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This paper examines the predictive role of macro-financial uncertainty in determining the returns
of European sustainability indices. Using daily data from October 2008 to December 2023 for
eight (8) Dow Jones Sustainability Indices (DJSI) and the European composite, we assess the
forecasting power of monetary policy uncertainty (MPU), financial market volatility (VSTOXX),
and systemic risk (CISS). Employing the Westerlund and Narayan (2015) predictive regression
framework, we account for predictor persistence, endogeneity, and conditional hetero-
skedasticity, and extend the model to capture potential asymmetries in return responses. The
results show that MPU provides the most pervasive predictive information across the sustain-
ability markets, whereas the effects of VSTOXX and CISS are more market-specific. The economic
magnitude of the CISS effect is also generally limited. Allowing for asymmetric responses im-
proves forecast accuracy in selected markets, particularly for MPU-based models and under the
longer rolling estimation window, although the gains are not uniform across predictors or
countries. Forecast performance is assessed using RMSE, MAE, and the Campbell and Thompson
results relative to symmetric and conventional time-series benchmarks. The findings indicate that
European sustainability indices remain exposed to macro-financial repricing risk and should not
be regarded as uniformly defensive assets. They also have implications for monetary policy
communication, financial stability monitoring, and ESG portfolio allocation under uncertainty.

1. Introduction

Sustainable investing has moved from a niche investment philosophy to a central feature of global financial markets. Investors
increasingly allocate capital to sustainability-oriented assets and indices defined by strong environmental, social and governance
(ESG) performance, reflecting growing concerns about climate change, responsible corporate behaviour and long-term value creation.
By late 2024, global sustainable fund assets had reached approximately US$3.3 trillion, with Europe accounting for about 84% of the
total, underscoring the region's leading role in the development of ESG finance (Pucci, 2025). In parallel, a broad ecosystem of Eu-
ropean sustainability indices, including the Dow Jones Sustainability Europe Index, FTSE4 Good Europe and MSCI ESG Leaders, has
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emerged to benchmark firms with relatively strong ESG credentials.

The expansion of sustainable investing is supported by evidence that ESG integration does not necessarily involve a financial
performance trade-off. Friede et al. (2015), in a meta-analysis of more than 2000 empirical studies, show that the relationship between
ESG integration and corporate financial performance is predominantly non-negative. More recent work also suggests that ESG
characteristics may contain information about firm fundamentals, investor preferences and risk exposures (Pedersen et al., 2021). This
evidence has strengthened the case for sustainability markets, as investors increasingly view ESG characteristics not only as ethical or
regulatory considerations, but also as potential indicators of firm resilience, risk management quality and future cash-flow stability.

Yet the growing importance of sustainability markets raises a more demanding question: are these markets resilient to macro-
financial uncertainty, or do they remain vulnerable to the same risk channels that affect conventional financial assets? This ques-
tion is central to sustainable asset pricing. Pastor et al. (2021) show that green assets may command different expected returns because
investors derive non-pecuniary benefits from holding them and because such assets may hedge climate-related risks. However, this
does not imply that sustainability assets are immune to macro-financial shocks. Sustainability indices remain equity portfolios, and
their returns may be shaped by monetary policy uncertainty, equity market volatility and systemic financial stress, particularly
because many sustainability-oriented firms are exposed to long-horizon cash-flow expectations, regulatory developments, shifts in
investor sentiment and changes in the cost of capital. This makes sustainability markets an important setting for assessing whether
macro-financial uncertainty contains useful information about future returns.

Three sources of uncertainty are particularly relevant. The first is monetary policy uncertainty. When the path of central bank
policy becomes unclear, uncertainty about interest rates, inflation control and discount rates can affect asset valuation and risk premia.
The broader uncertainty literature shows that policy uncertainty influences investment, output, financial markets and risk-taking
behaviour (Baker et al., 2016). For sustainability indices, this channel may be especially important because many ESG-oriented
firms, including those associated with green innovation, infrastructure investment and transition-related technologies, derive a sig-
nificant part of their valuation from expected future cash flows. In the European context, the role of the European Central Bank in
shaping financial conditions makes monetary policy uncertainty a potentially important driver of sustainability asset prices.

The second source is financial market uncertainty. The EURO STOXX 50 Volatility Index, commonly referred to as VSTOXX,
captures expectations of future equity market volatility and is widely used as a European measure of investor fear and risk aversion.
When market volatility rises, investors may rebalance portfolios away from risky assets and towards safer or more liquid instruments.
Although sustainability assets are sometimes viewed as more resilient because they are linked to higher governance quality, envi-
ronmental responsibility and long-term investment themes, such resilience cannot be assumed. Nofsinger and Varma (2014) show that
socially responsible funds may behave differently across market states, while Broadstock et al. (2021) document the relevance of ESG
performance during the COVID-19 crisis. These studies suggest that the behaviour of ESG assets under stress is an empirical question
rather than a settled assumption.

The third source is systemic financial stress. The Composite Indicator of Systemic Stress, developed by the European Central Bank,
aggregates stress across money, bond, equity, foreign exchange and financial intermediary markets, while placing greater emphasis on
periods when stress co-moves across market segments (Hollo et al., 2012). This makes CISS particularly relevant for assessing the
vulnerability of sustainability indices to financial instability. When systemic stress rises, as observed during the Global Financial Crisis
and the COVID-19 pandemic, the resulting deterioration in liquidity, confidence and risk-bearing capacity can affect all risky assets,
including those with strong ESG characteristics. Sustainability indices may therefore offer long-term exposure to firms with stronger
ESG profiles, but still remain exposed to short-term repricing when financial stress becomes systemic.

Despite the growing literature on sustainable finance, the predictive content of these uncertainty and risk indicators for European
sustainability returns remains insufficiently understood. Existing studies provide important evidence on ESG performance, sustainable
asset pricing and the role of uncertainty in conventional financial markets. However, less is known about the relative importance of
monetary policy uncertainty, financial market volatility and systemic risk in forecasting sustainability index returns within a unified
European framework. This distinction is economically important because these predictors may proxy different sources of repricing
pressure in sustainability markets.

Monetary policy uncertainty may reflect variation in expectations about interest rates, discount rates and financing conditions;
VSTOXX may capture investor fear, volatility premia and market-wide risk aversion; and CISS may proxy systemic stress, liquidity
pressures and financial market frictions. Examining them together therefore allows us to assess whether sustainability markets respond
more strongly to policy uncertainty, market sentiment or system-wide financial instability, while recognising that these interpretations
remain economic lenses rather than directly identified structural mechanisms.

The question is not simply statistical. If uncertainty and systemic stress predict sustainability returns, this would suggest that
sustainability markets are connected to macro-financial risk conditions that shape portfolio flows, discount rates, liquidity conditions
and investor risk appetite. Such evidence would clarify whether European sustainability indices offer resilience during periods of stress
or whether they remain exposed to uncertainty-driven repricing in much the same way as conventional equity markets. This is the
economic issue at the centre of the paper. The analysis therefore moves beyond asking whether uncertainty predicts returns and
instead examines what such predictability may reveal about the exposure of sustainability markets to broader macro-financial
conditions.

Motivated by these considerations, this paper examines the predictive ability of three macro-financial risk measures, namely
European monetary policy uncertainty, financial market uncertainty measured by VSTOXX, and systemic risk measured by CISS, for
the returns of Dow Jones Sustainability Europe Indices. We ask whether these variables contain statistically and economically useful
information about future sustainability index returns. To ensure reliable inference, the analysis employs the feasible quasi-generalised
least squares estimator proposed by Westerlund and Narayan (2015), which is designed for predictive regressions involving persistent
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and potentially endogenous predictors under conditional heteroskedasticity. This is important because uncertainty measures such as
MPU, VSTOXX and CISS are typically persistent, while financial returns often exhibit time-varying volatility, especially during periods
of market stress (Engle et al., 2013; Kostakis et al., 2015; Paye, 2012; Westerlund & Narayan, 2015).

The study also considers the possibility that sustainability returns respond asymmetrically to uncertainty shocks. This is important
because increases and decreases in uncertainty may not have equal effects on investor behaviour. A rise in systemic risk or financial
market volatility may trigger sharp portfolio reallocation, liquidity hoarding and stronger risk aversion, whereas a decline in un-
certainty may generate only gradual capital inflows. In sustainability markets, such asymmetry may be particularly relevant because
investor behaviour is shaped by both financial motives and expectations about policy credibility, transition financing and long-term
climate-related opportunities. Testing for asymmetry therefore helps distinguish general return predictability from downside-risk
predictability. For sustainable investors, the key issue is not only whether uncertainty predicts average returns, but also whether
adverse movements in uncertainty and systemic stress contain stronger information about future losses.

