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A B S T R A C T   

Using daily data on municipal bonds and equity returns from the 50 US states, we find barring 
extreme periods of financial, macroeconomic, and health crises, the underlying conditional cor
relation between these two assets is negative. When we capture the effect of climate risk quantiles 
on the entire conditional distribution of the underlying time-varying stock-bond correlation, we 
generally observe a negative impact at different levels of climate risks, although this could turn 
positive in the event of extreme climate disasters. In summary, the role of municipal bonds as a 
hedge against climate risks cannot be denied, carrying important implications for investors.   

1. Introduction 

Theoretically speaking, climate change-related extreme weather conditions, serving as a large aggregate risk, lead to reductions in 
productivity and/or an increase in the stochastic depreciation rate of capital, producing adverse impacts on equity valuations due to far 
out-in-the-left-tail realizations of the underlying states of the economy (Donadelli et al., 2017, 2021, 2022; Giglio et al., 2021). In other 
words, various climate risks (Ma et al., 2023) tend to impact financial assets returns, as empirically shown by Choi et al. (2020), 
Balcilar et al. (2023), Salisu et al. (2023a, 2023b), Ma et al. (2024), among others.1 

Against this backdrop, and the well-established characteristic of flight-to-quality or flight-to-safety of government bonds during 
stock market turbulence (Demirer and Gupta, 2018; Gupta et al., 2018; Twala et al., 2018; Selmi et al., 2021; Han and Li, 2022; Lian 
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et al., 2023), the objective of this paper is to empirically analyze whether municipal bonds can serve as a hedge against climate risks. To 
achieve our objective econometrically, we first compute the time-varying correlations between stocks and bond returns using the 
Asymmetric Dynamic Conditional Correlations (ADCC) - Generalized Autoregressive Conditional Heteroskedasticity (GARCH) model 
of Cappiello et al. (2006). Second, we utilize the Quantile-on-Quantile (QQ) regression approach of Sim and Zhou (2015) to analyze the 
(possible negative) effect of various levels (quantiles) of climate risks on the entire conditional distribution, i.e., the conditional 
quantiles of the underlying time-varying stock-bond correlation to provide us a complete picture, compared to regular quantile re
gressions (Duan et al., 2023), of the hedging capabilities of bonds when stock returns are adversely impacted by climate risks. 

For our analysis, we rely on stock and bond returns as well as climate risk data involving the 50 states of the United States (US), 
rather than examining these two asset markets from an aggregate perspective. The rationale for this approach is twofold: (a) The 
primary business activities of companies tend to be concentrated around their headquarters, which, consequently, causes stock prices 
to reflect notable regional influences (Korniotis and Kumar, 2013). Simultaneously, by considering municipal bonds—which can be 
thought of as investor loans made to local governments to fund public works such as parks, libraries, bridges, roads, and other 
infrastructure—the importance of a regional factor cannot be underestimated (Painter, 2020); (b) The time series properties of climate 
risks across the states tend to be heterogeneous and also differ from those of the overall US (Gil-Alana et al., 2022). In light of these 
points, and the fact that climate risks carry leading information for economic conditions at the US state level (Cepni et al., 2024), our 
analysis should be of immense value to investors in terms of portfolio diversification and risk management. Note that the debt 
involving the municipal bonds is generally paid back by the municipality using tax revenue (i.e., general obligation bonds), although 
other sources of revenue from the project (i.e., revenue bonds) can also be used. For instance, a bond issued to fund the building of a 
parking garage could then be paid back using the revenue from selling parking passes to the garage. General obligation bonds are seen 
as less risky because municipalities can raise taxes if there are insufficient funds to pay all debtholders, thus making municipal bonds a 
potentially safe haven option, relative to stocks, for investors at the state level. 

To the best of our knowledge, this is the first paper to explore the hedging capabilities of bonds in terms of climate risks for the 50 
US states over the daily period from May 2, 2006, to February 9, 2024. The rest of the paper is structured as follows: Section 2 provides 
an overview of the data, while Section 3 outlines the basics of the methodology. Section 4 presents the results, and Section 5 concludes 
the paper. 

