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Abstract

The natural interest rate, or r-star, has been a critical determinant of monetary policy normalization in the U.S. and
other countries. With the U.S. Federal Reserve expected to continue raising interest rates, central banks in other
countries will have to balance the spillover effects with their own internal dynamics. In countries with close ties to the
U.S. economy, the influence could be more profound. This is the case of Canada and Mexico, two small-open
economies that are highly integrated to the U.S. through international trade and capital markets. In this paper, we first
apply the methodology developed by Holston et al. (2017) to estimate r-stars for the U.S., Canada and Mexico. We
then decompose the natural interest rate into growth and non-growth components and discuss the channels through
which different factors could affect the natural interest rate. Finally, we use our estimates to show that Canada and
Mexico should hold distinct priorities for their decision making on the trilemma of international finance. Our analysis
suggests that Canada’s central bank could afford to allow monetary policy autonomy to be a secondary goal, while the
interest rate setting by Mexico’s central bank should remain highly independent to boost the return on capital through
the non-growth component.
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1. Introduction

Like the U.S. Federal Reserve (Fed), many central banks around the world will attempt to normalize monetary policy
after an extended period of low interest rates. These countries will have to balance the spillover effect from Fed’'s
normalization with their internal dynamics. For countries with close ties to the U.S. economy, the influence could be
more profound. This is the case of Canada and Mexico, which are two traditional small-open economies, mostly price-
takers in the international markets, and highly integrated to the U.S. through international trade and capital markets.

The cornerstone of the Federal Reserve’s short-term interest rate normalization process is the natural interest rate or
r-star, which acts as the benchmark for full normalization and has repeatedly emerged in discussions on the expected
path of monetary policy. In particular, many policy recommendations are based on the central bank’s commitment to
the interest rate relative to the natural rate of interest. For example, Carlstrom et al. (2015) suggest that a temporary
interest rate peg below the natural rate of interest would help the economy escape the zero lower bound (ZLB).

While economists have hardly reached an agreement on how to calculate r-star, the estimation strategy proposed by
Laubach and Williams (2003) has been widely discussed and accepted to be an effective method to compute the
natural interest rate. Their model links output, interest rate and inflation with two equations: The IS curve equation
connects the interest rate and output gap, while the Phillips curve equation links the output gap to inflation. This
stylized model provides a straightforward illustration of the dynamics of important economic variables for most
economies.

Moreover, the methodology has a novel feature in which the natural interest rate can be decomposed into growth and
non-growth components. The growth component is the growth rate of potential output while the non-growth
component captures the aggregate effects of other factors such as the scarcity of safe assets (Caballero et al., 2017),
income inequality (Summers, 2014), and the global saving “glut” (Bernanke, 2011). The separation into the growth and
non-growth components helps shed light on the dynamics of natural interest rates.

While there is a vast literature on estimating the natural rate of interest for the U.S., much less research has been
conducted in a cross-country narrative. For example, Hamilton et al. (2016) and Holston et al. (2017) are two recent
studies that compare the natural interest rates of the U.S. to those of other advanced economies. However, these
studies focus on finding out factors that shape the natural interest rate in developed countries and do not look into the
case of developing countries.

Our paper tries to fill this gap by estimating the natural interest rate of an emerging market economy — Mexico. On the
one hand, after more than three decades of economic and financial reforms, Mexico has become highly integrated into
the global market and is inevitably affected by the international factors that have impacted other developed countries.
On the other hand, Mexico still holds some typical properties of developing countries, such as limited depth of the
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financial sector and a relatively young population. By examining the case of Mexico, we can better understand the
channels through which natural interest rates in emerging economies are affected.

Furthermore, we extend our research on the trilemma faced by policymakers of open economies. The trilemma states
that one country cannot have all three conditions of monetary independence, fixed exchange rate, and completely free
financial markets simultaneously. Therefore, the government has to evaluate the trade-offs and prioritize policy
objectives. However, foreign exchange rates and global interest rates affect developed and developing open
economies like Canada and Mexico in different ways. Therefore, by understanding the determinants of the natural
interest rate and the trilemma faced by these economies, we can shed light on how to improve the decision-making
process of monetary policy, financial openness, and exchange rate flexibility. Our analysis utilizes the trilemma
indexes developed by Aizenman, Chinn, and Ito (2008) to illustrate how the natural interest rate for Mexico and
Canada can be affected by different policy priorities. For Mexico, we show that independent monetary policy and high
capital mobility will encourage domestic investment, which in turn would boost potential GDP growth and natural
interest rates. Moreover, Mexico should maintain a flexible exchange rate regime, as the fear of capital flight under a
tightly controlled currency could significantly lower the return on capital. For Canada, we show that a stable foreign
exchange rate will increase potential output growth and therefore raise the natural interest rate. Given that Canada
also has a fully open financial market, the monetary authorities should put a high weight on global factors, particularly
interest rates, in their decision-making process.

