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Introduction

Institutional investors use emerging market debt to
diversify income streams. Two main segments are
sovereign and quasi-sovereign bonds issued in US
dollars, and domestic-currency government bonds.
These are commonly accessed via the ETF's studied
in this report: EMB (USD-denominated debt) and
EMLC (local-currency exposure).

This report compares EMB and EMLC returns us-
ing a rolling linear factor model with global proxies
for equity conditions, US dollar strength, interest
rates, credit sentiment, commodities, and volatility.
Results are evaluated through time-varying betas, a
decomposition into systematic and residual returns,
and Shapley-based factor importance.

The objective is to assess whether exposures are
stable or regime-dependent, and whether local- and
hard-currency debt respond differently to shifts
in global financial conditions. These distinctions
are relevant for risk management, as diversification
benefits may vary across regimes.

Theory

Exchange traded funds (ETFs) are portfolios of un-
derlying assets that trade as a single security on ex-
changes. While ETF prices are linked to the value
of their underlying holdings (net asset value, NAV),
deviations can arise due to trading frictions [1]. For
bond ETFs, such deviations may be more persistent
than for equity ETFs, reflecting the lower liquidity
and infrequent trading of the underlying bonds [2].
As a result, ETF returns may contain components
that are not fully explained by observable market
factors.

EMB and EMLC are bond ETFs providing expo-
sure to emerging market (EM) sovereign debt, ei-
ther denominated in US dollars (EMB) or in lo-
cal currencies (EMLC). Their returns are influ-
enced by global macroeconomic conditions. EM
assets are sensitive to shifts in global risk senti-
ment, capital flows, and external financing condi-
tions. Changes in US interest rates, global equity
markets, and credit conditions affect EM bond val-
uations through discount rates and risk premia [3].

Currency dynamics are central in differentiating the
two ETFs. EMB, being US dollar-denominated,
primarily reflects global rate and credit conditions.
In contrast, EMLC includes exposure to local cur-
rencies, making it directly sensitive to exchange
rate movements. Fluctuations in US dollar strength
can therefore have asymmetric effects on EMB and
EMLC, contributing to differences in both return
behavior and factor sensitivities.

To quantify these relationships, returns are mod-
eled using a linear factor framework, where asset
returns are expressed as a function of observable
macro factors. The coefficients represent sensitivi-
ties (betas) to each factor.

However, these relationships are not stable over
time. Financial markets exhibit regime-dependent
behavior, where factor sensitivities vary across dif-
ferent economic and financial conditions. To cap-
ture this, exposures are allowed to change over time
using a rolling estimation approach.

Rolling least squares estimates the same linear
model on a moving time window of fixed length
T. At each time ¢, the coefficients are calcu-
lated based on the most recent observations at
{t—-T+1,t—T+2,...,t}, resulting in a time
series of coefficient estimates Bt rather than a con-
stant vector B

Formally, the parameters in the linear model

ye = a+a] B +e,

(1)
are approximated for each time window by solving:

t

(1, B) =argmin = > (yi—a—a;8)". (2)

a7 .
i=t—T+41

This rolling procedure produces local estimates of
factor exposures that evolve over time. The choice
of window length T introduces a bias—variance
trade-off: shorter windows adapt more quickly to
changes in market conditions but are more sensitive
to noise, while longer windows provide smoother es-
timates at the cost of slower adjustment to regime
shifts.

The residual component €; captures variation not
explained by the included macro factors. In the
context of EM bond ETFs, this may reflect id-
iosyncratic drivers such as local market conditions,
liquidity effects, and changes in index composi-
tion. The relative magnitude of the systematic and
residual components provides insight into how well
global macro factors explain return dynamics.
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Data Overview

We use a set of macro-factors commonly used to
characterize the market environment for emerging
market bond ETF dynamics. Global market condi-
tions are proxied by the price of the S&P 500 index.
Currency conditions, relevant for USD versus local
currency exposure, are included through the US
Dollar Index (DXY). Current monetary policy is
captured through the US Treasury yield curve. Ini-
tially, both the 2-year and 10-year Treasury yields
were included, after which the 2-year yield was re-
placed by the 10-year/2-year yield spread in the
final specification. US high yield spread was added
to capture prevailing credit sentiment. To account
for commodity-market dynamics, the Bloomberg
Commodity Index (BCOM) was used. Finally, to
proxy market uncertainty the VIX (CBOE Volatil-
ity Index) is used. All proxies, together with price
series for both EMB and EMLC, were sourced from
Bloomberg for a 10-year time period, starting in
2015-11-04 and ending in 2025-11-04.