2. Data 

The state-level stock market indices, for which we compute the log returns, are derived from the Bloomberg terminal, which, in 
turn, creates these indexes by taking the capitalization-weighted index of equities domiciled in a given state. As far as the corre
sponding municipal bond indexes are concerned, which are also converted to log returns and sourced from the Bloomberg terminal, 
basically measures the market-value-weighted performance of bonds issued by state and local municipalities in the US. 

To produce the metric of climate risks, we collect daily weather data from the Bloomberg terminal too, as compiled by the National 
Climatic Data Center (NCDC), for the 50 US states. The weather data captures meteorological phenomena along several dimensions, 
including temperature, precipitation, number of heating degree days (HDD), number of cooling degree days (CDD), and wind speed as 
described below:  

• Temperature (tempt): The average temperature (usually of the high and low) that was observed between 7 a.m. and 7 p.m. local 
time, expressed in Fahrenheit.  

• HDD (Ht): The number of degrees that the average temperature of a day is below 65◦ Fahrenheit. It is used to calculate the heating 
requirements of a building.  

• CDD (Ct): The number of degrees the average temperature of a day is above 65◦ Fahrenheit, aiding in estimating the cooling needs 
of a building.  

• Precipitation (prect): The amount of rain, snow, sleet, or hail that falls in a specific location.  
• Wind speed (windt): The average speed of the wind, not accounting for gusts, represented in knots. 

As in Choi et al. (2020), we decompose the weather-related variables into three components that account for seasonal, predictable, 
and abnormal patterns. In particular, for each day, t, we compute the daily weather measure (Wt) for each of the states as a time-series, 
based on: Wt = WM

t + WD
t + WA

t , where Wt = {tempt, Ht, Ct, prect, windt}, and the term WM
t denotes the mean of Wt for a specific-state 

spanning the 120 months prior to t. Moreover, the variable WD
t denotes the difference of the mean of the deviation of the Wt from the 

daily average temperature for the particular state in the same calendar day over the last ten years and WM
t . Finally, the variable WA

t is 
the remainder (i.e., the abnormal deviation of weather conditions) and, hence, captures extreme departures from normal weather 
conditions. For this reason, we focus on this variable in our analysis. We standardize the abnormal deviations, commonly known as the 

standardized anomaly, to obtain the comprehensive measure of climate risks (CR), as given by:CRt =
[
std

(
tempA

t
)
+ std

(
precA

t
)
+
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t
)
− std
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HA

t
)
+ std

(
windA

t

)]
/5.2 

Based on data availability at the time of writing this paper, our analysis covers the daily period of 2nd May 2006 to 9th February 
2024. 

3. Methodology 

In this section we lay out the basics of the ADCC and QQ models utilized in deriving our empirical results. 

3.1. Estimating US states time-varying stocks-bonds conditional correlations 

We utilize the ADCC model of Cappiello et al. (2006) to estimate the time-varying correlations between stocks and municipal bonds 
across the US states. 

Considering n × 1 vector of returns, rt, the mean equation is specified based on the information set available at time t − 1, denoted 
by It − 1: 

rt = μ + φrt− 1 + εt (1)  

with the residuals denoted by εt = H1/2
t ztwhere Ht is the conditional covariance matrix of rt, and zt is a n × 1 i.i.d. errors. Expressing Ht 

as Ht = D1/2
t RtD− 1/2

t where Dt = diag(h1,t, …, hn,t) represents the diagonal conditional variances, the conditional correlation matrix Rt is 
given as: 

Rt = diag
(

q− 1/2
1,t ,…, q− 1/2

n,t

)
Θtdiag

(
q− 1/2

1,t ,…, q− 1/2
n,t

)
(2)  

where Θt is symmetric positive definite matrix with Θt = (1 − θ1 − θ2)Θ+ θ1zt− 1z,t− 1 + θ2Θt− 1. Θ represents the n × n unconditional 
matrix of standardized residuals zi,t where θ1 and θ2 are non-negative satisfying the condition θ1 + θ2 < 1. 