In the remainder of the paper, Section 2 briefly outlines the data and methodology for the estimates of natural interest
rates for Canada, Mexico, and the United States. Section 3 shows in-depth discussions of our empirical results,
including the parameter estimates and the series of r-star including the growth and non-growth components. In
Section 4, we extend our empirical investigation by examining the relationship between the natural interest rate and
the open economy trilemma, and we highlight different policy priorities for an advanced economy (Canada) and an
emerging market economy (Mexico). Section 5 presents our main conclusions.
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2. Methodology and data

2.1. The empirical model

Our empirical model is based on Holston et al. (2017). It essentially estimates a system of two equations:

a
Ve =0ay1Ye-1+ayoY2 + 7r z (Tt—j - rt*—j) t €1 1)

j=1,2

Ty = bpTy_1 + byYeq + €5, (2

where ¥, denotes the output gap, which is defined as the difference between log-real (y,) and log-potential (y;) output
(7. = ye — yi), ri denotes the natural interest rate, m, denotes the consumer price inflation, and r, denotes the real
interest rate. The ex-ante short-term real interest rate is calculated as the nominal federal funds rate subtracting the
expected inflation rate, which is a four-quarter moving average of past inflation values. The stochastic terms €, and
€, denote transitory shocks to the output gap and inflation. These are derived from two key building blocks of New
Keynesian models. Equation (1) is based on the dynamic IS curve, where the output gap is affected by its previous
values and lagged real interest rate gap. Equation (2) is based on the New Keynesian Phillips curve, where the
inflation rate depends on past values of inflation and output gap.!

Theoretically, the natural interest rate is affected by the growth rate of potential output and other non-growth factors.
Therefore, the natural interest rate can be decomposed into two components:

=g+ 7, (3

where g, is the growth rate of potential output, and z; is the aggregate change of non-growth factors, such as
uncertainty, individuals’ preferences over risks and liquidity, life expectancy, and prices of capital goods.

Following Holston et al. (2017), we further specify the dynamics of y;, g;, and z, as:

Ve =Yic1t Geo1 + €4y 4)
gt = gi-1 t+ €5y %)
Zy = 2Zpq t€gp - (6)

That is, the log potential output follows a random-walk process with a drift, g. Moreover, the drift term, g,, and the
non-growth factor, z,, also follow a random-walk process.

1: See Holston, Laubach, and Williams (2017) for further discussion on the intuition of the equations in the context of an open economy.

Working Paper / 18-07 5



BBVA Research

2.2. Data

Our data sample includes quarterly real GDP, and monthly inflation and short-term nominal interest rate for Canada,
Mexico, and the United States. Monthly data were averaged to obtain quarterly variables. Table 1 summarizes the
series that we used for our estimation, where y denotes output, = denotes inflation, and i denotes a safe overnight

nominal interest rate. We obtained our data from Haver Analytics.

Table 1 Data description

Variable Definition Publisher
Canada 1962:1 — 2017: Il
y real GDP Statistics Canada
T CPI less food and energy Statistics Canada

i
Mexico 1978:1—2017: 1lI

bank rate

Bank of Canada

y
T
i

United States 1959:1 —2017: Il

real GDP
CPI less food and energy
overnight rate

Instituto Nacional de Estadistica Geografia e informatica
Instituto Nacional de Estadistica Geografia e informatica
Banco de México

y
s

i
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3. Empirical results

3.1. Parameter estimates

We report our estimates of the parameters for the three economies in Table 2. On the one hand, the results for
Canada and the United States are consistent with Holston et al. (2017) regarding the persistence of the output gap,
(a; + a,), being close to 1. Also, the slope coefficients, a, and by, and standard errors, o,, 0,, and o,, are significant
and consistent with the literature.

