 (inadequate compliance) to 4
(strong compliance). The score of the corresponding criterion is calculated as the average
of the score obtained for each indicator. The block score is calculated as the average of the
scores for each criterion and the overall score, the score obtained by the organisation, as the
average of the scores in each of the 6 blocks. Depending on the score obtained, the experts
conducting the evaluation will issue an audit report with three possible results: (1) totally
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positive, the organisation is eligible to receive a grant; (2) positive, but with caveats, the
organisation has operational deficiencies in certain aspects that USAID considers key and
must be corrected to be eligible; and (3) negative, the organisation does not meet the
minimum operational requirements to ensure proper management of USAID funds and
the implementation of the activities to be funded. It is not known what average score the
organisation must obtain for the report to be of one type or the other.

It should be noted that the NUPAS in some cases specifies the indicators of the criterion (for
example, the solvency ratio as an indicator of the absorption capacity criterion), but in several
cases, compliance with the criterion or the associated indicator is defined generically, using
as a source of verification the observation by a group of experts of the organisation’s internal
procedures. This is completed without specifying which variables are used by the group of
experts or what must be included in these procedures for the indicator to be considered positive.
Table 11 shows those indicators specified by the NUPAS, taking into account that those that the
experts verify by means of data collected through observation have not been considered.

Table 11. USAID eligibility criteria, indicators, and weights.

Phase Criterion Indicators Weight Total Weight

Experience Age of the ONGD 33.33%

{Istilvlgork with Human resources Number of employees 33.33% 100%
Financial resources Revenues in the last three years 33.33%
2. As required by the . Number of countries in which it operates 50.00%

i i Experience 100%
call for proposals Number of projects carried out 50.00%
. Age of the ONGD 5.00%

. . Experience

3. Initial review Number of projects carried out 5.00% 35%

Human resources Number of employees in the last year 25.00%

The organisation chart of the organisation can be

o
found on its website 1.67%
1.3 Organisational structure
The organisation chart shows the lines of 1.67°%
authority, responsibility, and communication. e
1.4 Governance Disclosure of data and transparency 3.33%
The statutes are available on the organisation’s o
. 1.67%
website
1.5 Internal Control The statutes contain the functions of the board, a
term limit for board members, and a system for 1.67%
4 NUPAS the renewal of board members. 26.42%
2.9 Financial resource management . .
512 Audit and review of financial Annual accqunts and audit reports are published 2.60%
on the website.
statements
. Number of public donors 0.64%
2.10 Sources of funding
Number of private donors 0.64%
The organisation chart of the organisation is 210%
published on the website. e
4.1 Human resources policy
The organisation chart shows the functions of 210°
each department and employee. e
6.1 Treasury management Solvency ratio 8.33%

Source: Own elaboration.

Having analysed the criteria, indicators, requirements, weightings, and sources of
verification used by the Spanish, European, and American agencies, in the following section
we will deduce, by comparing them, which criteria and indicators can be used to verify the
internal performance of NGDOs.
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3.4. Choice of Criteria and Indicators to Study the Good Performance of NGDOs

Having analysed the eligibility criteria of the Spanish, European, and American
agencies, it only remains to deduce, by comparison, which criteria are used to verify the
good internal performance of the entities, the indicators and requirements associated with
them, and the weights of these indicators.

The indicators obtained from the three donors analysed and the standardised weights
calculated for each indicator (Tables 6, 8 and 11) have been summarised in a single Table 12.
The weights of each agency for each indicator have been rounded, and the indicators not
covered by the different agencies are listed as not applicable (N.A.).

From the study carried out in the previous section, we conclude that the criteria most
frequently used by donors are four: (1) experience; (2) transparency and internal organisa-
tion or functioning; (3) human resources; and (4) resources and financial management. We
now classify these indicators into the criteria listed above, establishing for each of them
its realisation value or ideal value from the donor’s point of view, in accordance with the
regulations analysed in the previous section.

The first criterion is that of experience, collected by the agencies by means of the
following indicators: 1. number of projects carried out previously; 2. length of service of
the NGDO, which includes indicators related to the number of years the organisation has
been involved in cooperation; 3. volume of funds managed; and 4. number of countries in
which it operates.

For donors, experience is a criterion to be maximised, awarding more points in the
grant access scales to those organisations that offer higher numbers in different criteria.
These are the number of projects executed, volume of funds managed, countries in which
they operate, or the organisation’s seniority, which is logical, as the greater the experience,
the better the internal functioning of the organisation due to the lessons learnt.

The second criterion is transparency and internal organisation. The assessment of
the internal functioning of the organisation is usually exhaustive by the three donors
analysed. From the point of view of transparency, the Spanish and American agencies
assess whether the entity has a website or electronic headquarters. In the Spanish case, it is
also made explicit that in order for the entity to be considered transparent, the webpage
must include “activity reports, audited accounts, the composition of its governing bodies
and technical teams” (AECID 2019, article 11.2). In the case of USAID, it only refers to
transparency within the criterion “governance and practice of good corporate governance”,
assessing “disclosure of data and transparency” but without defining what this consists of
(NUPAS n.d.).

On the other hand, if only the documents used by the three donors are taken into
account to analyse the internal functioning of the organisation, without considering those
that are used by a specific donor (such as the investment policy requested by AECID-
AECID 2017-), it can be deduced that the internal functioning is based on the analysis of
different documents. These are the statutes (where it is also possible to assess whether the
organisation has the functions of the board members, a procedure for the renewal of these
members, and a term limit), the strategic planning (which also includes the organisation’s
mission, vision, and values), the activities report (which also allows us to know whether the
actions carried out and the annual planning are monitored), the organisation chart (which,
if complete, will also allow us to know whether the organisation’s lines of responsibility,
authority, and communication are delimited), the annual accounts, and the audit reports.

For donors, transparency and internal functioning is a maximisation criterion, with
higher scores being awarded to those NGDOs that achieve higher scores on these indicators.

The third criterion covers human resources. Human resources are considered to be
those people who work for the organisation, with or without an employment contract.
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Table 12. Comparison of AECID, Europe-Aid, and USAID Eligibility Indicators.

Indicator Aecid Europe-Aid Usaid
Weight Weight Weight
Volume of funds managed 5.5% 8.5% N.A.
No. of projects implemented 5% 8.5% 21%
Number of countries in which it is present 0.7% 8.5% 19%
Number of sectors in which the NGDO is active N.A. 12.5% N.A.
Age of the NGDO 6% 12.5% 14.5%
Publication of the organisation chart on the website. 5% N.A. 2%
Thev qrganisation chart delimits the functions of each department and job 0.2% NA. 20,
position.
Publication of the annual report of activities on the website. 7.5% N.A.
The annual accounts and audit reports are published on the website. 6% N.A. 1%
The names of the people who make up the board of trustees or the board of
directors with a brief biographical sketch or curriculum vitae are published 1% N.A. N.A.
on the website.
The statutes are published on the organisation’s website. N.A. N.A. 1%
The statutes contain the functions of the board, a term limit for board
members, and a procedure for their appointment and dismissal. N.A. N.A. 1%
Membership in networks and platforms.
Membership in networks and platforms. 2% N.A. N.A.
Number of employees/average workforce 11.5% 6% 22%
Temporariness rate 0.7% N.A. N.A.
Number of volunteers 6.5% 6% N.A.
Number of development workers/average ratio of development workers o o
per project 6% 6% N.A.
Publicity on the website of strategic planning. 2% N.A. N.A.
The website includes the investment policy. 0.6% N.A. N.A.
Social base: number of partners and private donors. 11% 8.5% 0.25%
Number of public donors 8.5% 0.25%
Volume of private funds received 5% N.A. N.A.
Volume of public donations received 5% N.A. N.A.
Percentage of public funding 0.3% 8.5% N.A.
Solvency ratio (current assets/current liabilities) 2.5% N.A. 3%
Development of shareholders’ equity 5% N.A. N.A.
Volume of non-current assets N.A. 6% N.A.
Income in the last three years N.A. N.A. 13%
Profit or loss. 5% N.A. N.A.
100% 100% 100%

Source: Own elaboration.

Another indicator that is considered interesting and which is only assessed by the
AECID is the temporality rate, calculated, as defined by the AECID (2017), as a percentage
of permanent contracts over the total staff. However, this definition does not correspond to
that usually used in academic literature or by official® bodies, which define the temporality
rate as the ratio of temporary contracts over the total. This rate makes it possible to evaluate
whether the organisation has a stable workforce retaining their learning and experience and
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also assesses whether the staff turnover is low, which can denote good staff management
(good training, good remuneration, transparency in decisions, etc.).

The last criterion is financial resources. As with the criterion of transparency and
internal organisation, the organisation’s financial resources are assessed by donors using
indicators and requirements that are not clearly publicised. For this, there is a group of
people who are experts for the donor who analyse the organisation’s policies, internal
functioning, and financial documents by observation.

However, from the comparison of the three agencies analysed, it can be deduced that
the most important thing for the donor is to verify the existence of sufficient resources in
the organisation to carry out the subsidised project and the stability of the organisation’s
financial resources.

Table 13 lists the indicators that have been deduced to analyse the performance of
the institutions. We indicate whether for this group it is an indicator to be maximised or
minimised, the indicators that have been discarded, the weights attributed to each indicator
by each agency, and the total weight that this indicator has for the donors. Indicators not
considered by the different agencies are shown as not applicable (NA).

The indicators discarded are due to the fact that only one donor has taken them into
account. The reason is that they are not considered to be an effective indicator for analysing
the performance of the entities, such as the publication of the investment policy on its
website, the number of sectors in which the NGDO operates, or the number of networks to
which it belongs.

As far as profits are concerned, in a non-profit sector, not making profits is not consid-
ered a factor to be taken into account when analysing efficiency. The distribution of profits
is limited by law (Article 3 of Law 49/2002 of 23 December 2002 on the tax regime for
non-profit organisations and tax incentives for patronage), so that making a profit cannot
be the reason for collaborating with the organisation or the objective expected of it.

Table 13. Criteria, indicators, and eligibility weights for public donors.

Europe- . .
AECID Usaid Total Normalised
Summary Indicator Max/Min . Aid . . .
Weight Weight Weight Weight Weight
No. of projects implemented 5.0% 8.5% 21.0% 35% 13.0%
Age of the NGDO 6.0% 12.5% 14.5% 33% 12.0%
Experience Volume of funds managed Max. 5.5% 8.0% N.A. 14% 5.0%
Number of countries in which it is present 0.7% 8.5% 19.0% 28% 10.0%
Number of employees/average staff 11.5% 6.0% 22.0% 40% 14.5%
Number of volunteers 6.5% 6.0% N.A. 13% 5.0%
Human Max
Resources Nu'mber of development workers/ average 6.0% 6.0% NA. 129% 40%
ratio of development workers per project
Temporary staff ratio 0.7% N.A. N.A. 1% 0.3%
Social base: number of partners and private Max 11.0% 8.5% 0.25% 20% 7.0%
donors.
Number of public donors Max. N.A. 8.5% 0.25% 9% 3.0%
. . Volume of private funds received Max 5.0% N.A. 11.5% 4.0%
Financial 13.0%
Resoruces Volume of public donations received Max 5.0% N.A. 11.5% 4.0%
Percentage of public funding Min. 0.30% 8.5% 9% 3.0%
S'ol\{e.n.cy ratio (current assets / current Max 25% NA. 3.0% 6% 2.0%
liabilities)
Development of own funds Max. 5.0% N.A. N.A. 5% 2.0%

Source: Own elaboration.
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Table 13. Cont.

Europe- . s
. . AECID . Usaid Total Normalised
Summary Indicator Max/Min . Aid . . .
Weight Weight Weight Weight Weight
To have on the website the
Details of names of the people who
members of make up the Board of
overnin Trustees or the Board of 1.0% N.A. N.A. 1% 0.4%
Eoéies & Directors with a brief
biographical sketch or
curriculum vitae.
The statutes are available
on the website of the N.A. N.A. 1.0% 1% 0.4%
organisation.
The statutes include the
Statutes functions of the board, a
term limit for its members, N.A. N.A. 1.0% 1% 0.4%
Transparency and a procedure for their
and Internal appointment and Max.
Functioning dismissal.
The organisation chart is o N o o
available on the website. 5.0% N-A. 2.0% 7% 2.5%
Organisation —
chart The organisation chart
delimits the functions of 0.20% N.A. 2.0% 2% 1.0%
each department and job.
Strategic Strategic planning is o o o
planning published on the website 2:0% N-A. N-A. 2% 1.0%
Annual Publication of the annual
report of activity report on the 7.5% N.A. N.A. 8% 3.0%
activities website.
Annual The annual accounts and
accounts and  audit reports are 6.0% N.A. 1.0% 7% 2.5%
audit reports  published on the website.
Total Weights Assumed 92.4% 81.0% 100% 273.4% 100%
Indicators not considered: N.A. N.A. N.A.
Membership in networks and platforms. 2.0% N.A. N.A.
Number of sectors in which the NGDO operates. N.A. 12.5% N.A.
The website contains the investment policy. 0.60% N.A. N.A.
Volume of non-current assets. N.A. 6.0% N.A.
Profit or loss. 5.0% N.A. N.A.
Weights Indicators Discarded 7.60% 18.50% 0.00%
Total 100% 100% 100%

Source: Own elaboration.

4. Empirical Results: Promethee Approach

The efficiency of the 74 NGDOs that form part of the State NGDO Coordinating
Committee is analysed using the indicators obtained from the donor eligibility criteria
listed in previous tables. The data were obtained from those published by the Coordinating
Committee in its recent sector report (Coordinadora de ONG para el Desarrollo-Espana
2017), from the reports that NGDOs send to the Coordinating Committee and that the
latter publishes on its website (Coordinadora de ONGD-Esparia), and from the data on
the website of each of the NGDOs in the sample. For the application of the method, the
free software Visual Promethee 1.4 Academic Edition (available at http://www.promethee-
gaia.net/software.html; accessed on 2 June 2019) will be used. The steps are as follows:
(i) Configuration of the multi-criteria decision matrix; (ii) The different alternatives (the
74 NGDOs) and the indicators (listed in previous tables) that will be used to determine the
efficiency of each NGDO, their values and weights, are loaded into the programme. Each
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indicator is assigned its unit of measurement, and it is indicated whether it is an indicator
to be maximised (the higher the indicator, the higher the value) or minimised (the lower
the value, the higher the value); (iii) Two groups are created, the outputs (represented in
the study by a green circle) and the inputs (represented in the study by a blue square),
classifying each indicator in the corresponding group. Table 14 shows the NGDOs ranked
according to their efficiency and the grants (in euros per project -€/pyto-) they have received
from Spanish public donors during the analysed period, obtained from the BDNS. It also
shows the order of the NGDOs from the highest to the lowest volume of grants received
(in €/per project).

Table 14. Net flows of inputs and outputs.

Effectives Efficients Frugals Inefficients
NGDO Input()\(/)irtual Outpu(ty‘)/irtual Inputs + Inputs — Inputs — Inputs +
Outputs + Outputs + Outputs — Outputs —

AV 0.4095 0.0382 YES

ANC 0.3442 0.1354 YES

CERAI 0.0086 0.0044 YES

CIDEAL 0.0544 0.0651 YES

JCONGD 0.2182 0.1554 YES

PROYDE 0.1066 0.3573 YES

SED 0.022 0.2273 YES

ACF-E —0.7159 0.2991 YES
ALBOAN —0.3279 0.3587 YES
ACPP —0.2406 0.3075 YES
EP/HE —0.143 0.0712 YES
AeA —0.5735 0.4165 YES
g:‘;;tgzla —0.355 0.6684 YES
CESAL —0.2384 0.3481 YES
CODESPA —0.1606 0.2432 YES
CRE. —0.7549 0.625 YES
Educo —0.415 0.3104 YES
FM —0.3557 0.1264 YES
ANESVAD —0.1943 0.4966 YES
EC —0.4578 0.3609 YES
InteRed —0.2624 0.0754 YES
JYD —0.0233 0.2878 YES
Manos Unidas —0.6079 0.6531 YES
MdM —0.5899 0.2372 YES
FAMME —0.5416 0.5424 YES
MPDL —0.3521 0.3004 YES
Mundubat —0.1355 0.0701 YES
gﬁﬂm ~0.882 0.6327 YES
SC —0.6777 0.3603 YES

69



J. Risk Financial Manag. 2024, 17, 382

Table 14. Cont.

Effectives Efficients Frugals Inefficients
NGDO Inputo\(/)irtual Outpu(ty\)lirtual Inputs + Inputs — Inputs — Inputs +
Outputs + Outputs + Outputs — Outputs —

ADRA —0.1991 —0.1411 YES

APS —0.4853 —0.0641 YES

AdTE —0.0545 —0.119 YES

ASF —0.1696 —0.2238 YES

TdhE —0.0393 —0.2148 YES

H+D —0.0917 —0.0191 YES

MZzC —0.1097 —0.1116 YES

ONGAWA —0.2461 -0.071 YES

PcD —0.0174 —0.1095 YES

f if;nacioml ~0.5075 ~0.0716 YES

SETEM —0.3336 —0.1425 YES

VSF —0.1131 —0.0391 YES

AIDA 0.2014 —0.0432 YES
AIETI 0.2233 —0.0669 YES
AMREF 0.3131 —0.1551 YES
FONTILLES 0.0419 —0.0229 YES
CGJp 0.6827 —0.1343 YES
COOPERACCIO 0.2602 —0.1363 YES
CIONG 0.0182 —0.1793 YES
Esf 0.0654 —0.4028 YES
g]IiIFICANDO 0.6391 —0.1452 YES
FAD 0.311 —0.2141 YES
ESEE. 0.3886 —0.0383 YES
FERE-CECA 0.3224 —0.1347 YES
FISC 0.1483 —0.4785 YES
i‘;‘;iadén 0.2722 ~0.149 YES
FEA 0.4434 —0.4297 YES
FRS 0.3022 —0.3876 YES
FDV 0.3992 —0.1798

FIE CIPIE 0.4898 —0.1718 YES
Madreselva 0.3852 —0.256 YES
Mainel 0.3572 —0.2376 YES
FUDEN 0.2768 —0.1634 YES
FIM 0.358 —0.5621 YES
PROCLADE 0.1331 —0.0536 YES
g;ggl"dén 0.2568 ~0.0399 YES
IA 0.3279 —0.5557 YES
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Table 14. Cont.

Effectives Efficients Frugals Inefficients
NGDO Inputo\(/)irtual Outpu(ty\)lirtual Inputs + Inputs — Inputs — Inputs +

Outputs + Outputs + Outputs — Outputs —
ISCOD 0.2179 —0.2432 YES
FMDLP 0.2931 —0.1467 YES
O.C. ASHA. 0.4616 —0.0606 YES
PROSALUS 0.164 —0.1421 YES
PS 0.2603 —0.3319 YES
PPHH 0.6182 —0.4967 YES
Rescate 0.0663 —0.1403 YES
SOTERMUN 0.5095 —0.5484 YES
Total 7 22 12 33

Source: Own Elaboration Form Visual PROMETHEE 1.4 Academic Edition.

Taking the data to a spreadsheet and drawing a Cartesian plane where the virtual input
is represented on the abscissa axis and the virtual output on the ordinate axis, Figure A1l
(Appendix A) is obtained.

The efficient frontier has also been represented by joining the NGDOs that occupy
the best position (Oxfam Intermén, Manos Unidas, and Céritas Espanola), those with the
highest net flow of output, given their inputs, or the lowest net flow of inputs given their
outputs. It is important to take into account that we are working under the assumption
that any positive convex linear combination of efficient NGDOs also belongs to the frontier,
so the efficient frontier will be the one represented in Figure A1l by the blue line.

The virtue of the graphical representation is that it allows, in an intuitive way, to know
what position each entity occupies, which entities are closer to it, and what is the distance
that separates it from the frontier. Moreover, it also shows in which direction (if the frontier
is closer to it by increasing the outputs, as would be the case of FAMME, or by decreasing
the inputs, as would be the case of ACF-E).

By means of the graphical representation, NGDO managers can have a clear vision
of which variables (inputs or outputs) they must act on to improve their position, and, by
analysing the functioning of the NGDOs located closer to the frontier, they can approach
the decisions to be taken to improve the results obtained with their management (Figure A1
in the Appendix A).