Cappiello et al. (2006) introduce an asymmetric adaptation of Engle’s (2002) DCC model, to accommodate for the well-known 
“leverage effect” (Black, 1976) in asset markets, wherein the conditional volatility of the GARCH(1,1) model is delineated as: 

hi,t = wi + aiε2
i,t− 1 + τihi,t− 1 + γiε2

i,t− 1I
(
εi,t− 1

)
(3)  

where the indicator function It − 1 = 1 if εi,t − 1 < 0 otherwisefunction It − 1 = 0. In this context, the “asymmetric” effect is represented 
by a positive value for γi d, indicating that positive residuals have a lesser impact on increasing variance compared to negative re
siduals. Therefore, Θt is formulated by 

Θt = (Θ − AʹΘA − BʹΘB − GʹΘ − G) + Aʹzt− 1źtA + BʹΘt− 1B + Gʹz−t źt
− G (4)  

where A, B and G are n × n parameter matrices and z−t are zero-threshold standardized errors with an unconditional matrix Θ− . 

3.2. Quantile-on-quantile regression 

Sim and Zhou (2015) pioneered the QQ regression approach, extending the capabilities of traditional quantile regression model. 
This model examines how different quantiles of a single independent variable influence the various conditional quantiles of the 
dependent variable. This approach primarily relies on a combination of nonparametric estimation and quantile regression. We utilize 
the QQ regression approach to examine the impact of climate risks (x) on time-varying conditional correlations (y) for each state. 

Let θ superscript represents the quantile of the y and x under consideration. We assume a model for the θ-quantile of y as a function 
of the x, so we have: 

yt = βθxt + εθ
t , (5)  

where εθ
t is an error term that has a zero θ -quantile. 

Since we lack prior knowledge about the interconnection between the changes in y and x, we allow the relationship function βθ(xt) 
to be unknown. To analyse this relationship between the θ-quantile of y and τ-quantile of x, denoted by xτ, we linearize the function 
βθ(xt) by taking a first-order Taylor expansion of βθ (.) around xτ, which yields the following: 

βθ(xt) ≈ βθ(xτ) + βθʹ
(xτ)(xt − xτ) (6) 

Following Sim and Zhou (2015), we redefine βθ(xτ) and βθ′(xτ), respectively, as β0(θ,τ) and β1(θ,τ). Then, Eq. (6) can be re-structured 

2 Note that in CRt, the standardized HDDA
t enters with negative sign. HDD is a measure used to estimate the demand for energy needed to heat a 

building. Hence, high HDD indicates that more energy is needed to heat buildings due to lower temperatures, which implies less risk of global 
warming. 
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as follows: 

βθ(xt) ≈ β0(θ, τ) + β1(θ, τ)(xt − xτ) (7) 

Ultimately, we substitute Eq. (7) into Eq. (5) to obtain the following: 

yt = β0(θ, τ) + β1(θ, τ)(xt − xτ) + εθ
t (8) 

The expression: β0(θ,τ) + β1(θ,τ)(xt − xτ) captures the relationship between the θ-quantile of the y and τ-quantile of x, given that 
β0and β1 are doubly indexed in θ and τ. 

To estimate (8), we solve for: 

min
β0β1

∑n

i=1
ρθ[yt − β0 − β1(xt − x∧τ)]K

(
Fn(xt) − τ

h

)

(9)  

and obtain the estimates β̂0(θ, τ) and β̂1(θ,τ), where the function ρθ is the tilted absolute value function that provides the θ-conditional 
quantile of yt as the solution. To examine the effect exerted locally by the τ-quantile of x, we utilize a Gaussian kernel K(.) to weight the 
observations in the neighbourhood of xτ, based on bandwidth h (=0.02). The weights are inversely related to the distance of xt from xτ, 
i.e., the distance of the empirical distribution function as: 

Fn(xt) =
1
n
∑n

k=1

I(xk < xt) (10)  

from τ, where τ is the value of the distribution function that related to xτ. 

4. Empirical results 

The analysis illustrated in Fig. 1, derived from the ADCC model,3 reveals predominantly negative trends in time-varying corre
lations between stock and bond log-returns.4 These trends generally hold, except during short-lived episodes associated with the 
Global Financial Crisis (GFC) of 2008, the spike in uncertainty due to US debt ceiling crisis in 2011–2012 (causing both equity and 
bond returns to decline (Aye et al., 2016)), and more prolonged periods at the end of the sample linked to the outbreak of COVID-19 
and subsequent monetary policy tightening by the Federal Reserve, which led to higher bond yields and lower prices amid high 
inflation rates post-pandemic. Interestingly, the correlation displayed significant fluctuations between positive and negative territories 
during 2016–2019, a period that coincides with the administration of President Donald J. Trump, during which stock markets per
formed robustly but unpredictably, reacting to frequent uncertainty shocks due to unpredictable policy changes.5 

