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1 Introduction

Breakeven Inflation (BEI)—the difference between yields on comparable-maturity nominal
and real debt—is a widely used indicator of inflation expectations. In particular, long-term
BEI is frequently used to measure the credibility of the central bank’s inflation objective.!
However, BEI is a noisy measure of expected inflation because it contains both an inflation risk
premium and differential liquidity premia. As a consequence, better measures of investors’
underlying inflation expectations could be obtained by subtracting both inflation risk premia
and the differential liquidity premia in nominal and real yields from BEI rates.

The literature on inflation expectations and associated inflation risk premia extracted from
nominal and real yields in advanced economies is burgeoning.? However, these topics have
received far less attention for emerging economies, although they arguably matter more there
for policymakers and bond investors due to higher macroeconomic uncertainty, in general,
and larger inflation variability, specifically. The main contribution of this paper is to fill the
gap by building on recent advances in fixed-income analysis.

The challenge in accounting for the differential liquidity premia in nominal and real bond
prices is to distinguish them from more fundamental factors such as inflation risk premia that
would affect asset prices even in a world without any frictions to trading. To achieve this
separation, we augment a flexible dynamic term structure model of nominal and real bond
prices studied in Carriero et al. (2018) with separate liquidity risk factors for nominal and
real bonds using the approach described in Andreasen et al. (2020, henceforth ACR). For each
class of bonds, the identification of the liquidity risk factor comes from its unique loading,
which mimics the idea that, over time, an increasing amount of the outstanding notional
of individual securities gets locked up in buy-and-hold investors’ portfolios. This increases
their sensitivity to variation in the market-wide liquidity risk captured by the corresponding
liquidity risk factor. By observing prices for balanced panels of nominal and real bonds, their
respective liquidity risk factors can be separately identified. This separation is particularly
salient in emerging bond markets as they tend to be much less deep and liquid than the
well-established major international bond markets in the United States and elsewhere.

To better understand the properties and dynamics of inflation expectations and associated
risk premia in emerging bond markets, we choose to focus on a country where they are likely
to play a first-order role, namely Mexico. Several motivations underlie this choice. First,

Mexico has a long history of high and fairly volatile inflation.? Second and equally important

'Provided the objective is credible, it should be reflected in inflation expectations for the distant future as
any current inflation shocks should be considered temporary and not affect long-run inflation expectations.

2For Canada, see Christensen et al. (2020); for the euro area, see Hordahl and Tristani (2012, 2014); for
the United Kingdom, see Joyce et al. (2010) and Carriero et al. (2018); for the United States, see Christensen
et al. (2010), Abrahams et al. (2016), D’Amico et al. (2018), among many others.

3For the 2010-2019 period, the year-over-year inflation in Mexico as measured by the consumer price index
averaged 3.96 percent with a standard deviation of 1.02 percent. For comparison, the corresponding statistics
in the United States were 1.75 percent and 0.85 percent, respectively, while the matching statistics for Canada
were 1.74 percent and 0.65 percent, respectively.



for our analysis, it has well-functioning markets for both standard nominal fixed-coupon
government bonds, so-called bonos, and real inflation-indexed government bonds, known as
udibonos. Finally, we consider Mexico and its government bond market to be representative
of the wider set of large emerging bond markets; for example, it typically makes up between
10 percent and 13 percent of most emerging market bond indices.

In terms of our empirical findings, we make a number of observations. First, we find that
the model delivers estimates of investors’ inflation expectations that are robust to a range of
different model implementations.

Second, our results indicate that the average liquidity premia embedded in both nom-
inal and real Mexican bond yields exhibit notable time variation. For nominal yields, our
benchmark sample covers the period from January 2007 through December 2019, and their
estimated liquidity premia average 46 basis points with a standard deviation of 23 basis points.
For real yields, our benchmark sample contains data from May 2009 through December 2019,
and their estimated liquidity premia average 72 basis points with a standard deviation of 63
basis points. Thus, the liquidity premia of Mexican inflation-indexed government bonds are
larger and more variable than those of standard Mexican nominal government bonds. These
results are consistent with the findings of ACR, who report that the average liquidity premium
in U.S. Treasury Inflation-Protected Securities (TIPS) is estimated at 34 basis points for the
1997-2013 period, which is well above measures of liquidity premia in regular U.S. Treasury
bonds. The difference in liquidity premium levels across the U.S. TIPS and the Mexican
udibonos markets is likely to be due to the much greater relative liquidity of U.S. Treasury
securities. Importantly, the nominal and real bond liquidity risk premia we estimate are prac-
tically uncorrelated in levels and their monthly changes are only mildly positively correlated.
These results suggest that inflation-indexed Mexican bonds are less liquid and less desirable
than nominal Mexican bonds. However, a full judgment of the tradeoff between nominal and
inflation-indexed debt on the part of the Mexican government requires an estimate of the
inflation risk premium, which is the excess return investors demand to hold nominal bonds.
Given that our estimated inflation risk premia average 91 basis points during the 2009-2019
period, our results imply that the Mexican government likely would benefit from increasing
its issuance of udibonos.

Third, the model’s decomposition of the liquidity-adjusted or frictionless BEI rates in-
dicates that investors’ long-term inflation expectations have been stable at a level close to
the inflation target of the Bank of Mexico with some mild fluctuations. This finding implies
that most of the variation in the liquidity-adjusted BEI rates is driven by fluctuations in the
inflation risk premium, which has trended lower since 2009 and fallen on net slightly more
than 200 basis points during our benchmark sample period. Furthermore, we compare our
estimated inflation risk premium series to estimates from Canada and the United States and

find them to be positively correlated and of fairly similar magnitude, although the estimated



Mexican inflation risk premium is clearly larger and more volatile, as anticipated. Still, for
extended periods, inflation risk in Mexico only commands a premium slightly above those
seen in Canada and the United States, which is somewhat surprising. These findings support
the claim that long-term inflation expectations in Mexico are well anchored, as also noted by
De Pooter et al. (2014), and they underscore that the inflation target of the Bank of Mexico
is viewed as being highly credible by financial market participants.

As for the determinants of Mexican inflation risk premia, we perform regression analysis
with a large battery of explanatory variables. The regressions have large explanatory power
with adjusted R2%s of 0.80 and above. Furthermore, focusing on our preferred regression
specification, we note that higher CPI inflation tends to depress the inflation risk premia.
This somewhat counterintuitive result comes about because the positive effects of higher CPI
inflation on the real term premia dominate its positive effects on the nominal term premia
and hence squeezes both BEI and the inflation risk premia. Also, a higher debt-to-GDP ratio
tends to put downward pressure on the Mexican inflation risk premium as it tends to depress
nominal term premia less than real term premia, resulting in lower inflation risk premia.
Lastly, increases in the ten-year U.S. Treasury yield tend to push up Mexican inflation risk
premia, but only by about one-third of its nearly one-for-one impact on Mexican nominal
and real term premia. Overall, we take these findings to be sensible in light of the results we
obtain in supporting regressions using the model-implied nominal and real term premia as
dependent variables.

In a final exercise, we provide an update during the early stages of the coronavirus pan-
demic with data through December 2020, along with model-based projections of the outlook
for long-term inflation expectations in Mexico for the following three-year period. The results
suggest that bond investors’ long-term inflation expectations in Mexico were temporarily de-
pressed and fell below the 3 percent inflation target of the Bank of Mexico. However, the
model projections indicate that they are likely to return to pre-pandemic levels slightly above
3 percent within less than three years, which we take as another sign that long-term inflation
expectations are indeed well anchored in Mexico.

The remainder of the paper is structured as follows. Section 2 contains the data de-
scription. Section 3 provides evidence that parts of nominal and real yields in the Mexican
government bond market are not spanned by either expected inflation or inflation risk premia
and likely reflect their respective illiquidity premia. Section 4 details the model, the empirical
results, and some sensitivity analysis. Section 5 analyzes the liquidity premia and identifies
their determinants, while Section 6 contains a similar analysis of the estimated term premia.
Section 7 describes the BEI decomposition and scrutinizes the estimated inflation risk pre-
mia, while Section 8 contains the updated analysis during the COVID-19 crisis. Section 9

concludes.

4The ability of the Bank of Mexico to affect asset prices, the exchange rate, and portfolio flows through its
conduct of monetary policy is documented in Solis (2020).
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Figure 1: Overview of the Mexican Government Bonos Data

Panel (a) shows the maturity distribution of the Mexican government fixed-coupon bonos considered
in the paper. The solid gray rectangle indicates the sample used in the empirical analysis, where the
sample is restricted to start on January 31, 2007, and limited to bonos prices with more than three
months to maturity after issuance. Panel (b) reports the number of outstanding bonos at a given
point in time.

2 Mexican Government Bond Data

This section first describes the Mexican government bond data we use in the model estimation
before we proceed to a discussion of the credit risk, bond holdings, and bid-ask spreads in the

markets for these bonds.

2.1 Bonos

The available universe of individual Mexican government fixed-coupon bonds, known as bonos,
is illustrated in Figure 1(a). Each bond is represented by a solid black line that starts at its
date of issuance with a value equal to its original maturity and ends at zero on its maturity
date. These bonds are all marketable non-callable bonds denominated in Mexican pesos that
pay a fixed rate of interest semiannually. We note that we track the entire universe of bonos
issued since January 2007. In addition, we include a set of bonos outstanding at the start of
our sample period identical to those analyzed by Christensen et al. (2019, henceforth CFS). As
a consequence, our sample entirely encompasses theirs. In general, the Mexican government
has been issuing five-, ten-, twenty- and thirty-year bonos on a fairly regular basis during
the period shown. As a result, there is a wide variety of bonds with different maturities
and coupon rates in the data throughout our sample. It is this variation that provides the

foundation for the econometric identification of the factors in the yield curve models we use.



. No. Issuance Number of | Total notional

Fixed-coupon bonos .

obs. Date Amount auctlions amount
(1) 9% 12/20/20127 68 1/9/2003 1,500 40 85,033
(2) 8% 12/7/2023* 156 | 10/30/2003 1,000 46 256,860
(3) 8% 12/17/2015T 104 1/5/2006 3,100 33 102,797
(4) 10% 11/20/2036* 156 | 10/26/2006 2,000 36 88,945
(5) 7.5% 6/3/2027 156 | 1/18/2007 4,650 41 298,760
(6) 7.25% 12/15/2016T 116 2/1/2007 4,800 26 129,746
(7) 7.5% 6/21/2012* 56 7/26/2007 4,500 30 100,825
(8) 7.75% 12/14/2017T 116 | 1/31/2008 7,650 25 85,454
(9) 8.5% 5/31/2029* 132 | 1/15/2009 2,000 35 253,419
(10) 8.5% 11/18/2038* 132 | 1/29/2009 2,000 51 167,443
(11) 8.5% 12/13/2018T 115 | 2/12/2009 2,500 29 91,276
(12) 6.25% 6/19/2014* 56 7/23/2009 5,000 15 75,837
(13) 8% 6/11/2020Jr 119 | 2/25/2010 25,000 21 179,356
(14) 6% 6/18/2015* 54 7/8/2010 108,010 15 94,361
(15) 6.5% 6/10/2021Jr 107 2/3/2011 25,000 30 241,630
(16) 6.25% 6/16/2016* 56 7/22/2011 25,000 17 142,425
(17) 7.75% 5/29/2031F 100 9/9/2011 60,500 21 144,780
(18) 6.5% 6/9/2022T 95 2/15/2012 74,500 22 290,969
(19) 7.75% 11/13/2042* | 93 4/20/2012 33,000 37 196,466
(20) 5% 6/15/2017* 56 7/19/2012 30,000 11 114,713
(21) 4.75% 6/14/2018* 55 8/30/2013 | 211,054 19 125,477
(22) 7.75% 11/23/2034% | 69 4/11/2014 15,000 25 96,462
(23) 5% 12/11/2019* 58 11/7/2014 15,000 20 203,968
(24) 5.75% 3/5/2026T 51 | 10/16/2015 | 17,000 11 187,736
(25) 8% 11/7/2047% 34 3/10/2017 3,000 24 145,266
(26) 7.25% 12/9/2021 21 4/20/2018 25,000 18 236,936
(27) 8% 9/5/2024* 10 3/15/2019 9,700 10 191,289
(28) 6.75% 3/9/2023 3 10/4/2019 10,500 6 76,689

Table 1: Sample of Mexican Government Bonos

The table reports the characteristics, first issuance date and amount, the total number of auctions,
and total amount issued in millions of Mexican pesos for the available universe of Mexican government
fixed-coupon bonos in the sample. Also reported are the number of monthly observation dates for each
bond during the sample period from January 31, 2007, to December 31, 2019. Asterisk * indicates
five-year bonds, dagger T indicates ten-year bonds, plus + indicates twenty-year bonds, and cross x
indicates thirty-year bonds.