On the other hand, the estimates for Mexico have several distinct patterns from the two advanced economies in the
region. First, from the IS curve (equation 1) coefficients, we can see that the output gap for Mexico is less persistent
than the ones for Canada and the United States. The sum of a; and a, is only 0.87, which is significantly lower than
0.96 for Canada and 0.94 for the United States. Moreover, the standard error of the innovation term for Mexico is also
more than twice as large as the other two. These results highlight some of the most familiar challenges that central
banks in emerging markets have to deal with, such as higher volatility of the business cycle and the need of more
aggressive monetary policy easing to boost investment.

Second, the New Keynesian Phillips curve (equation 2), reveals a high standard error of the innovation term for
inflation and a much steeper slope than for Canada and the United States. Comparing the estimates for b, the slope
coefficient of 0.81 for Mexico highlights substantial price sensitivity to changes in aggregate demand. These results
confirm higher inflation costs when trying to bring down unemployment and lower credibility of the authorities
regarding their commitment to achieving price stability.

Table 2. Parameter estimates

Parameter Canada Mexico United States
1.606 1.399 1.532

a1 (15.811) (12.335) (14.836)
-0.644 -0.530 -0.590

a2 (6.356) (3.825) (5.636)
a; + a; 0.963 0.869 0.942
-0.072 -0.013 -0.070

ar (3.070) (1.348) (4.060)
0.580 0.854 0.667

br (13.430) (19.198) (15.897)

b 0.049 0.811 0.077

y (2.321) (1.528) (3.101)
0.363 0.845 0.355

71 (4.057) (4.097) (3.933)
1.398 11.007 0.793

72 (36.809) (35.664) (29.990)
0.598 0.824 0.571

T4 (10.168) (4.027) (10.085)

(T values in parentheses)
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3.2. The natural interest rate estimates

Based on our parameter estimates, we further obtain the latent variable of the natural interest rates for Canada,
Mexico, and the United States. We plot the series in Figure 1.

Figure 1 Natural interest rates (r*) for Canada, Mexico, and the United States
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r* (Canada) r* (Mexico) r* (United States)

Source: BBVA Research

First, from Figure 1, we can see that Mexico’s r-star is significantly more volatile than in the United States and
Canada. This is consistent with the argument of Aguiar and Gopinath (2007) that “the cycle is the trend” for emerging
market economies. That is, transitory shocks in emerging market economies are much larger than in advanced
economies. Therefore, it is often challenging to separate cycles and trends in the business cycle. Nonetheless, it is
worth noting Mexico’s increasing r-star stability since the early 90s following the structural economic transformation
that included higher integration to the global economy, a flexible exchange rate, central bank autonomy, and fiscal
responsibility.

Second, the dynamics of natural interest rates vary significantly after 2008’s global financial crisis. For Canada, the
scale of the drop is much smaller than for the United States. However, the declining trend for these two countries
shows that both economies are likely affected by similar structural factors such as the slowdown in productivity, aging
of the labor force and insufficient investment. Mexico’s natural interest rate exhibits an even more substantial
decrease. However, after a swift rebound, Mexico’s r-star returned to its pre-crisis level, and for the first time, it
surpassed both the United States and Canada’s. This suggests that the forces that are pulling down natural interest
rates in the United States and Canada are not as strong in Mexico.
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3.3. Growth and non-growth components of r*

As equation (3) suggests, we can decompose the natural interest rate (r;") into two parts: the growth component (g,)
and the non-growth component (z;). The intuition behind such decomposition is straightforward. First, the natural
interest rate should reflect the return to capital investment, which will be captured by the growth component. Second,
the natural interest rate should also indicate market characteristics, such as preferences over risks and liquidity
conditions. Such characteristics will be captured by the non-growth component. Therefore, the decomposition will
shed light on our understanding of the driving factors behind natural interest rates in this cross-country study.