Expanding on these observations, it is evident that these fluctuations in correlations are not merely statistical anomalies but reflect 
deeper economic and policy-driven dynamics. The positive correlations in times of crisis suggest a breakdown of the typical inverse 
relationship between stocks and bonds, which could undermine the hedging capability of bonds during such extreme events. This 
pattern warrants a closer look at the structural vulnerabilities and systemic risks embedded within the financial markets during periods 
of significant economic and political turmoil. However, the persistence of negative correlations in less turbulent times supports the 
hypothesis that municipal bonds could indeed serve as effective hedges against weather-related disasters that negatively impact equity 
markets across the US states. 

To provide convincing statistical evidence in this regard, we next turn to the QQ regression results between the conditional 
quantiles of the time-varying correlations of stocks and bonds returns regressed on the quantiles of climate risks. Upon reviewing the 
results depicted in Fig. 2, we observe that the impact of various levels of climate risks is predominantly negatively related across the 
conditional quantiles of the correlations involving the log returns of stocks and bonds. In other words, in the wake of heightened 
climate risks, with stock markets known to be negatively impacted, the reduced stock-bond correlation provides evidence in favour of 
the flight-to-quality phenomenon, i.e., the municipal bonds can indeed serve as a hedge against climate risks. 

However, it is also crucial to note instances where high quantiles of climate risks correlate positively with the conditional quantiles 
of stock-bond correlations. This positive correlation in extreme scenarios is logical, as severe climate events can damage infrastructure 
significantly, affecting public works financed by municipal bonds and consequently, the returns on these bonds along with stocks. This 
nuanced view highlights the complex interactions between market dynamics and external risks, emphasizing the need for targeted 
strategies to manage these risks effectively. 

In conclusion, except in cases of large weather-related disasters, municipal bonds consistently hedge financial risks associated with 

3 Complete details of the parameter estimates ADCC models for the 50 US states involving stock and bond returns are available upon request from 
the authors.  

4 Based on the suggestions of an anonymous referee, we utilized the recently proposed quantile on quantile connectedness approach of Gabauer 
and Stenfors (2024), which reveals that, in general, reverse total connectedness at opposite quantiles of stocks and bonds returns tend to dominate 
direct total connectedness between these two returns across the states. This observation also tends to suggest the standard underlying hedging 
properties of bonds, when stock markets are in distress.  

5 See: https://www.gsb.stanford.edu/insights/why-uncertainty-shocks-are-part-trump-era-economy, and also Cervantes and Rambaud (2020). 
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Fig. 1. Time-varying correlations between log-returns of US state-level stocks and municipal bonds using the ADCC-GARCH model.  
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Fig. 1. (continued). 
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climate changes. This finding offers significant policy implications, suggesting that enhancing the resilience of financial markets to 
climate-related risks not only requires diversification in investment strategies but also a more robust policy framework that contin
uously assesses and adapts to the evolving nature of these risks. 

5. Conclusion 

In conclusion, our analysis reveals that municipal bonds across the 50 US states serve as effective hedges against climate risks, 
which adversely affect regional stock market returns. Utilizing the ADCC-GARCH model and QQ regressions, we demonstrate that 
despite the inherent variability in correlations between stocks and bonds, a consistent negative correlation prevails under normal 
conditions. This suggests that municipal bonds generally provide a safeguard against climate-related market fluctuations. However, it 
is crucial to note that in extreme climate events, this correlation may shift to positive, indicating a potential vulnerability in times of 
severe climate crises. 

Given these findings, policymakers and municipal bond issuers should consider the integration of climate risk assessments in their 
financial strategies to strengthen the resilience of bond markets. Enhancing transparency about the exposure of municipal bonds to 
climate risks and adopting climate-adaptive investment strategies could mitigate the impact of extreme events on bond valuations. 
Additionally, these insights should guide legislative frameworks aimed at supporting sustainable investment practices, thus reinforcing 
the role of municipal bonds in stabilizing regional economies in the face of escalating climate challenges. This strategic approach will 
not only safeguard investments but also encourage a broader commitment to addressing the financial implications of climate risks. 