Data Management

Some of the retrieved data did not have values for
all days, such as during non-trading days. To en-
sure a consistent dataset, dates with missing val-
ues for any of the relevant variables were dropped.
Missing-value days were limited (excluding non-
trading days), and their removal has minimal im-
pact on the dataset. The resulting dataset is con-
sistent and suitable for modelling.

Because our objective is to model changes in price
rather than price levels, we transformed the price
series for EMB, EMLC, BCOM and S&P 500 into
weekly returns. Weekly returns were used to re-
duce daily noise and strengthen the signal from the
underlying drivers.

Other proxies can be persistent in levels, which
may cause the model to separate “high-level” and
“low-level” periods rather than identifying mean-
ingful market regimes. To keep the specifica-
tion consistent with the weekly return frequency,
the macro proxies were transformed into weekly
changes. Price-based proxies were converted to
weekly log-returns, while yield-based proxies were
converted to weekly differences. These transforma-
tions make the inputs closer to stationary and im-
prove comparability over time.

Method

First, correlations between the macro factors were
computed over the full sample. For factors exhibit-
ing high correlation (|p| > 0.7), the more redundant
factor was orthogonalized with respect to the S&P
500 proxy (SPY), which exhibited the strongest cor-
relations, by regressing it on that proxy and using

the residual as the cleaned factor. This step was
applied to reduce multicollinearity and improve in-
terpretability of factor exposures.

Rolling window least squares were then estimated
using a 26-week window on the orthogonalized fac-
tor set. A 26-week specification was chosen as a
balance between responsiveness to regime shifts and
estimation stability. For each time t, the estimated
beta for each factor 8¢; was plotted in a time series
to illustrate changing factor exposures.

Finally, model behavior was summarized by de-
composing returns into a fitted systematic com-
ponent and a factor-neutral (residual) component,
and plotting both alongside the raw return series.
Variable importance was computed using Shap-
ley percentages of R?, obtained by attributing the
model’s explanatory power to each factor based on
its marginal contribution across all possible subsets
of the factor set.

In addition, relative performance between EMB
and EMLC was analyzed using the spread (EMB
minus EMLC), where an increase indicates rela-
tive outperformance of EMB. Regimes were iden-
tified using a 52-week moving-average rule applied
to each the most explanatory factors, and spread
changes together with their correlations with the
factors were evaluated across regimes.
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Results

The model produces three sets of outputs: a
cleaned factor set, time-varying exposures 3]% and
a decomposition of returns into a factor component
and a factor-neutral residual component, which is
complemented by Shapley-based importance of R?.
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Figure 1: Factor correlation matrix.

dsPY 1.00
dcomm | 0.37 1.00 08
dDXY 0.31 0.25 1.00
d1ioy 0.07 0.14 0.25 1.00
yield spread  0.01 0.09 0.00 0.02 1.00
dHYorth SPY  0.00 0.23 0.01 0.29 0.00 1.00 ~02

dVIX orth SPY 0.00 0.00 0.23 0.14 0.00 0.12 1.00

Figure 2: Factor correlation matrix after orthogonal-
ization and replacement of the 2-year yield with the
yield spread.

Correlations among the macro proxies showed high
correlation between the S&P 500, the VIX, and the
high yield spread, alongside high correlation be-
tween movements in the 2-year and 10-year yields
(see Figure 1). After orthogonalization and replac-
ing the 2-year yield with the yield spread, these
large correlations were substantially reduced in the
final factor set (see Figure 2).
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Figure 3: EMB factor decomposition.

For EMB, the decomposition indicates that the fac-
tor component captures broad directional move-
ments in certain periods, but the co-movement with
the raw return series is not consistent across the full
sample. In particular, during the post-2022 period,
the factor component diverges materially from the
raw series and fails to capture the magnitude of
drawdowns. The factor-neutral residual is substan-
tial and persistent, indicating that a large share of
EMB dynamics is not explained by the factor set.

Mean Shapley share of R? (%)

Figure 4: Mean Shapley share of R? for EMB.

Shapley importance for EMB is led by A10Y and
ASPY, followed by ADXY. AComm, orthogonal-
ized high yield, and orthogonalized VIX contribute
with comparable intermediate shares, indicating a
more balanced multi-factor structure rather than
a sharply concentrated one. The yield spread ac-
counts for a clearly smaller share relative to the
other factors (see Figure 4).
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Figure 5: Rolling betas for EMB.