This paper makes four contributions to the sustainable finance and return-predictability literature. First, it shifts the analysis of
European sustainability markets from contemporaneous associations and crisis-period performance to genuine return forecasting,
examining whether information available at time t predicts subsequent country-level sustainability index returns in both in-sample and
out-of-sample settings. Second, it places three conceptually distinct macro-financial signals within a common predictive framework
that accounts for persistence, endogeneity and conditional heteroskedasticity. This permits a direct comparison of their incremental
predictive content and reveals an important empirical distinction: monetary policy uncertainty is the most pervasive predictor,
whereas systemic stress frequently displays statistical significance with limited economic magnitude. Third, the paper examines
whether increases and decreases in macro-financial uncertainty contain different predictive information, thereby identifying whether
return predictability is concentrated in uncertainty-intensifying episodes rather than in average variation alone. Fourth, it evaluates
whether the resulting predictability survives demanding time-series benchmarks and formal tests of equal forecast accuracy. The paper
therefore contributes evidence not merely on whether macro-financial uncertainty predicts sustainability returns, but on which un-
certainty signal matters, under what conditions it matters, and whether the resulting forecast gains are economically meaningful.

The rest of the paper is organised as follows. Section 2 reviews the relevant literature and develops the theoretical foundations of
the study. Section 3 describes the data and empirical methodology. Section 4 presents the preliminary analysis, empirical results and
discussion. Section 5 concludes the paper and discusses the implications for investors, policymakers and future research.

2. Literature review and theoretical foundations
2.1. Literature review

The intersection of uncertainty, systemic risk, and ESG performance has garnered significant attention in recent finance and
economics scholarship (Shaikh, 2022; Xu et al., 2024). While ESG investing has been historically motivated by ethical and reputational
considerations, there is a growing recognition that sustainable assets are not insulated from broader macro-financial disturbances,
particularly monetary policy shocks and systemic stress events.

A substantial body of research has confirmed that sustainability investments do not necessarily underperform traditional assets.
Friede et al. (2015), in a seminal meta-analysis of over 2000 empirical studies, concluded that the majority found a non-negative
relationship between ESG considerations and financial performance, thereby supporting the theoretical foundation for sustainable
investing.

More recently, studies have begun to explore the impact of macro-financial uncertainty on the risk-return characteristics of ESG
investments. Cagli et al. (2023) examine how a diverse set of uncertainty indices, including those capturing stock, currency, com-
modity, and cryptocurrency market volatility transmit information to ESG indices across both developed and developing markets.
Using Renyi's transfer entropy, they identify significant bidirectional linkages, particularly during periods of financial turbulence such
as the COVID-19 pandemic. Their findings suggest that ESG investments are susceptible to rare and extreme market events, under-
mining the notion of their defensive properties in all regimes.

Monetary policy uncertainty (MPU) represents a particularly potent source of macroeconomic risk. Abakah et al. (2024) investigate
this dimension by assessing the influence of MPU, proxied by the Shadow Short Rate, on the ESG performance of energy firms in 35
countries. Their analysis reveals a robust negative relationship between MPU and ESG scores, with mitigating effects observed among
firms that actively implement eco-friendly practices. This study provides micro-level evidence that sustainability strategies can serve as
effective hedges against uncertainty-induced deterioration in performance.

At the macro level, Anastasiou et al. (2024) evaluate the relationship between monetary policy and corporate carbon emissions,
offering evidence that higher interest rates are positively associated with increased emissions. This relationship is amplified under
conditions of policy uncertainty and weak corporate governance. Notably, the dampening effect of the Paris Agreement is observed
post-2015, but not fully sufficient to offset the adverse effect of contractionary monetary policy on firms' long-term environmental
commitments. Their results have particular relevance for ESG indices, which often include firms with greater capital intensity and
sensitivity to financing costs.

The potential asymmetry in sustainable asset responses to shocks is another emerging theme. Shaikh (2022) shows that economic
policy uncertainty, including MPU and market volatility (e.g., the VIX), exerts a significant and asymmetric influence on the Dow Jones
Sustainability US Index. Similar asymmetries are noted in the volatility transmission literature. For example, Xu et al. (2024)
demonstrate that while the VIX serves as a shock transmitter to global ESG indices, the extent of spillover varies geographically, with
European markets displaying greater resilience relative to U.S. counterparts.
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The broader uncertainty literature also suggests that the relationship between policy uncertainty and financial volatility is not
static. Yang (2025a) shows that the connection between economic policy uncertainty and foreign exchange implied volatility varies
across time scales, countries and market conditions, with stronger evidence during periods of stress and at longer horizons. Similarly,
Yang (2025b) shows that the relationship between news based uncertainty and option implied volatility differs across short and long
time scales, with media driven uncertainty contributing to ambiguity in the short run while EPU becomes more closely associated with
economic uncertainty over longer horizons. This evidence supports the need for empirical frameworks capable of capturing persis-
tence, asymmetry and changing market conditions when modelling sustainability return predictability.

Methodologically, studies in this domain have embraced econometric innovations designed to address persistence, endogeneity,
and conditional heteroskedasticity. The approach developed by Westerlund and Narayan (2015) remains central to predictive re-
gressions involving financial market uncertainty and return dynamics. Their FQGLS estimator provides efficient inference in small
samples and under time-varying volatility, a critical consideration for sustainability markets exposed to evolving regulatory and
investor sentiment dynamics. Compared to traditional OLS or bias-adjusted predictive regressions (e.g., Lewellen, 2004), the West-
erlund-Narayan estimator explicitly corrects for serial correlation and heteroskedasticity in both predictors and residuals. Moreover, it
enables conditional forecasting in high-persistence environments where standard asymptotic approximations fail. As a result, this
framework has been applied in various financial contexts, including return predictability under policy uncertainty, volatility
modelling, and asymmetry testing (e.g., Fasanya et al., 2022; Salisu & Isah, 2018). Its suitability for evaluating the informational
content of uncertainty measures makes it particularly appropriate for ESG-focused return models, where the predictors often exhibit
near-unit-root behaviour and the outcomes are subject to structural shifts.

Beyond asset pricing, the literature has also connected sustainable finance to broader structural goals such as energy transition and
social equity. Liu et al. (2025), focusing on developing Asia, demonstrate that sustainable financing significantly facilitates energy
justice transformation. Importantly, the transmission channel depends on governance quality, green innovation, and human capital
development. These results are complementary to the findings of Abakah et al. (2024), suggesting that institutional and structural
conditions amplify or attenuate the transmission of uncertainty into sustainability outcomes.

Another strand of literature has begun to explore the role of green bonds and sectoral ESG portfolios in crisis environments. For
instance, Broadstock et al. (2021) report that ESG assets, especially green bonds and ESG leaders, offered diversification benefits
during the COVID-19 crisis. These findings echo earlier work by Nofsinger and Varma (2014), who showed that ESG portfolios tend to
outperform during market downturns but lag during bull markets. Such counter-cyclical behaviour introduces further complexity into
the predictability of ESG returns under varying regimes of uncertainty and systemic risk.

Yet, despite these contributions, there remains limited integration of MPU, systemic stress, and volatility shocks into unified models
of ESG return predictability, particularly in the European context. While the CISS (Composite Indicator of Systemic Stress) has gained
traction as a comprehensive measure of euro-area financial fragility (Hollo et al., 2012), its role in forecasting European sustainability
returns is understudied. Similarly, while the VSTOXX is widely regarded as a European counterpart to the VIX, few studies examine its
predictive role for sustainability returns using rigorous out-of-sample frameworks.

The existing literature underscores the importance of macro-financial uncertainty in shaping the dynamics of sustainability-linked
asset classes. However, significant gaps remain in terms of modelling asymmetric responses, exploring non-linear and persistence-
sensitive prediction frameworks, and assessing the relative roles of policy, systemic, and market-specific shocks. This paper contrib-
utes to the literature by systematically evaluating the predictive power of MPU, systemic stress (CISS), and financial market volatility
(VSTOXX) for the European sustainability market within a unified forecasting framework. Employing the Westerlund and Narayan
(2015) approach, we further test whether accounting for asymmetries and persistence enhances forecast accuracy. In doing so, the
analysis is designed to assess the forecasting relevance of these predictors and the asymmetric sensitivity of sustainability returns under
uncertainty, rather than to directly identify the precise structural transmission mechanisms through which these effects arise.

2.2. Theoretical underpinning and hypotheses

This study is anchored in intertemporal asset pricing under uncertainty, where expected returns reflect compensation for exposure
to systematic risk factors that affect future cash flows, discount rates and investor risk appetite (Merton, 1973). Sustainability indices
are not merely conventional equity portfolios with ESG labels. They are often composed of firms whose valuations depend on
long-horizon investment opportunities, regulatory credibility, access to external finance and investor confidence in the transition to a
low-carbon economy. These characteristics make sustainability assets potentially sensitive to macro-financial uncertainty, even where
they are associated with stronger governance, environmental responsibility and long-term investment appeal.