The results obtained show that 44.6% of the NGDOs (33 out of the 74 studied) operate
inefficiently, compared to 29.7%, which are efficient. Moreover, 9.5% of the entities operate
effectively, achieving their objectives, but at the cost of wasting resources, and 16.2% manage
their resources well but do not manage to satisfy the interests of all their participants, taken
as the objectives of the NGDOs in this work.

Considering only the achievement of objectives (efficient and effective entities), 39.2%
of NGDO:s are efficient on the output side. On the input side, 45.9% of the NGDOs have
better management of their resources (efficient and frugal).

5. Conclusions

This paper aims to study the efficiency in the development cooperation sector, define
the objectives and resources of the NGDOs, and find general indicators that allow verifying
to what extent the entities are achieving their goals and using their resources to be able to
apply them to an efficiency study.

The efficiency indicators are inferred from those used by public donors when they
select the NGDOs to receive funding, the so-called eligibility criteria published in different
norms and laws. Thus, efficiency is measured in this paper using the indicators collected
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in the eligibility criteria of three of the main cooperation agencies: AECID, EuropeAid,
and USAID.

Given this opacity and in order to know if the indicators published by donors were
sufficient to determine the award of a public grant to a NGDO, a simulation of granting
public funding was applied. For this, the 74 NGDOs that in 2016 (up to 2018-2023) belonged
to the Spanish Coordinator were taken. With the donor variables, a study of the efficiency
of the coordinator “s NGDOs is carried out, using a technique that is an adaptation of the
Promethee multi-criteria method known as PROMETHEE Productivity Analysis (PPA).

Our efficiency study reveals that 44.6% of the NGDOs (33 out of the 74 studied)
operate inefficiently, compared to 29.7%, which are efficient. Moreover, 9.5% of the entities
operate effectively, achieving their objectives, but at the cost of wasting resources, and
16.2% manage their resources well but do not manage to satisfy the interests of all their
participants, taken as the objectives of the NGDOs in this work. Considering only the
achievement of objectives (efficient and effective entities), 39.2% of NGDOs are efficient on
the output side. On the input side, 45.9% of the NGDOs have better management of their
resources (efficient and frugal).

Our results are important for academics, donors, and managers of these types of
organisations because they must be efficient in the use of the money they receive. Our
research has theoretical and practical implications. The different criteria, the indicators
used to corroborate their fulfilment, and the sources from which donors draw the data to
quantify the indicator are scattered across different standards without establishing a clear
relationship between them. The weightings are provided in a general way for the criteria
without disaggregating the weight of each indicator. The measure of compliance with the
indicators is established in an imprecise manner with terms such as ‘sufficient” or ‘adequate’,
with a group of experts, appointed by the donor itself, subjectively assessing it by analysing
the data provided by the entities or directly observing their functioning. Observation
makes up for the absence of concrete, measurable, and measurable objective criteria.

Therefore, in this research and with the aim of finding out whether the indicators
published by donors, were sufficient to determine the awarding of a public subsidy to an
NGDO, a simulation of public funding was applied. Despite the opacity, the indicators
inferred from donors are considered valid and sufficient, which is the main implication
of our research. Valid in that they are objective and come from an important stakeholder
group for NGDOs; sufficient because they allow us to assess all outputs, all objectives,
and all inputs, all resources, of the organisations. Comparing the NGDOs that are efficient
with those that receive the most funding from Spanish public donors shows that the most
subsidised organisations are not precisely the most efficient, nor even the most effective.

As for the limitations of this research, one of them is the time period, due to the large
amount of work involved in data collection, which is not systematised in any specific
database. In relation to future research, our aim would be to use and compare the efficiency
results with the Promethee technique and with TOPSIS in order to evaluate the possible
results and make efficiency comparisons with both methods. Regulatory opacity hides
other indicators and other motivations for granting public funding, which go beyond what
is explicitly stated by donors. Moreover, the search for such indicators and motivations
could be the subject of further studies.
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Notes
1 Despite the creation of the Commission’s Directorate General for International Cooperation and Development (DG DEVCO), the
European Cooperation Agency is still generally referred to as Europe-Aid, so this study will use this name as it is the best known.
Nor is the weight given to the distribution of funds by country, which is so often the case in community policy, made explicit.

3 Available in U.S. Government Publishing Office [GPO] (s.f.-b).

4 The model is in ADS Reference 303mav Certifications, Assurances, Other Statements of the Recipient and Solicitation Standard
Provisions, partial revision 22 May 2017 (USAID 2017).

5 See as an example the concept of temporality rate used by the Spanish Ministry of Labour in “Servicio Piblico de Empleo Estatal”
[SEPE], 2018.
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Abstract: Competing macroeconomic hypotheses have been developed to explain the US housing
market and possible bubble behavior. We employ both seasonally adjusted (SA) and non-seasonally
adjusted (NSA) monthly data for about 30 independent variables to examine alternative macro
hypotheses for home prices. Using a neural network model as an atheoretical non-linear approach
to capture the relative importance of alternative macro variables, we show that these hypotheses
generate different macro relevance. As an alternative to testing housing time series, we focus on
bubble identification being hypothesis dependent. Model forecast errors (residuals) identify the
potential presence of bubbles through standardized residual CUSUM tests for structural breaks. By
testing for housing bubbles from these unstructured models, we generate conclusions on the presence
of bubbles prior to the Great Financial Crisis and the post-pandemic periods. Competing macro
hypotheses or narratives will generate different conclusions on the presence of bubbles and create
bubble identification issues.

Keywords: housing prices; Great Financial Crisis; quantitative easing; housing bubbles; neural
network methodology

JEL Classification: E10; E32; E44; E58; E62; R31

1. Introduction

Housing dynamics has become a subject of intense interest since the Global Financial
Crisis (GFC) via the potential for “bubbles” that may create macro financial instability.
However, there is limited agreement on when housing bubbles occur, especially when
framed by macro drivers or hypotheses. Any identification of a bubble based on macro
drivers is dependent on the narrative and variables employed. Bubble identification is a
joint test of the model used to explain housing price dynamics and the actual presence of a
bubble. Two different models may draw different conclusions on the presence of a bubble.

Even with the knowledge gained since the GFC, we have seen significant housing price
increases as measured by the S&P CoreLogic Case-Shiller U.S. National Home Price Index,
which may represent another housing bubble. After the GFC, housing prices increased from
February 2011 to March 2020 by over 55 percent during a period of relatively slow economic
growth and near-zero short rates. The dramatic increases in liquidity by the Fed during
and after March 2020 and the easy fiscal policies employed to counteract the COVID-19
recession offered further stimulus to housing. The housing index rapidly climbed by over
40% in just over 2 years. Housing prices have reached new highs with economic growth not
significantly higher than the pre-GFC period even with new post-GFC macro-prudential
policies to reduce speculative housing excess. A key housing question is whether this is a
rational response to macro factors or an irrational bubble.
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While significant research has been conducted on identifying housing bubbles and
price extremes, these macro finance works have focused on time series (discounted present
value) properties and have neglected the macro drivers of housing. We employ a different
two-step approach by first testing a set of alternative narratives or theories concerning
housing price dynamics using a non-linear atheoretical neural network model to compare
narratives that can explain housing prices, and second, identifying housing bubbles based
on these hypotheses.

From a set of competing macro hypotheses proposed to explain housing dynamics, we
test for bubbles using a CUSUM test for structural breaks and conclude that the presence
of asset bubbles is macro narrative dependent. While there is general agreement on
a housing bubble preceding the GFC, our analysis extends through 2022 to determine
whether prominent explanations from the GFC cycle are also applicable to the housing
cycle during COVID-19.

We are not trying to definitively identify the presence of a bubble, but given that certain
assets, such as housing, realize price booms and busts, can different competing macro
hypotheses provide useful insights? If the residual CUSUM reaches an extreme, there is
evidence that a bubble may have existed, conditional on the model employed. Conversely,
if a model does not have significant positive CUSUM residuals, there is evidence that
specific macro factors can explain the large price moves and there is no bubble.

From training and testing features across extended housing data, we draw inferences
on: (1) the quality of hypotheses to describe housing prices, and (2) the potential presence of
bubbles based on the structure of forecast errors. Our methodology of combining machine
learning with tools for measuring structural breaks to identify bubbles can serve as an
operational framework for problems with complex alternative hypotheses.

After a literature review on housing price dynamics during the GFC and the measure-
ment of housing bubbles in Section 2, we propose a neural network (NN) methodology in
Section 3 to investigate alternative hypotheses formulated in Section 4. These hypotheses
and related analysis associated with several economic variables that impact house prices
provide comparisons of conflicting views that promote different narratives used to explain
housing price cycles. The main conclusions are summarized in the last section and focus
on the presence of bubbles through competing macro housing hypotheses.

2. Literature Review

Duca et al. (2021) present a comprehensive literature survey of what drives house
prices with an emphasis on papers written since 2007. Housing prices are determined
by complex relationships with macroeconomic variables, financial and credit conditions,
monetary policies, globalization, microeconomic supply and demand factors, regulation,
and asset price bubbles, all playing roles. This work highlights the problem of competing
hypotheses trying to explain housing dynamics.

Leamer (2015) establishes that housing belongs to the group of macroeconomic busi-
ness cycle variables (GDP, consumption, investment, industrial productions, disposable
income, and unemployment) linked to the business cycle. He offers evidence that from
1950 to 2000, 9 out of 11 recessions were preceded by housing price declines.

The impact of monetary policy on housing prices has been proposed by Taylor (2007,
2009, 2010), who argues that an easy monetary policy fueled the housing bubble. McDonald
and Stokes (2013) also discuss the impact of monetary policy on housing, and Bhar and
Malliaris (2021) compare the role of monetary policy on housing both during the GFC and
COVID-19. Corsi and Sornette (2014) argue that asset bubbles usually occur during periods
of excess liquidity. Bernanke (2010) disputes the thesis that the housing bubble during
2000-2006 was driven by an easy monetary policy. This easy money issue has not been
addressed after 2010.

Bernanke (2005, 2007a, 2007b, 2009) proposes that the housing bubble was fueled by
lower longer-term interest rates for 10-Year Treasury Notes and 30-Year Treasury Bonds.
Such low longer-term interest rates also cause housing mortgage rates to decline. These
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lower rates were associated with a global saving glut. Sa and Wieladex (2015) and Stein-
berg (2019) investigate empirically the role of the global saving glut, and Evgenidis and
Malliaris (2023) show that the global saving glut contributed to the housing bubble prior to
the GFC but did not drive the rapid increases in housing prices during and after COVID-19.
Beyond the impact of monetary policy and the global saving glut on mortgage rates, the
housing micro bubble literature focuses not on whether prices rose too much but rather
on why and what role borrower price expectations versus lender easing of underwriting
played in enabling and separately contributing to excess prices. This micro approach is
developed in Levitin et al. (2020), who show that as the volume of private-label mortgage-
backed securitized loans increased and lending terms eased, risk premiums failed to price
the increase in risk. This easy credit supply combined with bullish house price expecta-
tions contributed to the pre-GFC housing bubble and is a compelling argument. Also,
the easy credit supply narrative on a micro level is consistent with the global saving glut
macro argument.

Little is available in the literature comparing the housing bubble pre-GFC and post.
Evgenidis and Malliaris (2023) study the role of monetary policy on housing price extremes,
pre-GFC and during COVID-19, and find different drivers for each. Bhar et al. (2024) offer
comparative analysis of housing prices pre-GFC and during COVID-19 by focusing on the
stability of coefficients and its impact on housing forecasts without focusing on housing
bubbles. Specifically, Bhar et al. (2024) propose 5 hypotheses to explain house prices using
15 economic variables and employ standard dynamic econometric techniques to test for
significance of independent variables across regime changes. The general conclusion that
emerges is that both SA and NSA house prices over a long period from 1987 to the end of
COVID-19 were driven by the nonlinearity of coefficients of 15 economic variables, with
varying impact across certain sub-periods.

The present paper extends Bhar et al. (2024) first by proposing 10 hypotheses entailing
30 independent variables to contribute towards a more complete understanding of house
prices; second, by employing an NN methodology to provide an alternative approach not
constrained by linear estimation; and third, by evaluating models to assess any evidence
of the presence of bubbles. Instead of testing a formal structural linear model or a simple
vector autocorrelated model, an NN framework is employed to find those variables that
have the greatest impact on housing variability and the macro themes that have the highest
predictive value. Using this common modeling methodology and sample periods allows us
to make comparisons among key independent variables driving housing prices and draw
conclusions on different strands of macro housing research.

The structure of forecast errors from our housing themes is used to test for bubbles.
Any bubble discussion is dependent on the model used to explain price dynamics. Model
errors trained on our data sets should have an expected value of zero and be iid. Systematic
deviations of standardized residuals can identify potential model failure, structural breaks,
and insights into the possibility of bubbles. The behavior of the residual CUSUM along
with formal testing allows us to identify structured deviations from competing models
as potential bubbles. Across different model themes, we find evidence for structural
breaks surrounding the GFC, which suggests that these models or themes inadequately
describe housing cycle dynamics. Those who use specific themes to describe housing
market dynamics may inappropriately identify a housing bubble that may not exist based
on alternative theses.

A bubble has been simply described by Kindleberger (1996, p. 13) as “an upward price
movement over an extended range that then implodes”. Similar definitions emphasize
unsustainable excessive price increases. A bubble can also be defined as an asset price
that exceeds an asset’s fundamental value because current owners believe they can resell
the asset at an even higher future price. A bubble cannot be separated from a model or
valuation or from the drivers that impact valuation.

Books such as Kindleberger (1996) and Evanoff et al. (2012), and survey papers such
as Scherbina and Schlusche (2014) give a detailed analysis of financial modeling of asset
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bubbles. These models provide alternative hypotheses based on asymmetric information
between traders, the interaction between rational and behavioral traders, limits to arbitrage,
investors holding heterogeneous beliefs, and disagreements about fundamental values.

Bubble research has often focused on finding extreme price movements by measuring
forms of exponential growth. See, for example, Sornette and Cauwels (2014) for a review of
the price-based approach to bubble identification. This strain of research uses techniques
from operations research; see Sornette (2003), Corsi and Sornette (2014), Sornette et al. (2017),
and Ziemba et al. (2017). Excess returns over compact timeframes, the focus of the
exponential work, are less applicable when national housing price data with differences in
quality are calculated monthly.

The study of housing price bubbles has been extensive with special emphasis on
Phillips-type right-tailed unit root tests, such as the Supremum Augmented Dickey Fuller
(SADF) and Generalized SADF (GSADF). Hu (2023) offers a review of this approach.
The work of Phillips and Shi (2018), Martinez-Garcia and Grossman (2018), and Shi and
Phillips (2020) has led to real-time monitoring of housing bubbles around the world by the
Dallas Federal Reserve Bank.! However, these exuberance or bubble indicators focus on real
house prices and price-to-rent fundamentals and do not address the question of whether
macro fundamental hypotheses can be used to explain the price changes or exuberance.

Otero et al. (2022) undertake Monte Carlo simulation experiments to examine the effect
of changing the frequency of observations and the data span and find that when a series
is characterized by multiple bubbles, periodically collapsing, decreasing the frequency of
observations is associated with profound power losses for the test. This motivates us to
use a long series of data with the empirical observation of one collapsing housing bubble
after the Global Financial Crisis. Holmes et al. (2011) investigate regional house price
convergence in the United States, complementing our national house price bubble behavior.

West (1988) suggests that fads may contribute to bubbles, but in our analysis such
fads do not play a critical role. The theoretical modeling of Kiselev and Ryzhik (2010)
incorporates three main factors as components for asset price bubbles. These components
are the tendency of mean reversion to a stable value, speculative social response triggered
by trend following, and random fluctuations. The interplay of these three forces may lead
to bubble formation and collapse. Tarlie et al. (2022) discuss explosive behavior of stocks
relative to valuation. We do not test or look at a valuation model for house bubbles but
rather focus on macro drivers as explanations of price change. LeRoy (2012) reminds us of
the role of holding periods, with housing generally being a long hold.

Our premise is that any bubble discussion should be a two-step process of first identi-
fying and testing alternative feature hypotheses as explanations of price extremes, and then
testing whether price breaks from these explanatory features serve as a bubble identifier.
Albeit more difficult to form definitive conclusions, this approach allows commentary on
the value of alternative macro narratives.

3. A Neural Network Framework

A supervised learning approach using artificial neural networks as an alternative
to linear regression is employed to rank the importance of a set of macro and market
variables that may have complex non-linear relationships with housing prices.? Instead
of forming a single structural model, we measure the relative importance of variables
associated with specific narratives for the housing market. By focusing on the relative
importance of variables and the ability of specific models to explain housing prices, we
address core macro housing issues. Our atheoretical restriction-free approach compares
specific hypotheses and measures relative validity and the importance of macro housing
themes through differences in model prediction errors.?

The supervised neural network (NN) algorithm feeds data forward through layers of
nodes or neurons. Neural networks adapt based on errors, and then improve by making
small adjustments to weights. It is a repetitive process that continues until the error meets
some pre-specified minimum. Our network is composed of three layers: nodes for each

79



J. Risk Financial Manag. 2024, 17, 349

input, an intermediary layer, which is the “hidden” layer that contains nodes connected to
both the input and output nodes, and a third layer consisting of a node for the output value.
Each input node is connected to every node in the hidden layer and is multiplied by a
weight. Each hidden layer node also has a weighted connection to the output node. Initial
weights are assigned randomly and adjusted to minimize prediction error. The weighted
connections that arrive at a node are summed and sent through a hyperbolic tangent
function with the output from each hidden layer node serving as an input for the next
layer. The final node sums the weighted inputs from the hidden layer nodes and applies a
hyperbolic tangent function to this sum where this last layer node becomes the model’s
target value prediction. An illustration of this NN methodology is presented in Malliaris
and Malliaris (2021). SPSS Modeler automatically computes the optimal size of the hidden
layer by trying various sizes and selecting the one that results in the minimum test error. If
multiple networks have the same error, the one with the fewest hidden nodes is retained.
Since the objective in these hypotheses was to best model the variable relationships, all
rows for each hypothesis were used in building that model. The specific architecture used
in the network for each hypothesis varies depending on the input data. At the end of
each figure description, the network architecture for that model is specified. For example,
Figure 1 specifies: Network Architecture: 7 input nodes, 2 hidden layer nodes, 1 output
node.

The model is trained through an error backpropagation algorithm to compute the first
partial derivatives of the error function with respect to the weights. Weights are adjusted
based on the error, using the gradient descent method and the generalized delta rule. A
change to the weight calculated by the generalized delta rule would be:

w}?(n +1) = w](ll)(n) + w](l])(n) - w;il)(n -1+ 17(5;”(11)%(171)(71)

where w}(-il )
layer. The iteration is represented by n, with a learning-rate parameter 7 and momentum
of a. See Haykin (1994, p. 156) for a detailed discussion of this process. This procedure is
repeated until either the total error is below a specified level or the number of data passes
has exceeded a specified maximum.

A sensitivity analysis is conducted after training to determine the influence of each
feature variable on the output (housing prices) through varying the input variable values
while holding the other variables fixed. By observing the value of the mean squared er-
ror corresponding to each agitated input, the model can determine the output sensitivity
to that input. The sensitivity analysis computes the decrease in variance of the target
variable that can be attributed to each input variable. Saltelli et al. (2004) show that
this normalized sensitivity is a good measure to rank the predictors in order of impor-
tance for any combination of interaction and non-orthogonality among predictors. The
input variables are ranked by the effect of their changes on the output variable, which
generates a predictor importance ranking. The sensitivity measure ranking the predic-
tors is S; = Vi/V(Y) = V(E(Y I X))/ V(Y) where V(Y) represents the output variance and X
represents inputs. The predictor importance is the normalized sensitivity VI; = Si/}S;.

indicates weight w, in layer /, in neuron j, fed from neuron i in the previous

Methodology for Testing Bubbles

While significant work has focused on price data time series, the unit root problem,
a bubble cannot be divorced from a valuation model. A perceived bubble may not be a
bubble if we find exogenous variables that explain price behavior without any residual
bias; however, a bubble may be identified by the deviations (prediction errors) away from a
model, a structural break from model behavior. Homm and Breitung (2012) associated the
structure of forecast errors as an identification of bubbles; however, most of this work has
focused on price series and not specific models using exogenous variables. The pattern of
time series residuals, deviations from a model’s forecast, can be used as a bubble test. Hence,
CUSUM tests can measure specific structural breaks in a model. Bubble identification is
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conditional on the model used. Ploberger and Kramer (1992) test OLS residuals to identify
and locate breaks.