Rolling factor loadings for EMB show regime-
dependent variation in both sign and magnitude.
Exposure to US dollar strength is predominantly
negative over extended periods, with episodes of
weaker or near-zero sensitivity. Equity exposure
stays consistently positive and economically mean-
ingful, while commodity exposure shows larger
swings and periods of elevated sensitivity. Rate-
related exposures are mostly negative rather than
centered around zero, pointing to a persistent rela-
tionship with yield changes. Overall, EMB’s macro
exposures reflect both regime variation and some
relatively stable underlying patterns.
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Figure 6: EMLC factor decomposition.

For EMLC, the decomposition shows that the fac-
tor component only partially tracks the raw return
series and diverges materially over extended subpe-
riods. The gap is particularly large during 2017-

2020 and remains meaningful post-2022, indicating
a substantial and persistent residual component.
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Figure 7: Mean Shapley share of R? for EMLC.

Shapley attribution for EMLC differs sharply from
EMB. ADXY is the dominant driver of ex-
planatory power, followed by ASPY, A10Y, and
AComm (see Figure 7).
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Figure 8: Rolling betas for EMLC.

Rolling betas show time-varying, regime-dependent
exposures. ADXY is the most persistent factor, re-
maining negative throughout with occasional sharp
swings. Equity and commodity betas vary over
time, with changes in magnitude and occasional
sign shifts. Interest-rate exposures are smaller over-
all, as A10Y remains modest and mostly negative,
while the yield-spread beta stays close to zero ex-
cept for brief deviations.
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Figure 9: Spread and SPY-based risk-on regimes.

Figure 9 shows the EMB-EMLC spread in the up-
per panel and SPY together with its moving av-
erage in the lower panel. Periods in which SPY
exceeds its moving average correspond to risk-on
regimes. The spread varies substantially over time
and exhibits pronounced shifts across major market
episodes, including the COVID-19 period. Compa-
rable regime classifications based on DXY and US
10Y are reported in Appendix I.

Changes in the spread and their correlations with
underlying macro factors are reported in Ap-
pendix II. For SPY, these relationships are sum-
marized in Table 1.

Metric In regime Out of regime
Correlation 0.052077 0.305659
Mean Aspread  0.057637 -0.072093

Table 1: SPY (risk-on): correlation with Aspread and
mean Aspread in and out of regime.

Analysis

Results show that emerging market bond ETF re-
turns are associated with global macro conditions,
but also contain dynamics not captured by the fac-
tor set. The decomposition indicates that the factor
component explains broad directional movements
during major events, particularly during episodes
such as the COVID-19 shock and the 2022 rate hike
cycle. The factor-neutral residual remains substan-
tial over extended periods, indicating that macro
factors alone cannot explain persistent multi-month
dynamics. This suggests the presence of additional
drivers, such as index composition changes and in-
vestor flows.

Rolling betas show that exposure is state-
dependent, not constant. Several exposures show
sustained levels, followed by sharp breaks around
stress periods rather than noise-like oscillations.

This result directly supports the claim that risk
evolves in a contemporaneous regime-based way. A
given macro move can transmit differently depend-
ing on prevailing market conditions. At some times,
equity or rate exposures are more influential, while
in other periods dollar sensitivity becomes more im-
portant, altering both the direction and the size of
the impact.

Comparison between EMB and EMLC is most
clearly reflected in the Shapley attribution. For
EMB, explanatory power is led by interest rates
and equity changes, with US dollar strength and
the remaining factors contributing smaller, but still
meaningful, shares. This contrasts with EMLC,
where US dollar strength dominates explanatory
power, which is consistent with its local-currency
exposure.

A sizeable idiosyncratic component in both ETF's
indicates that the factor set does not capture the
full span of risk. This is particularly evident for
EMLC, where the dominance of DXY suggests the
model mainly captures a broad USD and global fi-
nancial conditions channel, leaving local-currency
drivers unaccounted for. Larger residual deviations
in the EMLC decomposition further indicate that
more of its return variation remains unexplained.

Rolling exposures reinforce these findings. EMLC
exhibits a more persistent negative sensitivity to
dollar movements, while EMB shows weaker and
less stable exposure. This suggests that EMLC is
structurally more exposed to currency conditions,
whereas EMB is more closely linked to global rate-
driven risk premia.

A natural extension of the model is therefore to
incorporate EM-specific and local-currency-specific
factors to better capture these residual dynamics.
Additional robustness checks, such as confidence in-
tervals for B ¢+ and diagnostics for residual autocor-
relation, would further strengthen the interpreta-
tion of the estimated exposures.

The spread-based results indicate that relative per-
formance between EMB and EMLC varies sys-
tematically across market regimes. A consistent
pattern is observed: periods of equity strength
(risk-on) align with increasing spreads, while dol-
lar strength aligns with widening spreads, whereas
rising yields are associated with declining spreads
in risk-off regimes.