We conceptualise European sustainability returns as a function of time-varying macro-financial uncertainty and systemic stress. Let
E,[rES!] represent the conditional expected return on a European sustainability index at time ¢+ 1. The theoretical relationship can be
expressed as:

B[]~ (07 0. 5) 0
where UMPU denotes monetary policy uncertainty (MPU), UMV represents market-wide volatility, proxied by VSTOXX, and S5*S cap-
tures systemic financial stress, proxied by CISS. These variables are interpreted as economically distinct proxies for macro-financial
conditions that may influence sustainability returns through related but not directly identified channels, including discount-rate
and financing-cost uncertainty, investor risk aversion and volatility premia, and systemic stress with associated liquidity and fund-
ing frictions.
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The first channel operates through monetary policy uncertainty. When the path of monetary policy becomes less predictable,
investors face greater uncertainty about future interest rates, inflation control, liquidity conditions and central bank reaction functions.
This affects equity valuations through discount rates and financing costs. The channel is particularly relevant for sustainability indices
because many ESG-oriented firms, especially those linked to green innovation, clean technologies, infrastructure investment and
transition-related activities, derive a large part of their value from expected future cash flows. Higher uncertainty about the future cost
of capital can reduce the present value of these long-duration cash flows and increase the risk premium required by investors. This
leads to the first hypothesis:

H1. Monetary policy uncertainty contains predictive information for European sustainability returns, consistent with a discount-rate
and financing-cost channel.

More specifically, higher monetary policy uncertainty is expected to contain adverse predictive information for sustainability
returns because it raises uncertainty about discount rates, financing conditions and the valuation of long-horizon cash flows.

The second channel operates through financial market volatility. VSTOXX captures expectations of future equity market volatility
and reflects changes in investor fear, risk aversion and volatility premia. During periods of heightened volatility, investors may reduce
exposure to risky or thematic equity strategies and reallocate toward safer or more liquid assets. This matters for sustainability markets
because ESG-oriented portfolios, although often associated with long-term resilience, remain equity portfolios exposed to shifts in
aggregate risk appetite. If investors engage in broad de-risking during volatile periods, sustainability indices may experience repricing
even when their underlying ESG characteristics remain unchanged. This leads to the second hypothesis:

H2. Financial market volatility contains predictive information for European sustainability returns, consistent with an investor risk-
aversion and portfolio-rebalancing channel.

In particular, increases in VSTOXX are expected to predict weaker sustainability returns if investors reduce exposure to ESG-
oriented equity portfolios during periods of heightened market uncertainty.

The third channel relates to systemic financial stress. Unlike market volatility, which primarily captures expectations in the equity
market, CISS measures stress across several segments of the financial system, including money, bond, equity, foreign exchange and
financial intermediary markets. Systemic stress may affect sustainability returns through liquidity constraints, funding pressures,
capital market frictions and broad-based deleveraging. These mechanisms can reduce investors’ willingness to hold risky assets and
increase the cost of external finance for firms. For sustainability-oriented firms whose investment plans may depend on stable financing
conditions, systemic stress can be especially damaging because it weakens the financial environment needed to support long-term
investment and transition-related projects. This leads to the third hypothesis:

H3. Systemic financial stress contains predictive information for European sustainability returns, consistent with a liquidity, funding-
friction and market-stress channel.

This implies that increases in CISS are expected to contain adverse predictive information for sustainability returns, particularly
when financial stress becomes broad-based across market segments.

Finally, the effect of macro-financial uncertainty on sustainability returns may be asymmetric. Investors may respond more
strongly to adverse uncertainty shocks than to favourable movements because losses, liquidity concerns and downside risk receive
greater attention during stress periods. A rise in monetary policy uncertainty, volatility or systemic stress may trigger immediate
portfolio rebalancing, precautionary trading and flight to liquidity. By contrast, a decline in uncertainty may produce a slower
adjustment because investors may wait for confirmation that the improvement in financial conditions is durable. This asymmetry is
especially relevant for sustainability markets because ESG investors may maintain long-term preferences for sustainable assets while
still reducing exposure when uncertainty rises sharply. This leads to the fourth hypothesis:

H4. The predictive effect of macro-financial uncertainty is asymmetric, with adverse uncertainty shocks exerting stronger predictive
effects than favourable movements.

This hypothesis allows the analysis to distinguish general predictability from downside-risk predictability. If adverse uncertainty
shocks have stronger predictive power, sustainability indices cannot be viewed as automatically defensive during periods of macro-
financial stress. Rather, their resilience depends on the source and direction of the uncertainty shock.

3. Methodology and data
3.1. The predictive model

The Westerlund and Narayan (2015) predictive regression framework is appropriate for this study because it is designed to test
return predictability when predictors are persistent, potentially endogenous and associated with conditionally heteroskedastic returns.
These features are central to the present analysis, as MPU, VSTOXX and CISS are forward-looking uncertainty indicators that often
persist during periods of policy ambiguity, market stress and systemic instability, while sustainability returns, like other financial
returns, are prone to volatility clustering. Standard OLS predictive regressions may therefore produce biased or unreliable inference
due to predictor persistence, feedback between ESG market performance and uncertainty measures, and time-varying volatility. The
FQGLS approach of Westerlund and Narayan directly addresses these concerns by exploiting information in conditional hetero-
skedasticity while accounting for persistence and endogeneity. This makes it particularly suitable for examining whether
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macro-financial uncertainty contains useful predictive information for European sustainability returns.
The predictive model that captures the relationship between European sustainability returns and macro-financial uncertainty is
defined as follows, following the methodology of Westerlund and Narayan (2015):

re=0+@x 1+ QX —VXe_1) + & 2

Here, r; denotes the ESI return at time t, and x, is the log-transformed macro-financial uncertainty predictor: monetary policy un-
certainty (MPU), VSTOXX, or CISS. The coefficient v is the first-order autocorrelation, and @x;_; represents the bivariate form of the
predictive model. The persistence component (x; —vx;_1) addresses potential autocorrelation in the predictor.

The persistence effect is particularly relevant in high-frequency financial data, which often follow a near-random walk with AR(1)
coefficients approaching one. As a pre-test for persistence, we estimate the following equation:

X =¢(1—v) + VX1 +V, 3)
where v; ~ N(O,cﬁ).

Due to possible correlation between x; and the regression disturbance term &, endogeneity may arise when persistence is signif-
icant. To test for endogeneity, we adopt the procedure from Salisu and Isah (2018):

& =0V + |, 4

Here, ¢; and v, are residuals from Equations (2) and (3), respectively, and & captures the endogeneity effect. If § is statistically sig-
nificant, the predictor is endogenous, and we apply a bias-adjusted OLS estimator:

2adj =p- p(V—v) 5)

To account for heteroskedasticity, we assume that the error term in Equation (4) follows an ARCH process. The ARCH model is
expressed as:

q
oL =R+ Y piEl, 6
i=1

The conditional variance o2, is used as a weight in the regression, producing the FQGLS-based test statistic for a« = 0:

7)

where T = 1/6ee, 18 =1~ 23, r,and xd =x,— L S0, x;.
We also modify the model to test for asymmetries in the predictors by applying the partial sum decomposition (Shin et al., 2014):

r=at+o' X +ot(xf —9x ) +¢ (8a)
r=a +o X+ (X7 —9% ;) +¢ (8b)
where x;” and x; are cumulative sums of positive and negative changes in the uncertainty measure, respectively.
3.2. Forecast evaluation
The forecasting performance of the competing models is evaluated using both in-sample fitted errors and out-of-sample forecasts.
The out-of-sample forecasts are generated using rolling estimation windows corresponding to 50% and 75% of the full sample,

following Fasanya et al. (2022). Forecast accuracy is evaluated over out-of-sample windows of 120, 240, and 360 trading days.
We first assess the magnitude of the forecast errors using the root mean squared error (RMSE), defined as:

10)

where r, denotes the realised return on the relevant sustainability index, 7, is the corresponding fitted or forecast return, and P is the
number of observations in the relevant evaluation period. A lower RMSE indicates greater forecast accuracy. Because the RMSE places
greater weight on relatively large forecast errors, it is particularly informative when evaluating models during periods of elevated
financial market volatility.

Forecast accuracy is also assessed using the mean absolute error (MAE), defined as:
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18 -
MAE:I—DZ\Q—M (an
t=1
Unlike the RMSE, the MAE assigns equal weight to forecast errors irrespective of their magnitude. Lower values of both RMSE and
MAE indicate superior forecasting performance. However, these measures report the absolute magnitude of forecast errors and do not
directly indicate the proportional improvement of one model relative to another.
To provide a relative comparison of forecast performance, we employ the Campbell and Thompson (2008) out-of-sample R?
measure:

-1
RZ,=1-°¢ , 12)

where
ey =T¢ — Tuy
Is the forecast error generated by the unrestricted or preferred predictive model, while
ep =T — To;

Is the forecast error generated by the relevant benchmark model. The measure therefore captures the proportional reduction in
mean squared forecast error achieved by the predictive model relative to the benchmark.

A positive value of R indicates that the predictive model produces a lower mean squared forecast error than the benchmark,
whereas a negative value indicates that the benchmark performs better. A value of zero indicates equivalent mean squared forecast
performance. For example, an R value of 0.03 indicates that the predictive model reduces the mean squared forecast error by
approximately 3% relative to the benchmark.