We explicitly link an atheoretical machine learning framework across different sets of
features which represent different macro narratives to test the presence of housing market
bubbles conditional on the model selected through tests of residuals. Inspection of the
CUSUM time series from our atheoretical NN models, along with tests of critical values,
can identify whether model failure is consistent with when bubbles are said to have existed.
Cumulative deviations from a model over the training set is a strong test of bubbles because
the model has all information prior to and after the bubble. This is not a test of a model’s
out-of-sample forecast ability but a focus on whether a set of variables can adequately find a
fit that will generate forecast errors that are iid with an expected value of zero. A model can
have high forecast errors but have an expected mean of zero; however, a CUSUM, recursive
residual test can identify structural errors that can be viewed as bubbles. CUSUMQ test
results are also available upon request.

4. Hypotheses and Analysis

We investigate the influence of macroeconomic variables on monthly housing prices
from January 1987 to June 2022. The independent and macro variables are organized
into two categories: variables that are Not Seasonally Adjusted (NSA) and variables that
are Seasonally Adjusted (SA). There are both economic and statistical reasons for this
distinction. All housing transactions occur with unadjusted prices. Anticipations and
expectations are also not seasonally adjusted by builders, sellers, and buyers. Statistically,
mixing NSA and SA impacts estimations since the SA data incorporates a filter with its own
dynamics. By offering two sets of results, we enrich our understanding of the dynamics
played by different independent variables. When important variables are available in
only one mode, only NSA or only SA, we allow for some mixing with some caution in
interpreting results. The target Case-Shiller home price variable is available as either NSA
or SA.

Table 1 provides an overview for all our 10 major hypotheses and sets of variables. We
generate the ranked feature importance within each hypothesis since all model variables
are scaled between 0 and 1, as well as statistics on model errors. Hence, the values measure
the amount of volatility explained by a given feature.

Table 1. Hypotheses and variables (features) for neural network tests. All data from FRED.

Hypotheses Variables
Housing and Macroeconomic Variables
H1 NSA Macroeconomic variables Consumer Price Index All (CPI) annualized change, Consumer Price Index Rent

annualized change (CPIR), Non-Farm payroll number (NFP), Industrial Production
annualized change (IP), 30-year Mortgage Rate (MORT), macro news (MACRO), and
Economic Policy Uncertainty Index (EPU)

H2 SA Macroeconomic variables Durable goods (DGOOD), Disposable income (DINC), Trade balance (TBAL),

Employment/population ratio (EMRATIO), Unemployment level (UNEMPLOY),
Industrial production (IP)

Housing driven by monetary policy

H3 NSA credit variables

30-year Mortgage Rate (MORT), Treasury 10-year/2-year spread (TSPREAD), Fed
Funds (FFUND), EPU monetary index (EPUM)

H4 NSA credit with Fed assets

30-year Mortgage Rate (MORT), Treasury 10-year/2-year spread (TSPREAD), Fed
Funds (FFUND), EPU monetary index (EPUM), Fed Assets (FEDA)

Housing and global savings glut

H5 NSA target variable

30-year Mortgage Rate (MORT), Trade balance (TBAL), Fed Funds (FFUND),
FedAssets (FEDA)
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Table 1. Cont.

Hypotheses

Variables

Hé6 SA target variable

30-year Mortgage Rate (MORT), Trade balance (TBAL), Fed Funds (FFUND),
FedAssets (FEDA)

Housing supply and demand

H7 NSA variables Monthly supply of new houses (HSUPPLY), new single-family houses sold (HSOLD),
single-family housing units completed (HCOMPL), industrial production (IP),
non-farm payroll (NFP)

H8 SA variables Monthly supply of new houses (HSUPPLY), new single-family houses sold (HSOLD),

single-family housing units completed (HCOMPL), disposable income (DINC),
durable goods (DGOOD), trade balance (TBAL)

H9 Extends H7 by adding expectations Monthly supply of new houses (HSUPPLY), new single-family houses sold (HSOLD),

single-family housing units completed (HCOMPL), industrial production (IP),
non-farm payroll (NFP), KC Fed stress index (STRESS), University of Michigan
consumer sentiment (MSCENT), single-family units started /population level (HPOP),
housing authorized but not started (HAUTH)

Housing and price extrapolation

H10 Price lags and momentum

Case-Shiller prices lagged 1 period (CSLAG1), Case-Shiller prices lagged 6 period
(CSLAGS®), Fed funds (FFUND), housing units authorized but not started (HAUTH),
single-family housing units completed (HCOMPL), Chicago Fed financial conditions
(CFINCON), University of Michigan consumer sentiment (MCSENT), Michigan
inflation expectations (MINFEX)

Comparing the NSA and SA analysis, cyclical housing behavior is driven by traditional
macroeconomic variables such as industrial production, durable goods, disposable income,
non-farm payroll, and two special factors that are relevant to housing: CPI rent and
trade balance. For NSA data, the three most important cyclical variables are the CPI rent,
industrial production, and non-farm payroll while for SA data, durable goods, disposable
income, and trade balance emerge as most important. The SA model has half the mean
absolute error and half the standard deviation as the NSA test. Contemporaneous business
cycle effects include a trade component.

These two hypotheses conclude that national US economic cycles play an important
part in housing cycles. Both NSA and SA data confirm that different cyclical macroeconomic
variables are connected to housing prices. Housing cycles, as expected, are congruent with
the business cycle.

Hypothesis 1. Case—Shiller National Home Price Index NSA is driven by macro variables. The
non-seasonally adjusted (NSA) data set ranges from January 1987 through June 2022 and includes
the consumer price all index NSA (CPI), consumer price rent index NSA (CPIR), Non-farm
payroll NSA (NFP), industrial production NSA (IP), 30-year Mortgage Rate (MORT), macro
news (MACRO), and the Economic Policy Uncertainty Index (EPU) to capture overall macro
risk. These independent variables are chosen among a large set of macro data available to capture
relationships between house prices and consumer prices, the consumer price index measuring rent
as a relevant alternative opportunity cost to purchase, non-farm payroll, and industrial production
are proxies for GDP. The 30-year mortgage rate is a primary variable that measures house financing
and affordability. Macro news and the economic policy uncertainty index serve as proxies for the
scope of financial conditions.

The results in Figure 1 generate a notable surprise with the most important variable,
the CPI rent component (weight 0.341), which proxies for the cost of overall housing but
does not play a central role in business cycle aggregate demand analysis. Two important
features, employment and industrial production, key business cycle variables, only account
for approximately 40% of the housing price variability.
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Figure 1. H1. Case-Shiller National Home Price Index NSA and macro variables sensitivity. Period:
Jan 1987-June 2022. Source FRED database: Consumer price index all (CPI) annualized change,
Consumer price index rent annualized change (CPIR), Non-Farm payroll number (NFP), Industrial
Production annualized change (IP), 30-year mortgage rate (MORT), macro news (MACRO), and
Economic policy uncertainty Index (EPU). Data scaled between 0 and 1 and sensitivities sum to 1.
Network Architecture: 7 input nodes, 2 hidden layer nodes, 1 output node.

Hypothesis 2. Case—Shiller National Home Price Index SA is driven by different macro variables.
Seasonally adjusted macroeconomic variables are introduced in this hypothesis for the period 1992-
June 2022, and the dependent variable is also seasonally adjusted. Disposable income (DINC),
durable goods (DGOOD), industrial production (IP), trade balance (TBAL), and unemployment
(UNEMPLOY) are all proxies for the business cycles; employment to population ratio (EMRATIO)
is introduced to adjust employment relative to population size. Durable goods, disposable income,
and trade balance are the three most important drivers.

Results are presented in Figure 2.
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Figure 2. H2. Case-Shiller National Home Price Index SA and other macro variable sensitivity.
Period: Jan 1992-June 2022. Source FRED database: Durable goods (DGOOD), Disposable income
(DINC), Trade balance (TBAL), Employment/population ratio (EMRATIO), Unemployment level
(UNEMPLQY), Industrial production (IP). Data scaled between 0 and 1 and sensitivities sum to 1.
Network Architecture: 6 input nodes, 3 hidden layer nodes, 1 output node.

Hypotheses 3 and 4 address the impact of monetary policy on house prices. In Hypoth-
esis 3, we test the role of Fed funds with other financial variables, while in Hypothesis 4,
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we place an emphasis on Fed assets accumulated via QE. Sample periods differ since there
is little movement in Fed’s balance sheet (no QE) prior to the GFC.

NSA housing prices for the entire sample are driven by the 30-year mortgage rate and
the difference between the 10-year and 2-Year Treasury rate, which measure the slope of
the yield curve, while the Fed funds rate ranks as the third factor. When a similar exercise
is performed for a shorter period of 2003 to June 2022, Fed assets become most important
followed by Fed funds. These two variables dominate the 30-year mortgage rate as the
key drivers of housing behavior. Hypotheses 3 and 4 confirm that the housing market is
impacted by monetary policy, initially and up to the GFC through Fed funds policy and
after the GFC by QE.

Hypothesis 3. Housing prices NSA and monetary policy. The Case-Shiller National Home Price
Index NSA is impacted by monetary policy expressed by the Fed funds, the 10-year Treasury minus
2-year spread, 30-year mortgage rate, and an economic policy uncertainty index to capture the
changes in policy expectations from 1987 to June 2022.

These results in Figure 3 conclude that NSA house prices are driven by the 30-year
mortgage rate, the term structure of interest rates represented by the 10-year less the 2-
year spread, and Fed funds rate. However, monetary policy variables have much less
explanatory power than the macroeconomic variables of Hypotheses 1 and 2, with greater
dispersion in errors as Figures 1-3 illustrate.
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Figure 3. H3. Case-Shiller National Home Price Index NSA monetary policy sensitivity. Period: Jan
1987-June 2022. Source FRED database: 30-year mortgage (MORT), Treasury 10-year/2-year spread
(TSPREAD), Fed Funds (FFUND), EPU monetary index (EPUM). Data scaled between 0 and 1 and
sensitivities sum to 1. Network Architecture: 4 input nodes, 6 hidden layer nodes, 1 output node.

Hypothesis 4. Housing prices and monetary policy including Fed assets. We study the behavior of
the same dependent variable by introducing assets on the Fed balance sheet, which becomes the most
important feature. The low mean absolute error for the post-GFC monetary model theme with Fed
assets even with the Fed funds rate tied closely to zero is especially notable.

The results from Hypothesis 4 are presented in Figure 4 that illustrate the important
role of Fed assets.

Hypotheses 5 and 6 address the role of global saving glut. We compare drivers that
are NSA as in Hypotheses 3 and 4 with the global savings glut using the trade balance as a
proxy that is only available as SA. To moderate this statistical difficulty of mixing SA and
NSA data, we use two models, expressed as H5 and Hé.
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Figure 4. H4. Case-Shiller National Home Price Index NSA monetary policy sensitivity. Period: Jan
1992-June 2022. Source FRED database: 30-year mortgage (MORT), Treasury 10-year/2-year spread
(TSPREAD), Fed Funds (FFUND), EPU monetary index (EPUM), Fed assets (FEDA). Data scaled
between 0 and 1 and sensitivities sum to 1. Network Architecture: 5 input nodes, 2 hidden layer
nodes, 1 output node.

Hypothesis 5. Housing prices (NSA) with monetary policy and trade balance.
Hypothesis 6. Housing prices (SA) with monetary policy and trade balance.

With H5, Case-Shiller NSA is explained in Figure 5 by Fed funds, Fed total assets, the
30-year mortgage rate (all three NSA), and the trade balance (SA). The second case, H6,
considers the Case-Shiller SA dependent variable with the same independent variables
to test whether the global saving glut (trade balance) emerges as an important variable.
Adjusting for seasonality does not influence the results.
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FFUND TBAL MORT

Figure 5. H5. Case-Shiller National Home Price Index NSA monetary policy sensitivity. Period:
Jan 2003-June 2022. Source FRED database: 30-year mortgage (MORT), Trade Balance (TBAL), Fed
Funds (FFUND), EPU monetary index (EPUM), Fed assets (FEDA). Data scaled between 0 and 1 and
sensitivities sum to 1. Network Architecture: 4 input nodes, 4 hidden layer nodes, 1 output node.

Figures 5 and 6 show the importance of Fed assets and Fed Funds as drivers of home prices.
We next examine the housing market with specific supply and demand information
based on the recent housing research surveys of Glaeser and Gyourko (2018) and Duca
et al. (2021). Erdmann (2023) focuses on supply and demand fundamentals in metropolitan
areas. These results confirm the earlier analysis, where SA cyclical variables such as
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disposable income, trade balances, and durable goods spending drive housing prices.
Supply variables represented by houses started, houses completed, and houses sold play a
lesser role. The supply of housing appears less elastic, and housing prices are driven by
cyclical factors caused by demand shifts. Figures 7 and 8 show the impact of the variables
proposed in hypotheses 7 and 8.
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Figure 6. H6. Case-Shiller National Home Price Index SA monetary policy sensitivity. Period: Jan
2003-June 2022. Source FRED database: 30-year mortgage (MORT), Trade Balance (TBAL), Fed Funds
(FFUND), Fed assets (FEDA). Data scaled between 0 and 1 and sensitivities sum to 1. Network
Architecture: 4 input nodes, 3 hidden layer nodes, 1 output node.
0.450 0.4222
0.400 .
Minimum Error -0.172
0.350 Maximum Error 0.166
0.300 Mean Error 0.001
0250 Mean Absolute Error 0.026
' Standard Deviation 0.038
0200 01853 Linear Correlation 0.985
0150 0.1397 0.1351 01152 Occurrences 426
0.100
0.050
0.000
HS0LD HCOMPL HSUPPLY

Figure 7. H7. Housing prices (NSA), micro supply and macro demand factors. Period: Jan 1987- June
2022. Source FRED database: Monthly supply of new houses (HSUPPLY), new single-family houses
sold (HSOLD), single-family housing units completed (HCOMPL), industrial production (IP), and
non-farm payroll (NFP). Variables are NSA. Data scaled between 0 and 1 and sensitivities sum to 1.
Network Architecture: 5 input nodes, 4 hidden layer nodes, 1 output node.

Hypothesis 7. Housing prices (NSA), micro supply and macro demand factors. Case-Shiller NSA
housing prices are explained by supply variables: monthly supply of new houses, new single-family
houses sold, single-family housing units completed, as well as industrial production and non-farm
payroll. There are no data for explicit housing demand other than proxies for aggregate demand
which focus on the business cycle. Results using NSA variables suggest that housing fundamentals
such as houses completed, houses supplied, and houses sold are important influences on prices,
but the demand side through employment and, to a lesser extent, industrial production are also
key drivers.

86



J. Risk Financial Manag. 2024, 17, 349

0.300
Minimum Error -0.044
0.2494 0.2492 i
0.250 Maximum Error 0.085
Mean Error ]

0.2018
Mean Absolute Error 0.012

Standard Deviation 0.016
Linear Correlation 0.997
0.1238 Occurrences 366
. ) -
TBAL

HCOMPL HSOLD HSTART

0.200

0.150

0.1

5

0.0

&

DGOOD DINC

0.000

Figure 8. H8. Housing Prices (SA) and micro supply and demand factors. Period: Jan 1992-Jun
2002. Source FRED database: Monthly new houses started (HSTART), new single-family houses
sold (HSOLD), single-family housing units completed (HCOMPL), trade balance (TBAL), disposable
income (DINC), and durable goods (DGOOD). Variables are NSA. Data scaled between 0 and 1 and
sensitivities sum to 1. Network Architecture: 6 input nodes, 3 hidden layer nodes, 1 output node.

Hypothesis 8. Housing prices (SA), micro supply and demand factors. For the Case-Shiller SA
test, housing prices are explained by new single-family houses sold, single-family housing completed,
single-family housing started, disposable income, durable goods, and trade balance (demand by
foreigners). Data extends from 1992 through June 2022.

Hypothesis 9. Housing prices and expectations. This hypothesis is motivated by Piazzesi and
Schneider (2016) and Kuchler et al. (2022) on housing expectation as measured by the Michigan
Consumer Sentiment Index and its numerous components. H9 adds four new variables: housing
units authorized but not started, single-family units started/population level, Michigan consumer
sentiment, and the Kansas City financial stress index. We find significant improvement based on a
decline of mean absolute error versus H7. See Figure 9.
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Figure 9. H9. Housing Prices micro supply and demand factors with expectations. Period: Feb
1990-June 2022. Source FRED database: Monthly non-farm payroll (NFP), housing units authorized
but not started (HAUTH), single-family units started divided by the population level (HPOP), single-
family houses sold (HSOLD), Kansas City financial stress index (STRESS), single-family housing
units completed (HCOMPL), Michigan consumer sentiment (MCSENT), housing supply (HSUPPLY)
and industrial production (IP). Variables are NSA. Data scaled between 0 and 1 and sensitivities sum
to 1. Network Architecture: 9 input nodes, 5 hidden layer nodes, 1 output node.
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We next test the importance of past prices as a driver for housing price behavior
relative to key exogenous macro and micro variables. If key macro variables represent
most of the variation in housing prices, then the bubble question becomes more complex.
Housing prices are responding to changes in the business cycle, monetary policy, and
sector-specific variables. Housing is cyclical, but these cycles may not demonstrate bubble
behavior. Alternatively, if extrapolative behavior explains most of the variation in housing
prices, then we can say that a positive feedback loop from past trends drives price extremes
and dominates any exogenous variables. This hypothesis is based on momentum and
bubble work developed by Piazzesi and Schneider (2016), Piazzesi et al. (2020), Mayer
(2011), Glaeser and Gyourko (2018), and other surveys. Basco and Schéfer-i-Paradis (2022)
follow a different methodology by proposing a model-free test of rational bubbles applied
to US housing and conclude that a bubble occurred only during 2002-06.

Hypothesis 10. Price extrapolation as the key driver of housing prices. This hypothesis uses all
NSA data: Case=Shiller lagged 1 period, Case—Shiller lagged 6 periods, with Fed funds, housing
units authorized but not started, single-family housing completed, Chicago Fed financial conditions,
Michigan consumer sentiment, and Michigan inflation expectations.

Beyond short-term (1-lag) and longer-term (6-lag) momentum, we include variables
for housing expectations, inflation expectations, indicators such as housing permits for
housing not started, completed houses that may reduce or fuel current prices, financial
conditions evaluated in surveys, and other factors. The results in Figure 10 show the
importance of extrapolative expectations as a key driver of housing market behavior.
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Figure 10. H10. Housing prices are driven by lagged prices. Period Jan 1992-June 2022. Source
FRED database: Case-Shiller prices lagged 1 period (CSLAG1), Case-Shiller prices lagged 6 periods
(CSLAGS6), Michigan inflation expectations (MINFEX), housing units authorized but not started
(HAUTH), single-family housing units completed (HCOMPL), Chicago Fed Financial conditions
(CFINCON), Fed funds (FFUND), Michigan consumer sentiment (MCSENT), and single-family
housing units completed (HCOMPL). Data scaled between 0 and 1 and sensitivities sum to 1. Network
Architecture: 8 input nodes, 6 hidden layer nodes, 1 output node.

The past price components with lag 1 and lag 6 dominate and explain about 80% of
the housing price variation. Other than price lag effects, the other two important variables
are inflation expectations and housing units authorized but not started, followed by Fed
funds and financial conditions.

In summary, the most impactful variables using non-seasonally adjusted data are
consumer price index rent, the 30-year mortgage rate, Fed assets, non-farm employment,
and the lag of the Case-Shiller index. CPI Rent was the top variable in H1. CSLagl was
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the top variable in H10, and Fed Assets was the top variable in H4, H5, and H6. The
remaining hypotheses with NSA data (H3, H7, and H9) had either non-farm employment
or the 30-year mortgage rate as the best independent variable. Running a single neural
network on the most impactful non-seasonally adjusted variables, excluding the Case—
Shiller lag, Fed assets is the most influential variable, as noted in H3, H5, and Hé. For the
hypotheses that use only seasonally adjusted data, H2 and H8, durable goods spending
was the dominant variable.

Comparison of Results and Bubble Tests

Themes are presented in Table 2 with the first six hypotheses using NSA vs. SA data
and the remaining four only using NSA data. The themes have different explanatory power
based on the mean absolute error, the maximum and minimum error, and the standard error.
The price extrapolation theme, which suggests the potential for a bubble through price
expectations, dominates all models even with a restricted set of features. On a relative basis,
the housing-specific information theme outperforms those that focus on macro variables,
the business cycle, monetary policy, and the savings glut; yet, when testing over a shorter
sample, we find the possibility of a bubble break for four hypotheses.