Figure 2 Growth components (g) for Canada, Mexico, and the United States

ANTONOO A MTJTOMNMNOOANMU OOV AANTULNODOTdNT ON~NOODONMLL O
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A d A dAdAdAd A A A A A A A A A A A A A A A AT A NNNNNNNNNNNN
= g (Canada) g (Mexico) g (United States)

Source: BBVA Research

Figure 2 illustrates the growth component for the three North American economies. For the United States, the rate of
potential output growth peaked around 2000 and suffered a significant decline after the Great Recession. The gradual
rebound in the past three years is consistent with alternative estimations that assume that the potential output growth
rate will accelerate in the next decade. Similarly, Canada’s declining secular trend since the 1980s is expected to turn
around in the next couple of years. For example, the United States’ Congressional Budget Office projects potential
output growth of 1.9 percent by 2022 compared to 1.5 percent in 2017. Likewise, the Bank of Canada projects
potential output growth to increase from 1.3 percent in 2017 to 1.6 percent by 2020.2

According to our estimation, after a steep drop during the global financial crisis, Mexico’s potential output growth
embarked on a steady upward trend improving from 2.1 percent in 2012 to 2.4 percent in 2017. This reflected strong
consumption, particularly in the services sector, supported by both robust credit availability and employment gains in
the formal sector. The improvement in economic fundamentals explains the steady upward trend in r-star since 2013.

2: See for example CBO’s An Update to the Budget and Economic Outlook: 2017 to 2027 (https://www.cho.gov/system/files/115th-congress-2017-2018/reports/52801-
june2017outlook.pdf ) and Bank of Canada’s Monetary Policy Report - April 2017 (http://www.bankofcanada.ca/2017/04/mpr-2017-04-12/).
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The estimates of the non-growth components depict a different narrative (Figure 3). While the z series for Mexico is
negative for most of the sample period, as is the case in the United States and Canada, Mexico’s z is far more volatile
and negative than in the two other countries. This might be the result of higher vulnerability to international capital
flows that characterize an emerging market economy. In fact, the surge in Mexico’s non-growth component in both the
second half of the 1980s and after the Tequila crisis reflects strong capital inflows following the sharp decline in the
value of the currency. In the 2000s, the investment reversal and industrial rebalancing amid greater competition from
China and other emerging markets explain the negative rates of the non-growth component that lasted for an
extended period. After 2006, excluding the global financial crisis, Mexico’s z factor remained relatively stable, even
after increased uncertainty following the U.S. 2016 presidential election. In part, this reflects the rebalancing towards
safe domestic assets under more stable macroeconomic conditions. It is worth noting that the high volatility in z
explains the patterns of the natural interest rate despite a stable potential output growth rate. In sum, while financial
stability should remain a top priority for policymakers, it is equally important to stay attractive to investors.

Figure 3 Non-growth components (z) for Canada, Mexico, and the United States
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——2z (Canada) z (Mexico) ——2z (United States)

Source: BBVA Research
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4. International macroeconomics trilemma: Policy
Implications for Mexico and Canada

As two small-open economies that have close connections to the United States economy, Canada and Mexico’s
policymaking is affected by the spillovers from the Federal Reserve’s monetary policy actions. Moreover, the
discussion of their policy decisions is further complicated by the trilemma of international macroeconomics.

The trilemma, or the impossible trinity, is popularized by Mundell (1963). It states that one country cannot have a fixed
exchange rate, free capital mobility and monetary policy independence, all at the same time. A country with a fixed
value of their currency and completely independent interest rate setting cannot allow capital to flow across the border
freely. On the other hand, if the exchange rate is fixed and cross-border capital flow is free, the interest rate will
always be at the global level to eliminate arbitrage. Moreover, the combination of free capital mobility and complete
monetary policy autonomy would require a flexible exchange rate regime to avoid drains of foreign reserves.

Aizenman et al. (2008) have developed three indexes for exchange rate stability, monetary independence, and the
openness of capital markets for 181 countries from 1970 through 2014. Their indexes quantify the degree of the three
dimensions explained above, and provide us a convenient measure for the policy decisions by each government. The
indexes include the Monetary Independence (MI) index, which is derived from the correlation of a country’s interest
rate with foreign interest rates, the Exchange Rate Stability (ERS) index, which is based on the volatility of a country’s
exchange rates, and the Financial Openness/Integration (KAOPEN) index, which is a de jure measure of each
country’s openness to foreign capital based on their specific law terms. All three measures are normalized with a
range from 0 to 1, with zero meaning the lowest monetary policy independence, no control over exchange rate
fluctuations, and closed financial markets.