Two forecast comparisons are undertaken. First, the asymmetric Westerlund-Narayan specification, denoted by WN_ASY, is
evaluated relative to the symmetric WN specification to determine whether distinguishing between positive and negative changes in
the uncertainty predictors improves forecast accuracy. In this comparison, WN_ASY is treated as the predictive model, while WN is the
benchmark. Second, WN_ASY is evaluated relative to the ARFIMA model to determine whether the uncertainty-augmented asymmetric
specification provides forecast gains beyond those generated by a conventional time-series model that accounts for autoregressive and
long-memory dynamics.

The RMSE and MAE therefore measure the absolute magnitude of the forecast errors, while the Campbell and Thompson (2008)
out-of-sample R? measures the relative improvement in mean squared forecast performance. The Campbell-Thompson measure is
interpreted as a comparative forecast-performance measure rather than as a conventional hypothesis test based on critical values or
p-values.

3.3. Data description

This study employs daily data spanning from October 1, 2008, to December 29, 2023, to examine the predictive power of macro-
financial uncertainty on sustainability equity markets in Europe. The sample period is deliberately selected to cover a range of
economically and politically significant events, including the global financial crisis aftermath, the European sovereign debt crisis, the
2013 integration of Croatia into the EU, the 2014 oil price collapse, China's 2016 growth slowdown, Brexit, the 2016 U.S. presidential
election, and the COVID-19 pandemic. These episodes offer a comprehensive backdrop for assessing the sensitivity of sustainable
investment returns to various dimensions of uncertainty and systemic risk (Mensi et al., 2024).

The dependent variables comprise eight country-level Dow Jones Sustainability Indices for Belgium, Finland, France, Germany,
Italy, the Netherlands, Portugal and Spain, together with the regional DJSI Europe composite. Country coverage is determined by data
availability rather than discretionary selection. Several major European Union economies are therefore absent because comparable
country-level DJSI series were either unavailable or did not provide an adequate continuous history over the common sample period.
The DJSI Europe composite is additionally included to capture sustainability-market movements across the wider European region.
Accordingly, the country-level findings should be interpreted as evidence for the available DJSI markets rather than as representative
estimates for all EU member states. The Dow Jones Sustainability Indices, launched in 1999, is widely regarded as a benchmark for
sustainability-focused investors seeking exposure to companies with robust environmental, social, and governance (ESG) practices.
Specifically, the European Sustainability Indices covers the top 20% of the 600 largest European companies based on long-term ESG
performance, and is designed to capture the financial characteristics of sustainability leaders across the region. It provides a credible
lens through which to analyse how ESG-committed assets respond to evolving macro-financial conditions. All index data are sourced
from LSEG DataStream.

The independent variables comprise three forward-looking macro-financial uncertainty indicators. First, Monetary Policy Un-
certainty (MPU) reflects daily fluctuations in ambiguity surrounding European Central Bank policy decisions and communication.
Second, VSTOXX, the European equivalent of the VIX, captures implied equity market volatility based on EURO STOXX 50 options.
Third, the Composite Indicator of Systemic Stress (CISS), developed by the European Central Bank, quantifies system-wide financial
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stress using correlated signals from multiple market segments. All predictors are measured at daily frequency and aligned with trading-
day observations of the ESG indices.

4. Results and discussion
4.1. Preliminary analyses

Before turning to the main predictability estimations, we first examine the statistical properties of the variables used in the analysis.
This includes descriptive statistics, unit root tests, persistence checks, endogeneity diagnostics for the three macro-financial predictors
(MPU, CISS, and VSTOXX), as well as serial correlation and conditional heteroskedasticity tests. These preliminary results are
important because the suitability of the Westerlund and Narayan (2015) framework depends on whether the data exhibit the kinds of
persistence, endogeneity, and time-varying volatility that can bias conventional predictive regressions.

The descriptive statistics in Table 1 show marked differences across the uncertainty measures. VSTOXX, which proxies financial
market volatility, exhibits the largest dispersion, ranging from 10.68 to 87.51, with a mean of 23.16 and a standard deviation of 9.28.
Its distribution is strongly positively skewed and highly leptokurtic, which is consistent with the episodic but severe volatility spikes
usually associated with periods of market stress. CISS displays a lower mean level and a smaller range, but still shows positive skewness
and excess kurtosis, indicating that systemic stress is also characterised by infrequent but pronounced surges. MPU has a mean of 4.17
and a standard deviation of 1.81, with more moderate skewness and kurtosis than VSTOXX, but it still exhibits non-normality and
occasional large jumps. Taken together, these features indicate that the uncertainty measures are not well described by Gaussian
behaviour, reinforcing the need for an estimation framework that is robust to fat tails and volatility clustering.

The sustainability return series also display heterogeneous distributional properties across markets. Average returns are small in
magnitude, as expected at daily frequency, while standard deviations range from around 0.014 to 0.017 in most markets. Several
indices, such as France, Germany, Spain, Portugal, and the Europe-wide index, exhibit noticeable excess kurtosis, confirming that
extreme observations occur more frequently than under normality. Belgium is an outlier, with unusually large skewness and kurtosis,
suggesting the presence of extreme observations or periods of exceptional instability in that series. These distributional features are
consistent with standard stylised facts for financial return data and further justify the use of heteroskedasticity-robust predictive
methods.

The unit root results reported in Table 1 show that the three predictors are non-stationary in levels but stationary after first dif-
ferencing. This supports the treatment of the uncertainty variables as highly persistent processes and helps explain why standard
predictive regressions may suffer from finite-sample distortions. The return series, by contrast, display very strong rejection of the unit
root null after differencing, which is consistent with the usual treatment of financial returns as stationary. Overall, the unit root ev-
idence supports the transformation strategy adopted in the empirical analysis and reduces the risk of spurious inference.

The persistence diagnostics are especially important for the present study. The autoregressive coefficients for the three predictors
are 0.980 for VSTOXX, 0.994 for CISS, and 0.999 for MPU, all statistically significant at the 1% level. These values confirm that the
uncertainty measures are extremely persistent, particularly MPU. Economically, this means that shocks to macro-financial uncertainty
tend to dissipate only gradually over time, which is precisely the kind of environment in which conventional OLS-based predictive
regressions may become biased and unreliable. In this respect, the persistence results provide a central justification for using the
Westerlund and Narayan framework rather than relying on standard linear forecasting methods.

The endogeneity diagnostics reveal a more mixed picture. For major markets such as France, Germany, the Netherlands, and the
Europe-wide index, the endogeneity terms are often statistically significant, which suggests that feedback between returns and pre-
dictors cannot be ruled out. This is economically plausible, since market-wide repricing may itself influence measured uncertainty or
stress indicators. By contrast, endogeneity appears weaker or absent in some other markets and for some predictors, particularly CISS
in several country specifications. The broader implication is not that all predictors are uniformly endogenous, but rather that the
empirical environment is sufficiently complex to warrant an estimator that can accommodate potential simultaneity where it exists.

Table 2 provides further evidence on serial dependence and conditional heteroskedasticity. The Ljung-Box Q and Q-squared sta-
tistics strongly reject the null of no serial correlation across all predictors and return series at the three lag lengths considered, namely
120, 240, and 360 days. Likewise, the ARCH-LM statistics decisively reject the null of homoskedasticity. These results are economically
important because they show that both the uncertainty measures and sustainability returns exhibit persistent dependence and time-
varying volatility over relatively long horizons. The consistency of these findings across all three lag structures also suggests that they
are not an artefact of a particular lag choice.

Together, the preliminary analysis establishes four important features of the data. First, the uncertainty measures are highly
persistent. Second, both predictors and returns display non-normality and heteroskedasticity. Third, serial dependence is strong and
widespread. Fourth, endogeneity is present in several economically important specifications. These characteristics imply that naive
predictive regressions may yield biased or inefficient inference. The Westerlund and Narayan (2015) framework is therefore well
suited to the present setting because it is specifically designed to address persistence, endogeneity, and conditional heteroskedasticity
jointly. For this reason, the preliminary results should be viewed not merely as descriptive background, but as direct empirical
justification for the modelling strategy that follows.