Table 2. Comparison of themes using neural network models.

Housing and the Housing Driven Housing a‘nd Housing Supply and Housing
Themes: . by Monetary Global Savings and
Business Cycle . Demand .
Policy Glut Price
H1 H2 H3 H4 H5 Heé H7 H8 H9 H10

Max Error 0.106 0.06 0.256 0.102 0.152 0.172 0.166 0.085 0.103 0.03

Min Error —0.122 —0.072 -0.199  —-0.083 —0.08 —0.125 —0.172 —0.044 -0.072  —0.021

Mean Abs Error 0.028 0.013 0.044 0.017 0.022 0.029 0.026 0.012 0.015 0.005

Std Dev 0.04 0.018 0.062 0.023 0.028 0.038 0.038 0.016 0.021 0.007

CUSUM test for

each H; reject * accept reject ™ accept  accept accept accept accept accept accept

entire sample

CUSUM test for

same sample Feb reject * reject * reject ™ accept  accept accept reject* reject*  accept accept

2003-Jun 2022

Bubble period 4 7

above 0.05 50ct-22 7 Mar-8 None None None None May-6 Nov-9  None None

. Mar Feb

critical level Sep Sep

Number of months

above 0.05 78 12 None None None None 29 19 None None

months months months months

critical level

* reject at 0.05 level, ** reject at 0.10 level, of no structural break (bubble) in the model.

The investigation of the first theme clearly shows that housing is closely tied to
business cycles. Among various NSA macro variables, CPI rent and industrial production
are the dominant drivers of housing variation, while durable goods and disposable income
are the most important SA macro variables.

An analysis of the role of credit and monetary policy shows that among the NSA
variables, the 30-year mortgage rate and the 10-year 2-year Treasury rate spread are the
leading variables. However, the introduction of Fed assets after the GFC overtakes the
30-year mortgage rate as the key explanation for housing prices. The extensive availability
of money and credit drove the surge in housing prices over the last decade. When monetary
policy is compared with the global saving glut, SA factors such as the trade balance and
disposable income still emerge as important housing price drivers.
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Housing demand fundamentals such as durable goods and disposable income drive
housing demand among SA variables. Non-farm employment, houses completed, and
houses sold emerge among NSA variables as important features. New privately owned
housing units scaled to the population level become an important measure of speculation; as
housing prices increase, the number of adjusted single-family units also increases. Among
the several financial variables considered, housing is closely associated with Fed funds and
Fed assets.

If, as some authors claim, there is a persistent deficit of several million houses in the
US, the supply of housing is rather inelastic; however, we find good macro conditions, a
global saving glut, and easy monetary policies drive housing price predictions over the
past 25 years. Nonetheless, the University of Michigan sentiment index and the Kansas City
financial condition stress index do not play any special role in housing price behavior. Lastly,
using 1- and 6-period lags in the house price index to investigate the role of extrapolative
forecasts, we find strong evidence that both lags dominate other features. Past prices play
an important role in explaining the variation in housing prices. Extrapolative expectations
fueled by quantitative easing, which provides excess credit, along with a savings glut story,
cause more extreme home price changes. While all themes generate some validity, the
dominance of extrapolative expectations with easy credit provides a theme consistent with
bubble discussions.

To identify possible bubbles, we test for error dislocations or structural breaks, from
the upper and lower band confidence regions for our ten model hypotheses. Although
difficult to formally conclude given the problem of bubbles being a joint hypothesis, the
residual extremes, which indicate a structural break, likely represent a bubble. The tests
for whether residuals stay within the CUSUM bounds for all themes are reported for two
different samples in Table 2.

First, we test the null hypothesis of staying within the confidence band for the entire
test period for each model. The sample size for each model test may differ, which means
the confidence bounds will also change. In the case of a full sample for each model, we
find two hypotheses reject the null of no structural break. However, in the case of H3, the
rejection is caused by the CUSUM piercing the lower bound during the period prior to the
tech bubble. That is, housing prices were too low relative to the monetary policy indicator
model. In the case of H1, the CUSUM was consistent with a bubble prior to the GFC.

Second, we provide a set of tests where the start and end date are the same for all
ten hypotheses and find the presence of potential bubbles in four cases. We include the
start and end date of each break as well as the number of months the CUSUM of scored
residuals (price > model) exceeded the upper confidence band. Although the timeframes
for the possible presence of a break (bubble) differ in our four cases, all are consistent with
the view that a housing bubble as defined by the CUSUM extremes, nonstationary mean or
feature behavior, occurred prior to the Great Financial Crisis. Nonetheless, our tests also
demonstrate that several models do not show the presence of any structural breaks and
can thus explain the housing price extremes.

Bubble identification through structural breaks is highly model- or feature-dependent.
For illustrative purposes, we show the CUSUM for two themes, H1 and H9. For H1, there
is a clear positive CUSUM, actual greater than predicted, for the period prior to the GFC
and then a switch to negative after the GFC, actual less than predicted, followed by a return
to normal. See Scheme 1. In Scheme 2, the CUSUMs for each of the ten hypotheses are
presented with the upper and lower bound for the average number of features with a start
date when all data are available, February 2003 to June 2022. Note that the critical levels
are based on the sample size and will be sensitive to the start date, and CUSUM tests will
suffer from low power if the change point or bubble dislocation is close to the beginning or
end of the sample.
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Scheme 2. CUSUM for with upper and lower bounds for the 0.05 critical level with matching start
date of February 2003.

This comparison shows a clear pattern for some models to reject the null hypothesis
through piercing the upper confidence band only to return to normal. Notably, the SA and
NSA business cycle models suggest a break, as well as the housing supply and demand
models. Price extremes during the period of the perceived housing bubbles seem to be
linked with monetary policy, the saving glut, and price extrapolation. In no case do we see
extreme CUSUMs after the COVID-19 pandemic.

Different themes will have different CUSUM patterns as seen in Scheme 2, which
suggest the possibility of structural breaks and misspecification of model narratives. For
example, our business cycle theme shows that standardized residuals exceeded the pre-
dicted value only to then fall after the crisis. In this case, the macro narrative of just looking
at the business cycle would lead to the belief in a housing bubble. The CUSUM pattern of a
break and possible bubble is not found when we use an extrapolative price model or in our
other macro hypotheses, especially when we account for the behavior of monetary policy.

5. Conclusions

We selected important features that can explain the long-run behavior of housing
prices from January 1987 to June 2022, the emergence of the 2004-07 housing bubble, its
bursting that led to the GFC, and the housing boom surrounding the COVID-19 pandemic.
From these features, we developed ten hypotheses to study the US housing market for
both SA and NSA house prices data over similar time periods and methodology. While the
strong run-up in housing prices during COVID-19 may suggest a bubble, macro factors
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like easy fiscal and monetary policies stimulated housing prices and prevented a possible
strong reversal. There is no evidence based on our CUSUM analysis to suggest a COVID-19
housing bubble. Additionally, without a large correction following the rapid rise of house
prices during COVID-19, we cannot argue that housing has experienced a second bubble
during 1987-2022.

Our NN methodology recognizes the relative value of certain macro drivers such
as the Consumer Price Index Rent, the 30-Year mortgage rate, Fed assets, and non-farm
payroll for explaining the NSA S&P Case—Shiller US National Home Price Index. When
the NN methodology is applied to the SA National Home Price Index, durable goods, Fed
assets, new single-family houses sold, and disposable income emerge as important features.
Among financial variables, mortgage rates, Fed funds and Fed assets are key drivers of
house prices.

Tests for housing bubbles (structural breaks) are applied to our NN predictions and
find that some hypotheses suggest there were price deviations consistent with housing
bubbles. The hypothesis that focuses on extrapolative prices does not show the presence of
a bubble (structural break) but confirms that the formation of expectations based on past
prices is a key housing market driver.* We do not dispute the results of others who find
the presence of price extremes or bubbles; rather, we highlight the difficulty of identifying
bubbles when there are competing hypotheses. A micro fundamental or price-based model
may identify a bubble, yet a macro model may conclude that there are fundamental drivers
that lead to high housing prices consistent with model parameters.

Any bubble is conditional on a model and the features used to describe the market
environment. Comparing different hypotheses or housing narratives with an unstructured
machine learning methodology using over 30 independent variables and explicit residual
tests serves as an effective framework for broadly analyzing housing market extremes and
bubbles. Using a single NN methodology applied to thematic model specifications coupled
with tests for structural breaks (bubbles) advances our understanding of the housing market
and supports the identification of different market themes. One man’s bubble could be
another man’s rational behavior.
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Appendix A. Data from the St. Louis FRED Database (Accessed 25 October 2022)

Type

FRED Identifier

Description H1 H2 H3 H4 H5 H6 H7 H8 H9 HI0

NSA

COMPUTNSA

New Privately Owned Housing Units
Completed: Total Units, Thousands of Units, X X X
Monthly, Not Seasonally Adjusted

NSA

CSUSHPINSA

S&P /Case-Shiller U.S. National Home Price
Index, Index Jan 2000 = 100, Monthly, Not X X X X X X X
Seasonally Adjusted

NSA

UMCSENT

University of Michigan: Consumer
Sentiment, Index 1966: Q1 = 100, Monthly, X X
Not Seasonally Adjusted
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Type

FRED Identifier

Description

H1 H2 H3 H4 H5 Hé6 H7 HS

H9

H10

NSA

AUTHNOTT

New Privately Owned Housing Units
Authorized but Not Started: Total Units,
Thousands of Units, Monthly, Not
Seasonally Adjusted

NSA

MICH

University of Michigan: Inflation
Expectation, Percent, Monthly, Not
Seasonally Adjusted

NSA

FEDFUNDS

Federal Funds Effective Rate, Percent,
Monthly, Not Seasonally Adjusted

NSA

IPB50001IN

Industrial Production: Total Index, Index
2017 = 100, Monthly, Not
Seasonally Adjusted

NSA

KCFsI

Kansas City Financial Stress Index, Index,
Monthly, Not Seasonally Adjusted

NSA

MSPNHSUS

Median Sales Price for New Houses Sold in
the United States, Dollars, Monthly, Not
Seasonally Adjusted

NSA

PAYNSA

All Employees, Total Nonfarm, Thousands of
Persons, Monthly, Not Seasonally Adjusted

NSA

HOUST1FNSA

New Privately Owned Housing Units
Started: Single-Family Units, Thousands of
Units, Monthly, Not Seasonally Adjusted

NSA

CNP160OV

Population Level, Thousands of Persons,
Monthly, Not Seasonally Adjusted

NSA

CUURO000SEHA

Consumer Price Index for All Urban
Consumers: Rent of Primary Residence in
U.S. City Average, Index 1982-1984 = 100,
Monthly, Not Seasonally Adjusted

NSA

EMVMACRO-
CONSUME

Equity Market Volatility Tracker:
Macroeconomic News and Outlook:
Consumer Spending and Sentiment, Index,
Monthly, Not Seasonally Adjusted

NSA

EPUMONETARY

Economic Policy Uncertainty Index:
Categorical Index: Monetary policy, Index,
Monthly, Not Seasonally Adjusted

X
X
X

NSA

MORTGAGE30US

30-Year Fixed Rate Mortgage Average in the
United States, Percent, Monthly, Not
Seasonally Adjusted

NSA

MSACSRNSA

Monthly Supply of New Houses in the
United States, Months” Supply, Monthly, Not
Seasonally Adjusted

NSA

NFCI

Chicago Fed National Financial Conditions
Index, Index, Monthly, Not
Seasonally Adjusted

NSA

T10Y2YM

10-Year Treasury Constant Maturity Minus
2-Year Treasury Constant Maturity, Percent,
Monthly, Not Seasonally Adjusted

NSA

USACPIALL-
MINMEI

Consumer Price Index: All Ttems for the
United States, Index 2015 = 100, Monthly,
Not Seasonally Adjusted

X
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Type Identifier

FRED Description H1 H2 H3 H4 H5 He H7 H8 H9 HI0

Assets: Total Assets: Total Assets (Less
Eliminations from Consolidation):

NSA  WALCL X X X

Wednesday Level, Millions of U.S. Dollars,
Monthly, Not Seasonally Adjusted

SA

Trade Balance: Goods and Services, Balance
BOPGSTB of Payments Basis, Millions of Dollars, X X X X
Monthly, Seasonally Adjusted

SA

New Privately Owned Housing Units
Completed: Single-Family Units, Thousands
of Units, Monthly, Seasonally Adjusted
Annual Rate

COMPU1USA

SA

S&P /Case-Shiller U.S. National Home Price
CSUSHPISA Index, Index Jan 2000 = 100, Monthly, X X X
Seasonally Adjusted

SA

Disposable Personal Income, Billions of
DSPI Dollars, Monthly, Seasonally Adjusted X X
Annual Rate

SA

New Privately Owned Housing Units
Started: Single-Family Units, Thousands of
Units, Monthly, Seasonally Adjusted
Annual Rate

HOUST1F

SA

New One Family Houses Sold: United States,
HSN1F Thousands, Monthly, Seasonally Adjusted X
Annual Rate

SA

Unemployment Level, Thousands of Persons,
UNEMPLOY Monthly, Seasonally Adjusted X

SA

Personal Consumption Expenditures:
PCEDG Durable Goods, Billions of Dollars, Monthly, X X
Seasonally Adjusted Annual Rate

SA

Employment-Population Ratio, Percent,
EMRATIO Monthly, Seasonally Adjusted X

SA

Industrial Production: Total Index, Index
INDPRO 2017 = 100, Monthly, Seasonally Adjusted X

Notes

1

See the Dallas Fed’s house price database, which updates quarterly exuberance indicators based on price-to-fundamentals and
price-to-rent ratios, https:/ /www.dallasfed.org/research/international /houseprice (accessed on 9 August 2023).

Machine learning has been applied to many housing market studies; see Xu and Zhang (2021) for a review of this work. Since
bubble identification is a joint hypothesis, our approach is to use a model-free approach focused on using specific features
associated with a macro narrative as a base for comparison.

We employ IBM Modeler; for details, see the Modeler 18 Algorithms Guide, p. 311.

A comparison of our macro results with the micro exuberance indicators using supremum augmented Dickey-Fuller (SADF) and
generalized SADF (GSADF) reported by the Dallas Fed in their International House Price Database suggests that a macro model
may provide useful information on the housing price extreme drivers. The SADF test shows exuberance or a bubble before the
GFC based on price or price-to-fundamental ratios; however, it does not provide any insight on macro drivers or macro narratives
that can explain a bubble.
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Abstract: We study recent monthly data to help long-term investors buy or sell from the 30 Dow Jones
Industrial Average (DJIA) Index components. The recommendations are based on six stock-picking
algorithms and their average ranks. We explain the reasons for ignoring the claim that the Sharpe
ratio algorithm lacks monotonicity. Since the version of “omega” in the literature uses weights that
distort the actual gain—pain ratio faced by investors, we propose new weights. We use data from
30 stocks using the past 474 months (39+ years) of monthly closing prices, ending in May 2024. Our
buy-sell recommendations also use newer “pandemic-proof” out-of-sample portfolio performance
comparisons from the R package ‘generalCorr’. We report twelve sets of ranks for both out-of- and
in-sample versions of the six algorithms. Averaging the twelve sets yields the top and bottom k stocks.
For example, k = 2 suggests buying Visa Inc. and Johnson & Johnson while selling Coca-Cola and
Procter & Gamble.

Keywords: Sharpe ratio monotonicity; stock picking tools; out-of-sample performance; pandemic-proof

1. Introduction

Investing in the stock market is vital in directing national resources to the most
productive applications. The stock-picking activity of the financial services sector annually
commands billions of dollars in fees. Malkiel (2013) argues that ever-growing fees for
financial services are a deadweight loss for the US economy. The misallocation of resources
creates waste and other losses to the economy. This paper offers tools to reduce such
losses by proposing public domain stock-picking tools using free, open-source software
by R Core Team (2023).

Wall Street investment outfits use stock prices attached to stock symbols. We use
pretty long price data concerning 39 years and six months, ending in May 2024. If $1 is
invested in buying a stock priced at P; at time ¢, if the price (adjusted for dividends) at time
t -+ 1is higher, the net return r; = [(P41 — Pt)/P:] will exceed the initial investment of $1.
Since the net return is negative when losses are incurred, one defines the gross return as
(1+7re) =1+ (Pryq — Py) /Pt = Pryq/Pr. The gross return is always positive since prices
are positive.

Continuously compounded return is the exponential return, exp(r¢), which is always
positive. The series expansion of exp(r;) is (1 + 7 +r7/2! + ..). Assuming higher order
terms in the expansion can be ignored, (|r¢| < 1), one can write exp(r;) = 1 + ;. It is cus-
tomary to equate the exponential return to the gross return and write ry = log(P11/P) =
log P;+1 — log P;. Many published papers use the first difference of logs of prices evaluated at
time t + 1 as a return from investment. Since the return data do not always satisfy (|r¢| < 1)
for certain time periods, let us define r; = [(P; — P;_1)/P;_1] for our monthly returns from
the Dow Jones Industrial Average’s 30 (DJ30) stocks.

Let f(r) denote the probability distribution function of returns (r) from investing in
one of the 30 stocks, and let F(r) denote the (cumulative) distribution function of returns.
Denote the expected value (mean) of f(r) by u and the standard deviation by o. The Sharpe
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ratio, Sharpe (1966), is named after a Nobel-winning economist. It represents a risk-adjusted
average return from investment X, defined as

SR(rx) = u(rx)/c(rx), 1

where the denominator makes risk adjustment. Typical SR ranks investment opportu-
nities based on data on market returns represented by the probability distribution f(r)
mentioned before.

Although (1) can also be used for ranking gambles, this paper uses it for stock-picking.
Gambling is a zero-sum or negative-sum game. By contrast, buying (selling) a share of
companies contributing to socially desirable (undesirable) goods and services often yields
positive y and a larger SR.

Aumann and Serrano (2008) propose an ‘index of riskiness’ of an investment as if it is
a gamble. They conjure imaginary gambling situations to assess their riskiness using an
axiomatic framework and an economic decision-making context. They reject the reciprocal
of SR of (1) as a measure of riskiness because it fails monotonicity property based on first-
order stochastic dominance. Aumann and Serrano (2008) focus too much on the attributes
of the stock buyer measured by a buyer’s risk-averse utility function. These authors refer
to a constant absolute risk-averse “CARA person” (page 816).

Cheridito and Kromer (2013), or “CK13,” is an impressive study of mathematical
formulas defining 45 performance measures similar to the reward-risk ratio (1). Among the
45 are tweaks on Sharpe ratios and ratios involving the value at risk (VaR). They evaluate
the following four properties:

e (M) monotonicity means that more is better than less. This is a common-sense mini-
mal requirement. All performance measures should satisfy it.

¢ (Q) Quasi-concavity describes uncertainty aversion linked to economists’ utility and
decision theories. It is not relevant if we include investors who allocate a (small)
proportion of investor funds as if they are risk-loving. We need not accept this
criterion for our purposes.

e (S) Scale Invariance or SR(X) = SR(AX) where A is a constant. The invariance
requirement is inappropriate for modern investing where some technologies need
very large (or small) scale and transaction costs are low for large transactions.

e (D) Distribution-based. All six stock-picking algorithms in this paper are distribution-
based.

CK13 evaluations are not necessarily for stock market investment, but include the
ranking of gambles where the “probability measure” (as in the measure theory of Statistics)
may be unknown. By contrast, our probability measure is well approximated by f(r),
and its riskiness is well represented by its dispersion. CK13 claim that 17 measures out
of 45, including the Sharpe ratio (SR), fail to meet the minimal monotonicity requirement
(M). The next four paragraphs show the limitations of the CK13 claim. We shall show
that CK13 proof assumes certain artificial gambles that are irrelevant for our stock-picking
based on f(r).

Proposition 4.1 in CK13 allegedly proves that SR = p(X) /o (X) fails (M). The proof
involves the existence of pathological cases involving three constants satisfying properties
as follows: [(a,b,c) > 0,a > ¢,b > 1,bc > a]. The proof needs to assume a non-
negative random variable Z > 0. Since stock returns can be both positive and negative, the
assumption Z > 0 is invalid for our f(r).