The contractual characteristics of all 28 bonos securities in our sample are reported in
Table 1. The number of monthly observations for each bond using three-month censoring
before maturity is also reported in the table.

Figure 1(b) shows the distribution across time of the number of bonds included in the
sample. We note a gradual increase from six bonds at the start of the sample to 16 at its end.
Combined with the cross sectional dispersion in the maturity dimension observed in Figure
1(a), this implies that we have a very well-balanced panel of Mexican bonos prices.

Figure 2 shows the time series of the yields to maturity implied by the observed Mexican
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Figure 2: Yield to Maturity of Mexican Government Bonos

Mlustration of the yields to maturity implied by the Mexican government fixed-coupon bonos prices
downloaded from Bloomberg. The data is monthly covering the period from January 31, 2007, to
December 31, 2019, and censors the last three months for each maturing bond.

bonos prices downloaded from Bloomberg. First, we note that the general yield level in Mexico
has been fairly stable since 2007, unlike government bond yields in advanced economies, which
have declined significantly during this period, see Holston et al. (2017) and Christensen and
Rudebusch (2019), among others. Second, as in U.S. Treasury yield data, there is notable
variation in the shape of the yield curve. At times like in mid-2018, yields across maturities
are relatively compressed. At other times, the yield curve is steep with long-term bonos
trading at yields that are 300-400 basis points above those of shorter-term securities like in
2015.

Finally, regarding the important question of a lower bound, the Bank of Mexico has never
been forced to lower its conventional policy rate even close to zero, and the bond yields in the
data have remained well above zero throughout the sample period. Thus, there is no need to
account for any lower bounds to model these fixed-coupon bond prices, which motivates our

focus on Gaussian models.

2.2 Udibonos

The Mexican government also issues inflation-indexed bonds, known as udibonos. These
bonds pay semiannual interest based upon a real interest rate. Unlike standard fixed-coupon
marketable bonds, interest payments on udibonos are adjusted for changes in the general price
level. Technically, their payoff is measured in a unit called Unidad de Inversién (UDI), which
is calculated and published daily by the Bank of Mexico. UDI changes with the biweekly

release of the National Consumer Price Index, abbreviated INPC in Spanish, according to
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Figure 3: Overview of the Mexican Government Udibonos Data

Panel (a) shows the maturity distribution of the Mexican government inflation-indexed udibonos con-
sidered in the paper. The solid gray rectangle indicates the sample used in the empirical analysis,
where the sample is restricted to start on May 29, 2009, and limited to udibonos prices with more
than one year to maturity after issuance. Panel (b) reports the number of outstanding bonos at a
given point in time.

the procedure determined by the Bank of Mexico as originally laid out in Mexico’s Federal
Official Gazette on April 4, 1995. UDI represents the accumulated inflation in Mexico since
April 1, 1995, denominated in Mexican pesos, and it is the factor used to convert the real
return of udibonos into the corresponding value measured in current pesos at any given point
in time.

The Mexican government launched its udibonos program in 1996. However, due to the
quality of the available data from Bloomberg, we are limited to starting our sample in May
2009. The available universe of udibonos and their maturity distribution across time is shown
in Figure 3(a). It includes the entire universe of udibonos issued since May 2009 combined
with the outstanding stock of udibonos at the start of our sample. We note that the issuance
is concentrated in ten-year udibonos with occasional issuance of twenty- and thirty-year udi-
bonos.

The contractual details of each udibonos in our sample are reported in Table 2. It also
contains the number of monthly observations for each bond in our sample with the last year
before maturity censored to avoid erratic variation in their prices arising from seasonality in
the inflation adjustment of their payoffs.

The total number of udibonos in our sample across time is shown in Figure 3(b). As with
the nominal bonos, we stress that the sample of udibonos we use is very well-balanced across

maturities at all times, which underpins the econometric identification of the state variables



. No. Issuance Number of | Total notional

Indexed udibonos .

obs. Date amount auctlions amount
(1) 5.5% 12/20/2012¢% 116 | 1/2/2003 300 23 8,950
(2) 3.5% 12/19/2013¢ 116 | 1/15/2004 500 24 10,230
(3) 4.5% 12/18/2014¢ 116 | 1/13/2005 500 35 22,501
(4) 4.5% 12/4/2025% 116 | 1/5/2006 1,700 65 42,793
(5) 4.5% 11/22/2035* 116 | 1/5/2006 21,533 63 25,266
(6) 5% 6/16/2016F 116 | 7/27/2006 600 41 30,467
(7) 3.25% 12/23/2010 35 | 10/4/2007 300 22 7,519
(8) 3.5% 12/14/2017¢t 116 | 1/10/2008 550 41 14,571
(9) 3.25% 6/21/2012 38 | 1/22/2009 450 27 7,211
(10) 4% 6/13/2019¢F 116 | 7/23/2009 450 43 29,674
(11) 4% 11/15/2040% 116 | 3/25/2010 3,500 55 46,632
(12) 2.5% 12/10/20201 | 106 | 3/3/2011 550 32 26,475
(13) 2% 6/9/20221 88 9/7/2012 12,118 39 47,054
(14) 4% 11/8/2046* 67 6/6/2014 3,000 58 42,598
(15) 4% 11/30/20281 33 4/7/2017 3,000 32 36,633
(16) 4% 11/3/2050* 5 8/9/2019 600 8 9,216

Table 2: Sample of Mexican Government Udibonos

The table reports the characteristics, first issuance date and amount, the total number of auctions,
and total amount issued in millions of Mexican pesos for the available sample of Mexican government
inflation-indexed udibonos. Also reported are the number of monthly observation dates for each bond
during the sample period from May 29, 2009, to December 31, 2019. Dagger t indicates ten-year
bonds, plus + indicates twenty-year bonds, and cross x indicates thirty-year bonds.

in the term structure models we use.

Figure 4 shows the yields to maturity implied by the udibonos prices downloaded from
Bloomberg. Similar to what we observe for the nominal bonos yields, the yields of udibonos
have fluctuated around a fairly stable level during the shown period, but with some variation in
the steepness of the udibonos yield curve. Our models are intended to exploit this variation
to deliver estimates of their liquidity premia, as explained in Section 4. Also, the greater
dispersion in the udibonos yields across maturities in the early part of the sample is a tangible
sign that bond-specific premia in this market are likely to play a particularly large role during

this period.

2.3 The Credit Risk of Mexican Government Bonds

To gauge whether there are any material credit risk issues to consider in modeling Mexican
government bond prices, we use rates on credit default swap (CDS) contracts. They reflect
the annual rate investors are willing to pay to buy protection against default-related losses
on these bonds over a fixed period of time stipulated in the contract. Such contracts have
been used to price the credit risk of many countries, including Mexico, since the early 2000s.

In Figure 5, we plot the series for the one- and five-year Mexican CDS rate since 2007 with
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Figure 4: Yield to Maturity of Mexican Government Udibonos

Mlustration of the yield to maturity implied by the Mexican government inflation-indexed udibonos
prices considered in this paper, which are subject to two sample choices: (1) sample limited to the
period from May 29, 2009, to December 31, 2019; (2) censoring of a bond’s price when it has less than
one year to maturity.
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Figure 5: Mexican CDS Rates

solid gray and black lines, respectively. Also shown with a solid red line is the spread between
these two CDS rates. We note that the five-year CDS rate has fluctuated in a fairly narrow
range between 100 and 200 basis points, except for a brief period during the global financial
crisis when Mexican CDS rates temporarily spiked above 300 basis points. This is a level of
credit risk on par with most investment-grade firms in the United States, and its variation
is mostly very gradual. This suggests that credit risk-related components are unlikely to be

the driver of the results we present later on. To further support this view, we note that



our measure of the Mexican government debt relative to GDP never goes above 52 percent,
which is not a high value by international standards. Furthermore, the slope of the CDS
rate curve measured as the difference between the five-year and one-year CDS rates is always
positive and fairly stable and fluctuates in a narrow range, and it is almost uncorrelated
(11%) with the one-year CDS rate. Thus, the steepness of the CDS rate curve for Mexican
government debt has little connection to the near-term level of the priced credit risk of the
Mexican government. We take this as a sign that the bulk of the variation in Mexican CDS
rates reflect investor sentiment and risk aversion rather than actual credit risk.> Overall, we
take this evidence to imply that credit risk is not likely to materially affect our results and
we therefore feel comfortable not accounting for credit risk premia in our analysis.

More importantly, on a practical note, there are no differences in the credit risk of bonos
and udibonos in the sense that they will receive the same treatment in case the Mexican
government stops servicing its debt. Thus, using arguments similar to those made by Fleck-
enstein et al. (2014) for U.S. Treasuries and TIPS, there is no reason to believe that there are
any differentials in the pricing of bonos and udibonos tied to credit risk. By implication, our
measures and decompositions of Mexican BEI are unaffected by variation in the credit risk

premia of Mexican government debt.

2.4 Domestic and Foreign Mexican Government Bond Holdings

In addition to the bond price data described above, our regression analysis later on utilizes
data on domestic and foreign holdings of Mexican government debt securities that the Bank
of Mexico requires financial intermediaries to report as a way to track market activity in the
Mexican sovereign bond markets. These data have been collected since 1978 and are available
at a daily frequency up to the present. A key strength of the data set is that it covers any
change in Mexican government debt holdings by either domestic or foreign investors. For
each transaction, the reporting forms also identify the type of Mexican government security.
Therefore, we are able to exploit the data reported for holdings of both bonos and udibonos.
Although the data are available at a daily frequency, we use only the observations at the end
of each month to align them with our bond price data.

Figure 6(a) shows the monthly level of bonos holdings by domestic residents and foreigners
over the period from January 2007 through December 2019. We note that foreigners overtook
domestic residents in total holdings by late 2012 and have continued to increase their share
quite notably such that they now exceed those of domestic residents by a wide margin. In
contrast, for the udibonos holdings shown in Figure 6(b) for the period from May 2009 through
December 2019, we note that only a very small share of this market is held by foreigners.

We note that the difference in the foreign participation across the two markets could lead to

5This is a phenomenon also seen in the pricing of corporate bonds and frequently referred to as the credit
spread puzzle; see Christensen (2008) and references therein.
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Figure 6: Holdings of Mexican Bonos and Udibonos

significant differences in their trading dynamics and perceived liquidity risks.

To provide a sense of the relative size of the market for udibonos, we note that, as of
December 31, 2019, the total outstanding amount of bonos was 3,261 billion pesos, or about
USD160 billion, while the total amount of udibonos outstanding was 276 billion pesos, or
about USD14 billion.® Hence, udibonos represent about 8.5 percent of the government’s
long-term debt denominated in Mexican pesos. Finally, we add that the total outstanding
domestic debt of the Mexican federal government was 7,586 billion pesos, or almost USD380
billion, while its gross long-term foreign debt is reported as USD102 billion as of September
30, 2019.7 Thus, the vast majority of the government’s debt is issued in local currency, which

underscores the importance of its domestic government bond markets analyzed here.

6See data from the Bank of Mexico at: https://www.banxico.org.mx/Sielnternet /consultarDirectoriolnternet Action.do?
sector=7&accion=consultarDirectorioCuadros&locale=en

"See CEIC data at: https://www.ceicdata.com/en/mexico/gross-external-debt/gross-external-debt-federal-
government-long-term

11
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Figure 7: Bid-Ask Spreads of Mexican Bonos and Udibonos

2.5 Bid-Ask Spreads of Mexican Government Bonds

In this section, to shed light on the trading frictions in the markets for bonos and udibonos,
we compare the average bid-ask spread of the udibonos in our sample to the average bid-ask
spread of the bonos in our sample. These series are four-week moving averages and shown in
Figure 7. Note that the two series tend to be close to each other. Thus, most of the time, there
is no discernible difference in this measure of current liquidity across the two markets. Still,
there are occasional large spikes in the average bid-ask spread of udibonos, which are driven
by erratic pricing of individual udibonos as they approach maturity. This phenomenon is
much less pronounced in the bonos market and further mitigated by the much larger number
of bonos in our sample.

The key takeaway from this evidence is twofold. First, with a level of bid-ask spreads
around 5 basis points, the trading of these securities is indeed associated with some amount
of liquidity risk. Second, the occasional large spikes in the bid-ask spreads of udibonos would
be another sign that the liquidity risk of these securities is somewhat greater than that of

bonos.