4.2. Predictability analysis

Table 3 reports the baseline predictive regressions estimated using the Westerlund and Narayan (2015) framework over two



Table 1
Preliminary test results

Note: SDEX, MPU, CISS, VSTOXX respectively stands for Sustainability indices, Monetary Policy Uncertainty, Composite Indicator of Systemic Stress and EURO STOXX 50 Volatility Index. I(0) and I(1)
and * represent significance at 1%, 5% and 10% levels respectively.

mean stationarities at level and first difference respectively. ***,

Variables Persistence Descriptive Statistics Unit Root Test Endogeneity
Mean Max. Min. S.Dev. Skew. Kurt. 1(0) 1(1)

Independent variables VSTOXX  0.980%*** 23.162 87.51 10.68 9.282 2.06 9.64 —0.922 —47.899%** VSTOXX CISS MPU
CISS 0.994** 0.202 0.942 0.001 0.216 1.442 4.7 —2.220%* —28.635%***
MPU 0.999%** 4.171 8.975 0.531 1.805 0.851 3.31 —0.646 —16.467**

Sustainability Indices (Dependent Variables) BELGIUM 7.1x10°* 3.571 —0.238 0.061 51.139 3006.7 0.317 —62.697¢ 1.228%*%* 0.265*
FINLAND —5.1x107° 0.139 —0.123 0.017 —0.333 8.522 —0.194 762.091*** 0.015 0.025
FRANCE 8.8x107° 0.103 —0.135 0.014 —0.303 12.289 0.307 —64.074%** 0.139%** 0.024*
GERMANY 2.0x107* 0.134 —-0.135 0.014 —0.095 12.656 0.834 —63.175%** 0.186%** 0.032
ITALY 8.3x107° 0.123 —0.192 0.017 —0.585 13.828 0.238 —66.606*** 0.096*** 0.021 2.503***
NETHERLANDS 3.1x107* 0.088 —0.093 0.015 —0.136 8.008 1.294 —62.789%** 0.239** 0.058 6.198%***
SPAIN -7.8x107° 0.148 —0.158 0.016 —0.349 13.139 —-0.105 0.045 0.004 0.580**
PORTUGAL ~1.1x107* 0.124 —-0.180 0.015 —0.588 15.500 —0.493 —0.146%** —0.043** -0.277
EUROPE 8.9x107° 0.177 —0.193 0.014 —0.526 24.638 0.307 —65.567*** 0.141%*** 0.027** 2.153%**

v 32 DAUDSDY QT
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Table 2
Serial correlation and conditional heteroskedasticity tests.
Country Var. Q-Stat Q% Stat ARCH LM
K=120 K=240 K=360 K=120 K=240 K=360 K=240 K =360
Independent variables VSTOXX 14461.5%** 27135.8* 13199.9%** 23390.9%** 31543.7%** 4380.9%**
CISS 15376.6%** 29681. 13421.8%** 23309.6 31082.5%** 5922.3%**
MPU 15821.4*** 31427.8%** 46752.5%** 15654.9%** 30387.0%** 43884.9%** 1310808.6*** 913310.8%**
Sustainability Indices BELGIUM 15844. 31581. 47206.
FINLAND 15817. 31498. 47043.5%
FRANCE 15632.9%** 30847.8%** 45656. 14931.1%** 41512.3%** 18426.7%**
GERMANY 15747.7%*%* 31231.8%** 46452.3%** 15364.1%** 43923.5%** 74861.7%** 38797.0%**
ITALY 15570.3* 30643. 45232. 14613.6 28888. 14841.5
NETHERLANDS 15839. 31565. 47170. 15665.1 178905. 90997.3
SPAIN 15388.5%** 30041.1%** 44050.0%** 14524. 9*’”‘ 27309.3%** 38616. 6**" 27381.2%** 13852.6%**
PORTUGAL 15698. 31113. 46261.3%** 30341.1 92979.7%**
EUROPE 15633.8*** 30866. 45715.9%** 29213.8** 45978.

The values reported for the Ljung-Box test are the statistics of Q and Q2, while the ARCH-LM test are the F-statistics. For robustness, k represents the three lag lengths of 120, 240 and 360. *** indicates 1%

significance levels.

v 32 DAUDSDY QT
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forecast subsamples, namely 50% and 75% of the full sample. The models are evaluated under both the symmetric (WN) and
asymmetric (WN_ASY) specifications in order to assess whether monetary policy uncertainty (MPU), financial market volatility
(VSTOXX), and systemic stress (CISS) contain statistically meaningful information for future sustainability equity returns across Eu-
ropean markets. Overall, the results indicate evidence of return predictability, although the strength, sign, and consistency of the
effects vary across predictors, countries, and forecast windows.

Under the symmetric specification, VSTOXX and CISS generally exhibit limited predictive power across most country-level sus-
tainability indices, especially in the 50% subsample. Their role becomes somewhat more visible in the 75% subsample, where sig-
nificance emerges in markets such as France, Germany, the Netherlands, and the Europe-wide index. For example, in Germany, the
estimated coefficients for VSTOXX and CISS are 0.000076 and —0.000096, respectively. Although both are statistically significant,
their economic magnitudes differ markedly. Using the standard deviations reported in Table 1, a one standard deviation increase in
VSTOXX implies an expected change in German sustainability returns of about 0.00071, or roughly 7.1 basis points, which is around
5% of the standard deviation of Germany's daily sustainability returns. By contrast, the corresponding effect for CISS is only about
—0.00002, or roughly —0.2 basis points, which is economically very small relative to daily return volatility. This suggests that, under
the symmetric model, financially relevant predictability from CISS is weak even where statistical significance is present.

Monetary policy uncertainty displays more pervasive predictive content. In the 50% forecast subsample, MPU is significant in most
markets except Belgium, Finland, and Portugal. In the 75% subsample, this broader pattern largely remains, though Spain becomes
insignificant. Importantly, MPU also appears more meaningful in economic terms than CISS in the symmetric model. For example, in
Germany, the 75% subsample coefficient on MPU is 0.00037. Scaled by the standard deviation of MPU, this implies an expected return
movement of around 0.00067, or 6.7 basis points, equivalent to roughly 4.8% of the standard deviation of daily German sustainability
returns. Comparable calculations for France and the Europe-wide index yield effects of about 5.8 basis points and 5.1 basis points,
respectively. These are not large in absolute terms, but they are non-trivial at daily frequency and materially larger than the symmetric
effects associated with CISS. Together, the evidence suggests that MPU is the most consistently informative predictor across markets in
the symmetric framework.

The asymmetric specification reveals a more detailed pattern. For the 50% subsample, the negative components of MPU and CISS
are typically larger than the positive

Components whenever the coefficients are significant, while the positive and negative components of VSTOXX are often similar in
magnitude. In the 75% subsample, this pattern becomes clearer. For VSTOXX, the positive and negative coefficients remain broadly
similar in both sign and magnitude, which suggests a relatively symmetric association between market volatility shocks and sus-
tainability returns. For CISS and MPU, however, asymmetry is more evident. In the case of CISS, negative changes dominate positive
changes across five of the eight markets examined. For MPU, negative changes are stronger in several statistically significant cases,
though the asymmetry is somewhat less uniform than for CISS. These results indicate that worsening macro-financial conditions often
carry stronger predictive content for sustainability returns than comparable improvements in conditions.

This asymmetry is also economically relevant. The key point is not merely that the coefficients differ statistically, but that downside
movements in uncertainty measures are more strongly associated with future return adjustments than upside movements. In markets
such as France, Germany, Italy, Spain, and the Europe-wide index, the negative MPU coefficients are materially larger than the positive
coefficients in the 50% subsample, suggesting that adverse policy-related uncertainty has a stronger association with future sus-
tainability return movements than favourable changes. A similar pattern appears for CISS in a number of cases, especially in the 75%
subsample, where negative systemic stress shocks tend to dominate. These findings are consistent with the view that investors respond
more aggressively to adverse uncertainty than to equivalent improvements, although the reduced-form design does not allow the
precise behavioural mechanism to be identified directly.

The regional DJSI Europe index broadly reflects the same pattern. In both forecast windows, MPU and VSTOXX remain significant
under the asymmetric model, with the negative components often exceeding the positive components. CISS is somewhat less regular,
and in some cases the positive component appears stronger. This suggests that systemic stress may affect aggregate sustainability
pricing in a more complex manner than MPU, possibly because system-wide financial stabilisation and gradual easing episodes are also
repriced by the market. Even so, the overall evidence points to greater predictive sensitivity under adverse uncertainty conditions than
under favourable ones.

To this end, the predictability analysis suggests three broad conclusions. First, predictive content is present, but it is not uniform
across predictors. Second, MPU is the most widespread and economically meaningful predictor in the symmetric framework, while
CISS appears weaker in economic magnitude despite occasional statistical significance. Third, the asymmetric specification reveals
that downside uncertainty is often more informative than upside uncertainty, similar to the findings of Chen and Lin (2022). Further
evidence that financial uncertainty negatively affects ESG asset performance, as reported by Shaikh (2022) for U.S. sustainability
indices and Xu et al. (2024) for global ESG markets align with our findings.

4.3. Forecast evaluation

Tables 4 and 5 report complementary measures of forecast performance. Table 4 presents the RMSE values generated by the
symmetric WN model and its asymmetric extension, WN_ASY, using rolling estimation windows corresponding to 50% and 75% of the
full sample. Lower RMSE values indicate smaller forecast errors and, consequently, greater forecast accuracy.