To further characterize these patterns, changes in
the spread and their relationship with macro fac-
tors are analyzed through correlations and average
changes across regimes. Changes in the spread are
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positively related to equity movements and, to a
lesser extent, to dollar movements, and negatively
related to changes in long-term interest rates. In
risk-on environments, the spread tends to increase,
consistent with relative outperformance of EMB. In
contrast, during risk-off regimes, the spread stabi-
lizes or decreases, implying improved relative per-
formance of EMLC.

For equity conditions, there is a clear difference
in mean spread changes across regimes (see Ap-
pendix IT). During SPY-based risk-on periods, the
average change in the EMB-EMLC spread is pos-
itive, whereas outside these periods it is negative.
This indicates relative outperformance of EMB in
risk-on environments and relative outperformance
of EMLC outside them. A similar contrast is ob-
served for US 10Y-based regimes, where the mean
change in the spread is slightly negative during risk-
off periods but clearly positive outside them.

Overall, these results show that while EMB dom-
inates in unconditional performance, the relative
performance between EMB and EMLC is strongly
regime-dependent. Risk-on environments are as-
sociated with relative outperformance of hard-
currency exposure, whereas risk-off conditions re-
duce and occasionally reverse the relative disad-
vantage of local-currency debt. This suggests that
allocation between EMB and EMLC may be con-
ditioned on observable macro regimes, providing a
potential basis for systematic timing strategies.

Conclusion

The analysis shows that EMB and EMLC returns
are systematically linked to global macro condi-
tions, but that these relationships are neither stable
nor fully captured by a standard factor specifica-
tion. While the factor model explains broad di-
rectional movements, a substantial and persistent
residual remains, particularly for EMLC, indicat-
ing that important drivers of emerging market debt
returns lie outside the included macro proxies.

A key result is that exposures are clearly regime-
dependent. Rolling estimates show that sensitivi-
ties shift in a structured manner rather than fluctu-
ating randomly, suggesting that risk transmission
depends on prevailing market conditions. This is
reinforced by the cross-ETF comparison: EMB is
primarily driven by interest rate and equity condi-
tions, while EMLC is dominated by US dollar expo-
sure, reflecting its structural sensitivity to currency
dynamics.

The spread analysis strengthens these findings by
translating factor exposures into relative perfor-
mance. While EMB dominates in unconditional
performance, the relative behavior of EMB and
EMLC varies systematically across regimes. Risk-
on environments are associated with outperfor-

Trading & Quantitative
Research

mance of hard-currency exposure, whereas risk-off
conditions reduce and at times reverse this gap.
This indicates that the choice between EMB and
EMLC is not static, but conditional on observable
macro signals such as equity trends, dollar strength,
and interest-rate movements.

Taken together, the results point to a more gen-
eral insight: emerging market bond ETFs embed
regime-sensitive exposures that may be exploited
through dynamic allocation. Rather than treat-
ing EMB and EMLC as complementary diversifiers
in a static portfolio, they can be viewed as instru-
ments whose relative attractiveness shifts with the
macro environment. This opens a clear avenue for
further research, in particular the development of
systematic allocation strategies based on regime in-
dicators and the inclusion of EM-specific factors to
better capture the residual dynamics identified in
this study.
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Appendix I — Regimes DXY & 10Y yield
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Figure 10: Spread and DXY-based risk-off regimes.
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Figure 11: Spread and US 10Y yield-based risk-off regimes.

LINC, Research & Analysis — See disclaimer at the end 8



Trading & Quantitative
Research

Appendix IT — Regime Correlations and Spread Changes
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Figure 12: Correlation between changes in spread and macro factors across regimes.
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Figure 13: Average change in spread across regimes.
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Disclaimer

These analyses, documents, and any other information originating from LINC Research & Analysis
(henceforth “LINC R&A”) are created for information purposes only, for general dissemination, and are
not intended to be advisory. The information in the analysis is based on sources, data, and persons which
LINC R&A believes to be reliable. LINC R&A can never guarantee the accuracy of the information.
The forward-looking information found in this analysis is based on assumptions about the future, and is
therefore uncertain by nature, and using information found in the analysis should therefore be done with
care. Furthermore, LINC R&A can never guarantee that the projections and forward-looking statements
will be fulfilled to any extent. This means that any investment decisions based on information from LINC
R& A, any employee or person related to LINC R&A, are to be regarded to be made independently by the
investor. These analyses, documents, and any other information derived from LINC R&A are intended
to be one of several tools involved in investment decisions regarding all forms of investments regardless
of the type of investment involved. Investors are urged to supplement with additional relevant data and
information, as well as consult a financial adviser before any investment decision. LINC R&A disclaims
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