We begin by showing that SR fails (M) when Z > 0. CK13 proof defines X =a +bx* Z
and Y = ¢+ Z. For example, choose ¢ = 25,b = 24,c = 1.5,Z = 1,and 0(Z) = 1.
Now, X =25+24+Z =49and Y = 15+ 7 = 25, with X > Y. Now, E(X) = 49
is 96% larger than E(Y) = 2.5, whereas 0(X) = 2.4 is 240% larger than o(Y) = 1. Hence,
SR(X) = 49/24 = 2.04 < SR(Y) = 2.5. Since X is larger while SR(X) is smaller, the
Sharpe ratio indeed fails (M) for Z > 0.
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Consider a realistic negative realization of the random variable Z, representing losses,
with Z = —1. Let us keep the above choices of (4, b, ¢) and formulas for X and Y in CK13
unchanged. Now, X =25424%7Z =0.1and Y = 1.5+ Z = 0.5, implying that X < Y.
This E(X) = 0.1 is 500% smaller than E(Y) = 0.5, whereas ¢(X) = 2.4 is 240% larger than
o(Y)=1. Hence, SR(X) = 0.1/2.4 = 0.04 < SR(Y) = 2.5. Since X is smaller while SR(X) is
also smaller, the Sharpe ratio passes (M).

The CK13 alleged failure to pass (M) holds only for artificially constructed gambles
satisfying peculiarly demanding unrealistic restrictions (X = a — bc + bY) with a non-
negative random variable Z denying any presence of losses, unlike typical f(r). Thus, stock
market investors can safely ignore the claim that SR fails (M).

We further argue that property (Q) linked to utility theory can be ignored when allo-
cating resources. After all, economists have long avoided interpersonal utility comparisons.
An individual investor’s utility experience is personal, rarely identical across individuals,
and exhibits marked change for the same individual over time and space. Psychologists
have documented that utility from profits and losses is asymmetric and sensitive to profit
and loss sizes. It is futile to assess whether someone is a “CARA person” before deciding
which decision theory applies to him. In summary, the M, Q, S, and D criteria proposed
by CK13 can be misleading when applied to stock-picking purposes.

Let us turn to the 30 stocks comprising DJIA. We begin with Tables 1 and 2 for the
company names studied here in two parts with fifteen companies each. We report ticker
symbols, relative weights in DJIA, and a (case-sensitive) single-character name to identify
the stock for later use in graphics and tables. Figure 1 is inspired by Markowitz’s efficient
frontier model, without the straight line representing a risk-free rate. This Figure has
the mean return on the vertical axis and the standard deviation of returns measuring the
volatility (risk) for that stock on the horizontal axis. We depict thirty letters in Figure 1 for
each DJIA index component sticker.

The basic idea behind Figure 1 is that we imagine grouping stocks into a certain
number (=7) of unequal width ranges of standard deviation class intervals. Our 30 stocks
are implicitly assigned to these seven ¢ intervals. Now, the stock yielding the highest
average return for each level of risk (measured by the midpoints of the sd class interval)
dominates all those below it in Figure 1. The dominating stocks from DJIA are graphically
identified as (j, v, h, f, C, a, z). The corresponding longer company names of dominating
stocks, according to Tables 1 and 2, are Johnson & Johnson, Visa, Home Depot, Microsoft,
Salesforce, Apple, and Amazon.

Table 1. Company names, ticker symbols, weight in DJIA, and abbreviations with only one character.
Part 1.

Seq. Company Symbol Weight Charl
1 AppleInc. AAPL 293 a
2 Amgen Inc. AMGN 465 A
3 Amazon.com Inc. AMZN 299 z
4 American Express Co. AXP 409 «x
5 Boeing Co. BA 288 b
6 Caterpillar Inc. CAT 583 ¢
7  Salesforce Inc. CRM 471 C
8 Cisco Systems Inc. CSCO 083 S
9  Chevron Corp. CVX 285 e

10 Walt Disney Co. DIS 194 d
11 Dow Inc. DOW 097 D
12 Goldman Sachs Group Inc. GS 724 g
13 Home Depot Inc. HD 572 h
14 Honeywell International Inc. =~ HON 333 H
15  Intl Business Machines Corp. IBM 291 i
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Table 2. Company names, ticker symbols, weight in DJIA, and abbreviations with only one character.
Part 2.

Seq. Company Symbol Weight Charl
16  Intel Corp. INTC 061 I
17  Johnson & Johnson JNJ 253 j
18  JP Morgan Chase & Co JPM 333 ]
19  Coca Cola Co. KO 1.06 k
20 McDonald’s Corp. MCD 475 m
21 3m Co. MMM 1.58 M
22 Merck & Co. Inc. MRK 225 K
23 Microsoft Corp. MSFT 6.88 f
24 Nike IncCIB NKE 1.62 n
25  Procter & Gamble Co. PG 280 p
26  Travelers Cos Inc. TRV 3.69 t
27  Unitedhealth Group Inc. UNH 852 u
28  Visa Inc Class A Shares v 475 v
29  Verizon Communications Inc. VZ 068 V
30 Walmart Inc. WMT 1.04 w

Mean-sd frontier for DJ30

mean30

FLNTE Y
T : T D\ T T T

0.06 0.08 0.10 0.12 0.14 0.16

0.010 0.020 0.030

sd30

Figure 1. Mean-standard deviation efficiency frontier for Dow Jones 30 stocks.

1.1. Descriptive Statistics for the DJIA Stock Returns

This section reports some basic information about our data using standard descriptive
stats. We report ‘min’ for the smallest return, Q1 for the first quartile, where 25% of data
are below Q1 and 75% are above Q1. ‘Median’ and ‘Mean’ are self-explanatory. Q3 is for
the third quartile (75% below and 25% above), and ‘max” denotes the largest return.

In finance, two additional descriptive stats are referenced. The SR = /¢ defined
before and the ‘expected gain-expected pain ratio’. The latter is called ‘omega’ (Q2) in Keat-
ing and Shadwick (2002), or “KS02” hereafter. While we include SR and () among the
descriptive statistics associated with each stock, we include them among our six stock-
picking algorithms.

1.1.1. Sharpe Ratios for Risk-Adjusted Stock Returns

The SR of (1) is a popular stock-picking tool. Many researchers have studied it
and suggested modifications. SR treats a symmetric measure ¢ as an approximation to
the risk. It treats volatility on the profit and loss side as equally undesirable. Volatil-
ity on the loss side is undesirable but desirable on the profit side. An adjusted version,
SRjsq = 1/ DSD, replaces the o in the original denominator by downside standard devia-
tion (DSD = /DSV) from the square root of DSV, the downside variance. Let n? denote
the number of observations below the mean. The downside variance in Vinod and Reagle
(2005) (page 111, Equation (5.2.2)) is computed as

DSV = [Sywy(ry — )2 /n®, )
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where w; = 0 when r; > 7, and w; = 1 otherwise. The summation is over n? returns
involving possible losses. The adjusted version

SRyeq = t/+/DSV, (3)

is not difficult to compute. The online Appendix A provides software for SR 4.

Page 114 of Vinod and Reagle (2005) was perhaps the first to identify an often-ignored
serious problem with Sharpe ratios. Now, we show how SR provides the wrong rankings
when risk-adjusting any stocks with negative average returns. We explain the wrong ranking
using an example of two stocks, p and q, with Sharpe ratios, SRy = pp/0p, and SRy = pq/05.
Now, assume that both have a negative average loss of 100, or 1, = pqg = —100. Next, assume
that stock p is twice as volatile (risky) as stock q, or ¢, = 10 and ¢; = 5. We expect that the
money-losing and more risky stock p is worse than q. Note that SR, = —100/10 = —10
is larger than SR, = —100 /5 = —20. The ranking by SR says q is worse than p, which is
against common sense.

Page 114 of Vinod and Reagle (2005) also explains how to use suitably large “add
factors” to obtain the SR to yield the correct ranking. Fortunately, columns entitled ‘Mean’
in Tables 3 and 4 (of descriptive stats reported later) show that all thirty stocks have positive
average returns. Thus, we do not need any ‘add factor” adjustment in our context.

Note that our SR = /0 assumes that the researcher has true unknown values of u
and o, rather than their sample estimates ignoring estimation errors. A “Double Sharpe
ratio” divides the sample estimate sr by its standard error (SE), the standard deviation
of the sampling distribution. The division penalizes stocks with a higher estimation risk.
A double SR, which penalizes for estimation risk represented by a bootstrap standard error,
is discussed on page 227 of Vinod and Reagle (2005). We denote it as SR with subscript
‘se” as

SRs. = sr/SE(sr), 4)

The online Appendix A provides software for computing SR ;54 of (3) using downside
standard deviation in the denominator. Next, the appendix software computes a large

number | of SR{is , based on bootstrap replicates. Then, the code computes SE(sr) in the

denominator of (4), which becomes the standard deviation of | bootstrap values S R{i s

Recall that the risk (horizontal axis) versus return (vertical axis) scatterplot of Figure 1
suggests that Johnson & Johnson, Visa, Home Depot, Microsoft, Salesforce, Apple, and Ama-
zon graphically dominate others. The respective Sharpe ratios of these stocks are (0.22, 0.26,
0.23,0.25,0.22, 0.19, 0.15). Note that the Sharpe ratio is a direct measure of risk-adjusted
return, bypassing the grouping of stock returns into standard deviation (sd) intervals.

The lowercase versions of ticker symbols for the top seven Sharpe ratios in increasing
order of magnitude are amzn = 0.22, jnj = 0.22, crm = 0.22, unh = 0.23, hd = 0.23, msft = 0.25,
and v = 0.26, respectively. Markowitz’s theory supports a stock-picking algorithm based
on the Sharpe ratio. It is one of the six algorithms listed later in Section 3.

1.1.2. Original Computation of “Omega” for Stock Returns

KS02 name a “cumulative probability weighted” gain—loss ratio “omega” ((2), and claim
that it is a “universal” performance measure. We regard it as one of many and find that
the weighting used in its original computation can be simplified without sacrificing its
intent. This subsection describes the need for simplification, while the following subsection
describes a recommended version. A referee has suggested that some readers are not
interested in knowing exactly how our simplified version maintains the intent behind the
gain-loss ratio. Uninterested readers can skip the present subsection.

The title of KS02 claims universality for their performance measure. Since a larger
omega means a larger preponderance of positive returns, a stock having a larger omega is
more desirable. The idea of measuring a gain—loss ratio is first mentioned by Bernardo and
Ledoit (2000), who define r as a risk-adjusted excess return over a target return. Their risk
adjustment requires assumptions about the utility function of investors. This paper avoids
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any assumption regarding investor utility functions. We retain their distinction between
r* = max(0,r), the positive part of returns, and r~ = max(r,0), the negative part. Their
gain-loss ratio is (2p;, (Where the subscript ‘bl” identifies authors) is as follows:

Op =E(r")/E(r). ’)

Section 3.1 of CK13 states that Bernardo-Ledoit-type ratios satisfy all four (M, Q, S, D)
properties mentioned above.

KS02 do not assume anything about the utility function of investors. The gains and
losses in KS02 are compared to a target return. If all stocks in a data set have a common
target return, we can subtract it from all returns and work with returns in “excess of target”.
Hence, there is no loss of generality in letting the target be zero. Therefore, our target
return is mostly zero in the sequel. Metel et al. (2017) explain how omega generalizes the
mean variance-based Sharpe ratio by encompassing the entire f(r) (page 4) “therefore
incorporating higher moment properties”. Their Theorem 1 proves that, within the class
of elliptical density functions, using the Sharpe ratio or the Omega measure to optimize
portfolio performance leads to the same optimal portfolio. The theorem has no practical
implications for our purposes when working with real-world market returns, usually not
from any known density.

KS02 define

Oy = E(gain)/E(loss), (6)

where the expectation operator from the probability theory in E(gain) is represented
by choosing weights (1 — F(r)) by assuming continuous distributions. Similarly, KS02
represent E(loss) by choosing F(r) weights. The subscript ks’ in () identifies the authors
of KS02.

Considerable literature on “omega” assumes a continuous f (), usually with a known
(Gaussian, Elliptical) form. By contrast, this paper assumes a nonparametric representation
of f(r) based on actual market returns data. Since observable data are always discrete,
we replace F(r) with the empirical cumulative distribution function (ECDF), a step func-
tion of returns. It uses all the information in the data on returns and is considered a
“sufficient statistic”.

Figure 2 illustrates the ECDF for an imaginary stock A with n = 4, returns
re = (=3,-1,2,5), for t = 1,2,.,n. A vertical axis at r = 0, shown in Figure 2, sepa-
rates the ECDF for stock A into the loss side on the left (for r~ = max(r,0)) and the gain
side on the right (for r* = max(0,r)).

How do we represent the E operator weights in the discrete case? Usually, mathemat-
ical expectation E(x) = Xx;p; (return x; with probability p¢) is the average return. KS02
formulate the mathematical expectation of aggregate loss based on cumulative sums of
negative returns r; times corresponding cumulative probabilities from F(r) as weights.
Their gain side weights based on (1 — F(r)) are from the areas above the ECDF steps.
The following paragraph uses Figure 2 to explain the numerical computation of KS02's
cumbersome weighting for toy stock A mentioned above.

The ECDF on the loss side for toy stock A has two negative ranges, (box intervals)
(=3, —1) and (—1,0), with areas under the pillars for the two ranges of (1/n) and (2/n),
respectively. The respective gain side weights (2/n) and (1/n) are based on (1 — F(r)).
These weights represent the areas above the pillars for the two ECDF ranges (0, 2) and (2, 5)
on the right-hand side of the zero axis in Figure 2.

The KS02 weighting scheme of (), appears to be the same as that of the partial
moments of degree 1. Hence, (), of (6) is the ratio of the upper partial moment (UPM)
of degree 1 to the analogous lower partial moment (LPM), Viole and Nawrocki (2016). In
the R package called NNS, Viole (2021) has convenient functions called UPM and LPM to
compute them, and hence

Qs = UPM(1,0,7)/LPM(1,0,7), @)
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where 7 is a vector of returns, and where we have included the arguments (degree =1,
target = 0) of the R functions in the NNS package. Considering that these ratios are
decades old, there is a need to compare the out-of-sample performance of (), from stock
market return data using the NNS package with the three versions of Sharpe ratios in
Equations (1), (3), and (4).

This subsection has explained the logic behind the cumbersome weighting scheme in
KS02. The following subsection shows how the ECDF weighting is not really needed to
achieve the intent in Bernardo and Ledoit (2000).

ECDF for r=(-3,-1,2,5)

- 4
= o
] o 7
Q
[<}
[} _
Q
2 = ]
E o
3 —]
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3
© o
e T T T T
-2 0 2 4
stock return

n:4 m:0
Figure 2. Empirical Cumulative Distribution Function for a Toy Example.

1.1.3. Recommended Computation of “Omega” for Stock Returns

Recall that we regard omega as one of many stock-picking algorithms. This subsection
suggests a direct computation of Equation (5) for aggregate gain—aggregate loss ratios
without using F(r) and (1 — F(r)) weights. We divide the vector of returns r; into positive

(r}) and negative (r;") parts, proposing
Zt (7’+ )
Qsum = 7&/ (8
Ze| ()
where the subscript ‘sum’ refers to summations in the formula. The numerator and de-
nominator are both positive. For example, the stock A with returns r! = (-3, —1,2,5) has

Qsum = ((2+5)/(3+1)) = 7/4. The stock B with returns P = (—4,1,2,4) has the same
Qsym = 7/4. The computation of Qg is seen to be easy and intuitive.
An alternative formulation is

() /nt

Quog = et
TR )/

©)

where nt denotes the number of positive returns in the data, n~ denotes the number of
negative returns, and the subscript ‘avg’ refers to the averages in the formula. If the stock
returns arose from an independent and identically distributed (IID) process, the probability
of observing each return r; is 1/n and averages equal mathematical expectations. Hence,
it is tempting to prefer ;e over Q. However, market returns are almost never IID. A
stock’s return is intimately related to its own past, the returns of other stocks in its class,
the socio-political conditions, etc. Since the joint density of all stocks is unknown, the
probability of the sum of k returns (=*r) is also unknown.

Can we use the averages in )4y as an approximation by pretending that returns are
IID? Let us compare the two Formulas (8) and (9). Observe that Qs is larger than Qg
when 1~ is large, and that (), is smaller when n' is large. The total gain-loss ratio is
being multiplied by (n~ /n™). What are the implications of the relative sizes of (n™,n7) to
the investor’s bottom line? We use two imaginary stocks, A and B, to argue that a larger
(smaller) ratio (n~ /n*") does not benefit (hurt) the bottom line of the investor and should
be ignored.
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Assume two sets of stock returns r{‘ =(-3,-1,2,5) and rtB = (—4,1,2,4). They have
the same Qf,,, = 1.75 = QF,,, though the 1.75 = Qf,, >> Of,, = 7/12 = 0.58333. If
one relies on vag, we have to conclude that the gain—pain ratio for stock A is over three
times better than stock B. The aggregate gain (=7), aggregate loss (=4), and gain-loss ratio
(7/4 = 1.75) to the investor is exactly the same for stocks A and B. The aggregate gain of 7
for stock B is spread over 1}, = 3 periods, while the aggregate loss (=4) is spread over only
one period n; = 1. The aggregate gain and loss for stock A is spread over two periods
njg =2 =n}. The practically irrelevant (to the investor) sizes of (1", n~) should not be
allowed to contaminate the computation of the gain-loss ratio. We conclude this section by
stating that there are sound reasons for rejecting (z5¢ of (9) in favor of the simpler Qg
of (8).

Table 3. Table of basic descriptive stats. ‘Sharpe’ is the ratio of mean to standard deviation (sd). s is
Qgum, the sum of all positive returns divided by the sum of all negative returns. Number of non-missing
or available sample size in the last column, ‘Av.N". Part 1.

Ticker Min Q1 Median Mean Q3 Max Sd Sharpe (@8 Av.N
aapl —57.74 —4.66 2.53 2.40 9.81 45.38 12.20 0.20 1.7 473
amgn —41.53 —3.62 1.59 2.17 6.36 45.88 9.94 0.22 1.9 473
amzn —41.16 —4.73 2.47 3.61 9.74 126.38 16.56 0.22 2.0 324
axp —32.09 —2.38 1.37 1.31 5.86 85.03 8.72 0.15 1.6 473
ba —45.47 —3.82 1.45 1.18 6.99 45.93 8.83 0.13 1.4 473
cat —35.91 —4.16 1.69 1.52 7.15 40.14 8.96 0.17 1.6 473
crm —36.03 —4.61 1.75 2.39 8.98 40.26 11.08 0.22 18 239
csco —36.73 —4.01 1.70 2.19 8.27 38.92 10.48 0.21 18 411
cvx —21.46 —2.57 1.09 1.15 4.76 26.97 6.47 0.18 1.6 473
dis —28.64 —3.34 1.05 1.28 5.73 31.26 791 0.16 1.5 473
dow —26.45 —3.37 1.24 0.86 6.30 25.48 9.41 0.09 13 62
gs —27.73 —5.20 1.33 1.15 6.64 31.38 9.22 0.12 1.4 300
hd —28.57 —3.41 1.71 1.91 7.06 30.33 8.14 0.23 1.8 473
hon —38.19 —2.39 1.33 1.18 5.06 51.05 7.75 0.15 1.5 473
ibm —24.86 —3.61 0.75 0.84 5.00 35.38 7.44 0.11 1.4 473

Table 4. Table of basic descriptive stats. Sharpe is the ratio of mean to standard deviation (sd).

Qg is Qgym, the sum of all positive returns divided by the sum of all negative returns. Number of

non-missing or available sample size in the last column, ‘Av.N’. Part 2.