Table 5 reports the Campbell and Thompson (2008) out-of-sample R?, which measures the proportional reduction in mean squared
forecast error achieved by WN_ASY relative to the symmetric WN and ARFIMA benchmarks. Positive values indicate that WN_ASY
outperforms the relevant benchmark, while negative values indicate that the benchmark produces lower mean squared forecast errors.
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Table 3
Predictability test results.
Country VSTOXX CISS MPU
WN WN_ASY WN WN_ASY WN WN_ASY
+ve -ve +ve -ve +ve -ve
50% of the Sampled Periods
BELGIUM 1.8x107* -1.0x107! -1.2x107! -1.6x107* -7.9%x1073 —9.7x1073 49x107* 5.1 x1072 9.4x1072
(0.0001) (0.0097)%** (0.0110)*** (0.0001) (0.0033)** (0.0053)* (0.0003) (0.0814) (0.0833)
FINLAND -1.0x107* -1.5x107! —1.4%x107! —2.2x107* -1.0x1072 —2.2x1072 4.6 x107° 5.0 x 1072 3.6x107!
(0.0001) (0.0092)*** (0.0114)%** (0.0001) (0.0043)** (0.0071)%** (0.0002) (0.0978) (0.0930)***
FRANCE 7.4x107° -1.5x107! -15%x107! -9.1x107° -9.7x1073 -1.0x1072 4.3x107* 1.1x107! 2.3x1071
(0.0000) (0.0040)** (0.0054)*** (0.0000) (0.0017)*** (0.0039)%** (0.0001)** (0.0757) (0.0673)***
GERMANY 7.0x107° -1.5x107! —1.5x107! -1.3x10°* -1.0x1072 -1.3x10°2 48x10°* 1.0x107! 2.0x 107!
(0.0000) (0.0044)%** (0.0051)%*** (0.0000) (0.0018)*** (0.0036)*** (0.0001)*** (0.0752) (0.0620)***
ITALY 3.6x107° -1.7x107! ~1.7 x107! -1.8x107* -1.3x1072 —2.0x1072 4.1x107* 2.3x107! 4.0 x1071
(0.0000) (0.0060)*** (0.0074)*** (0.0001) (0.0025)*** (0.0048)*** (0.0002)* (0.0857)*** (0.0795)***
NETHERLANDS 8.5 x 107° -1.3x107! ~1.4x107! -1.3x107* -89x1073 ~1.1x1072 4.0x107* 1.0x 107! 1.6x107!
(0.0000) (0.0039)** (0.0058)*** (0.0000)* (0.0014)*** (0.0034)*** (0.0001)** (0.0672) (0.0633)***
SPAIN 2.5%x107° -1.7x107} —1.7x107! —1.4x10°* -1.2x1072 ~1.4x10°2 42x107* 1.9x10°! 3.3x10°!
(0.0000) (0.0060)*** (0.0065)%*** (0.0001) (0.0024)*** (0.0044)*** (0.0002)** (0.0820)** (0.0797)***
PORTUGAL -81x107° -1.2x107! ~1.1x107! 2.0 x107° -1.2x1072 -1.2x1072 -1.2x107° 1.7x107! 3.9x107!
(0.0000) (0.0061)*** (0.0081)*+** (0.0001) (0.0025)*** (0.0046)** (0.0002) (0.0744)** (0.0767)***
EUROPE 5.8x107° -1.3x107! -1.3x107! —7.4x107° -1.2x1072 ~1.3x1072 3.7x107* 1.3x107! 2.3x107!
(0.0000) (0.0043)%** (0.0055)%** (0.0000) (0.0016)*** (0.0035)%*** (0.0001)* (0.0579)** (0.0677)%**
75% of the Sampled Periods
BELGIUM 9.2x107° -1.0x107! -1.0x107! 6.4x 1078 —48x1073 —25x1072 1.7x107* 2.6 x1072 3.5x1072
(0.0000) (0.0056)%*** (0.0063)%** (0.0000) (0.0021)** (0.0036) (0.0002) (0.0363) (0.0365)
FINLAND -42x107° -1.3x107! -1.2x107! -1.0x107* -29x1073 -8.4x1073 3.7x107° 2.6 x1072 1.0x107!
(0.0000) (0.0054)*** (0.0075)*** (0.0000) (0.0020) (0.0042)** (0.0002) (0.0496) (0.0416)**
FRANCE 9.4%x107° ~1.1x107! —-1.1x107! —6.6 x107° -49x1073 —48x1072 3.2x107* 6.8 x1072 6.2 x 1072
(0.0000)*** (0.0022)** (0.0030)*** (0.0000) (0.0020)** (0.0001)** (0.0345)** (0.0271)**
GERMANY 7.6 x107° -1.2x107! ~1.2x107! -9.6x107° -7.8x1073 3.7x107* 6.3x1072 6.3x102
(0.0000)** (0.0024)*** (0.0031)*** (0.0000)* (0.0012)*** (0.0022)*** (0.0001)*** (0.0375)* (0.0319)**
ITALY 7.5x107° -1.3x107! -1.3x107! -12x107* -35x1073 —6.6 x1073 3.7x107* 6.5x1072 5.5x1072
(0.0000) (0.0036)*** (0.0048)*** (0.0000)* (0.0015)** (0.0026)*** (0.0002)** (0.0398)* (0.0369)
NETHERLANDS ~ 9.13x107° -1.1x107! ~1.1x107! -9.2x107° —41x1072 -5.8x107° 3.5x107* 2.8x1072 1.6 x1072
(0.0000)** (0.0025)*** (0.0032)%** (0.0000)* (0.0010)*** (0.0019)*** (0.0001)*** (0.0342) (0.0297)
SPAIN 1.2x107° -1.2x1071 -1.2x107! -42x107° —4.4x1073 -3.7x1073 2.4x107* 1.5x1072 7.3x1072
(0.0000) (0.0033)*** (0.0029)%*** (0.0000) (0.0014)*** (0.0024) (0.0002) (0.0375) (0.0334)**
PORTUGAL -31x107° —9.6 x1072 —9.4x1072 -15%x107° —45x1073 -5.2x1073 —29x107° 5.1 x 1072 4.5x1072
(0.0000) (0.0043)7** (0.0054)** (0.0000) (0.0015)*** (0.0028)* (0.0002) (0.0342) (0.0348)
EUROPE 6.5x107° —9.7x1072 —9.7x1072 -5.2x107° —5.6x1073 —5.4x1073 2.8x107* 49x1072 6.4x1072
(0.0000)* (0.0024)*** (0.0033)*** (0.0000) (0.0011)*** (0.0018)*** (0.0001)** (0.0301)* (0.0230)***

v 32 DAUDSDY QT

Note: WN and WN_ASY are used to indicate predictability results based on the approach of Westerlund and Narayan (2015) for both symmetric and asymmetric models respectively. +ve and -ve
respectively represent positive and negative changes obtained from the approach of Shin et al. (2014) in each of the predictors. ***, ** and * suggest the rejection of the null hypothesis of absence of
predictability at the 1%, 5% and 10% significance levels respectively. Values in parentheses are standard errors.
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Table 4

Forecast performance results.

50% of sample

75% of sample

W-N W-N_ASY W-N W-N_ASY

In-sample Out-of-sample RMSE In-sample Out-of-sample RMSE In-sample Out-of-sample RMSE In-sample Out-of-sample RMSE