One of the limitations of our work is we do not look at the robustness of our results due to possible non-climate risks or un
certainties, but this is primarily due to lack of high-frequency (daily) state-level data available for such variables of interest. Having 
said this, it is likely, climate risks contain leading information of wide array of economic sectors of the US states (Cepni, 2024). Despite 
this challenge, as part of future research, following recent works of Znag and Zhao (2022) and Ugolini et al. (2024), it would be 
interesting to extend our analysis to include state-level credit default swap data into the stock-bond-mix, and revisit the role of climate 
risks in this context. 
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Fig. 2. Quantile-on-Quantile (QQ) regressions-based estimated impact of climate risks on stock-bond correlations.  
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Appendix 

Fig. A1 

Fig. A1. Quantile-on-quantile connectedness between log-returns of US state-level stocks and municipal bonds.  

O. Polat et al.                                                                                                                                                                                                           



Finance Research Letters 67 (2024) 105915

10

References 

Aye, G.C., Deale, F.W., Gupta, R, 2016. Does debt ceiling and government shutdown help in forecasting the US equity risk premium? Panoeconomicus 63 (3), 
273–291. 

Balcilar, M., Gabauer, D., Gupta, R., Pierdzioch, C., 2023. Climate risks and forecasting stock market returns in advanced economies over a century. Mathematics 11 
(13), 2077. 

Black, F., 1976. Studies of stock price volatility changes. In: Proceedings of the 1976 Meeting of the Business and Economic Statistics Section. American Statistical 
Association, Washington, DC, USA, pp. 177–181. 

Cappiello, L., Engle, R.F., Sheppard, K., 2006. Asymmetric dynamics in the correlations of global equity and bond returns. J. Financ. Econometri. 4 (4), 537–572. 
Cepni, O., Demirer, R., Rognone, L., 2022. Hedging climate risks with green assets. Econ. Lett. 212, 110312. 
Cepni, O., Demirer, R., Pham, L., Rognone, L., 2023. Climate uncertainty and information transmissions across the conventional and ESG assets. J. Int. Financ. Markets 

Inst. Money 83, 101730. 
Cepni, O., Gupta, R., Liao, W., Ma, J., 2024. Climate risks and forecastability of the weekly state-level economic conditions of the United States. Int. Rev. Finance 24 

(1), 154–162. 
Cervantes, P.A.M., Rambaud, S.C., 2020. An empirical approach to the “Trump Effect” on US financial markets with causal-impact Bayesian analysis. Heliyon. 6 (8), 

e04760. 
Choi, D., Gao, Z., Jiang, W., 2020. Attention to global warming. Rev. Financ. Stud. 33 (3), 1112–1145. 
Demirer, R., Gupta, R., 2018. Presidential cycles and time-varying bond-stock market correlations: evidence from more than two centuries of data. Econ. Lett. 167, 

36–39. 
Donadelli, M., Jüppner, M., Paradiso, A., Schlag, C., 2021. Computing macro effects and welfare costs of temperature volatility: a structural approach. Comput. Econ. 

58 (2), 347–394. 
Donadelli, M., Jüppner, M., Riedel, M., Schlag, C., 2017. Temperature shocks and welfare costs. J. Econ. Dyn. Control 82 (C), 331–355. 
Donadelli, M., Jüppner, M., Vergalli, S., 2022. Temperature variability and the macroeconomy: a world tour. Environ. Resource Econ. 83 (1), 221–259. 
Duan, K., Ren, X., Wen, F., Chen, J, 2023. Evolution of the information transmission between Chinese and international oil markets: a quantile-based framework. J. 

Commod. Markets 29, 100304. 
Engle, R., 2002. Dynamic conditional correlation: a simple class of multivariate generalized autoregressive conditional heteroskedasticity models. J. Bus. Econ. Stat. 

20 (3), 339–350. 
Gabauer, D., Stenfors, A., 2024. Quantile-on-quantile connectedness measures: evidence from the US treasury yield curve. Financ. Res. Lett. 60, 104852. 
Giglio, S., Kelly, B., Stroebel, J., 2021. Climate finance. Ann. Rev. Financ. Econ. 13, 15–36. 
Gil-Alana, L.A., Gupta, R., Sauci, L., Carmona-Gonzalez, N., 2022. Temperature and precipitation in the US states: long memory, persistence and time trend. Theor. 