Ticker Min Q1 Median Mean Q3 Max Sd Sharpe Qg Av.N
intc —44.47 —4.39 1.25 1.52 7.05 48.81 10.67 0.14 15 473
nj —16.34 —2.23 1.25 1.22 443 19.29 5.59 0.22 18 473
jpm —32.68 —3.86 1.22 1.32 6.36 33.75 9.17 0.14 15 473
ko —19.33 —2.08 1.24 1.20 4.62 22.64 5.83 0.21 1.7 473
mced —25.67 —2.16 1.36 1.26 5.04 18.26 5.94 0.21 1.7 473
mmm —27.83 —2.46 1.22 1.01 4.40 25.80 6.07 0.17 1.5 473
mrk —26.62 —3.02 1.12 1.33 5.86 23.29 6.94 0.19 1.6 473
msft —34.35 —3.56 2.25 2.36 6.80 51.55 9.45 0.25 2.0 458
nke —37.50 —3.30 1.84 1.90 7.02 39.34 9.40 0.20 17 473
Pg —35.42 -1.77 1.20 1.20 4.92 24.69 5.57 0.22 18 473
trv —53.47 -3.17 142 1.09 5.03 52.51 7.34 0.15 1.5 473
unh —36.51 —3.21 2.50 2.18 7.39 40.70 9.57 0.23 19 473
\4 —19.69 —2.47 2.27 1.58 5.25 16.83 6.14 0.26 19 194
vz —20.48 —2.75 0.52 0.89 4.92 37.61 6.17 0.14 1.5 473
wmt —27.06 —2.40 1.25 1.37 5.55 26.59 6.48 0.21 1.7 473

2. Unbiased Out-of-Sample Calculations

Most authors define their out-of-sample range from the last few periods of the data.
Since any such out-of-sample time series is sensitive to the peculiar characteristics of the
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last few periods, their calculations can be biased. For example, if the out-of-sample (oos)
series coincides with the 2020 pandemic, the calculations will have a pessimistic bias.
Vinod (2023) suggests removing the bias by “pandemic proofing” the calculations on (40%
here) randomly chosen ‘oos’ data. Each j-th choice yields a ranking of stocks. Repeating
the ranking | (=50, say) times, we compute their mean y and standard deviation ¢ for
the i-th stock-picking algorithm. We have i = 1,...,6 here. Assuming no transaction
costs, Vinod (2023) computes a zero-cost arbitrage, executing the following trades. One
short sells (selling without first possessing) certain dollars worth of the worst stock in DJTA
and buys the appropriate fraction of the best stock as determined by each method.

Our unbiased ‘00s’ strategy here does not seek a zero-cost arbitrage. Instead, we just
compute distinct stock rankings by each method in-sample and randomly choose 40%
observations for each j-th ‘00s’ realization. Finally, the average of the ranksoverj =1,...,]
random choices determines the ‘0os” stock choice by that method.

3. Ranking 30 Stocks by Six Algorithms

We split our report into three tables, ranking the 30 DJIA stocks by two versions of six
stock-picking algorithms. Each table has ten stocks at a time in alphabetical order of their
ticker symbols. Tables 5-7 report two versions of the ranks produced by each algorithm for
(a) in-sample ranks and (b) unbiased out-of-sample ranks.

1. Sharpe-in/out: Section 1.1.1 mentions the Sharpe ratio as a stock-picking algorithm.

2. Omega-in/out: Our computation is described in Section 1.1.3 and Equation (8) for Q.

3. Decile-in/out: It is generally agreed that the stock whose probability distribution of
returns is more to the right-hand side is more desirable. One way to achieve this is
to compare their deciles. The R package ‘generalCorr,” offers a convenient function
called decileVote(.).

4. Descr-in/out: We compare the traditional descriptive stats of each stock’s data. Most
stats are in the “the larger, the better” category and are obtains (+1) as weight. The
standard deviation represents risk and obtains (—1) weight. This algorithm uses a
weighted summary of these stats for stock-picking.

5. Momen-in/out: Moment values: The first four moments of a probability distribution
provide information about centering, variability, skewness, and kurtosis. Our weights
incorporate the prior knowledge that low variability and low kurtosis are desirable,
while larger mean and skewness are desirable. A weighted summary is implemented
in the R package ‘generalCorr,” function called momentVote(.).

6.  Exact-in/out: This algorithm refers to the exact stochastic dominance mentioned in
Section 3.1. The stochastic dominance (SD) of the first four orders is summarized in the
R package ‘generalCorr’. See the R function called exactSd (). The theoretical details
are available in Vinod (2024), where iterated integrals of cumulative distribution
functions are used. See the following Section 3.1 for a summary of general ideas
behind the theory of stochastic dominance.

3.1. Ranking Stocks by Exact Stochastic Dominance

We apply some of the tools described in Vinod (2024) to the portfolio selection problem
for the DJ30 data set used here. We use the exact computation of stochastic dominance
using a worse imaginary stock (x.ref) than the worst-performing stock in DJ30.

We shall see that stochastic dominance needs a reference stock. Accordingly, we plan
to compute the return for each of the 30 DJIA stocks with reference to the return in excess
of the money-losing imaginary 31-st stock (x.ref). The lowest return over all included
DJ30 data sets and over all 30 stocks is —86.14151, where the negative sign suggests a loss.
Let us choose (x.ref) return —87.38904, which is a little smaller than —86.14151, implying
consistently the largest losses throughout the data period. Thus, all 30 stocks in our data
always dominate (x.ref) throughout the period with varying dominance amounts.

The exact stochastic dominance computation invented by Vinod (2024) measures the
dominance of each one of the thirty DJ30 stocks over the (x.ref) imaginary stock. The thirty
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dominating amounts are comparable to each other and allow the ranking of the thirty
stocks. The computation of dominating amounts depends on the order k of stochastic
dominance (SDk).

The first-order computation of the dominating amount depends on the exact area
between two empirical cumulative distribution functions (ECDFs). It is customary to use
iterated integrals for the higher-order computation of dominating areas since Levy (1973).
The R package ‘generalCorr’ computes dominating areas from SD1 to SD4 and summarizes
their rankings.

Tables 5-7 report the rank of stock tickers named in the column heading. The stocks
ranked with low numbers (e.g., 1 to 8) are worth buying according to the algorithm implied
by the row name. On the other hand, stocks ranked with high numbers (e.g., 23 to 30) are
worth selling. Interestingly, stocks recommended for buying using in-sample data do not
generally agree with the unbiased out-of-sample averages, even for the same algorithm.

Table 5. All criteria summary ranks of DJ30 stocks for in-sample and average over the randomized
out-of-sample returns. Part 1.

Algorithm  aapl amgn amzn axp ba cat crm  ¢sco cvX dis
Sharpe-in ~ 15.0 6.0 70 220 270 18.0 8.0 12.0 17.0  20.0
Sharpe-out 290  23.0 240 150 200 220 13.0 8.0 9.0 210
Omega-in  15.0 5.0 2.0 180  27.0 19.0 9.0 11.0 170 220
Omega-out 290 220 240 150 210 230 14.0 7.0 11.0 200
Decile-in 9.0 15.0 45 70 225 13.0 10.5 6.0 280 260
Decile-out 250 215  24.0 4.0 11.0 6.5 19.0 80 265 230
Descr-in  14.3 16.0 13.0 12.0 17.0 14.6 14.1 14.9 17.6 18.0
Descr-out  21.9 17.4 16.6 14.6 13.6 15.9 13.0 14.9 16.6 17.7
Momen-in 7.0 3.0 1.0 10.0  24.0 11.5 4.0 6.0  20.0 15.0
Momen-out  19.0 10.0 7.0 140 230 215 3.0 1.0 17.0  20.0
Exact-in 8.0 10.0 5.0 18.0  25.0 14.0 4.0 6.0 260 19.0
Exact-out  29.0 18.0 5.0 13.0 210 220 2.0 6.0 190  23.0
AvgRank  21.0 13.0 7.0 11.0 270 16.0 6.0 3.0 220 240

Table 6. All criteria summary ranks of DJ30 stocks for in-sample and average over the randomized
out-of-sample returns. Part 2.

Algorithm  dow gs hd hon ibm intc jnj jpm ko  mcd
Sharpe-in 30.0 28.0 3.0 21.0 29.0 26.0 5.0 24.0 13.0 10.0
Sharpe-out 30.0 27.0 7.0 6.0 28.0 26.0 4.0 10.0 1.0 17.0
Omega-in 30.0 28.0 6.0 21.0 29.0 25.0 8.0 24.0 10.0 13.0
Omega-out 30.0 27.0 8.0 5.0 28.0 25.0 4.0 12.0 1.0 17.0
Decile-in 24.5 27.0 8.0 14.0 30.0 21.0 18.0 24.5 16.0 12.0
Decile-out 16.5 16.5 10.0 5.0 30.0 28.0 12.0 2.0 9.0 26.5
Descr-in 19.6 18.7 12.7 15.4 19.6 17.7 144 18.1 14.7 14.0
Descr-out 18.3 16.7 13.9 14.6 20.1 19.3 13.6 13.9 11.6 17.0
Momen-in 30.0 25.0 8.0 16.0 28.0 11.5 18.0 17.0 26.0 23.0
Momen-out 30.0 27.0 5.0 11.0 24.0 12.5 18.0 6.0 9.0 29.0
Exact-in 1.0 3.0 11.0 24.0 30.0 13.0 21.0 17.0 22.0 20.0
Exact-out 1.0 4.0 9.0 12.0 30.0 20.0 17.0 10.0 11.0 27.0
AvgRank 28.0 26.0 4.0 12.0 30.0 25.0 10.0 14.0 8.0 23.0
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Table 7. All criteria summary ranks of DJ30 stocks. Part 3.

Algorithm mmm mrk  msft nke 74 trv.  unh v vz wmt

Sharpe-in 19.0 16.0 2.0 14.0 9.0 23.0 4.0 1.0 25.0 11.0
Sharpe-out 19.0 16.0 14.0 25.0 3.0 12.0 11.0 2.0 5.0 18.0
Omega-in 20.0 16.0 1.0 14.0 7.0 23.0 4.0 3.0 26.0 12.0
Omega-out 19.0 16.0 13.0 26.0 3.0 9.0 10.0 2.0 6.0 18.0
Decile-in 22.5 19.0 3.0 2.0 17.0 20.0 1.0 45 29.0 10.5
Decile-out 18.0 20.0 29.0 14.0 13.0 6.5 1.0 3.0 15.0 215
Descr-in 18.3 16.3 11.9 13.7 16.7 16.9 11.7 11.7 17.1 14.3
Descr-out 17.7 16.9 14.7 18.1 10.7 14.7 11.6 11.1 11.6 17.0
Momen-in 29.0 19.0 2.0 9.0 21.0 22.0 5.0 13.0 27.0 14.0
Momen-out 28.0 215 20 26.0 12.5 15.0 4.0 16.0 8.0 25.0
Exact-in 28.0 16.0 7.0 12.0 23.0 27.0 9.0 2.0 29.0 15.0
Exact-out 28.0 24.0 7.0 25.0 14.0 16.0 8.0 3.0 15.0 26.0
AvgRank 29.0 20.0 5.0 15.0 9.0 18.0 2.0 1.0 19.0 17.0

The three tables, Tables 5-7, represent the main findings of our study of monthly
data spanning over 39 years. The tables report alphabetically arranged ticker symbols
in the column headings. Each table has ten stocks out of the thirty stocks of the DJIA.
The bodies of the tables report rank by each of the twelve methods for six algorithms in
two versions. For example, the first column of Table 5 has ranks of the Apple stock via
the twelve methods. The first four ranks (15, 29, 15, 29) contain some repetitions, but the
twelve methods rarely agree. If we respect the independent logic of all twelve algorithms,
the average rank reported in the last (13-th) row may be thought of as a gist from the twelve
ranks along the first twelve rows.

The buy or sell recommendations from our study needs some slicing and dicing of
Tables 5-7. Accordingly, Table 8 reports abridged (case-sensitive single-character) names of
the top eight stocks for buying (ranked 1 to 8) and the bottom eight for selling (ranked 23
to 30) by each of our six algorithms. Algorithm names are listed in Section 3. The algorithm
names also appear as row names in Tables 5-7. We must abridge the row names to only
three characters to save table space. Column names are lowercase versions of the stock
ticker symbols. We are reporting twelve rows, two for each of the six criteria (in-sample
and out-of-sample). The last row, named AvgRank, refers to the average rank from all
12 criteria listed above. Table 9 considers only the top and bottom two stocks for buying
and selling.

Table 8. One character name of the top and bottom eight stocks for buying and selling by each of
our six algorithms. Algorithm names from earlier tables are abridged to only three characters (suffix
i = in-sample, o = out-of-sample). Column names are the ranks by the criterion named along the row.

algo 1 2 3 4 5 6 8 23 24 25 26 27 28 29 30
Shi v m w S k n a K h D u j Az C p
Sho k ] u t C f X K p D j v H h S e

Omi f k S w m n a K v D u A h p j C
Omok u e J f C x K p D j H VvV S h t

Di u C w m ¢ H A k f i z A4 S X h a

Deco u h b j p n V D v i X H ¢ t S k
Dsi u v f X h z n m e I d ] M g D i

Dso p \4 k u v C b j A d M n D I i a
Moi z X c I \4 w d H A D C u S a h n
Moo S A H I P X t v C D u h ] z VvV  k
Exi D A h n I c w K g i C z S f a u
Exo D ] k H x P \Y% t v i g z S f u h
avg v j X H A ] n c S i h f C z k p
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Table 9. Unabridged ticker symbols of the top two stocks for buying and the bottom two for selling
by each of our six algorithms. Row names are algorithm names, as in earlier tables. Column names

are ranks.

Criterion 1 2 29 30
Sharpe-in v med crm rs
Sharpe-out ko jpm csco cvx
Omega-in  msft ko nj carm

Omega-out ko unh hd trv
Decile-in  unh crm hd aapl
Decile-out unh hd csco ko
Descr-in  unh v dow ibm
Descr-out  pg v ibm aapl
Momen-in  amzn axp hd nke
Momen-out  csco amgn vz ko
Exact-in  dow amgn aapl unh
Exact-out dow jpm unh hd
AvgRank v inj ko rg

4. Final Remarks

We describe the probability distribution of returns f(r) and various stock-picking
tools. We review Cheridito and Kromer’s M, Q, S, D properties. We reject their claim that
the Sharpe ratio fails to satisfy monotonicity by showing the limitations in their proof. We
also introduce new weights for the Omega ratio to address the distortions in the gain—pain
ratio faced by investors.

This paper describes six stock-picking algorithms for long-term investment in the DJ30
stocks. Our implementations of omega (gain—pain ratio) and exact stochastic dominance
appear to be new. We use monthly return data for the recent 39+ years to find that each
algorithm leads to a distinct ranking. We report the ranks by each criterion, implying that
rank 1 is the top stock worthy of buying and that rank 30 is the bottom stock worthy of
selling. As we change the time periods (e.g., quarters, months, weeks, hours, etc.) included
in the selected DJ30 data sets, the entire analysis will change, and our data-driven buy-sell
recommendations are also expected to change. For example, Table 8 lists the top eight
one-character abbreviations of ticker symbols to buy or sell. Table 9 lists the top two ticker
symbols for stocks to buy and sell.

Our research shows that the ultimate choice of stock tickers to buy or sell in suitable
quantities within one’s own budget is possible for anyone. Long-term investors need price
data for long time intervals. It helps to compare many stock-picking algorithms along the
lines shown here using a clear statement of the algorithms. The in-sample and unbiased
out-of-sample ranks rarely coincide, even for the same algorithm. Averaging the ranks over
six criteria using in-sample and an average of 50 randomized out-of-sample results suggests
a choice of Visa and Johnson & Johnson for buying. The least desirable average ranks
indicate that investors should consider selling Coca-Cola and Procter & Gamble shares.

Funding: This research received no external funding.

Data Availability Statement: Stock Prices of Dow Jones 30 stocks are publicly available. We
use the R command tseries::get.hist.quote (“ticker symbol”, quote = “Adj”, start = “1985-01-01",
retclass = “z00”, compression = “m”).
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Appendix A. Online Computational Hints

Please use the link https://faculty.fordham.edu/vinod/onlineDJ30jrfm.docx (ac-
cessed on 5 August 2024), where we provide online computational hints in the form
of R code ready to copy and paste.
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Abstract: This paper tests the hypothesis that action-based fiscal consolidations have a negative effect
on GDP growth. Using the IMF’s dataset on action-based fiscal consolidations, instrumental variables’
regressions show that action-based fiscal consolidations have a significant positive effect on GDP
growth. The instrumental variables’ regressions also show that action-based fiscal consolidations
significantly increase investment and productivity. The findings presented in this paper thus strongly
reject the hypothesis that action-based fiscal consolidations reduce growth. The paper argues that
least squares estimates presented in previous literature suffer from negative reverse causality bias:
GDP growth has a significant positive effect on both the likelihood and the magnitude of action-based
fiscal consolidations. To uncover causal effects of action-based fiscal consolidations, researchers need
to use an instrumental variables approach.
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1. Introduction

This paper seeks to make an empirical contribution to the literature on the macroeco-
nomic effects of fiscal consolidations. Specifically, the paper’s main aim is to improve our
understanding of what are the causal effects of so-called action-based fiscal consolidations.
Theoretically, there is at least one compelling reason why action-based fiscal consolidations
are not exogenous to contemporaneous GDP growth: automatic stabilizers. A decrease in
GDP growth reduces tax revenues, and government expenditures automatically increase
when GDP growth decreases (because decreases in GDP growth are generally associated
with higher unemployment rates, which means that more people are seeking unemploy-
ment and welfare payments). An instrumental variables approach is thus needed for
identifying the causal effects that action-based fiscal consolidations have on GDP growth.

This is the first paper to use an instrumental variables approach for estimating the
causal effects that action-based fiscal consolidations have on GDP growth. The instrumental
variables’ estimates presented in this paper show that the response of GDP growth to
action-based fiscal consolidations is positive and significantly different from zero: over
a horizon of one year, a fiscal consolidation equal to 1 percent of GDP increases GDP
by about 1.8 percent; over a horizon of two and three years, the cumulative GDP gain
relative to the size of the cumulative fiscal consolidation shock is equal to about 1.5 and
1.4 percent, respectively.

The paper’s finding is different from the mainstream finding in the existing literature,
which is discussed in Section 2. The existing literature, to date, which has used least squares
regressions, has found negative effects of fiscal consolidations on GDP growth. However,
as argued in this paper, the findings in the existing literature are likely to be driven by
negative reverse causality bias. Contemporaneous GDP growth has a significant negative
effect on action-based fiscal consolidations. Least squares regressions, where GDP growth
is the dependent variable and action-based fiscal consolidations is the explanatory variable,
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suffer from negative reverse causality bias. The instrumental variables’ estimates that I
report in this paper do not suffer from this negative reverse causality bias.

To shed light on the mechanisms through which action-based fiscal consolidations
affect GDP growth, I examine the effects that action-based fiscal consolidations have on
total factor productivity growth, investment, consumption, and net-exports. My instru-
mental variables’ estimates show that action-based fiscal consolidations have a significant
positive effect on total factor productivity growth, in addition to significantly boosting
private investment and net-exports. I do not find a significant effect of action-based fiscal
consolidations on private consumption. Action-based fiscal consolidations significantly
reduce inflation and lead to a significant depreciation of the real exchange rate.

The paper’s instrumental variables approach uses exclusion restrictions to identify a
system of equations. At least since the 1980s (see, e.g., Hausman et al. (1987)), it has been
known that, if valid, two exclusion restrictions are sufficient to identify a simultaneous
system of two equations. In this paper, the two equations are: (1) where GDP growth
contemporaneously affects action-based fiscal consolidations, and (2) where action-based
fiscal consolidations contemporaneously affect GDP growth. Under the exclusion restriction
of a zero covariance of the error terms in Equations (1) and (2), I only need valid external
instruments for the first equation; then, the residual from that estimated equation is used
as an instrument in the second equation to obtain a consistent estimate of the effect that
action-based fiscal consolidations have on GDP growth.

I estimate the simultaneous system of two equations in two steps. In the first step, I
estimate Equation (1) using temperature changes, GDP growth of trading partners, and
the international commodity price index as excluded instruments for contemporaneous
GDP growth. The instrumental variables’ estimates show that GDP growth has, contem-
poraneously, a significant negative effect on the magnitude of fiscal consolidations. On
average, a one percentage point increase in annual GDP growth decreases the magnitude of
an action-based fiscal consolidation by about 0.08 percent of GDP in the same year. This is
a large effect: the effect is equivalent to about one-quarter of the average action-based fiscal
consolidation in the sample (in the sample, the average action-based fiscal consolidation is
around 0.3 percent of GDP). I document that the estimated contemporaneous effect of GDP
growth on fiscal consolidations is robust to using alternative instruments; that is, all three
instruments jointly, or one instrument at a time, including additional control variables,
such as lags of GDP growth and lags of fiscal consolidations, and excluding from the
sample the five largest economies. In the second step, I use the residual variation in fiscal
consolidations that is not due to GDP growth (i.e., the residual from the estimated Equation
(1)) as an instrument for fiscal consolidations in Equation (2), where the dependent variable
is GDP growth.