RMSE h=120 h=240 h=360 RMSE h=120 h=240 h=360 RMSE h=120 h=240 h=360 RMSE h=120 h=240 h=360
Belgium
VSTOXX 0.0840 0.0816 0.0794 0.0774 0.0840 0.0816 0.0794 0.0774 0.0688 0.0677 0.0666 0.0654 0.0688 0.0677 0.0665 0.0654
CISS 0.0843 0.0819 0.0797 0.0777 0.0844 0.0820 0.0797 0.0777 0.0692 0.0681 0.0669 0.0657 0.0692 0.0681 0.0669 0.0657
MPU 0.0843 0.0819 0.0797 0.0777 0.0843 0.0819 0.0797 0.0777 0.0692 0.0681 0.0669 0.0657 0.0692 0.0681 0.0669 0.0657
Finland
VSTOXX 0.0171 0.017 0.0167 0.0165 0.0171 0.0170 0.0167 0.0165 0.0155 0.0158 0.0156 0.0154 0.0155 0.0157 0.0156 0.0154
CISS 0.0199 0.0197 0.0194 0.0191 0.0198 0.0197 0.0194 0.0191 0.0179 0.0182 0.0180 0.0178 0.0178 0.0181 0.0180 0.0178
MPU 0.0198 0.0197 0.0194 0.0191 0.0193 0.0193 0.019 0.0186 0.0178 0.0181 0.0180 0.0177 0.0175 0.0178 0.0176 0.0174
France
VSTOXX  0.0107 0.0106 0.0104 0.0103 0.0106 0.0106 0.0104 0.0103 0.0102 0.0107 0.0107 0.0105 0.0102 0.0107 0.0106 0.0105
CISS 0.0157 0.0156 0.0153 0.0150 0.0157 0.0156 0.0152 0.0150 0.0140 0.0145 0.0145 0.0143 0.0140 0.0145 0.0145 0.0143
MPU 0.0156 0.0155 0.0152 0.0149 0.0150 0.0149 0.0145 0.0143 0.0140 0.0145 0.0144 0.0143 0.0135 0.0140 0.0140 0.0138
Germany
VSTOXX  0.0107 0.0105 0.0104 0.0102 0.0107 0.0105 0.0104 0.0102 0.0098 0.0104 0.0103 0.0102 0.0098 0.0103 0.0103 0.0102
CISS 0.0151 0.015 0.0147 0.0144 0.0151 0.015 0.0146 0.0144 0.0136 0.0143 0.0143 0.0141 0.0136 0.0142 0.0143 0.0141
MPU 0.0150 0.0149 0.0146 0.0143 0.0144 0.0149 0.0146 0.0143 0.0136 0.0142 0.0142 0.0141 0.0131 0.0138 0.0138 0.0137
Italy
VSTOXX  0.0137 0.0138 0.0137 0.0135 0.0137 0.0137 0.0137 0.0135 0.0132 0.0136 0.0134 0.0133 0.0132 0.0136 0.0134 0.0132
CISS 0.0188 0.0189 0.0186 0.0182 0.0188 0.0189 0.0186 0.0182 0.0171 0.0176 0.0175 0.0172 0.0171 0.0176 0.0175 0.0172
MPU 0.0187 0.0188 0.0185 0.0181 0.0180 0.0181 0.0178 0.0174 0.0171 0.0176 0.0174 0.0172 0.0166 0.0170 0.0169 0.0167
Netherlands
VSTOXX 0.0111 0.0110 0.0109 0.0107 0.0111 0.0110 0.0108 0.0107 0.0102 0.0104 0.0104 0.0104 0.0102 0.0104 0.0103 0.0103
CISS 0.0151 0.0149 0.0146 0.0143 0.0149 0.0149 0.0146 0.0143 0.0134 0.0137 0.0136 0.0137 0.0134 0.0137 0.0136 0.0137
MPU 0.0150 0.0149 0.0146 0.0143 0.0145 0.0144 0.0141 0.0138 0.0134 0.0137 0.0136 0.0137 0.0130 0.0133 0.0133 0.0133
Portugal
VSTOXX 0.0139 0.0138 0.0136 0.0135 0.0139 0.0137 0.0136 0.0134 0.0129 0.0133 0.0133 0.0132 0.0129 0.0133 0.0133 0.0132
CISS 0.0160 0.0159 0.0157 0.0155 0.0160 0.0159 0.0157 0.0154 0.0147 0.0152 0.0152 0.0151 0.0147 0.0152 0.0152 0.0151
MPU 0.0160 0.0159 0.0158 0.0155 0.0157 0.0156 0.0154 0.0152 0.0147 0.0152 0.0152 0.0152 0.0145 0.0150 0.0150 0.0150
Spain
VSTOXX  0.0126 0.0126 0.0124 0.0123 0.0126 0.0126 0.0124 0.0123 0.0120 0.0126 0.0126 0.0124 0.0120 0.0126 0.0126 0.0124
CISS 0.0175 0.0175 0.0171 0.0168 0.0175 0.0175 0.0171 0.0168 0.0156 0.0162 0.0162 0.0160 0.0156 0.0162 0.0162 0.0160
MPU 0.0173 0.0174 0.0171 0.0167 0.0167 0.0167 0.0164 0.016 0.0156 0.0162 0.0162 0.0160 0.0151 0.0157 0.0157 0.0155
Europe
VSTOXX  0.0117 0.0117 0.0115 0.0113 0.0117 0.0117 0.0115 0.0113 0.0109 0.0112 0.0115 0.0109 0.0109 0.0112 0.0114 0.0109
CISS 0.0159 0.0159 0.0155 0.0152 0.0159 0.0159 0.0155 0.0152 0.0140 0.0144 0.0143 0.0141 0.0140 0.0144 0.0142 0.0141
MPU 0.0158 0.0158 0.0154 0.0151 0.0151 0.0151 0.0147 0.0144 0.0140 0.0144 0.0142 0.0141 0.0135 0.0139 0.0138 0.0137

v 32 DAUDSDY QT

Note: WN denotes the symmetric predictive model estimated using the Westerlund and Narayan (2015) framework, while WN_ASY denotes its asymmetric extension incorporating the positive and
negative partial sums of each uncertainty predictor. The 50% and 75% specifications refer to the proportions of the full sample used as rolling estimation windows. RMSE denotes the root mean squared
error calculated from the fitted or forecast errors. Lower RMSE values indicate greater forecast accuracy. The columns labelled h = 120, h = 240, and h = 360 refer to out-of-sample forecast-evaluation
windows of 120, 240, and 360 trading days, respectively.
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Table 5

Campbell-Thompson results.
50% of sample 75% of sample
WN vs WN_ASY WN_ASY vs ARFIMA WN vs WN_ASY WN_ASY vs ARFIMA

In-sample Out-of-sample RMSE In-sample Out-of-sample RMSE In-sample Out-of-sample RMSE In-sample Out-of-sample RMSE
RMSE h=120 h=240 h=360 RMSE h=120 h=240 h=360 RMSE h=120 h=240 h=2360 RMSE h=120 h=240 h=360

Belgium
VSTOXX 0.0002 0.0002 0.0002 0.0002  0.0041 0.0043 0.0041 0.0042 0.0002 0.0002 0.0002 0.0002  0.0051 0.0053 0.0052 0.0052
CISS —0.0002 —0.0002  —0.0001  —0.0001  0.0002 0.0002 0.0002 0.0002 —0.0001 —0.0001  —0.0001 0.0000  0.0001 0.0001 0.0001 0.0001
MPU 0.0000 0.0000 0.0000 0.0000  0.0002 0.0002 0.0002 0.0002 0.0003 0.0002 0.0002 0.0002  0.0000 0.0001 0.0001 0.0001
Finland
VSTOXX 0.0003 0.0001 0.0003 0.0006 0.1468 0.1449 0.1416 0.1401 0.0004 0.0007 0.0007 0.0007 0.1314 0.1341 0.1343 0.1343
CISS 0.0006 0.0007 0.0007 0.0006  0.0075 0.0068 0.0066 0.0043 0.0006 0.0005 0.0005 0.0005  0.0026 0.0027 0.0026 0.0022
MPU 0.0230 0.0226 0.0228 0.0221  0.0105 0.0068 0.0053 0.0055 0.0200 0.0182 0.0183 0.0181  0.0034 0.0039 0.0040 0.0039
France
VSTOXX 0.0017 0.0022 0.0016 0.0009  0.3266 0.3261 0.3200 0.3152 0.0018 0.0011 0.0012 0.0010  0.2715 0.2657 0.2655 0.2649
CISS 0.0012 0.0013 0.0012 0.0011  0.0097 0.0090 0.0089 0.0074 0.0009 0.0008 0.0008 0.0007  0.0037 0.0036 0.0035 0.0032
MPU 0.0411 0.0414 0.0428 0.0427 0.0163 0.0141 0.0132 0.0133 0.0358 0.0316 0.0315 0.0316 0.0055 0.0059 0.0061 0.0061
Germany
VSTOXX 0.0007 0.0007 0.0003  —0.0003  0.3002 0.3010 0.2964 0.2926 0.0018 0.0012 0.0011 0.0010  0.2808 0.2761 0.2772 0.2787
CISS 0.0007 0.0007 0.0006 0.0007  0.0093 0.0087 0.0087 0.0072 0.0008 0.0007 0.0006 0.0005  0.0049 0.0047 0.0045 0.0038
MPU 0.0384 0.0380 0.0386 0.0382 0.0160 0.0138 0.0129 0.0127 0.0329 0.0281 0.0279 0.0277 0.0058 0.0062 0.0063 0.0062
Italy
VSTOXX 0.0017 0.0021 0.0017 0.0018  0.2814 0.2790 0.2703 0.2648 0.0009 0.0006 0.0006 0.0004  0.2323 0.2303 0.2321 0.2326
CISS 0.0006 0.0008 0.0008 0.0006 0.0119 0.0106 0.0100 0.0078 0.0005 0.0005 0.0004 0.0004 0.0030 0.0029 0.0028 0.0025
MPU 0.0367 0.0386 0.0399 0.0395  0.0202 0.0164 0.0134 0.0135 0.0331 0.0299 0.0297 0.0296  0.0041 0.0045 0.0046 0.0046
Netherlands
VSTOXX 0.0019 0.0020 0.0012 0.0001  0.2672 0.2688 0.2629 0.2591 0.0023 0.0017 0.0013 0.0010  0.2410 0.2412 0.2408 0.2433
CISS 0.0000 0.0001 0.0000 0.0000 0.0087 0.0081 0.0079 0.0067 0.0001 0.0001 0.0000 —0.0002 0.0038 0.0037 0.0039 0.0032
MPU 0.0322 0.0328 0.0331 0.0331  0.0137 0.0121 0.0111 0.0112 0.0279 0.0249 0.0238 0.0227  0.0028 0.0032 0.0032 0.0031
Spain
VSTOXX 0.0001 0.0002 —0.0005 —0.0013 0.2885 0.2863 0.2805 0.2756 0.0005 0.0000 0.0001 0.0000 0.2331 0.2273 0.2259 0.2257
CISS 0.0004 0.0004 0.0004 0.0004  0.0097 0.0087 0.0084 0.0071 0.0003 0.0003 0.0002 0.0003  0.0029 0.0028 0.0027 0.0026
MPU 0.0378 0.0381 0.0397 0.0398  0.0199 0.0162 0.0137 0.0135 0.0342 0.0304 0.0303 0.0304  0.0040 0.0042 0.0043 0.0043
Portugal
VSTOXX 0.0016 0.0018 0.0014 0.0012  0.1422 0.1450 0.1399 0.1363 0.0026 0.0022 0.0022 0.0022  0.1258 0.1263 0.1273 0.1279
CISS 0.0015 0.0016 0.0016 0.0016  0.0109 0.0098 0.0095 0.0075 0.0017 0.0015 0.0014 0.0013  0.0037 0.0036 0.0036 0.0032
MPU 0.0181 0.0188 0.0194 0.0188  0.0134 0.0093 0.0059 0.0056 0.0160 0.0137 0.0132 0.0127  0.0029 0.0029 0.0029 0.0028
Europe
VSTOXX 0.0013 0.0018 0.0013 0.0008  0.2721 0.2699 0.2644 0.2593 0.0014 0.0010 0.0010 0.0009  0.2216 0.2211 0.2236 0.2255
CISS 0.0008 0.0008 0.0008 0.0008  0.0110 0.0100 0.0099 0.0087 0.0010 0.0010 0.0009 0.0007  0.0042 0.0041 0.0041 0.0037
MPU 0.0450 0.0451 0.0450 0.0442 0.0184 0.0158 0.0143 0.0145 0.0325 0.0292 0.0291 0.0290 0.0045 0.0049 0.0050 0.0049