Appl. Climatol. 150 (3–4), 1731–1744. 
Gupta, R., Kollias, C., Papadamou, S., Wohar, M.E., 2018. News implied volatility and the stock-bond nexus: evidence from historical data for the USA and the UK 

markets. J. Multinatl. Financ. Manag. 47-48, 76–90. 
Han, Y., Li, J., 2022. Should investors include green bonds in their portfolios? Evidence for the USA and Europe. Int. Rev. Financ. Anal. 80, 101998. 
Korniotis, G.M., Kumar, A., 2013. State-level business cycles and local return predictability. J. Finance 68 (3), 1037–1096. 
Lian, Y., Ye, T., Zhang, Y., Zhang, L., 2023. How does corporate ESG performance affect bond credit spreads: empirical evidence from China. Int. Rev. Econ. Finance 

85, 352–371. 
Ma, D., Zhang, Y., Ji, Q., Zhao, W., Zhai, P., 2024. Heterogeneous impacts of climate change news on China’s financial markets. Int. Rev. Financ. Anal. 91, 103007. 
Ma, Y., Liu, Z., Ma, D., Zhai, P., Guo, K., 2023. A news-based climate policy uncertainty index for China. Sci. Data 10, 881. 
Painter, M., 2020. An inconvenient cost: the effects of climate change on municipal bonds. J. Financ. Econ. 135, 468–482. 
Ren, X., Xiao, Y., Duan, K., Urquhart, A., 2024. Spillover effects between fossil energy and green markets: evidence from informational inefficiency. Energy Econ. 131, 

107317. 
Salisu, A.A., Gupta, R., Ogbonna, A.E., 2023b. Tail risks and forecastability of stock returns of advanced economies: evidence from centuries of data. Eur. J. Finance 29 

(4), 466–481. 
Salisu, A.A., Pierdzioch, C., Gupta, R., van Eyden, R., 2023a. Climate risks and U.S. stock-market tail risks: a forecasting experiment using over a century of data. Int. 

Rev. Finance 23 (2), 228–244. 
Selmi, R., Gupta, R., Kollias, C., Papadamou, S., 2021. The stock-bond nexus and investors’ behavior in mature and emerging markets: evidence from long-term 

historical data. Stud. Econ. Finance 38 (3), 562–582. 
Sim, N., Zhou, H., 2015. Oil prices, US stock return, and the dependence between their quantiles. J. Bank. Financ. 55, 1–8. 
Twala, Z., Demirer, R., Gupta, R., 2018. Does liquidity risk explain the time-variation in asset correlations? evidence from stocks, bonds and commodities. J. Econ. 

Behav. Stud. 10 (2), 120–132. 
Ugolini, A., Reboredo, J.C., Ojea-Ferreiro, J., 2024. Is climate transition risk priced into corporate credit risk? Evidence from credit default swaps. Res. Int. Bus. 

Finance 70 (Part B), 102372. 
Zhang, Z., Zhao, R., 2022. Carbon emission and credit default swaps. Financ. Res. Lett. 50, 103286. 

O. Polat et al.                                                                                                                                                                                                           

http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0001
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0001
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0002
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0002
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0003
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0003
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0004
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0005
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0006
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0006
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0007
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0007
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0008
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0008
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0009
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0010
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0010
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0011
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0011
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0012
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0013
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0014
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0014
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0015
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0015
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0016
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0017
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0018
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0018
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0019
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0019
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0020
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0021
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0022
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0022
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0023
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0024
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0025
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0026
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0026
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0027
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0027
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0028
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0028
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0029
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0029
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0030
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0031
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0031
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0032
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0032
http://refhub.elsevier.com/S1544-6123(24)00945-0/sbref0033

	Can municipal bonds hedge US state-level climate risks?
	1 Introduction
	2 Data
	3 Methodology
	3.1 Estimating US states time-varying stocks-bonds conditional correlations
	3.2 Quantile-on-quantile regression

	4 Empirical results
	5 Conclusion
	CRediT authorship contribution statement
	Data availability
	Appendix
	References