3 Analysis of Nominal and Real Bond-Specific Factors

Motivated by the evidence in the previous section, our model assumes that both nominal and
real bond prices contain liquidity premia that investors demand to assume their liquidity risk.
In this section, we aim to build further support for that assumption. In doing so, we follow
D’Amico et al. (2018, henceforth DKW), who note that, in a world without any financial

market frictions, nominal yields y{¥ must be the sum of the matching real yield yf, expected
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inflation 7¢, and the inflation risk premium ¢;:

yp (1) = yi (1) + 7 (1) + du(7). (1)

Furthermore, the frictionless real yield is the sum of the neutral or natural real rate r; and a
real term premium:

yi' (1) =1} + TPf(7).

In turn, the frictionless BEI that would prevail in a world without any financial frictions is

then given by
BEI =y (1) — y{'(1) = m{ (1) + (7). (2)

Comparing equations (1) and (2) motivates DKW to regress BEI on the first three principal
components (PC) of nominal yields, which normally explain more than 99 percent of the
nominal yield variation. If there are no priced frictions or other deviations from the law of
one price in the data, this could be expected to yield high R?s, in particular if the frictionless
real yields y/* have stationary dynamics (this is a big if, as we will explain below).

As for the observed nominal and real yields, denoted 7V and 7, respectively, they may
each contain unobserved liquidity premia, denoted n{v and n{z, respectively. Hence, we have

the following relationships to the frictionless yields discussed above:

7 (1) = yl(r)+n)(7),
gi(r) = yf(r) + ).

This implies that the observed nominal yield can be written as
Ur (1) = rf + TR(7) + (1) + du(7) + 1" (7),
while the observed BEI becomes

BEL(r) =77 (1) = §{{(7) = 75 (1) + ¢u(7) + ) (1) — (7).

Returning to DKW’s proposed regression, it is now clear that, provided nf¥ (7) —nf'(7) ~ 0
and r} and TPF(r) are stationary, it will be the case that observed BET regressed on the
first three PCs of nominal yields should generate fairly large R%s. On the other hand, if either
of these two assumptions are not met, we are likely to see fairly low R?, which then suggests
that either (a) the frictionless real yields contain some trending component; or (b) nominal
and/or real yields contain some sizable persistent priced frictions or liquidity premia that
prevent the condition 7V (1) — nf(7) = 0 from being satisfied.

DKW study U.S. Treasury and TIPS data, where it is reasonable to assume that, indeed,
nN (1) =~ 0. Also, they implicitly assume that there are no trends in TIPS yields, although
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BEI
Coef. T=2|7=5|717=7|17=10
a 0.01 | 0.01 | 0.00 0.00
(0.01) | (0.00) | (0.00) | (0.00)
Br, | 0.34% | 0.40** | 0.43** | 0.46**
(0.06) | (0.06) | (0.06) | (0.06)
Bg | 0.13* | 0.14** | 0.13** | 0.13**
(0.03) | (0.02) | (0.02) | (0.02)
Be 0.03 | 0.06** | 0.07** | 0.07**
(0.02) | (0.02) | (0.02) | (0.02)
R? 0.40 | 052 | 0.58 0.66

Table 3: Breakeven Inflation Regressions

The table reports the results of regressions with breakeven inflation as the dependent variable and the
estimated level, slope, and curvature factors from an AFNS model of nominal bonos prices. Standard
errors computed by the Newey-West estimator (with three lags) are reported in parentheses. Asterisks
* and ** indicate significance at the 5 percent and 1 percent levels, respectively.

that may be a questionable assumption given that evidence provided in Laubach and Willimas
(2016) and Christensen and Rudebusch (2019), among many others, points to a long-term
secular decline in the natural real rate in the United States. As a consequence, when they
obtain really low R?s in their regressions, DKW conclude that TIPS yields contain a significant
liquidity premium 5.

For our Mexican data, we first estimate arbitrage-free Nelson-Siegel (AFNS) models from
Christensen et al. (2011) for the Mexican bonos and udibonos prices separately. This gives
us fitted nominal and real yield curves at all relevant maturities, which are then used to
calculate the corresponding fitted BEI rates. We then regress those fitted BEI rates on the
three filtered state variables from the AFNS model estimation based on our sample of Mexican
bonos prices, which serve as our equivalent of the first three principal components of nominal

yields in the analysis of DKW:
BET,(7) = o + Bi L + 855, + BEC, + €]

The results at four maturities from two to ten years are reported in Table 3. The level
and slope factors in the AFNS model are highly statistically significant across all considered
maturities and have very stable coefficients. As for the curvature factor, its loading is in-
significant at shorter maturities, but highly statistically significant at medium- and long-term
maturities. This is consistent with its hump-shaped loading structure across maturities.

Despite this very stable and significant pattern in the regression coefficients of the three
factors, the obtained R? values fall in the range from 0.40 to 0.66 and decline as the maturity
shortens. DKW interpret this kind of pattern as evidence of the existence of liquidity premia

in the underlying bond yields. In our case, we think a similar interpretation applies. First, in
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Figure 8: Survey Inflation Forecasts and Fitted BEI

[lustration of the ten-year fitted BEI obtained by fitting an AFNS model to Mexican bonos and udi-
bonos prices separately. Also shown are the ten-year inflation forecasts from the semiannual Consensus
Forecasts survey of professional forecasters tracking the Mexican economy.

our Mexican data, the udibonos real yields do not appear to have a trend. Hence, when we
get R%s ranging from 0.40 to 0.66, it is most likely caused by n¥(7) — nfi(7) ~ 0 not being
satisfied. Second, the decline in R? as maturity is shortened is consistent with a liquidity
premium interpretation given that yields at shorter maturities in our data primarily reflect
the prices of seasoned bonds that have been outstanding for many years. As a consequence,
shorter-term BEI rates are likely to be more biased by liquidity premia than the ten-year
sector where a majority of the bond issuance has taken place historically. To summarize,
building on the findings of DKW for the large U.S. TIPS market, where they find sizable
liquidity premia, our regression results imply the existence of large and time-varying liquidity
premia in the much smaller market for udibonos.

To provide evidence of the existence of important liquidity premia in Mexican bonos
(beyond that provided in CFS), we again follow DKW. For U.S. data, they document that
TIPS BEI tends to be below the inflation forecasts reported in surveys of both consumers and
professional forecasters. Furthermore, as demonstrated by DKW, this is due to the existence
of large positive liquidity premia in TIPS yields in combination with small and negligible
liquidity premia in Treasury yields.

To repeat this exercise in our setting, Figure 8 compares the ten-year fitted BEI considered
earlier with the ten-year CPI inflation forecasts that can be constructed from the long-term
economic forecasts reported semiannually in the Consensus Forecasts surveys of professional
forecasters tracking the Mexican economy.

In the Mexican data, we see the opposite pattern of DKW whereby BEI tends to be above
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the survey forecasts of inflation. This leaves the possibility that there could be large liquidity
premia in nominal bonos yields that more than offset the negative effects from the liquidity
premia in the udibonos prices. Alternatively, this could be a sign that there are large positive
and time-varying inflation risk premia in bonos prices.

As in DKW, we explore this further by correlating the difference between the ten-year
fitted BEI and the ten-year survey inflation forecasts with measures of the priced frictions in
the bonos market. It turns out that the difference is weakly positively correlated with the
average bonos bid-ask spread in our sample (17%) and with the mean absolute fitted errors of
the bonos prices from the AFNS model estimation used in the construction of the fitted BEI
(19%).8 The small number of observations (21) prevents us from further substantiating this
result. However, similar to DKW, we take this as weak evidence of the existence of liquidity
premia in the bonos prices, even though we note that this variation could equally well reflect
changes in inflation risk premia independent of the bonos and udibonos liquidity premia.’

Finally, we stress that it is the purpose of the remainder of the paper to quantify the
relative magnitudes of these three different types of risk premia in the pricing of bonos and

udibonos and what they imply about bond investors’ underlying inflation expectations.

4 Model Estimation and Results

In this section, we first detail the model of the frictionless dynamics that would prevail in a
world without any financial frictions. This model is fundamental to our empirical analysis.
Second, we augment the frictionless model to adjust the observed yields for their liquidity
bias before we proceed to a description of how BEI is decomposed within the model. We
then detail the model estimation and its econometric identification. We end the section with

a brief description of the main estimation results and related sensitivity analysis.

4.1 A Frictionless Arbitrage-Free Model of Nominal and Real Yields

To begin, we need an accurate model of the instantaneous nominal and real rate, r}¥ and rf,
in order to precisely measure nominal and real liquidity premia. With that goal in mind we
choose to focus on the tractable affine dynamic term structure model of nominal and real yields
briefly summarized below. We emphasize that, even though this model and others considered
are not formulated using the canonical form of affine term structure models introduced by
Dai and Singleton (2000), they can all be viewed as restricted versions of the corresponding
canonical Gaussian models.

Our joint model of nominal and real yields was first used by Carriero et al. (2018)

to analyze nominal and real U.K. gilt yields. In this model, the state vector is denoted by

8This is a noise measure of arbitrage capital frictions similar to the one developed in Hu et al. (2013).
9Hordahl and Tristani (2012) report a similar pattern for euro-area BEI rates and tie it to positive inflation
risk premia.

16



Xy = (LY, SN, CN, LE, SE), where (LY, SN, CN) represent level, slope, and curvature factors
in the nominal yield curve,'® while (Lf, StR) represent separate level and slope factors in the

real yield curve.!! The instantaneous nominal and real risk-free rates are defined as

o= L+ Sy (3)
rt = LT+ 5[ (4)

To preserve the Nelson and Siegel (1987) factor loading structure in the yield functions,

the risk-neutral (or Q-) dynamics of the state variables are given by the stochastic differential

equations:
ALY 0 0 0 0 0 LY aw}" e
dsN 0 —A¥ AN 0 o0 SN aws" @
acN [ =1 o A 00 oN |dt+x| awf™e |, (5
dLR 0 0 0 0 0 LR aw e
St 0 0 0 0 —AR SE aw "

where ¥ is the constant covariance (or volatility) matrix.
Based on this specification of the Q-dynamics, zero-coupon nominal bond yields preserve

the Nelson and Siegel (1987) factor loading structure as

1—e T 1— e N AN(T)
N(\_ N N _ AN AN
Yi (T) - Lt + ( )\NT ) St + ( )\NT € Ot T ’ (6)
where the nominal yield-adjustment term is given by
AN(r) ot o o { 1 (S e T e‘”‘NT]
= —7°40 -
T 6 Zo(AN)2 (AN 7 4(AN)3 T
1 1 N 1 N 3 N
2 —ANT =221 =221
ok [2(AN)2 TomEe T T oW T T e©
L5 1= eV g AT
8(ANV)3 T (AN)3 T ’

while zero-coupon real bond yields preserve a simplified Nelson and Siegel (1987) factor load-

ing structure given by

1—6_)‘RT ART
yﬁ(T):Li%—i_(T)Sﬁ_ T(), (7)

10T motivate this choice, we note that Espada et al. (2008) show that the first three principal components
in their sample of Mexican government bond yields have a level, slope, and curvature pattern in the style of
Nelson and Siegel (1987) and account for more than 99 percent of the yield variation.

" Chernov and Mueller (2012) provide evidence of a hidden factor in the nominal yield curve that is observable
from real yields and inflation expectations. Our model accommodates this stylized fact via the (Lf’, SE ) factors.
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where the real yield-adjustment term is given by

1 11— M 11— e 2

AR (r o2
()_ﬁQ_’_Q

T 6 055[2()\3)2 OFP  + ApEp 7

To complete the description of the model and implement it empirically, we continue to

use the essentially affine risk premium specification
Iy = 70 + 71Xt7

where 7° € R® and 4! € R>*® contain unrestricted parameters.
Thus, the resulting unrestricted five-factor joint model of nominal and real yields has
P-dynamics given by
dX; = KP(0F — Xy) + 2dWF,

where KT is an unrestricted 5 x 5 mean-reversion matrix, % is a 5 x 1 vector of mean levels,
and X is a 5 x 5 lower triangular volatility matrix.
This is the transition equation in the Kalman filter estimation. Going forward, we refer

to this joint five-factor Gaussian model of nominal and real yields as the G(5) model.

4.2 An Arbitrage-Free Model of Nominal and Real Yields with Liquidity
Risk

In this section, we augment the frictionless model of nominal and real yields described in the
previous section with two liquidity risk factors, (ng , Xﬁ), to account for the liquidity risk in
the pricing of nominal and real bonds, respectively. In this case, we extend the terminology
of ACR and refer to this seven-factor Gaussian model as the GX X R(7) model.

To begin, let X; = (LY, SN, CN, XN, LE, SE XF) denote the state vector of this model.
As before, (LYY, S,C}N) represent level, slope, and curvature factors in the nominal yield
curve, while (Lf%7 StR) represent separate level and slope factors in the real yield curve. Finally,
(XN, X[?) represent the added nominal and real liquidity risk factors.