The remainder of the paper is organized as follows. Section 2 discusses related
literature and clarifies the contribution and significance of this paper to the literature.
Section 3 describes the data and estimation framework. Section 4 discusses the results.
Section 5 shows that, by imposing exclusion restrictions, in a simultaneous system of
equations, one can identify the effects that action-based fiscal consolidations have on
GDP growth. Section 6 discusses instrumental variables” estimates of the simultaneous
system of equations. Section 7 concludes the paper. The Supplementary Materials contain
additional results.

2. Related Literature

For estimation of causal effects that fiscal consolidations have on GDP growth, a
necessary condition is that fiscal consolidations are exogenous: contemporaneous GDP
growth should have no effect on the magnitude or likelihood of a fiscal consolidation. This
is the contemporaneous exogeneity condition (see, e.g., Stock and Watson (2018)). The
literature is very much aware of the importance of this condition. Ramey (2016, 2019)
provided an overview. One approach to identifying exogenous changes in fiscal policy,
that has become increasingly popular, is the so-called narrative approach. According to the
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narrative approach, the researcher reads policy documents—such as budgets and central
bank reports—and then, based on what is written in those documents, classifies policy
changes as exogenous if there is no indication in those documents that the policy change is
in response to prospective economic conditions.

Does the absence of evidence—based on what is written in the policy documents—
mean that the identified fiscal consolidations are exogenous to contemporaneous GDP
growth? This paper provides an answer to that question. My results are for the largest
dataset, in terms of country coverage, that exists: the IMF’s dataset on action-based fiscal
consolidations. This is a dataset where only those fiscal consolidations are recorded which,
according to the narrative record, were primarily motivated by a desire to reduce the
budget deficit. The first dataset on action-based fiscal consolidations was introduced in
2011 by DeVries et al. (2011). The dataset covered 17 advanced economies during the period
1978 to 2009. The data were extended to 14 countries in Latin America and the Caribbean
during the period 1989 to 2016 by David and Leigh (2018). The IMF dataset covers both tax-
and expenditure-based consolidations. Importantly, only those consolidations that were
implemented as announced are included in the dataset.

The IMF dataset on fiscal consolidations has been widely used in the literature to
estimate the effects of fiscal consolidations on GDP growth, either as the main variable
(e.g., Guajardo et al. 2014; Jorda and Taylor 2016; Cloyne et al. 2020; Carriere-Swallow
et al. 2021), as a robustness check (Pappa et al. 2015), or to construct fiscal plans (Alesina
et al. 2015, 2018, 2019a, 2019b). In all those papers, the identifying assumption was that
contemporaneous GDP growth has no effect on action-based fiscal consolidations.

Jorda and Taylor (2016) documented that year t GDP growth, as well as other macro-
variables in year t, have significant effects on the year ¢ + 1 likelihood of an action-based
fiscal consolidation. The finding by Jorda and Taylor (2016), that action-based fiscal consol-
idations are predictable by GDP growth, does not imply that action-based fiscal consoli-
dations are contemporaneously affected by GDP growth. Contemporaneous exogeneity
is distinct from predictability. This point has already been made by Alesina et al. (2015,
pp- 26-27), and it is worth reiterating it here. To the best of my knowledge, I am the
first to examine whether action-based fiscal consolidations fulfill the contemporaneous
exogeneity condition.

Providing an answer to the question of whether action-based fiscal consolidations are
exogenous to contemporaneous GDP growth requires the use of an econometric model and
country-specific variables that fulfill the following two conditions. First, the variables must
be exogenous to GDP growth and fiscal consolidations. The second condition is that they
should have a significant effect on GDP growth. Three candidate variables that likely fulfill
these two conditions are: (i) year-to-year changes in temperature, (ii) the GDP growth rate
of trading partners, and (iii) an international commodity price index. Among these three
variables, the one that is clearly exogenous to the annual GDP growth rate of a country is
the year-to-year change in the country-specific mean temperature. The second variable is
exogenous to the GDP growth of a country, if that country’s GDP is only a tiny fraction of
the trading partners” GDP. The third variable is exogenous to the GDP growth of a country
if that country is a price-taker on the international commodity market, i.e., the country
exports or imports only a small fraction of the globally traded commodity.

Controlling for country and time fixed effects, my panel model estimates show that all
three of these candidate variables individually have a significant effect on GDP growth, and
they also individually have a significant effect on action-based fiscal consolidations. I am
not the first to document that these three variables have a significant effect on annual GDP
growth. There are numerous papers that have used these variables in various contexts,
where one of the outcome variables is GDP growth.! T chose these three variables precisely
because there exists a literature that has documented a significant effect of these variables
on GDP growth.
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A novel empirical result of this paper is that year-to-year changes in temperature, GDP
growth of trading partners, and the international commodity price index have a significant
contemporaneous effect on action-based fiscal consolidations. Importantly, the signs of
the estimated effects are the same for all three of these variables; that is, each of these
variables has a significant positive contemporaneous effect on annual GDP growth, as
well as a significant negative contemporaneous effect on action-based fiscal consolidations.
Taken together, these results suggest that it is highly unlikely that action-based fiscal
consolidations are exogenous to contemporaneous GDP growth.

The reduced-form results are important for several reasons. First, they imply that the
identifying assumption of contemporaneous exogeneity is not satisfied in those papers
that have used the IMF’s action-based fiscal consolidations variable on the right-hand
side in econometric models, estimated by least squares, where the dependent variable is
annual GDP growth. This is obviously an important result, as there is currently a lot of
focus on fiscal policy and its effects on GDP growth. Second, the findings speak to the
general question of whether a narrative approach (i.e., reading policy documents to look
for absence of evidence) is suitable for identifying policy changes that are exogenous to
contemporaneous GDP growth.2 The answer to that question is no, the narrative approach
is not suitable for identifying fiscal consolidations that are exogenous to contemporaneous
GDP growth when the motive for the fiscal consolidation is budget-deficit reduction.

To be clear, there is immense value in the narrative approach. By reading policy
documents, one can identify announcements and the main motive for the fiscal consoli-
dation. The issue with the narrative approach that I am pointing out is that it is wrong
to assume that tax or government spending changes, which are made by policymakers to
reduce a budget deficit, are exogenous to contemporaneous GDP growth. There are other
motives for fiscal policy changes: for example, wars fought overseas (see, e.g., Ramey (2011)
or Ramey and Zubairy (2018)). My paper’s results are specific to fiscal policy changes
motivated by budget-deficit reduction. No inference should be made from the results in
my paper regarding changes in fiscal policy, identified from the narrative record, that are
due to motives other than budget-deficit reduction.

The narrative approach is not the only approach that exists in the literature for iden-
tifying causal effects of fiscal consolidations—there are approaches in the fiscal policy
literature that use national accounts’ data on government spending and tax revenues. One
important paper is that of Blanchard and Perotti (2002). Blanchard and Perotti identified
their system of equations by assuming that, at a quarterly frequency, government spending
is contemporaneously unaffected by GDP growth. They used an outside estimate of the
output elasticity of tax revenues to construct the residual variation in tax revenues that is
not due to GDP, which they then used as an instrument for tax revenues. Another approach
to identifying causal effects is to use sign restrictions (see, e.g., Mountford and Uhlig (2009)).

Romer and Romer’s (2010) main critique of these alternative approaches was that
there are likely to be variables, which are omitted from the econometric model, that have
a direct contemporaneous effect on both GDP growth and fiscal variables. Romer and
Romer advocated for the narrative approach. Their assumption was that, if the narrative
record indicates that a fiscal policy change was mainly motivated by a desire to reduce an
inherited budget deficit, then the fiscal policy change identified from the narrative record is
exogenous to contemporaneous GDP growth. According to my estimates, this assumption
can be rejected at the conventional significance levels.

Action-based fiscal consolidations are fundamentally different in nature to variations
in government expenditures and tax revenues that arise due to other factors, such as, for
example, automatic stabilizers. Fiscal consolidations are associated with a variety of issues
that have been pointed out by the political economy literature (see, e.g., Alesina et al. (1998)
for an early contribution). In that regard, it is not straightforward to relate the findings in
this paper to the general question of how large are fiscal multipliers? Recent empirical work
has uncovered a difference in the effects of fiscal expansions and fiscal consolidations (see,
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e.g., Barnichon and Debortoli (2022)). The results in this paper are specific to action-based
fiscal consolidations.

Two seminal theoretical macro-papers that are in line with the paper’s empirical results
are those of Giavazzi and Pagano (1990) and Blanchard (1990). Giavazzi and Pagano (1990)
developed a model where an expenditure-based fiscal consolidation can have a positive
effect on GDP growth. Blanchard (1990) showed that a positive effect on GDP growth is
also possible for a tax-based fiscal consolidation.

An alternative, political economy explanation for why an action-based fiscal consoli-
dation has a positive effect on GDP growth is as follows. Debt dynamics are determined by
present-bias of policymakers (see, e.g., Yared (2019)). The larger the present-bias, the larger
the distortions. If, throughout time, policymakers differ in their degree of present-bias,
and their present-bias is private information, then a fiscal consolidation is a signal that
the policymaker has a relatively low present-bias. Only those policymakers with a low
present-bias will choose to reduce a budget deficit. The lower the present-bias, the higher
the GDP growth.

3. Data and Estimation Framework for: Are Action-Based Fiscal
Consolidations Exogenous?

3.1. Data
3.1.1. Action-Based Fiscal Consolidations

The data on action-based fiscal consolidation are from the International Monetary
Fund (DeVries et al. 2011; David and Leigh 2018). The data were assembled by IMF
economists following the narrative approach. In the working paper that accompanies the
dataset, DeVries et al. (2011, pp. 3, 5) write:

“We examine policymakers’ intentions and actions as described in contempora-
neous policy documents, and identify measures motivated primarily by deficit
reduction. . .Following Romer and Romer (2010), we use the contemporaneous esti-
mates contained in these sources since retrospective estimates are rarely available.”

According to Repec?®, DeVries et al. (2011) have been cited in over 184 distinct re-
search papers: more than 14 citations per year, on average, over a time span of 13 years
since the release of the working paper. The number of citations suggests that many in the
profession view the dataset as valuable. A database on discretionary fiscal policy aimed
at consolidating the budget is extremely valuable. Such discretionary fiscal policies are
different in nature to variations in the budget balance that arise due to automatic stabi-
lizers. Discretionary fiscal policies aimed at consolidating the budget are actions taken
by policymakers: tax-based consolidations are those actions by policymakers where tax
rates are increased, while expenditure-based consolidations are those actions taken by
policymakers that reduce government expenditures (broadly defined, i.e., purchases of
goods and services, social transfers, and subsidies).

The IMF’s database on action-based fiscal consolidations is the largest that exists.
The data are publicly available and can be downloaded from the IMF’s website. The
dataset by DeVries et al. (2011) covers 17 advanced economies during 1978-2009, and the
dataset by David and Leigh (2018) covers 14 Latin American and Caribbean economies
during 1989-2016. In each dataset, there are three variables: the total value of the fiscal
consolidation, tax-based fiscal consolidations, and expenditure-based fiscal consolidations.
All three variables are expressed as a percent of a country’s GDP. The data comprise only
those fiscal consolidations that were implemented as announced. Fiscal consolidations that
were announced and not implemented are not part of the dataset. The action-based fiscal
consolidation data are annual.
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3.1.2. Exogenous Variables

The data source for my baseline temperature variable was FAOSTAT (2021). As a
robustness check, I also reported results for the temperature data of Dell et al. (2012). The
baseline data on the trade-weighted GDP growth rate of trading partners and the interna-
tional commodity price index were from Vegh and Vulletin (2015). As a robustness check,
I also reported results for an international commodity price index that was constructed by
the IMF economists Gruss and Kebhaj (2019). Specifically, I used the index that is based on
time-invariant average GDP shares of commodity net-exports. I also reported the results
for the net-barter terms of trade. Data on the net-barter terms of trade were from the World
Development Indicators (World Bank 2021).

3.1.3. Descriptive Statistics

Appendix A, Table Al shows descriptive statistics for an unbalanced panel of 31
countries during 1978-2016. The table reports descriptive statistics for the largest sample
for which data are available on action-based fiscal consolidations. The descriptive statistics
for the other variables were computed for a sample with observations that were either
equal to or slightly smaller than those for which data are available on action-based fiscal
consolidations. For Ecuador, there are no data in the Vegh and Vulletin (2015) dataset on
GDP growth of trading partners and the international commodity price index. For Belgium,
data on GDP growth of trading partners are available from 1998 onward, and the data from
FAOSTAT on the temperature change are available from 2000 onward.

3.2. Estimation Framework

To examine exogeneity of the IMF’s action-based fiscal consolidation variable, I used a
panel model:
FiscalConsolidation; = a; + by + &Zj+ Uy 1)

where FiscalConsolidation is the IMF’s action-based fiscal consolidation variable in year t and
country i. In the sections that follow, where I discuss estimates of the above equation, I have
used fiscal consolidations as a short-hand for the IMF’s action-based fiscal consolidation
variable. The model includes country and year fixed effects, denoted by a; and by, respec-
tively. Z are variables that are exogenous to fiscal consolidations. In Equation (1), rejecting
the null hypothesis that o = 0 means that the IMF’s action-based fiscal consolidations are
unlikely to be exogenous.
The choice of variables for Z was motivated by the literature, which has documented
a significant effect of these variables on GDP growth. The three variables were: the year
t — 1 to t change in the mean annual temperature of country i, the year ¢ growth rate of the
GDP of trading partners of country 7, and the year f international commodity price index
for country i. To obtain an estimate of the average effect of these variables on GDP growth
for the sample at hand, I estimated Equation (2) for the same number of observations as
Equation (1):
GDPG}’OU)thit =q + bt + ﬁ*Z,—, + eéjt (2)

Conditional on rejecting the null « = 0 in Equation (1), if in Equation (2) one also
rejects that B = 0, then it is unlikely that—in models where the dependent variable is GDP
growth and the right-hand-side variable is fiscal consolidation—fiscal consolidations fulfill
the contemporaneous exogeneity condition. The argument is straightforward. First, it is
implausible to think that any of the variables in Z affect GDP growth because of their effect
on fiscal consolidations. Second, it is plausible that these variables affect consolidations
because of their effect on GDP growth: temperature changes affect GDP growth because of
their effect on changes in agricultural productivity, GDP growth of trading partners affects
the GDP growth of a country because it affects the demand for that country’s exports, and
the international commodity price index affects GDP growth of a country because it affects
the country’s terms of trade, which in turn affects the country’s value of net-exports.>
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4. Empirical Results for: Are Action-Based Fiscal Consolidations Exogenous?
4.1. Contemporaneous Effects of Temperature Changes

Table 1 shows that the year t — 1 to t change of annual mean temperatures has significant
contemporaneous effects on both the magnitude of fiscal consolidations and on GDP growth.
For the estimates shown in Table 1, the temperature data were from FAOSTAT (2021).

Table 1. Contemporaneous effects of temperature changes on action-based fiscal consolidations and
GDP growth.

Fiscal Fiscal GDP GDP
Consolidation Consolidation Growth Growth
) @ ®) ©)
Whole Sample Excluding Large Economies Whole Sample Excluding Large Economies
Temperature —0.07 ** —0.10 ** 0.71 *** 0.75 ***
Change, ¢ (0.04) (0.04) 0.2) 0.22)
Country Fixed Effects Yes Yes Yes Yes
Time Fixed Effects Yes Yes Yes Yes
Observations 986 805 986 805
Countries 31 26 31 26

Note: The dependent variable in columns (1) and (2) is Fiscal Consolidation in year t; in columns (3) and (4), the
dependent variable is GDP growth in year t. The method of estimation is least squares. Columns (1) and (3) show
estimates for the whole sample. Columns (2) and (4) show estimates for the sub-sample that excludes France,
Germany, Japan, the United Kingdom, and the United States. Huber robust standard errors (shown in parentheses)
are clustered at the country level. * Significantly different from zero at the 10 percent level, ** 5 percent level, and
*** 1 percent level.

The first two columns of Table 1 show that temperature changes have a significant
negative contemporaneous effect on the magnitude of fiscal consolidations. Specifically, in
column (1) of Table 1, one can see that the estimated coefficient on temperature changes
is around —0.07. The estimated coefficient has a standard error of around 0.04. Thus, one
can reject the hypothesis that the coefficient is equal to zero at the 10 percent significance
level (p-value 0.06). Column (2) reports estimates for the sub-sample that excludes the
five largest economies. One can see that in this sub-sample, the contemporaneous effect
of temperature changes on fiscal consolidations is somewhat larger in absolute. That is,
in column (2), the coefficient on temperature changes is around —0.10 and has a standard
error of 0.04. Therefore, one can reject the hypothesis that this coefficient is equal to zero
at the 5 percent level (p-value 0.02). Quantitatively, the estimates reported in columns
(1) and (2) suggest that a one standard deviation increase in the year t — 1 to f change in
temperature decreases the magnitude of a fiscal consolidation in year ¢ by around 0.04 to
0.06 percent of GDP.

Columns (3) and (4) of Table 1 show that temperature changes have a significant
positive contemporaneous effect on GDP growth in the sample in which temperature
changes have a significant negative contemporaneous effect on fiscal consolidations. The
country—year observations in columns (3) and (4) are the same as in columns (1) and
(2), respectively. In column (3) of Table 1, one can see that the estimated coefficient on
temperature changes is around 0.71. The estimated coefficient has a standard error of
around 0.20. Thus, one can reject the hypothesis that the coefficient is equal to zero at the
1 percent significance level (p-value 0.00). Column (4) reports the estimated coefficient
on temperatures for the sub-sample that excludes the five largest economies. One can
see that in this sub-sample, the contemporaneous effect of temperature changes on GDP
growth is somewhat larger in absolute. That is, in column (4), the coefficient on temperature
changes is 0.75 and has a standard error of 0.22. Hence, one can reject the hypothesis that
this coefficient is equal to zero at the 1 percent level (p-value 0.00). Quantitatively, the
estimates reported in columns (3) and (4) suggest that a one standard deviation increase
in the year t — 1 to t change in temperature increases GDP growth in year t by around
0.4 percentage points.
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4.2. Contemporaneous Effects of GDP Growth of Trading Partners

Table 2 shows that the GDP growth rate of trading partners has significant contem-
poraneous effects on both the magnitude of fiscal consolidations and on GDP growth.
The first two columns of Table 2 show that the GDP growth rate of trading partners has
a significant negative contemporaneous effect on the magnitude of fiscal consolidations.
Specifically, in column (1) of Table 2, one can see that the estimated coefficient on GDP
growth of trading partners is around —0.25. The estimated coefficient has a standard error
of around 0.08. Therefore, one can reject the hypothesis that the coefficient is equal to
zero at the 1 percent significance level (p-value 0.01). Column (2) shows that the estimated
coefficient on GDP growth of trading partners is similar for the sub-sample that excludes
the five largest economies. One can see in column (2) that the coefficient on GDP growth of
trading partners is around —0.25 and has a standard error of 0.09. Thus, one can reject the
hypothesis that this estimated coefficient is equal to zero at the 1 percent level (p-value 0.01).
Quantitatively, the estimates reported in columns (1) and (2) suggest that a one standard
deviation increase in GDP growth of trading partners in year f decreases the magnitude of
a fiscal consolidation in year ¢ by around 0.13 percent of GDP.

Table 2. Contemporaneous effects of GDP growth of trading partners on action-based fiscal consoli-
dations and GDP growth.

Fiscal Fiscal GDP GDP
Consolidation Consolidation Growth Growth
() @ ©) O]
Whole Sample Excluding Large Economies Whole Sample Excluding Large Economies
GDP Growth of —0.25 *** —0.25 *** 2.65 *** 2.61 ***
Trading Partners, f (0.08) (0.09) (0.45) (0.46)
Country Fixed Effects Yes Yes Yes Yes
Time Fixed Effects Yes Yes Yes Yes
Observations 913 733 913 733
Countries 30 25 30 25

Note: The dependent variable in columns (1) and (2) is Fiscal Consolidation in year t; in columns (3) and (4), the
dependent variable is GDP growth in year t. The method of estimation is least squares. Columns (1) and (3) show
estimates for the whole sample. Columns (2) and (4) show estimates for the sub-sample that excludes France,
Germany, Japan, the United Kingdom, and the United States. Huber robust standard errors (shown in parentheses)
are clustered at the country level. * Significantly different from zero at the 10 percent level, ** 5 percent level, and
*** 1 percent level.