In our empirical investigation, we run regressions of r-star, g, and z for Canada and Mexico on the trilemma indexes
controlling for the United States, and we present the regression results in Table 3.
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Table 3 Results for trilemma regressions

Mexico Canada
() @ ©) 4 ®) (6)
Dependent Variable r* g z r* g z
N 0.437*** 0.725***
Tys
(0.0660) (0.0886)
0.231** 0.729%+*
Gus (0.0966) (0.110)
0.826** 0.380%+*
Zys
(0.314) (0.134)
. -0.785*** -0.451* -0.372 0.666 1.474** -0.438
FX stability
(0.237) (0.250) (0.355) (0.691) (0.638) (0.357)
) 0.489* -0.204 0.979** 0.192 0.257 -0.171
Monetary independence
(0.259) (0.290) (0.371) (0.549) (0.504) (0.311)
1.363*** 1.831*** -0.612*
Openness to capital
(0.239) (0.263) (0.327)
-0.272 0.713* -0.318 0.627* 0.317 0.0847
Constant
(0.280) (0.358) (0.352) (0.350) (0.368) (0.208)
Observations 34 34 34 45 45 45
R-squared 0.709 0.674 0.411 0.747 0.72 0.18

Standard errors in parentheses, *** p<0.01 ** p<0.05 * p<0.10.

The regression analysis shows that for Mexico’s natural interest, the r-star of the United States has a significant
positive impact. This is consistent with the empirical literature that spillovers from the Fed will affect interest rates in
Mexico and other emerging markets. Moreover, we can see that controlling the foreign exchange rate has a negative
effect on the natural interest rate of Mexico. The Mexican peso crisis and the East Asia financial crisis have shown
that limiting foreign exchange rate fluctuations to market conditions could put massive pressure on interest rates and
capital reserves. When the arbitrage opportunity is exploited by international investors, a foreign exchange rate not
determined by market forces will not sustain, and usually, a financial crisis with currency meltdown will follow.
Therefore, for emerging market economies like Mexico, a fixed exchange rate regime will negatively affect the natural
interest rate.

Moreover, our regression results also show that financial openness is a positive factor for the natural interest rate. To
further understand the mechanism behind the positive effect, we can see from column (2), that the level of openness
to capital has a significant positive impact on potential output. This confirms the substantial effect of foreign
investment on economic performance for Mexico. On the other hand, from column (3), we can see that financial
openness also has a negative effect on the non-growth factor. However, this negative impact is neither as significant
nor as large as the positive effect on the growth factor. Still, this underlies the side effects of high financial openness
when, for example, sudden stops of international capital destabilize the domestic financial system.

The regressions on the natural interest rate of Mexico highlight the priorities for policymakers. Regarding the
international macroeconomics trilemma, the authorities should put less control over the exchange rate and increase
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financial openness. Moreover, given that monetary independence has a positive effect on the natural interest rate
through the non-growth factor, the central bank should set the policy rate consistent with domestic conditions of price
stability and growth, and avoid the temptation of “following the Fed.”

In the case of Canada, the open financial market index equals 1 (the highest possible value) throughout the whole
sample period. Therefore, we leave out the financial openness index from the regression. Given the utterly open
financial market, the trlemma reduces to a dilemma. The natural interest rate of Canada is profoundly affected by the
interest rate in the United States. As an advanced economy without currency crises, we can see from column (5), that
foreign exchange rate stability has a marginally positive effect on potential output. In addition, monetary independence
is insignificant in all of the three regressions. Therefore, since the foreign exchange rate is the most significant factor
for potential output, the policy priority for Canada would be to maintain a stable exchange rate, and be flexible in
allowing their monetary policy to follow the Fed’s.
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5. Conclusions

The central banks of Canada and Mexico exemplify the dilemma that monetary authorities will face over the next
years as the Federal Reserve continues normalizing monetary policy. On the one hand, advanced economies such as
Canada that have open financial markets should focus on maintaining a stable foreign exchange rate and allow their
policy rates to track the United States. Considering that the natural interest rate and its components in the United
States are lower than Canada’s, and that inflation in both countries is similar, there is little risk of overtightening
monetary conditions and derailing the expansion by following this strategy.

On the other hand, emerging markets like Mexico with floating foreign exchange rates should maintain an independent
interest rate setting based on domestic economic conditions. In principle, it would seem that monetary policy would
call for higher interest rates given that the natural interest rate and inflation are higher than in the United States.
Otherwise, an overheated economy would result in price instability, which would require aggressive monetary policy
actions thereby exacerbating the volatility of the business cycle. However, in the short-run, the path of monetary policy
is more likely to be determined by the non-growth factor.
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