As in the G(5) model, we let the frictionless instantaneous nominal and real risk-free rates
be defined by equations (3) and (4), respectively, while the risk-neutral dynamics of the state

variables used for pricing are given by

N B N 7] LN)Q
dL! 00 0 0 0 0 0 0 L! AW,

N
dsN 00X -2 0 0 0 0 0 SN w2
dCN 00 AW 0 0 0 0 0 N aw e
ax¥ =10 0o 0o k8 0 0 o0 02 | - x¥ [|at+2| aw e |,

R R L%Q
dL! 00 0 0 0 0 0 0 L AW,
dSE 00 0 0 0 A 0 0 S aws" e
dxf? 00 0 0 0 0 &% )[\69 xt ) awX"




where X continues to be a diagonal matrix. This structure implies that XY and X[* are
assumed to be independent Ornstein-Uhlenbeck processes under the pricing measure with
means 9% and 0% and mean-reversion rates /1% and /1%.

Due to the liquidity risk in the markets for nominal and real bonds, their yields are
sensitive to liquidity pressures. As a consequence, the pricing of nominal and real bonds is
not performed with the frictionless discount functions in equations (6) and (7), but rather

with discount functions that account for the liquidity risk:

P = N NI = e XN = LY SN 4 g e XN, (8)
= BRI = e ) X L 4 S 4 R - TR KR (9)

where t% and té denote the dates of issuance of the specific nominal and real bonds, respec-
tively, and BN>* and B are their sensitivities to the variation in their respective liquidity
risk factors. Furthermore, the decay parameters 6™ and 6/ are assumed to vary across
securities.

Christensen and Rudebusch (2019) show that the net present value of one unit of currency

paid by nominal bond i at time ¢ 4+ 7¢ has the following exponential-affine form
PV (th ) = E%[e” TN (s 1) ds

By similar arguments, the net present value of one unit of the consumption basket paid

by real bond j at time ¢ + 7/ has the following exponential-affine form
Pf(tyr) = BO[e i Tk
= exp (Bf%(Tj)Li% + BE(r7)SE 4 BE(t, té, XE 4+ Alt, té, Tj)).
These formulas imply that the model belongs to the class of Gaussian affine term structure
models. Note also that, by fixing V" = 0 for all 4 and 8%/ = 0 for all j, we recover the G(5)
model.

Now, consider the whole value of the nominal bond i issued at time t} with maturity at

t 4+ 7% that pays an annual coupon C? semiannually. Its price is given by!?
—N.i, ; . . . 11 =N (g 41 " Ci e —N,i +d
P, (th, 7,0 = Ci(ty —t)EY [e‘ft T (sith) ] +> 5 E° [e— JeE T s th) ]
k=2

—|-EQ |:e_ LtJrTi ?N’i(s,té)ds:| .

12This is the clean price that does not account for any accrued interest and maps to our observed bond
prices.
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Next, consider the whole value of the real bond j issued at time té with maturity at ¢ 4+ 77

that pays an annual coupon C7 semiannually. Its clean price is given by'3
—R,j,,i i : : t1 =R,j(g 4 " CJ tk =R,j (g I
P (), 77,7 = Ci(ty —t)EY [e_ et ’“Svto)dﬂ +3 —EC [e— Stk ,,J(s,to)ds]
k=2 2
—l—EQ [6_ ftt+71 FR,j(s’t%)ds] '

The only minor omission in the bond price formula above is that we do not account for
the lag in the inflation indexation of the real bond payoff, but the potential error should be
modest in most cases; see Grishchenko and Huang (2013) and DKW for evidence in the case
of the U.S. TIPS market.

To complete the model description, we need to specify the risk premia that connect the
factor dynamics under the Q-measure to the dynamics under the objective P-measure, where
we continue to use the essentially affine risk premium specification introduced in Duffee (2002).
In the Gaussian framework, this specification implies that the risk premia I'y depend on the
state variables; that is,

Ly =17+,
where 79 € R” and ' € R™*7 contain unrestricted parameters. Thus, the resulting unre-
stricted GX "X R(?) model has P-dynamics given by

dX; = KP(6F — X;) + Sdwy,

where K is an unrestricted 7 x 7 mean-reversion matrix, 6% is a 7 x 1 vector of mean levels,
and X is a 7 x 7 lower triangular volatility matrix. This is the transition equation in the

extended Kalman filter estimation of this model.

4.3 Decomposing Bond Yields

Christensen et al. (2010) show that the price of a nominal zero-coupon bond with maturity

in 7 years can be written as

p[MA. 1,
H CO’Ut |: R 5 I T]
PtN(T) = ’PtR(T) X E}fp H d X <1 + P MR Mt ]P)t+ I Y
7 e ) < 2 |
ME t| My r

where PtR(T) is the price of a real zero-coupon bond that pays one consumption unit in 7

years, MtR is the real stochastic discount factor, and II; is the price level.

13Unlike U.S. TIPS, Mexican udibonos have no embedded deflation protection option, which makes their
pricing straightforward.
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By taking logs, this can be converted into

vi (1) =y (1) + 7 (1) + (1),

where y;¥ (1) and »*(7) are nominal and real zero-coupon yields as described in the previous
section, while the market-implied average rate of inflation expected at time ¢ for the period

from ¢t tot+T7is

1 1 T
ﬂ'te('r) = —; In EF = ——1n EF |:€_ ftt+ (T’i\r—Téz)ds] (10)

t+7 T

and the associated inflation risk premium for the same time period is

R
Mt+7' 11

P
1 covt[ T T}
¢t(7)=—;1n<1+ e ).
B [ | < 2 |l

Ht+‘r

This last equation demonstrates that the inflation risk premium can be positive or nega-

tive. It is positive if and only if

< 0.

That is, the riskiness of nominal bonds relative to real bonds depends on the covariance
between the real stochastic discount factor and inflation and is ultimately determined by
investor preferences, as in, for example, Rudebusch and Swanson (2011).

Now, the BEI rate is defined as

BEI(1) =y (t) — y'(r) = 7 (1) + ¢4(7),

that is, the difference between nominal and real yields of the same maturity. Note that it can
be decomposed into the sum of expected inflation and the inflation risk premium.

Finally, we define the nominal and real term premia as

. . 1 [ttT .
TP/ (1) =yl(1) — = EY[rilds, j=N,R.
T Jt
That is, the nominal term premium is the difference in expected nominal return between a
buy and hold strategy for a 7-year nominal bond and an instantaneous rollover strategy at
the risk-free nominal rate 7}¥. The interpretation for the real term premium is similar. The

model thus allows us to decompose nominal and real yields into their respective term premia

and short-rate expectations components.
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4.4 Model Estimation and Econometric Identification

Due to the nonlinearity of the bond pricing formulas, the models cannot be estimated with
the standard Kalman filter. Instead, we use the extended Kalman filter as in Kim and
Singleton (2012); see Christensen and Rudebusch (2019) for details. To make the fitted errors
comparable across bonds of various maturities, we follow ACR and scale each bond price by
its duration. Thus, the measurement equation for the nominal bond prices takes the following
form:

P, (') _ PN(r)

= + N
DY ()~ D)

where J3tN (7%) is the model-implied price of nominal bond i and D;¥ (%) is its duration, which
is fixed and calculated before estimation. Similarly, the measurement equation for the real

bond prices takes the following form:

P (#,77) PR, )
DE(x7) — DEF(r))

R,j
+€t J)

where PE(7) is the model-implied price of real bond j and DF(77) is its duration, which
is again fixed and calculated before estimation. See Andreasen et al. (2019) for evidence
supporting this formulation of the measurement equations.

Since the liquidity factors are latent factors that we do not observe, their levels are not
identified without additional restrictions. As a consequence, when we include the nominal
liquidity factor XY, we let the first thirty-year bonos issued after the start of our sample
window have a unit loading on the liquidity factor, that is, bonos number (10) in our sample
issued on January 29, 2009, with maturity on November 18, 2038, and a coupon rate of 8.5
percent has V" = 1. When we include the real liquidity factor X/[?, we let the first thirty-
year udibonos in our sample have a unit loading on this factor, that is, udibonos number (5)
issued on January 5, 2006, with maturity on November 22, 2035, and a coupon rate of 4.5
percent has 17 = 1.

Furthermore, we note that the liquidity decay parameters, 6% and 67, can be hard to
identify if their values are too large or too small. As a consequence, we impose the restriction
that they fall within the range from 0.0001 to 10, which is without practical consequences
based on the evidence presented in ACR and Christensen and Rudebusch (2019). Also,
for numerical stability during the model optimization, we impose the restrictions that the
liquidity sensitivity parameters, V% and A7, fall within the range from 0 to 250, which
turns out not to be a binding constraint at the optimum.

In addition, we assume that all nominal bond price measurement equations have i.i.d. fit-
ted errors with zero mean and standard deviation ¢. Similarly, all real bond price measure-

ment equations have fitted errors that are assumed to be 4.i.d. with zero mean and standard

R

deviation o.".
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Finally, we assume that the state variables are stationary and therefore start the Kalman
filter at the unconditional mean and covariance matrix. This assumption is supported by
the analysis in Chiquiar et al. (2010), who find that Mexican inflation seems to have become
stationary at some point in the early 2000s, while De Pooter et al. (2014) document that
measures of long-term inflation expectations from both surveys and the Mexican government
bond market have remained anchored close to the 3 percent inflation target of the Bank of
Mexico at least since 2003. Assuming real rates and bond risk premia are stationary,'* this
evidence would imply that Mexican government bond yields should be stationary as well, as
also suggested by visual inspection of the individual yield series depicted in Figures 2 and 4.

We also incorporate long-term forecasts of inflation from surveys of professional forecasters
in our model estimation. These are the projected ten-year CPI inflation forecasts that can be
constructed semiannually from the Consensus Forecasts survey for Latin America and shown
in Figure 8.'% As demonstrated by Kim and Orphanides (2012), the inclusion of long-term
survey forecasts can help the model better capture the appropriate persistence of the factors
under the objective P-dynamics, which can otherwise suffer from significant finite-sample
bias.16

The measurement equation for the survey expectations incorporating these long-term
forecasts takes the form

7CF(10) = £ (10) + <7

where 7{(10) is the model-implied ten-year expected inflation calculated using equation (10),
which is affine in the state variables, while the measurement error is e£'* ~ N'ZTD (0, (c£1)2).

CF we follow DKW and fix it at 75 basis points in order to not overly

As for the value o
influence the estimation results by including the survey forecasts. Alternatively, this approach
can be interpreted as treating the survey forecasts as relatively noisy and infrequent measures
of bond investors’ inflation expectations. We perform a comprehensive sensitivity analysis to

assess the impact of this assumption on our results in a later section.

4.5 Results

In this section, we briefly summarize the estimation results.
To examine the model fit, pricing errors are computed based on the implied yield on each
coupon bond to make these errors comparable across securities. That is, for the price on the

ith coupon bond P!(r, C'), we find the value of ° that solves

YWe note that these might be strong assumptions. In the United States, there is evidence of a persistent
downward trend in real yields the past two decades; see Christensen and Rudebusch (2019).

15Similar to Christensen et al. (2010) and Abrahams et al. (2016), we do not include inflation data in the
model estimation. This omission is expected to, at most, have a small impact on our results due to the
relatively long maturities of most of our real yield observations, see DKW for evidence.

16 Also, see Bauer et al. (2012).
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Figure 9: Fitted Errors of Mexican Bonos and Udibonos

Pi(r',C) = C(ty —t) exp { ;" (. 1) | +i % exp { =y (t; = ) f+exp { —y* (v = 1)} (11)
j=2

For the model-implied estimate of this bond price, denoted Pt’(T C"), we find the correspond-

A’LC

ing implied yield g)i’c and report the pricing error as yi — ;.