Columns (3) and (4) of Table 2 show that GDP growth of trading partners has a
significant positive contemporaneous effect on GDP growth in the sample in which GDP
growth of trading partners has a significant negative contemporaneous effect on fiscal
consolidations. The country-year observations in columns (3) and (4) are the same as those
in columns (1) and (2), respectively. In column (3) of Table 2, one can see that the estimated
coefficient on GDP growth of trading partners is around 2.65. The estimated coefficient
has a standard error of around 0.45. Thus, one can reject the hypothesis that the coefficient
is equal to zero at the 1 percent significance level (p-value 0.00). Column (4) reports the
estimated coefficient on GDP growth of trading partners for the sub-sample that excludes
the five largest economies. The estimated coefficient is 2.61 and has a standard error of
0.46. Therefore, one can reject the hypothesis that this coefficient is equal to zero at the 1
percent level (p-value 0.00). Quantitatively, the estimates reported in columns (3) and (4)
suggest that a one standard deviation increase in the GDP growth of trading partners in
year t increases GDP growth in year t by around 1.4 percentage points.
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4.3. Contemporaneous Effects of an International Commodity Price Index

Table 3 shows that a country-specific international commodity price index has signifi-
cant contemporaneous effects on both the magnitude of fiscal consolidations and on GDP
growth. For the estimates shown in Table 3, the country-specific international commodity
price index is from Vegh and Vulletin (2015).

Table 3. Contemporaneous effects of an international commodity price index on action-based fiscal
consolidations and GDP growth.

Fiscal Fiscal GDP GDP
Consolidation Consolidation Growth Growth
@ @ ®) O]
Whole Sample Excluding Large Economies Whole Sample Excluding Large Economies
Commodity Price —0.02 ** —0.02 ** 0.20 *** 0.18 ***
Index, t (0.01) (0.01) (0.06) (0.07)
Country Fixed Effects Yes Yes Yes Yes
Time Fixed Effects Yes Yes Yes Yes
Observations 908 728 908 728
Countries 30 25 30 25

Note: The dependent variable in columns (1) and (2) is Fiscal Consolidation in year t; in columns (3) and (4), the
dependent variable is GDP growth in year t. The method of estimation is least squares. Columns (1) and (3) show
estimates for the whole sample. Columns (2) and (4) show estimates for the sub-sample that excludes France,
Germany, Japan, the United Kingdom, and the United States. Huber robust standard errors (shown in parentheses)
are clustered at the country level. * Significantly different from zero at the 10 percent level, ** 5 percent level, and
*** 1 percent level.

The first two columns of Table 3 show that the commodity price index has a significant
negative contemporaneous effect on the magnitude of fiscal consolidations. Specifically,
in column (1) of Table 1, the estimated coefficient on the commodity price index is —0.017.
The estimated coefficient has a standard error of 0.007. Thus, one can reject the hypothesis
that this coefficient is equal to zero at the 5 percent significance level (p-value 0.03). Column
(2) reports estimates for the sub-sample that excludes the five largest economies. In this
sub-sample, the contemporaneous effect of the commodity price index is slightly larger
in absolute. That is, in column (2), the coefficient on the commodity price index is around
—0.018 and has a standard error of 0.008. Therefore, one can reject the hypothesis that this
estimated coefficient is equal to zero at the 5 percent level (p-value 0.04). Quantitatively, the
estimates reported in columns (1) and (2) suggest that a one standard deviation increase in
the commodity price index in year ¢ decreases the magnitude of a fiscal consolidation in
year t by around 0.10 percent of GDP.

Columns (3) and (4) of Table 3 show that the commodity price index has a significant
positive contemporaneous effect on GDP growth in the sample in which the commodity
price index has a significant negative contemporaneous effect on fiscal consolidations. The
number of observations in columns (3) and (4) are the same as in columns (1) and (2),
respectively. In column (3) of Table 3, one can see that the estimated coefficient on the
commodity price index is around 0.20. The estimated coefficient has a standard error of
around 0.06. Thus, one can reject the hypothesis that the estimated coefficient is equal to
zero at the 1 percent significance level (p-value 0.01). Column (4) reports the estimated
coefficient for the sub-sample that excludes the five largest economies. In this sub-sample,
the coefficient on the commodity price index is 0.18 and has a standard error of 0.06.
Therefore, one can reject the hypothesis that this coefficient is equal to zero at the 1 percent
level (p-value 0.01). Quantitatively, the estimates reported in columns (3) and (4) suggest
that a one standard deviation increase in the commodity price index in year t increases
GDP growth in year ¢ by around 1 percentage point.
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5. Estimation Framework: Identification of a Simultaneous System of Two Equations
Consider the simplest possible simultaneous system of two equations:

(1)  FiscalConsolidation = xGDPGrowth + u,
(2) GDPGrowth = B*FiscalConsolidation + e,

where I have dropped subscripts to keep the notation as simple as possible. In the
spirit of the Frisch-Waugh-Lovell theorem, one can think of the above variables as the
residuals obtained from separate regressions of GDP growth and fiscal consolidations on a
set of control variables, such as country and time fixed effects, past GDP growth, and past
fiscal consolidations.

Under the assumption that cov(u,e) = 0, the least squares estimate of B in Equation (2) is:

(M B = B + cov(FiscalConsolidation,u) = B+ a(1 — a« B)~"Lo?(e) /*(F),

where ¢2(e) is the variance of the error term e and o2(F) is the variance of fiscal consolida-
tions. Hence, only if « is equal to zero does the least squares estimation of Equation (2)
yield a consistent estimate of p.

To identify the simultaneous system of two equations, I need at least one variable,
denoted here by Z, that satisfies the following conditions: (i) Z is exogenous to GDP growth
and fiscal consolidations, (ii) Z affects GDP growth, and (iii) Z affects fiscal consolidations
through its effect on GDP growth:

(2") GDPGrowth = B*FiscalConsolidation + ¢Z + ¢

Under conditions (i)—(iii), Z can be used as an instrument for GDP growth to obtain a
consistent estimate of « in Equation (1).

Note that from Equations (1) and (2), it follows that the reduced-form effect of Z
on fiscal consolidations is a¢. Conditional on GDP growth, the effect of Z on fiscal
consolidations is 0. That is, Z only affects fiscal consolidations through GDP growth. There
is no direct effect of Z on fiscal consolidations.

Based on previous literature, I have used three variables as candidates for Z: tempera-
ture changes, the trade-weighted GDP growth rate of trading partners, and an international
commodity price index. In the context of estimating the effects of annual GDP growth on
fiscal variables, there are a number of papers that have used these variables as instruments
for GDP growth. However, in none of those papers was the outcome variable the IMF’s
action-based fiscal consolidations variable. Brueckner (2012) used an international com-
modity price index as an instrument for GDP growth to estimate the elasticity response
of tax revenues to GDP growth for a panel of 33 Sub-Saharan African countries during
the period 1980-2000. Brueckner et al. (2012) used an international oil price index as
an instrument for GDP growth to estimate the contemporaneous elasticity response of
government spending to GDP growth. Vegh and Vulletin (2015) used the GDP growth rate
of trading partners and an international commodity price index as instruments for GDP
growth when estimating the contemporaneous effect of GDP growth on tax rates, and their
panel consisted of 62 countries during the period 1960-2013. In all the above papers, the
assumption was that the commodity price index and GDP growth of trading partners only
affect fiscal variables through their effect on GDP growth.

Once an estimate of « is obtained (from an instrumental variables’ regression, where
GDP growth is instrumented by Z), the next step is to construct the residual variation
in fiscal consolidations that is not due to GDP growth, i.e., u,s = FiscalConsolidation
— ot VGDPGrowth. Then, iy is used as an instrument for fiscal consolidations in
Equation (2). This yields the following instrumental variables” estimator:

(Im) [SIV = c0v(utyes, GDPGrowth)/cov(iy,s,Fiscal Consolidation)
= B + cov(yes,)/cov(utyes, Fiscal Consolidation)
= B + cov(u,e)/cov(u,FiscalConsolidation)

=B
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where line three demonstrates that a1V = &, and hence i1,es = u. The last line follows from

the assumption that cov(u,e) = 0. This is the same assumption that I made to derive the
OLS estimator in Equation (I).

Note that this instrumental variables strategy to identify a simultaneous system of
two equations yields consistent estimates if one has at least one valid instrument, Z. One
cannot identify the simultaneous system of equations by using least squares estimation
of Equation (1), computing the residual, and then using that residual as an instrument in
Equation (2). The reason why this will yield inconsistent estimates of 8 is that ohaths £ o
from which it follows that u’yes = FiscalConsolidation — o«M*LSGDPGrowth # u, and thus
cov(U'yes, €) # 0.

6. Instrumental Variables’ Estimates of the Simultaneous System of Equations
6.1. The Contemporaneous Effect of GDP Growth on Fiscal Consolidations
6.1.1. Overidentified Model

Table 4 reports two-stage least squares estimates of the contemporaneous effect that
GDP growth has on the magnitude of fiscal consolidations. The models in Table 4 are
overidentified: there is one endogenous variable—GDP growth, and three instruments,
namely, temperature changes, the GDP growth rate of trading partners, and the interna-
tional commodity price index. The top panel of Table 4 reports the second-stage estimates
(the effect that GDP growth in year t has on the magnitude of fiscal consolidations in year ),
while the bottom panel reports the first-stage estimates (of the effect that the instruments
have on GDP growth).

The main message of the IV estimates reported in Table 4 is that contemporaneous
GDP growth has a significant negative effect on the magnitude of fiscal consolidations.
Column (1) of Table 4 reports estimates for the largest sample considering the available
data. In that column, the estimated coefficient on year t GDP growth is —0.07 and has a
standard error of 0.02. Thus, one can reject the hypothesis that the coefficient is equal to
zero at the 1 percent significance level (p-value 0.003). The Anderson-Rubin test rejects that
the coefficient on GDP growth in column (1) is equal to zero at the 5 percent level (p-value
0.031). Quantitatively, the estimated coefficient of —0.07 suggests that, on average, a one
percentage point increase in annual GDP growth in year t decreases the magnitude of a
fiscal consolidation by around 0.07 percent of GDP.

Standard test diagnostics suggest that the 25LS estimates are based on instruments
that are relevant and valid. The Kleibergen-Paap F-stat and Cragg-Donald F-stat for the
hypothesis that the first-stage effects of the three instruments are jointly equal to zero is 17.0
and 19.7, respectively. The p-value of the Hansen | test, showing that the three instruments
are jointly uncorrelated with the second-stage error term, is 0.99.

Column (2) of Table 4 reports two-stage least squares estimates for the sub-sample that
excludes the five largest economies. Excluding the five largest economies led to a slightly
larger negative effect of GDP growth on fiscal consolidations. In column (2), the coefficient
on GDP growth is —0.08 and has a standard error of 0.03. Therefore, one can reject the
hypothesis that the coefficient in column (2) is equal to zero at the 1 percent significance
level (p-value 0.002). The Anderson-Rubin test rejects that the coefficient on GDP growth
in column (2) is equal to zero at the 5 percent level (p-value 0.037).

Contemporaneous GDP growth has a significant negative effect on both tax- and
expenditure-based fiscal consolidations. This can be seen from the estimates in columns
(3)—(6) of Table 4. Contemporaneous GDP growth has a somewhat larger negative effect
on tax-based consolidations than on expenditure-based consolidations. A one percentage
point increase in year t GDP growth reduces the magnitude of a tax-based fiscal con-
solidation by around 0.05 percent of GDP. That is, for the purpose of consolidating the
budget, tax rates must increase when GDP growth decreases. For an expenditure-based
consolidation, this effect amounts to around 0.03 percent of GDP. That is, for the purpose
of consolidating the budget, discretionary government expenditures must decrease when
GDP growth decreases.
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6.1.2. Just-Identified Model

Instrumental variables” estimation provides a local average treatment effect. The
question arises, then, whether the finding in the previous section, which was obtained
from an overidentified model, is due to the nature of any one of the three instruments. To
provide an answer to that question, Table 5 reports estimates of just-identified models. In
these models, the dependent variable is the magnitude of fiscal consolidations in year f,
and the endogenous right-hand-side variable is GDP growth in year f.

Table 5. Contemporaneous effects of GDP growth on action-based fiscal consolidations (two-stage
least squares with one instrument for GDP growth).

Fiscal Consolidation

GDP Growth, £

Cragg-Donald F-Stat
Kleibergen—Paap F-Stat

GDP Growth of Trading Partners, ¢
Commodity Price Index, ¢

Temperature Change, t

Country Fixed Effects
Time Fixed Effects
Observations
Countries

& ) 3 @ 5) ©)
Whole Excluding Large Whole Excluding Large Whole Excluding Large
Sample Economies Sample Economies Sample Economies

—0.09 *** —0.10 *** —0.08 ** —0.10 ** —0.10* —0.14 **

(0.03) (0.03) (0.04) (0.05) (0.05) (0.06)
48.8 13.7 27.9 13.7 8.7 7
33.65 13.9 9.1 139 129 11.1
First-Stage Estimates for GDP Growth, ¢
2.65 *** 2.61 ***
(0.45) (0.45)
0.20 *** 0.18 ***
(0.07) (0.07)
0.71 #** 0.75 ***
(0.19) (0.22)
Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes
913 733 908 728 990 670
30 24 30 25 31 24

Note: The dependent variable is Fiscal Consolidation in year t. The method of estimation is two-stage least squares.
Huber robust standard errors (shown in parentheses) are clustered at the country level. Columns (1), (3), and (5)
show estimates for the whole sample. Columns (2), (4), and (6) show estimates for the sub-sample that excludes
France, Germany, Japan, the United Kingdom, and the United States. * Significantly different from zero at the 10
percent level, ** 5 percent level, and *** 1 percent level.

The estimated models in Table 5 are just-identified models: there is one instrument for
one endogenous variable, GDP growth. Specifically, in columns (1) and (2) of Table 5, the
instrument for GDP growth in year ¢ is the GDP growth rate of trading partners in year
t. In columns (3) and (4), the instrument for year t GDP growth is the year ¢ international
commodity price index. In columns (5) and (6), the instrument for year ¢t GDP growth is
the year t — 1 to t change in temperature change. Columns (1), (3), and (5) show results
for the largest sample, and columns (2), (4), and (6) show results for the sample that
excludes the five largest economies. The top panel of Table 5 reports the estimated second-
stage coefficient on GDP growth. The bottom panel reports the first-stage effect that the
instrument has on GDP growth.

From the top panel of Table 5, one can see that the second-stage estimates on GDP
growth in the just-identified 2SLS regressions are similar—both quantitatively and
statistically—across the three different instruments. In column (1), where the excluded
instrument is the GDP growth rate of trading partners, the estimated coefficient on year ¢
GDP growth is —0.09 and has a standard error of 0.03. In column (3), where the excluded
instrument is the international commodity price index, the estimated coefficient on year
t GDP growth is —0.08 and has a standard error of 0.04. When the instrument is the tem-
perature change (see column (5)), the estimated coefficient on year t GDP growth is —0.10
and has a standard error of 0.05. Repeating the same regressions for the sub-sample that
excludes the five largest economies yields estimated coefficients on GDP growth of —0.10,
—0.10, and —0.14, respectively (see columns (2), (4), and (6)).

The similarity of the estimated coefficients on GDP growth in the just-identified
models, as shown in Table 5, suggests that the estimates of the overidentified models,
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as shown in Table 4, are not driven by a particular instrument. If it were the case that
a negative effect of GDP growth on fiscal consolidations is due to the nature of any one
of the three instruments, then one would see very different estimates on GDP growth in
just-identified models depending on what instrument was used. Table 5 demonstrates that
this is not the case.

6.1.3. Tests for Direct Effects of the Instruments on Fiscal Consolidations

There are exclusion restrictions underlying the instrumental variables” regressions,
namely, that the instruments only affect fiscal consolidations through GDP growth. Tables 1-3
showed that there are significant negative reduced-form effects of each instrument on fiscal
consolidations. The exclusion restriction of no direct effect means that conditional on GDP
growth, temperature changes, GDP growth of trading partners, and the international com-
modity price index have no effect on fiscal consolidations. Testing this requires at least one
instrument for GDP growth that is relevant (i.e., has a significant effect on GDP growth),
exogenous to GDP growth and fiscal consolidations, and only affects fiscal consolidations
through GDP growth. Tests of direct effects of the instruments can only be made conditional
on the assumption that a sub-set of the instruments are relevant and valid.

Table 6 shows that GDP growth of trading partners, the international commodity price
index, and temperature changes have no significant direct effects on fiscal consolidations.
This is the case for the largest sample (columns (1)—(3)) and the sub-sample that excludes
the five largest economies (columns (4)—(6)). Conditional on GDP growth, the estimated
effects that GDP growth of trading partners, the international commodity price index, and
temperature changes have on fiscal consolidations are quantitatively small and are not
significantly different from zero at the conventional significance levels.

Table 6. Contemporaneous effects of GDP growth on action-based fiscal consolidations (examination
of the exclusion restrictions).

Fiscal Consolidation

GDP Growth, t

Temperature Change, ¢

GDP Growth of Trading Partners, ¢

Commodity Price Index, ¢

Hansen J, p-value
Cragg-Donald F-Stat
Kleibergen—Paap F-Stat

Temperature Change, ¢

GDP Growth of Trading Partners, ¢

Commodity Price Index, ¢

Country Fixed Effects
Time Fixed Effects
Observations
Countries

™ @ @) 4) ©) (6)
Whole Sample Excluding Large Economies
—0.08 *** —0.09 * —0.07 ** —0.08 ** —0.11** —0.07 **
(0.02) (0.05) (0.03) 0.02) (0.06) (0.03)
0.01 —0.01
(0.04) (0.04)
0.04 0.1
(0.17) 0.2)
—0.00 —0.01
(0.01) (0.01)
0.73 0.68 0.98 0.61 0.86 0.61
29.3 11.1 21.7 20.9 7.3 17
16.1 10.4 23 14 7.4 21
First-Stage Estimates for GDP Growth
0.73 *** 0.73 *** 0.74 *** 0.74 #**
(0.21) (0.21) (0.25) (0.25)
2.28 *** 2.28 *** 2.25 % 2.25 ***
(0.47) (0.47) (0.49) (0.49)
0.16 *** 0.16 ** 0.13* 0.13*
(0.07) (0.07) 0.07) (0.07)
Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes
882 882 882 702 702 702
30 30 30 25 25 25

Note: The dependent variable is Fiscal Consolidation in year t. The method of estimation is two-stage least squares.
Huber robust standard errors (shown in parentheses) are clustered at the country level. Columns (1)-(3) show
estimates for the whole sample. Columns (4)—(6) show estimates for the sub-sample that excludes France, Germany,
Japan, the United Kingdom, and the United States. * Significantly different from zero at the 10 percent level,
** 5 percent level, and *** 1 percent level.
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Consider the estimates shown in column (1) of Table 6. In that column, one can see that
(i) the coefficient on year  GDP growth is —0.08 and has a standard error of 0.02, and (ii) the
coefficient on the year t — 1 to t temperature change is 0.01 and has a standard error of 0.04.
While one can reject the null hypothesis that the coefficient on GDP growth is equal to zero
at the 1 percent level (p-value 0.00), one cannot reject the null hypothesis that the coefficient
on temperature changes is equal to zero at the conventional significance levels (p-value
0.85). Note that in column (1) of Table 6, GDP growth is instrumented with the GDP growth
rate of trading partners and the international commodity price index, both variables from
Vegh and Vulletin (2015). For comparison purposes, recall that in the reduced form, the
coefficient on temperature changes is —0.07 and has a standard error of 0.04 (see column (1)
of Table 1). In terms of the size of these coefficients, the estimated reduced-form effect is
about seven times larger than the direct effect. In terms of standard errors, these are about
the same for the estimated reduced-form and the estimated direct effect. Not rejecting the
null of zero direct effect of temperature changes on fiscal consolidations is thus due to a
small coefficient, and not due to a large standard error.

In column (2) of Table 6, one can see that (i) the coefficient on GDP growth is —0.09
and has a standard error of 0.05, and (ii) the coefficient on GDP growth of trading partners
is 0.04 and has a standard error of 0.17. While one can reject the null hypothesis that the
coefficient on GDP growth is equal to zero at the 10 percent level (p-value 0.07), one cannot
reject the null hypothesis that the coefficient on GDP growth of trading partners is equal
to zero at the conventional significance levels (p-value 0.81). In column (2) of Table 6, the
instruments for GDP growth are temperat