Note: The table reports the Campbell and Thompson (2008) out-of-sample R? results. For the comparison labelled “WN_ASY relative to WN”, WN_ASY is the predictive model and the symmetric WN
specification is the benchmark. For the comparison labelled “WN_ASY relative to ARFIMA”, WN_ASY is the predictive model and ARFIMA is the benchmark. A positive value indicates that WN_ASY
produces a lower mean squared forecast error than the relevant benchmark, while a negative value indicates that the benchmark performs better. The magnitude of the measure represents the proportional
reduction in mean squared forecast error. The Campbell-Thompson measure is used as a relative forecast-performance measure and is not interpreted as a conventional hypothesis test based on critical
values or p-values. The columns labelled h = 120, h = 240, and h = 360 refer to forecast-evaluation windows of 120, 240, and 360 trading days, respectively.

v 32 DAUDSDY QT

SH9SOT (920Z) I 1T 29UDUL] PUD SOUOUOIH JO MIIATY [DUOTDUIIUL



L.O. Fasanya et al. International Review of Economics and Finance 111 (2026) 105645

Accordingly, Table 4 reports the absolute magnitude of the forecast errors, whereas Table 5 reports the relative forecast improvement
achieved by the asymmetric specification.

The results indicate that the asymmetric model often improves forecast performance, but the size of those improvements varies. In
several cases, WN_ASY yields lower RMSE values than WN, especially for MPU-based models and especially in the 75% subsample. For
example, in France, the 75% subsample MPU model reduces out-of-sample RMSE at the 360-day horizon from 0.0143 under WN to
0.0138 under WN_ASY, which corresponds to a forecast error reduction of about 3.5%. In Germany and the Europe-wide index, the
equivalent reduction is about 2.8%, while in Finland it is around 1.7%. Similar gains also appear in the 50% subsample. For France, the
50% MPU model reduces RMSE at the 360-day horizon from 0.0149 to 0.0143, or about 4.0%. These are not mere improvements, but
they are economically meaningful in a daily forecasting setting where even modest and repeated error reductions can matter for signal
extraction and portfolio timing.

At the same time, the gains are not equally strong across all predictors. For VSTOXX and CISS, the differences between WN and
WN_ASY are frequently very small and in some cases effectively zero. This means the forecast improvement is not universal, rather, the
evidence is more accurately described as showing that allowing for asymmetry improves forecast performance most clearly when the
predictive content of the underlying uncertainty measure is itself stronger, particularly for MPU and in the later part of the sample. In
that sense, the forecasting gains are selective rather than blanket.

The Campbell-Thompson out-of-sample R? statistic results in Table 5 broadly reinforce this interpretation. The CT statistics are
typically positive, indicating that the preferred model often improves on the benchmark. The improvements are particularly visible for
VSTOXX when WN_ASY is compared with ARFIMA, where the statistics are large and positive across many markets. For MPU, the WN
versus WN_ASY comparison also produces consistently positive values, especially in France, Germany, Italy, Spain, and the Europe-
wide index, suggesting that allowing for asymmetric policy uncertainty can improve forecast performance relative to the symmet-
ric specification. By contrast, CT values for CISS are generally much smaller, which is consistent with the weaker economic significance
of that predictor in the earlier regression analysis.

These forecast results therefore support a more measured conclusion. Macro-financial uncertainty appears to add incremental
predictive information to sustainability return models, and modelling asymmetry can enhance that predictive content, particularly for
MPU and in more recent periods. However, the size of the gains varies across predictors and markets, and the practical value of the
improvement depends on the specific signal under consideration. The evidence is strongest for selected predictors and windows rather
than uniformly across the entire forecasting exercise.

From a practical standpoint, the forecast evaluation suggests that investors and risk managers can improve sustainability return
prediction by incorporating macro-financial uncertainty measures, especially when asymmetric effects are allowed for. Still, those
gains should be interpreted as evidence of incremental predictive content rather than as proof of the precise structural mechanism
linking uncertainty to sustainability returns.

5. Conclusion and implication for policy

This study examines whether macro-financial uncertainty contains useful predictive information for European sustainability index
returns. Using daily data from October 2008 to December 2023 and applying the Westerlund and Narayan (2015) framework, the
analysis considers three forward-looking indicators, namely monetary policy uncertainty (MPU), financial market volatility
(VSTOXX), and systemic financial stress (CISS). Across a broad cross-section of European sustainability indices, the results indicate that
these uncertainty measures contain predictive information for future returns, although the strength and economic importance of that
information differ across predictors and markets.

Three main findings emerge. First, MPU is the most consistently informative predictor in the symmetric model. Its significance is
more widespread than that of VSTOXX or CISS, and its implied economic effects are also more meaningful relative to daily return
volatility. Second, VSTOXX and CISS display more limited and market-specific predictive content under the symmetric specification. In
particular, CISS often shows statistically significant coefficients with small economic magnitude, suggesting that statistical significance
does not always translate into strong forecasting relevance. Third, the asymmetric results indicate that adverse uncertainty shocks
often carry stronger predictive content than favourable movements, especially for MPU and, in several cases, CISS. This suggests that
downside uncertainty is particularly relevant for sustainability return dynamics.

The forecast evaluation broadly supports these findings. Uncertainty-augmented models, especially under the asymmetric speci-
fication, often improve predictive accuracy relative to benchmark models. The strongest gains occur in selected MPU-based models and
in the 75% subsample, where the reduction in forecast error is modest but economically meaningful. These results imply that macro-
financial uncertainty can enhance sustainability return forecasting, although the gains are neither uniform across predictors nor
equally strong across all markets.

Together, the findings challenge the strong version of the view that ESG-oriented assets are automatically defensive during periods
of stress. European sustainability indices remain exposed to broader macro-financial repricing pressures, particularly when policy
uncertainty intensifies or when downside risk becomes more salient. At the same time, the contribution of the paper is best understood
as showing that these uncertainty measures contain meaningful predictive information for sustainability returns within a reduced-form
forecasting framework. The results are consistent with broader repricing channels linked to discount rate uncertainty, market-wide risk
aversion, and systemic stress, but they do not directly identify the precise structural mechanism through which those effects arise.

The implications differ across the three macro-financial indicators. For central banks, the comparatively pervasive predictive role
of MPU suggests that uncertainty surrounding the expected policy path contains information relevant to the pricing of sustainability-
oriented equities. The results do not establish that communication policy causally determines sustainability returns, but they indicate
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that avoidable ambiguity surrounding policy decisions may contribute to less orderly price adjustment in these markets. Clear and
internally consistent communication may therefore be particularly valuable during periods of rapid monetary-policy adjustment.

For financial supervisors, the findings do not support treating sustainability-linked equities as structurally insulated from con-
ventional macro-financial risk. Stress-testing frameworks for institutional ESG portfolios should incorporate policy-uncertainty and
market-volatility scenarios and should allow for differences across national sustainability markets. At the same time, the small eco-
nomic magnitude of CISS in several symmetric specifications cautions against treating broad systemic-stress indicators as uniformly
strong predictors of sustainability returns.

For asset managers, the evidence suggests that uncertainty indicators should not be assigned equal forecasting weight. MPU
provides the most widespread predictive information, whereas the value of VSTOXX and CISS is more market-specific. Asymmetric
specifications may improve forecasting in selected cases, but they should be used where formal symmetry and forecast-accuracy tests
support the additional complexity. More generally, DJSI exposure should not be regarded as an automatic downside hedge, because
ESG selection and portfolio protection are economically distinct objectives.
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