Figure 9 shows the fitted error series for each bond price calculated this way. The top
panel shows the results for the 28 bonos in our sample, while the bottom panel shows the
results for the 16 udibonos in the sample. For the nominal bonos the root mean-squared error
(RMSE) for all bonds combined is 4.16 basis points, while the corresponding statistics for the
real udibonos is 7.47 basis points. Thus, the GXV X R(?) model provides a very good fit to
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K° | K, KT, KT, KT, KT, KT, K7, oF y
K7 | 59163 25581  1.6649  0.4368 -7.5017 -2.1747 -1.2846 || 0.0984 || o; | 0.0122
(0.8806) (0.5646) (0.4851) (0.5088) (1.0715) (0.6215) (0.4967) || (0.0307) (0.0007)
K5 | 88549  3.6741  3.0031  0.1987 -12.5581 -2.8339 -1.7168 || -0.0105 || 020 | 0.0191
(1.0284) (0.8020) (0.6096) (0.6848) (1.1683) (0.8280) (0.6926) || (0.0463) (0.0032)
K5 | -0.0261 1.2171  -0.7501  0.6680  4.5812  -0.9520 -0.4987 || -0.0580 || o33 | 0.0186
(1.0325)  (0.7511) (0.4944) (0.5347) (1.1659) (0.7956) (0.4988) || (0.0717) (0.0040)
K§. | 05218  3.2414  -1.6310  2.3381  4.2963  -2.9285 -1.3533 || -0.0662 || 044 | 0.0358
(1.1766)  (0.9603) (0.8948) (0.9147) (1.1990) (0.9770) (0.6977) || (0.0965) (0.0104)
KE. | -2.8076  -0.7808 -1.5647  0.3684 52189  0.5198  0.3538 || 0.0271 || os5 [ 0.0091
(0.8301) (0.5530) (0.4007) (0.3506) (1.0083) (0.6562) (0.3858) || (0.0122) (0.0011)
KE. | -3.6630 -3.4080 -1.1220 -0.4870  6.6708  3.8295  2.1684 || -0.1186 || o065 | 0.0184
(1.0454) (0.8016) (0.7337) (0.5638) (1.1632) (0.8468) (0.6715) || (0.2063) (0.0039)
KP | 44426 03681  2.7566  -0.6943 -8.3530  0.1017  0.0086 || 0.2120 || o7y | 0.0174
(1.0370)  (0.8088) (0.6756) (0.6887) (1.2174) (0.8612) (0.5777) || (0.3872) (0.0090)

Table 4: Estimated Dynamic Parameters of the GX" X" (7) Model

The table shows the estimated parameters of the KT matrix, 8% vector, and diagonal ¥ matrix for
the GX"-X™(7). The estimated value of AN is 0.2675 (0.0139), while A% = 0.4690 (0.0439), x% =
2.1291 (0.3350, 9% = 0.0102 (0.0015), Ii% = 0.3782 (0.0847), and 9% = 0.0178 (0.0037). The maximum
log likelihood value is 19,121.94. The numbers in parentheses are the estimated parameter standard
deviations.

both sets of bond prices.

Finally, as for the survey inflation forecasts, the mean error is 0.83 basis point, while the
RMSE is 39.22 basis points, well below the 75 basis points assumed in the model estimation.
Thus, the model is also able to simultaneously deliver an accurate fit to the survey forecasts.

The estimated dynamic parameters in the GXN“XR(7) model are reported in Table 4.
We note that the estimated mean and volatility parameters for the four nominal factors
(LN, SN, CN, X}N) are very similar to those reported by CFS for their shorter and smaller
sample of 21 bonos price series. Thus, the nominal side of our joint model of bonos and

udibonos prices fits the bonos data in much the same way as their nominal model.

4.6 Sensitivity Analysis

In this section, we analyze the sensitivity of our estimation results to two key assumptions in
the model estimation. In the first set of robustness exercises, we change the assumption about
the standard deviation of the measurement errors for the model-implied inflation forecasts,
while in the other set of exercises we vary the horizon of the survey inflation forecasts used
in the model estimation. To map the exercise to our later analysis, we focus on long-term
inflation expectations covering a five-year period starting five years ahead, labeled 5yrbyr
expected inflation.

Figure 10 shows the 5yrbyr model-implied expected inflation from changing the assump-
tion made about the standard deviation of the measurement error of the ten-year survey

inflation forecasts used in our benchmark model implementation. We vary this value from

25




CF) =
CF) =
CF) =
CF) =
CF

=0.01
=0. 0075 (benchmark)
= 0 O

fret (o 0035)

— Sigma epsilon
— Sigma epsilon
© -+ — Sigma epsilon
—— Sigma epsilon

Sigma epsilon

Rate in percent

Inflation target of
the Bank of Mexico

T T T T T T T T T T T T
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 10: Sensitivity of 5yr5yr Model-Implied Expected Inflation to USF

Ilustration of the 5yr5yr expected inflation implied by the GX Mo (7) model estimated with five dif-
ferent assumptions about standard deviation of the measurement error of the ten-year survey inflation
forecasts: (1) fixed 0.01; (2) fixed 0.0075, which is our benchmark model implementation; (3) fixed
0.005; (4) fixed 0.0025; (5) leave 0€F as a free parameter to be determined by the model estimation,

which produces a value of 0.0035. The shown data cover the period from May 31, 2009, to December
30, 2019.

0.0025 to 0.01 in 0.0025 increments, with 0.0075 being our benchmark as recommended by
DKW. In addition, in a separate estimation, we leave it as a free parameter to be determined
by the data, which yields a value of 0.0035. As can be seen from the figure, the model-implied
5yrSyr inflation expectations are practically insensitive to this choice unless the measurement
error standard deviation is forced to be artificially low, in which case the model-implied long-
term inflation expectations become almost as smooth as those reported in the surveys. Based
on these observations we choose to proceed with our benchmark fixed value of 0.0075 for
standard deviation of the survey forecast measurement errors throughout the remainder of
the paper.

Figure 11 shows the 5yrbyr model-implied expected inflation from four different estima-
tions. One is our benchmark estimation using the ten-year inflation survey forecasts, while
the three other results use monthly data on inflation forecasts for the following full calen-
dar, semiannual data on five-year inflation forecasts, and semiannual data on 5yrbyr inflation
forecasts in the model estimation, respectively. We note that using shorter-term inflation
forecasts in the model estimation gives rise to higher and less volatile model-implied inflation
expectations, including long-term 5yr5yr inflation forecasts, while using 5yrbyr inflation fore-
casts produces model-implied inflation expectations that are very stable. Overall, we consider
our benchmark implementation using ten-year survey inflation forecasts to be representative

given that its estimate consistently falls in the range of estimates produced by these four
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Figure 11: Sensitivity of 5yr5yr Model-Implied Expected Inflation to Survey In-
flation Forecasts

Ilustration of the 5yr5yr expected inflation implied by the G¥ Mx R(?) model estimated with four
types of survey inflation forecasts: (1) the following calendar year; (2) the next five years; (3) five-year
forecasts five years ahead; (4) the next ten years, which is our benchmark implementation. The shown
data cover the period from May 31, 2009, to December 30, 2019.

alternative model implementations.

Furthermore, unreported results show that the estimated state variables are essentially
indistinguishable across all four model estimations. In addition, the estimated Q-dynamics
are also practically identical. Thus, the source of the differences in the model-implied inflation
expectations can be traced back to differences in the estimated real-world P-dynamics.

In summary, this evidence suggests that the model-implied inflation expectations are not
overly sensitive to changes in either the inflation forecasts used in the model implementation

or the assumption made about the distribution of the fitted errors of these forecasts.

5 The Estimated Bonos and Udibonos Liquidity Premia

We now use the estimated GX" X R(?) model to extract the liquidity premium in the bonos

and udibonos prices. To compute these premia we first use the estimated parameters and the
T

filtered states {Xt|t}f:1 to calculate the fitted bond prices {I:’tz} B for all outstanding secu-
T

rities in our sample. These bond prices are then converted into yields to maturity {g}f Z} .
t=
by solving the fixed-point problem

i ~C,T - C ~C,T
B= Clti=texp{~(t - 035"} + > 5 exp { =t — 5"} (12)
k=2

+exp { ~(T = )"}
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fori =1,2,...,n, meaning that {gf ’Z}tT:l is approximately the rate of return on the ith bond if
held until maturity (see Sack and Elsasser 2004). To obtain the corresponding yields without
correcting for liquidity risk, a new set of model-implied bond prices are computed from the
estimated GXN’XR(7) model but using only its frictionless part, i.e., using the constraints

that X t]‘\i =0 for all t as well as 044 = 0 and 916\2, = 0 for the nominal bonos, and X t’ﬁ = 0 for
T

all t as well as 077 = 0 and 02 = 0 for the real udibonos. These prices are denoted {15;}
and converted into yields to maturity gy ot using (12). They represent estimates of the pric_es
that would prevail in a world without any financial frictions. The liquidity premium for the
ith bond is then defined as

wi= g0t - gt (13)

This can be calculated for bonos and udibonos separately.

Figure 16 shows the average bonos and udibonos liquidity premium series, denoted ¥1¥ and
UH across the outstanding set of each type of bond at each point in time. For comparison, we
estimate a standard GX" (4) model'” of bonos prices alone and a standard GXR(3) model!8
of udibonos prices alone, both with unrestricted mean-reversion matrix K* and diagonal ¥.
We note that the GX" X R(7) model of bonos and udibonos prices jointly generates liquidity
premium series that are very close to those one would get from a stand-alone analysis of each
yield sample in isolation.

The bonos average liquidity premium series averages 45.60 basis points with a standard
deviation of 22.71 basis points, while the average udibonos liquidity premium averages 71.88
basis points with a standard deviation of 63.33 basis points. Furthermore, their correlation in

levels for the overlapping period is -7 percent, while it is 16 percent in first differences. Thus,

the liquidity risk in the two markets is practically uncorrelated.

5.1 Determinants of Liquidity Risk Premia

To explain the variation of the bonos and udibonos liquidity premium series, we run standard
regressions with each liquidity premium series as the dependent variable and a large set of
explanatory variables that are thought to matter for bonos and udibonos market liquidity
specifically or bond market liquidity more broadly as described in the following.

For the bonos liquidity premium regressions, building on the findings of CFS, we include
the foreign-held share of the bonos market as a key explanatory variable. We then expand
on the set of variables. In a core set of controls, we first include the Mexican peso-U.S. dollar
exchange rate. Presumably foreign flows to and from the Mexican bonos and udibonos markets
would be sensitive to exchange rate developments as discussed in Hordahl and Shim (2020).

Second, to control for factors that affect emerging market sovereign bonds more broadly,

This is identical to the AFNS-L model of bonos prices used in CFS.
8This is a three-factor model of udibonos prices with two frictionless factors representing level and slope
components in addition to the liquidity risk factor Xf.
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Figure 12: Average Estimated Liquidity Premia of Mexican Bonos and Udibonos
Illustration of the average estimated liquidity premium of Mexican bonos and udibonos for each ob-
servation date implied by the GX "X R(?) model and compared to corresponding standard GX (4)
and GX R(3) models of nominal and real yields, respectively. The liquidity premiums are measured
as the estimated yield difference between the fitted yield to maturity of individual bonds and the
corresponding frictionless yield to maturity with the liquidity risk factor turned off. The bonos data
cover the period from January 31, 2007, to December 30, 2019, while the udibonos data cover the
period from May 31, 2009, to December 30, 2019.

we consider the J.P. Morgan Emerging Market Bond Index (EMBI). The third variable is
the West Texas Intermediate (WTI) Cushing crude oil price. Because Mexico is a major oil
producing country, the revenue and bond issuance of the Mexican government are affected by
changes in oil prices, which could play a role for the liquidity in the Mexican government bond
market. Our next four core controls are specific to Mexico, namely the year-over-year change
in the Mexican consumer price index (CPI), the public debt-to-GDP ratio as measured by
the OECD, the average bid-ask spread in the bonos market, and the one-month cetes rate

to proxy for the opportunity cost of holding money and the associated liquidity convenience
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premiums of bonos, as explained in Nagel (2016).!° The final core variable is the ten-year
U.S. Treasury yield from the Federal Reserve’s H.15 database to control for reach-for-yield
effects in advanced economies, which may be particularly relevant for our sample when U.S.
short-term interest rates were constrained by the zero lower bound between December 2008
and December 2015. These eight variables represent our core set of control variables.

In an extended group of controls, we add the average bonos age and the one-month realized
volatility of the ten-year bonos yield as additional proxies for bond liquidity following the work
of Houweling et al. (2005). Inspired by the analysis of Hu et al. (2013), we also include a noise
measure of bonos prices to control for variation in the amount of arbitrage capital available
in this market. In addition, we use the five-year credit default swap (CDS) rate for Mexico
and the monthly return of the MSCI Mexico stock index as two other measures of general
developments in the Mexican economy of importance to investors in the bonos market.2> We
also add the VIX, which represents near-term uncertainty about the general stock market as
reflected in options on the Standard & Poor’s 500 stock price index and is widely used as a
gauge of investor fear and risk aversion. Furthermore, we include the yield difference between
seasoned (off-the-run) U.S. Treasury securities and the most recently issued (on-the-run) U.S.
Treasury security of the same ten-year maturity mentioned earlier. This on-the-run (OTR)
premium is a frequently used measure of financial frictions in the U.S. Treasury market. The
final variable is the U.S. TED spread, which is calculated as the difference between the three-
month U.S. LIBOR and the three-month U.S. T-bill interest rate. This spread represents a
measure of the perceived general credit risk in global financial markets that could affect the
pricing and trading of Mexican bonos.

To begin, we run regressions with each explanatory variable in isolation. The results are
reported in the last two columns of Table 5. The foreign-held share of the bonos market
and the debt-to-GDP ratio have the largest individual explanatory power, followed by the
average bonos age series, the peso-U.S. dollar exchange rate, and the OTR premium, while
the WTTI oil price and the financial variables (the EMBI, the CDS rate, the return of the
MSCI index, the VIX, and the TED spread) only have a weak link with the bonos liquidity
premium. The same holds for our proxies of bonos market liquidity and frictions (bonos
bid-ask spread, yield volatility, and noise measure). Finally, the one-month cetes rate and the
associated opportunity cost of holding cash have a negative relationship with our estimated
bonos liquidity premium series, which is consistent with the findings of Nagel (2016) as it
increases the convenience yield of holding bonos.

The columns labeled (1) and (3) in Table 5 show the results of our preferred regression
model with our core set of variables and the full joint regression with all explanatory variables

included, respectively. Four things stand out. First, both regressions produce about the

19Cetes are short-term instruments issued by the Mexican government similar to U.S. Treasury bills.
20The MSCI index is a free-float weighted equity index designed to measure the performance of the large
and mid cap segments of the Mexican stock market. The index is reported in U.S. dollars.
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Explanatory variables (1) (2) (3) (4) IHdlﬁVldual reigfsj;; >
Foreign Share of Bonos 1.01** 0.77* 1.19** 0.77
(0.24) (0.37) (0.08)
Peso/USD exchange rate -3.25 -2.95 -1.69 -2.26 4.93** 0.46
(2.29) (2.48) (2.26) (2.41) (0.61)
EMBI 0.03 0.02 0.14** 0.16** 0.04 0.02
(0.02) (0.02) (0.05) (0.05) (0.05)
WTI -0.09 0.02 -0.05 -0.04 -0.39** 0.14
(0.11)  (0.13)  (0.10)  (0.10) | (0.14)
CPI Inflation -2.44 -2.45* -1.83 -0.36 -5.34 0.06
(1.28)  (1.21)  (1.43)  (1.45) | (3.10)
Debt-to-GDP ratio 1.56 3.07** 1.77 1.84 2.21%* 0.70
(0.93) (0.96) (1.40) (1.56) (0.14)
Bonos bid-ask spread 0.52 -1.70 0.37 0.27 -4.24 0.02
(1.44) (2.16) (1.44) (1.73) (5.05)
One-month cetes rate 1.12 1.47 1.74 -0.15 -3.12 0.06
(1.69) (1.58) (2.59) (2.61) (1.99)
10yr US Treasury yield 3.65 -1.12 4.02 2.06 -17.94** 0.44
(3.19) (3.11) (2.99) (2.91) (2.50)
Avg. bonos age -3.67 1.25 9.81** 0.64
(5.85) (5.47) (0.85)
One-month bonos yield vol. 0.12 0.19 -0.14 0.00
(0.15) (0.16) (0.19)
Bonos noise measure -0.27 -0.58 0.38 -0.00
(0.91) (0.99) (1.31)
CDS rate -0.14 -0.12 -0.03 -0.00
(0.10) (0.10) (0.06)
MSCI one-month return 0.08 -0.02 -0.05 -0.01
(0.16) (0.16) (0.34)
VIX -0.10 -0.52 -1.28** 0.22
(0.39) (0.41) (0.23)
OTR premium -0.29 -0.62** -1.16** 0.34
(0.28)  (0.22) | (0.23)
TED spread -0.05 -0.01 -0.24** 0.22
(0.03) (0.03) (0.05)
Intercept -26.53 -29.48 -53.12 -26.34
(25.58)  (33.95)  (43.80)  (44.07)
Adjusted R? 0.80 0.73 0.81 0.80

Table 5: Regression Results for the Average Bonos Liquidity Premium

The table reports the results of regressions with the average estimated bonos liquidity premium as
the dependent variable and 17 explanatory variables. Standard errors computed by the Newey-West
estimator (with three lags) are reported in parentheses. Asterisks * and ** indicate significance at the
5 percent and 1 percent levels, respectively.

same adjusted R? (roughly 80 percent). Thus, the preferred regression yields about as much

explanatory power as possible given our 17 variables. Second, the foreign-held share maintains
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a statistically significant coefficient close to 1 in the benchmark core regression, that is, we
find a positive relationship whereby a 1 percentage point increase in the foreign-held share of
Mexican bonos tends to raise their liquidity premium by about 1 basis point, which is slightly
stronger than the results reported by CFS. Third, the core set of control variables all have
a stable relationship with the bonos liquidity premium series in the two regressions. Finally,
when we exclude the foreign share as an explanatory variable, we get a drop in the adjusted
R? as reported in columns (2) and (4). This underscores the importance of the foreign share
for liquidity premia in the bonos market, as also emphasized by CFS.

To summarize, the regression results reveal that the increase in the share of foreign hold-
ings of Mexican bonos is significantly positively correlated with the change in the bonos
liquidity premiums, both on its own and after including our control variables. In terms of
magnitudes, the results imply that a 1 percentage point increase in the foreign share raises
the liquidity premium by 0.01 percent or 1 basis point. Given that the foreign market share
has increased by more than 40 percentage points between 2010 and 2017 as implied by Figure
6(a), our results suggest that the large increase in foreign holdings during our sample period
has played a significant role for the upward trend in the liquidity premiums in the Mexican
bonos market since then and raised them by as much as 0.4 percent.

A potential explanation for our findings is tied to the fact that our measure of liquidity
premia is forward-looking and not determined by the current trading conditions in the market,
which have varied around a stable level as shown in Figure 7. Hence, investors may expect
that, as foreign holdings of Mexican government debt increase, the probability of a large sell-
off has increased as well. In response, investors appear to demand higher liquidity premia to
assume this risk as suggested by the analysis in CFS.

Now, we repeat the regression exercise using the average estimated udibonos liquidity
premium series as the dependent variable. Furthermore, a number of variables are replaced
with the appropriate substitutes. The foreign share is now the foreign-held share of the
udibonos market. The bid-ask is the average bid-ask spread of the udibonos in our sample,
while the average age is the average age of the udibonos in the sample. Also, the one-month
yield volatility is the one-month realized volatility of daily changes in the fitted ten-year
udibonos yield. Finally, the noise measure is constructed from the fitted error of a standard
AFNS model of our sample of daily udibonos prices.

Based on the regression results reported in Table 6, we make the following observations.
First, the foreign-held share is a significant determinant of the liquidity premia of udibonos
in our preferred regression (1), similar to what we find for bonos. However, now the effect is
two to three times larger so that, for each percentage point increase in the foreign share, the
udibonos liquidity premia increase between 2 and 3 basis points. Second, increases in both
the WTI oil price and CPI inflation are associated with increases in the udibonos liquidity

premia. These results are unusual as they suggest that udibonos become less desirable in
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Explanatory variables (1) (2) (3) (4) IHdlﬁVldual reizés;; >
Foreign Share of Udibonos 3.52* 2.33 7.66** 0.17
(1.43) (1.49) (2.66)
Peso/USD exchange rate 1.69 0.98 2.51 1.43 -12.53** 0.34
(4.05) (4.33) (6.00) (5.68) (2.46)
EMBI 0.18** 0.18** 0.21* 0.23* -0.33* 0.06
(0.05) (0.06) (0.09) (0.09) (0.16)
WTI 2.49* 2.70% 2.20** 2.19* 2.30** 0.59
(0.33) (0.30) (0.34) (0.33) (0.31)
CPI Inflation 15.04** 17.47* 17.73** 19.28** 3.45 -0.00
(3.64) (3.08) (3.55) (3.29) (7.48)
Debt-to-GDP ratio -3.04 -1.78 -3.82 -3.70 -6.13** 0.32
(2.21) (2.08) (2.70) (2.62) (1.55)
Udibonos bid-ask spread 0.80 0.44 0.63 0.32 -1.22 -0.01
(0.70) (0.67) (0.67) (0.67) (3.62)
One-month cetes rate 5.13 -0.30 3.25 -0.08 -11.04* 0.08
(4.18) (3.64) (5.29) (5.03) (4.44)
10yr US Treasury yield -51.96**  -61.70**  -46.60**  -50.37** -24.17 0.04
(6.25) (4.97) (6.92) (6.64) (16.17)
Avg. udibonos age -2.10 -1.21 -16.20* 0.13
(6.34) (6.36) (6.30)
One-month udibonos yield vol. -0.61* -0.58* 0.72 0.00
(0.29) (0.28) (0.74)
Udibonos noise measure 1.88 1.94 3.82* 0.08
(1.04) (1.03) (1.65)
CDS rate 0.04 0.08 -0.71%* 0.10
(0.19) (0.19) (0.26)
MSCI one-month return 0.40 0.27 0.61 -0.00
(0.38) (0.36) (0.80)
VIX -0.05 -0.46 0.36 -0.01
(0.84) (0.77) (1.43)
OTR premium -1.83** -2.20** -2.50* 0.07
(0.63) (0.63) (1.02)
TED spread -0.10 -0.09 -0.76 0.01
(0.25) (0.26) (0.87)
Intercept -53.24 -47.17 -18.25 23.43
(82.08) (83.66) (90.33) (90.35)
Adjusted R? 0.88 0.87 0.89 0.88

Table 6: Regression Results for the Average Udibonos Liquidity Premium

The table reports the results of regressions with the average estimated udibonos liquidity premium as
the dependent variable and 17 explanatory variables. Standard errors computed by the Newey-West
estimator (with three lags) are reported in parentheses. Asterisks * and ** indicate significance at the
5 percent and 1 percent levels, respectively.

more inflationary environments, which is when they are most valuable for investors as a

hedge against inflation risk. Third, increases in the debt-to-GDP ratio tend to lower udibonos
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liquidity premia, although not significantly so. Provided the extra debt is mainly issued in the
bonos market, which is a reasonable assumption given the small size of the udibonos market,
this finding could reflect the resulting change in the relative desirability of udibonos vis-a-vis
bonos. Finally, we note that the ten-year U.S. Treasury yield has a statistically significant
negative coefficient in all these regressions. Thus, higher U.S. yields tend to lower the liquidity
premia in the udibonos market. In addition, we note that we also get satisfactorily high R2s

in these regressions, with 0.88 produced by our preferred benchmark regression (1).

6 The Estimated Bonos and Udibonos Term Premia

As an additional model validation exercise, we examine the properties of the nominal bonos
and real udibonos term premia implied by the estimated GX MX R(?) model.
As already noted in Section 4.3, we define the nominal and real term premia in the
standard way as
1 [T

TR =y -2 [ Elilds, j=N.ER

Here, yg (1) refers to the liquidity-adjusted frictionless zero-coupon yields, while FE} [Tﬁ] rep-
resents the corresponding expected future short rate, which is determined by the estimated
model dynamics.

For comparison, we estimate a standard GX N (4) model of bonos prices alone and a stan-
dard GX R(3) model of udibonos prices alone, both with unrestricted mean-reversion matrix
K" and diagonal . The results are shown in Figure 13.

The top panel shows the estimated ten-year nominal bonos term premium from the
GXNX R(?) model and compares it to the corresponding result from the GX N(4) model using
bonos prices only. The two series are highly positively correlated (90%) and clearly reflect
the same shocks. The main difference is that the estimated series from the GX" X R(?) model
is less volatile.

The bottom panel in the figure shows the estimated ten-year real term premia embedded
in the udibonos prices. Again, there is a high positive correlation with the results from the
udibonos-only model, and again the term premium series implied by the GXN’XR(7) model
is less noisy and volatile.

Comparing the ten-year bonos and udibonos term premium series for the overlapping
period, we note a high correlation and very similar level for the two series. Furthermore, they
tend to flip their signs at the same time. This shows that, once we account for the liquidity
premia in the two markets, the slopes of the frictionless bonos and udibonos yield curves
behave very similarly, in particular they invert at roughly the same points in time.

The bonos ten-year term premium series averages -8.30 basis points with a standard

deviation of 141.75 basis points, while the ten-year udibonos term premium averages 7.59

basis points with a standard deviation of 111.75 basis points. Furthermore, their correlation
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Figure 13: Estimated Ten-Year Term Premia of Mexican Bonos and Udibonos
Illustration of the estimated ten-year term premium of Mexican bonos and udibonos for each obser-
vation date implied by the GX Mx R(?) model. The Mexican bonos liquidity premiums are measured
as the estimated yield difference between the fitted yield to maturity of individual Mexican bonos and
the corresponding frictionless yield to maturity with the liquidity risk factor turned off. The data
cover the period from May 31, 2009, to December 30, 2019, although we stress that both the X" 4)
model and the GX X" (7) model estimations are based on bonos price data covering the period from
January 31, 2007, to December 30, 2019.

in levels for the overlapping period is as high as 88 percent, while it is 56 percent in first
differences. Thus, nominal and real term premia in the Mexican bonos and udibonos markets
are strongly positively correlated.

We stress that this high correlation reflects the data and is not driven by our model
structure, which is flexible enough that the nominal and real term premia could have been
independent of each other, similar to what we observed for the bonos and udibonos liquidity

premia.
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6.1 Determinants of Term Risk Premia

We proceed to perform a set of regression exercises similar to those in Section 5.1. Specifically,
we perform one set of regressions using the ten-year bonos term premium as the dependent
variable and another set of regressions using the ten-year udibonos term premium as the
dependent variable. Furthermore, in the bonos term premium regressions, we use the same
set of explanatory variables as in the bonos liquidity premium regressions reported in Table 5,
while in the udibonos term premium regressions we use the same set of explanatory variables
as those used in the udibonos liquidity premium regressions in Table 6.

The results from the bonos term premium regressions are reported in Table 7. First, the
foreign share is a very important determinant of the term premia of Mexican bonos yields,
but now with a negative sign. This means that foreign bond fund outflows are associated
with spikes in Mexican term premia. Second, both the peso-U.S. dollar exchange rate and
the EMBI are positively correlated with the bonos term premia. Thus, a depreciation of the
peso against the U.S. dollar tends to coincide with upticks in Mexican term premia. Upticks
in the EMBI have similar effects. Third, increases in oil prices or Mexican CPI inflation also
tend to push up Mexican bonos term premia. Fourth and unexpectedly, an increase in the
Mexican debt-to-GDP ratio is associated with declines in the Mexican bonos term premium.
Fifth, increases in bonos market frictions as captured by bonos bid-ask spreads tend to push
up bonos term premia, while the one-month cetes rate has a negative coefficient. Hence, a
tightening of monetary policy as reflected in higher cetes rates tends to flatten the bonos yield
curve through a reduction of the bonos term premia. Lastly, U.S. Treasury securities represent
an important substitute to Mexican bonos for foreign investors in this market. Therefore, it
is not surprising that increases in U.S. Treasury yields tend to push up Mexican bonos term
premia essentially one-for-one.?! In addition, we note that the expanded set of explanatory
variables in regression (3) hardly affect the explanatory power as measured by the adjusted
R?. This provides further support for our choice of preferred benchmark variables included
in regression (1) in the table.

The results for the regressions using the ten-year udibonos term premium as the dependent
variable are reported in Table 8. We note that the results are qualitatively very similar to
those reported for the bonos term premium, which is reasonable in light of the high correlation
of and great similarity between the two term premium series. In particular, it remains the
case that a tightening of monetary policy flattens the udibonos real yield curve through a
reduction in the real term premium and that variation in U.S. Treasury yields affects both
bonos and udibonos term premia essentially one-for-one. Finally, the foreign share also has a

negative coefficient in these regressions, but it is now insignificant.

2n the regressions, the bonos term premium is measured in basis points, while the ten-year U.S. Treasury
yield is measured in percent. Thus, a coefficient of 100 on the U.S. Treasury yield implies a one-for-one
relationship.

36



Explanatory variables (1) (2) (3) (4) Indlﬁv idual reiﬁsgﬁs
Foreign Share of Bonos -3.35 " -3.84 -8.52 ** 0.66
(1.40) (2.04) (0.80)
Peso/USD exchange rate 15.40 19.23* 11.76 16.31 -30.66* 0.41
(9.87) (8.80) (13.28) (13.03) (5.65)
EMBI 0.89** 0.84** 0.66 0.58 -0.08 -0.01
(0.19) (0.19) (0.34) (0.33) (0.43)
WTI 2.58** 1.53* 2.80** 2.39** 3.74%* 0.31
(0.83) (0.73) (0.88) (0.85) (0.66)
CPI Inflation 4.42 -2.98 12.97 0.54 7.13 -0.00
(6.84) (6.24) (8.45) (6.81) (25.05)
Debt-to-GDP ratio -9.75 -20.05** -12.81 -17.72% -18.56** 0.58
(5.65) (3.83) (8.14) (7.48) (2.50)
Bonos bid-ask spread 16.98 20.03* 21.51 16.06 78.00* 0.12
(8.81) (8.19) (12.25) (10.19) (32.68)
One-month cetes rate -7.16 -5.02 -19.07 -8.15 -22.24* 0.06
(9.39) (8.44) (13.29) (12.86) (9.82)
10yr US Treasury yield 91.74** 115.98** 83.40** 94.03** 161.42** 0.45
(15.35) (16.10) (19.18) (20.20) (25.78)
Avg. bonos age 37.38 17.98 -64.33** 0.53
(28.26) (30.01) (9.98)
One-month bonos yield vol. -0.05 -0.34 1.45 0.00
(0.57) (0.64) (1.75)
Bonos noise measure 1.98 2.34 24.34** 0.13
(3.12) (3.37) (6.75)
CDS rate 0.66 0.49 1.18 0.05
(0.55) (0.62) (0.79)
MSCI one-month return 0.34 0.25 2.08 -0.00
(1.01) (1.01) (2.30)
VIX 1.27 1.93 14.78** 0.36
(2.02) (2.16) (2.41)
OTR premium -0.08 2.59 13.53** 0.42
(2.04) (1.53) (1.52)
TED spread -0.66 -0.49 -2.77 0.04
(0.74) (0.78) (1.85)
Intercept -431.42 -174.93 -408.84 -322.63
(271.75) (243.49) (354.52)  (348.78)
Adjusted R? 0.88 0.86 0.87 0.87

Table 7: Regression Results for the Bonos Ten-Year Term Premium

The table reports the results of regressions with the estimated ten-year bonos term premium as the
dependent variable and 17 explanatory variables. Standard errors computed by the Newey-West
estimator (with three lags) are reported in parentheses. Asterisks * and ** indicate significance at the
5 percent and 1 percent levels, respectively.

7 Empirical BEI Decomposition

In this section, we explore the properties of the BEI decomposition implied by the GX MX R(?)
model with a particular emphasis on both the model-implied expected inflation and the
associated inflation risk premium that investors in bonos demand to assume their inflation

risk. First, we examine the BEI decomposition. We then analyze the inflation risk premia
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Explanatory variables (1) 2) (3) (4) Indgld“al reg{ﬁﬁ?
Foreign Share of Udibonos -8.07 -5.68 -13.15* 0.16
(4.36) (5.20) (5.34)
Peso/USD exchange rate 37.78%* 39.41** 17.89 20.51 -15.03** 0.15
(6.60) (7.64) (9.72) (11.85) (5.16)
EMBI 0.69** 0.67** 0.44* 0.40 0.22 0.00
(0.15) (0.15) (0.22) (0.22) (0.34)
WTI 1.14* 0.64 1.50* 1.51* 1.50** 0.07
(0.57) (0.64) (0.64) (0.64) (0.55)
CPI Inflation 21.38** 15.82** 14.84* 11.05 20.15 0.03
(5.35) (6.04) (6.50) (5.90) (17.86)
Debt-to-GDP ratio -17.05** -19.91** -11.85* -12.14* -10.27** 0.28
(3.18) (3.50) (4.96) (4.97) (2.74)
Udibonos bid-ask spread 3.54* 4.37* 3.28 4.06 12.04 0.03
(1.58) (2.17) (1.92) (2.38) (8.29)
One-month cetes rate -40.07** -27.64** -25.47 -17.36 -9.56 0.01
(9.42) (5.63) (15.47) (10.44) (7.34)
10yr US Treasury yield 105.35** 127.63** 90.71** 99.88** 140.91** 0.56
(14.13) (13.52) (12.21) (14.15) (22.19)
Avg. udibonos age 13.05 10.88 -45.34** 0.33
(15.06) (15.18) (11.94)
One-month udibonos yield vol. -0.51 -0.59 1.63 0.01
(0.59) (0.64) (1.00)
Udibonos noise measure -1.07 -1.22 6.01"* 0.06
(2.01) (1.99) (2.26)
CDS rate 0.74* 0.66 1.56% 0.17
(0.34) (0.40) (0.64)
MSCI one-month return -0.42 -0.11 1.68 -0.00
(0.65) (0.80) (2.05)
VIX -2.44 * -1.43 9.98** 0.26
(1.00) (1.37) (2.92)
OTR premium 4.11* 5.00** 12.49** 0.58
(1.79) (1.51) (0.99)
TED spread 0.63 0.61 -0.73 -0.00
(0.54) (0.54) (1.31)
Intercept -272.64 -286.53 -303.43 -404.80
(203.40) (197.85) (223.20) (208.46)
Adjusted R? 0.82 0.81 0.84 0.84

Table 8: Regression Results for the Udibonos Ten-Year Term Premium

The table reports the results of regressions with the estimated ten-year udibonos term premium as
the dependent variable and 17 explanatory variables. Standard errors computed by the Newey-West
estimator (with three lags) are reported in parentheses. Asterisks * and ** indicate significance at the
5 percent and 1 percent levels, respectively.

and their determinants, including an international comparison. Finally, we end the section
with an update of our analysis through the COVID-19 crisis in the first half of 2020, along

with projections of the long-term inflation expectations in Mexico.
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Figure 14: Decomposition of 5yr5yr BEI

Ilustration of the fitted 5yr5yr BEI obtained by fitting an AFNS model to Mexican bonos and udibonos
prices separately and its decomposition based on the GX".X R(?) model estimated with a diagonal
specification of K¥ and ¥ into: (1) the estimated frictionless BEIL, (2) expected inflation, and (3)
the residual inflation risk premium. The difference between the fitted and frictionless 5yr5yr BEI is
highlighted in yellow and represents the net liquidity premium of the observed 5yr5yr BEIL. The shown
data cover the period from May 31, 2009, to December 30, 2019.

7.1 BEI Decomposition

In this section, we examine the BEI decompostion implied by the estimated GX Mx (7) model.
To be consistent with the existing literature, we focus on a horizon long enough into the future
that most transitory shocks to the economy can be expected to have vanished. At the same
time, the horizon must be practically relevant and covered by the available maturities in the
underlying bond data. Balancing these considerations, we limit our analysis to the five-year
forward BEI rate that starts five years ahead, denoted 5yrbyr BEIL.

The result of decomposing 5yr5yr BEI as described in Section 4.3 is shown in Figure 14.
The solid gray line shows the fitted 5yr5yr BEI obtained by estimating a three-factor arbitrage-
free Nelson-Siegel model to nominal bonos and real udibonos prices separately as described
in Section 3. This can be compared to the estimated 5yr5yr frictionless BEI implied by the
GX".X R(?) model and shown with a solid black line in the figure. The difference between
these two measures of 5yrbyr BEI represents the net liquidity premium or distortion of the
observed BEI series due to bond-specific liquidity risk premia in both bonos and udibonos
prices. The fact that the 5yrdyr frictionless BEI is entirely above the 5yrbyr fitted BEI implies
that the distortions due to liquidity risk are systematically larger in the real yields compared
to those in the nominal yields at the 5yr5yr horizon.

Due to its theoretical consistency, the GXV X R(7) model allows us to break down the
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Syrbyr frictionless BEI into an expected inflation component, shown with a solid red line in
Figure 14, and the residual inflation risk premium, shown with a solid green line. Also shown
in the figure with a solid black horizontal line is the 3 percent inflation target of the Bank of
Mexico introduced in 1995. For comparison, the figure also shows the 5yrbyr expected CPI
inflation in Mexico reported semiannually in the Consensus Forecasts surveys. We stress that
these particular survey forecasts are not included in the model estimation. Thus, the closeness
of the model’s expected inflation to the survey forecasts reflects its ability to appropriately
capture the term structure of inflation expectations among investors in the Mexican bonos and
udibonos market. Furthermore, the figure shows the year-over-year change in the Mexican
CPI with a solid cyan line to provide a sense of the actual inflation outcomes during this
ten-year period.

Note that annual CPI inflation has averaged 4.02 percent during the shown period, some-
what above the Bank of Mexico’s target, but mostly within the acceptable £+ 1 percentage
point tolerance band around the target. As a consequence, it seems reasonable that both the
survey inflation forecasts and the model-implied expected inflation are generally somewhat
above the announced inflation target. However, given that the Bank of Mexico in implement-
ing monetary policy works with a + 1 percentage point tolerance band around its 3 percent
target, both the survey inflation forecasts and the model-implied inflation expectations can be
viewed as anchored at a level consistent with the central bank’s inflation target. Furthermore,
the 5yrbyr expected inflation from the model is positively correlated with the year-over-year
change in the CPI, as expected, but only weakly so with a correlation of 36 percent. Over-
all, we take our findings to suggest that long-term inflation expectations in Mexico are well

anchored near the central bank’s official target, as also argued by De Pooter et al. (2014).

7.2 Analysis of Inflation Risk Premia

In this section, we first explore what determines the size of and variation in Mexican inflation
risk premia using regression analysis similar to what we used for the other types of bond risk
premia in the previous sections. This is followed by an international comparison to Canadian

and U.S. inflation risk premia.

7.2.1 Determinants of Inflation Risk Premia

While the long-term inflation expectations in Mexico are largely determined by the inflation
target of the Bank of Mexico, it is less clear what determines Mexican long-term inflation risk
premia. Specifically, to explain the variation of the 5yr5yr Mexican inflation risk premium
series, we again run standard regressions with it as the dependent variable and the combined
set of explanatory variables used in the previous analysis of the other bond risk premium
series.

Thanks to the merger of the set of explanatory variables we now have a total of 22
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Individual regressions

Explanatory variables (1) (2) (3) (4) 3 adj, I
Foreign Share of Bonos 1.06 -1.26 -6.35" 0.69
(1.54) (2.15) (0.70)
Foreign Share of Udibonos -11.19** -11.38** -10.08"* 0.11
(4.03) (3.85) (3.43)
Peso/USD exchange rate 6.51 6.85 3.98 10.16 -23.02** 0.43
(10.52) (10.18) (12.85) (13.03) (4.17)
EMBI 0.14 0.13 0.03 -0.06 -0.34 0.02
(0.13) (0.15) (0.21) (0.23) (0.29)
WTI 0.01 -0.35 -0.22 -0.27 2.67" 0.30
(0.59) (0.52) (0.63) (0.74) (0.54)
CPI Inflation -28.58"* -33.83"* -11.41 -24.44** -8.91 0.00
(5.98) (5.85) (8.05) (7.07) (17.24)
Debt-to-GDP ratio -18.12** -18.58"* -21.84* -22.15"* -13.95** 0.62
(5.55) (3.46) (7.24) (7.53) (1.71)
Bonos bid-ask spread -10.54 -10.17 -3.69 -8.48 37.88 0.05
(5.58) (5.75) (7.55) (8.77) (20.69)
Udibonos bid-ask spread 0.83 1.84 0.93 2.36 12.60 0.04
(1.80) (2.02) (1.70) (1.91) (9.13)
One-month cetes rate -0.88 16.07 -23.20 1.08 -13.85 0.04
(9.57) (7.99) (14.94) (15.45) (7.19)
10yr US Treasury yield 37.99* 60.89" 30.98" 52.58"* 95.72"* 0.30
(15.01) (13.47) (14.33) (14.85) | (19.22)
Avg. bonos age 32.95 21.15 -45.30"* 0.50
(18.48) (21.52) (7.76)
Avg. udibonos age 16.48 9.03 -49.79** 0.47
(17.30) (17.06) (8.71)
One-month bonos yield vol. 0.02 -0.27 1.02 -0.00
(0.76) (0.89) (1.33)
One-month udibonos yield vol. 1.28 1.09 3.90** 0.09
(1.14) (1.06) (1.45)
Bonos noise measure -5.70" -2.96 16.46™ 0.11
(2.86) (3.20) (6.34)
Udibonos noise measure 2.87 2.12 9.13** 0.17
(2.52) (2.87) (3.01)
CDS rate 0.19 -0.05 0.38 0.00
(0.34) (0.40) (0.47)
MSCI one-month return 0.08 0.54 1.66 0.00
(0.78) (0.82) (1.49)
VIX 0.71 2.99 11.06™* 0.38
(1.37) (1.75) (1.19)
OTR premium -1.33 1.18 7.82%* 0.26
(1.67) (1.62) (1.74)
TED spread -0.12 -0.05 -2.71* 0.08
(0.61) (0.72) (1.29)
Intercept 812.15** 705.37** 925.25** 697.91**
(198.21)  (149.62)  (232.28)  (233.33)
Adjusted R? 0.81 0.79 0.83 0.80

Table 9: Regression Results for the 5yr5yr Inflation Risk Premium

The table reports the results of regressions with the estimated 5yrbyr inflation risk premium as the
dependent variable and 22 explanatory variables. Standard errors computed by the Newey-West
estimator (with three lags) are reported in parentheses. Asterisks * and ** indicate significance at the

5 percent and 1 percent levels, respectively.
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variables, in addition to the dependent variable with the 5yrbyr inflation risk premium series.
The results of the regression analysis are reported in Table 9. First, we stress that our
benchmark regression (1) remains important as indicated by the high adjusted R? of 0.81.
Second, we note that neither the exchange rate, the EMBI, the WTI, the one-month cetes
rate nor bonos and udibonos bid-ask spreads have any significant effects on the estimated
S5yrdyr inflation risk premium. The same holds for the 11 variables included in our expanded
set of control variables, with the possible exception of the bonos noise measure, which has a
statistically significant negative coefficient in regression (3). Furthermore, adding the 11 extra
control variables in regression (3) only delivers a marginally better adjusted R? of 0.83. Third,
the foreign share of udibonos is highly statistically significant with a negative sign, while the
foreign share of bonos is insignificant and even flips its sign depending on the specification of
the regressions. Still, including the foreign share variables materially affects the adjusted R?.

Finally, focusing on our preferred regression (1), we note the following. Higher CPI
inflation tends to depress the inflation risk premia. This reveals that the positive effects of
higher CPI inflation on the real term premia dominates its positive effects on the nominal
term premia and hence squeezes both BEI and the inflation risk premia. A higher debt-to-
GDP ratio tends to put downward pressure on the Mexican inflation risk premium similar to
its effect on the nominal and real term premia. Increases in the ten-year U.S. Treasury yield
tend to push up Mexican inflation risk premia, but less than its impact on the nominal and
real term premia.

In summary, we take these findings to be sensible in light of the results we obtained in

the term premium regressions in the previous section.

7.2.2 International Comparison of Inflation Risk Premia

To go beyond the regression analysis above, we compare the estimated 5yr5yr inflation risk
premium for Mexico with matching estimates from Canadian and U.S. nominal and real
yields.?? Figure 15 shows all three series for the available overlapping sample period.

The Canadian and U.S. inflation risk premia are highly positively correlated (85%). The
Mexican inflation risk premium series is also positively correlated with each, 64 percent and
55 percent, respectively. Thus, both in terms of size and time variation, Mexican inflation risk
premia share similarities with those observed in Canadian and U.S. bond markets. However,
as expected, Mexican inflation risk premia are more volatile with a standard deviation of
103.23 basis points compared with 23.94 basis points and 34.91 basis points for the Canadian
and U.S. series, respectively.

The mostly positive and small inflation risk premia in Canada and the United States

are consistent with the findings from simple macro-finance representative agent models; see

22The Canadian estimate is taken from Christensen et al. (2020), while the U.S. estimate comes from an
update of the model described in ACR using all available TIPS.

42



Rate in percent

I —— Mexico
— Canada
— US

T T T T T T T T T T T T
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 15: International Panel of 5yr5yr Inflation Risk Premia
Ilustration of the estimated 5yr5yr inflation risk premium series from Mexican, Canadian, and U.S.

nominal and real bond prices as described in the text. The shown data cover the period from May 31,
2009, to December 30, 2019.

Hordahl and Tristani (2012). For the United States, DKW also report empirical estimates
of inflation risk premia, which are mostly positive and relatively small. In turn, to observe
larger and more volatile inflation risk premia in an emerging market economy such as Mexico
would seem like a reasonable result given the higher and more volatile CPI inflation in Mexico

compared with Canada and the United States.

8 The COVID-19 Crisis

In light of the unprecedented global economic shock caused by the spread of the coronavirus
pandemic in the spring of 2020, we update the analysis through the end of December 2020 to
examine whether the pandemic has had any impact on the long-term inflation expectations
of investors in the Mexican government bond market. We also use the update to assess
the outlook for long-term inflation expectations in Mexico based on the updated GX M.X R(?)
model.

Figure 16 shows the updated estimates of the bonos and udibonos liquidity premia, where
we note a significant uptick in both series since the start of 2020 that is larger for udibonos.
This underscores the importance of correcting for both types of liquidity premia to be able
to fully understand the variation in BEI during this challenging period. Furthermore, this
is consistent with evidence from the United States, where the Treasury and TIPS markets
experienced dislocations during the early stages of the coronavirus crisis; see ACR and He et
al. (2020).

43



200
I

= Avg. bonos liquidity premium
Avg. udibonos liquidity premium

\Vf\\j\/\\//\ N A

T T T T T T T T T T T T T T T
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

100 150
I I

Rate in basis points
50
Il

-50
|

Figure 16: Average Estimated Liquidity Premium of Mexican Bonos and Udibonos
Ilustration of the average estimated liquidity premium of Mexican bonos and udibonos for each obser-
vation date implied by the GX X" (7) model estimated with a diagonal specification of K and .. The
Mexican bonos liquidity premiums are measured as the estimated yield difference between the fitted
yield to maturity of individual Mexican bonos and the corresponding frictionless yield to maturity with
the liquidity risk factor turned off. Their data cover the period from January 31, 2007, to December
31, 2020. The Mexican udibonos liquidity premiums are calculated using a similar approach. Their
data cover the period from May 31, 2009, to December 31, 2020.
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Figure 17: Decomposition of 5yr5yr BEI

Ilustration of the fitted 5yr5yr BEI obtained by fitting an AFNS model to Mexican bonos and udibonos
prices separately and its decomposition based on the GX Mx R(?) model estimated with a diagonal
specification of K¥ and ¥ into: (1) the estimated frictionless BEIL, (2) the expected inflation, and (3)
the residual inflation risk premium. The difference between the fitted and frictionless byrbyr BEI is
highlighted in yellow and represents the net liquidity premium of the observed 5yr5yr BEI. The shown
data cover the period from May 31, 2009, to December 31, 2020.
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Figure 18: Three-Year Projections of 5yr5yr Expected Inflation

Figure 17 shows the 5yrSyr BEI decomposition implied by our updated model. First,
we note that both fitted and frictionless 5yr5yr BEI have spiked up early in the coronavirus
crisis before reversing most of the increase during the second half of 2020. Importantly, the
model decomposition indicates that long-term expected inflation in Mexico has declined and
dropped slightly below the 3 percent target of the Bank of Mexico, and that this has been
more than offset by a sharp spike in the inflation risk premium, leaving it close to 150 basis
points at the end of 2020. Thus, the premium on inflation uncertainty in Mexico has increased
notably during the last year of our sample.

This raises the question of whether long-term inflation expectations are likely to remain
low in Mexico going forward. To assess the outlook for long-term inflation expectations based
on the updated GXN’XR(7) model, we follow the approach of Christensen et al. (2015) and
simulate 10,000 factor paths over a three-year horizon, conditioned on the shapes of the
nominal and real yield curves and investors’ embedded forward-looking expectations as of
the end of December 2020 (that is, using estimated state variables and factor dynamics as of
December 31, 2020). The simulated factor paths are then converted into forecasts of 5yrbyr
expected inflation. Figure 18 shows the median projection and the 15th and 85th percentile
values for the simulated 5yr5yr expected inflation over a three-year forecast horizon.??

The model projections indicate that the long-term inflation expectations are likely to
gradually reverse their recent declines and return to a level slightly above 3 percent by the
end of the three-year forecast period. This represents evidence that long-term inflation ex-
pectations have remained well anchored in Mexico, despite the dramatic temporary downturn

in domestic and global economic activity during the early stages of the COVID-19 pandemic.

ZNote that the lines do not represent paths from a single simulation run over the forecast horizon; instead,
they delineate the distribution of all simulation outcomes at a given point in time.
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9 Conclusion

In this paper, we introduce a flexible joint model of nominal and real yields that accounts
for liquidity risk premia in both nominal and real bond prices. We estimate the model on a
representative sample of nominal and real bond prices from Mexico. This allows us to be the
first to provide estimates of the liquidity-adjusted frictionless BEI in a major emerging market
economy, along with its decomposition into investors’ underlying inflation expectations and
associated inflation risk premia.

Our results indicate that long-term inflation expectations in Mexico appear to have re-
mained well anchored during our entire sample period at a level close to the 3 percent inflation
target of the Bank of Mexico. Furthermore, inflation risk premia in Mexico are larger and
more volatile than matching estimates from Canada and the United States.

An update through the early stages of the coronavirus pandemic show that long-term
inflation expectations in Mexico were temporarily depressed and fell below the 3 percent
inflation target of the Bank of Mexico. However, model projections indicate that they are
likely to return to pre-pandemic levels slightly above 3 percent within less than three years.
We take this as a further sign that long-term inflation expectations are indeed well anchored
in Mexico.

Finally, we feel compelled to stress that our model framework can be applied to other
emerging market economies with established nominal and real bond markets such as Brazil,

Chile, and Colombia, among many others. We leave those applications for future research.
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