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A B S T R A C T

The real estate sector is a substantial energy consumer, contributing to a large share of global greenhouse gas 
emissions. Despite the known links between the real estate sector and sustainable assets, studies exploring co- 
movements or dependence between them are still scarce. The present paper contributes to this challenging 
problem by capturing and analyzing the non-linear dependence over time and frequency between real estate 
returns and sustainable assets - green bonds, clean energy and environmental, social, and governance (ESG) 
stocks. We adopt a modeling approach that utilizes both the cross-quantilogram and the quantile coherency 
method. Our empirical results indicate unidirectional dependence from the real estate sector to most sustainable 
assets in both tails and under normal market conditions, although bidirectional dependence in the lower 
quantiles. Moreover, based on recursive window estimations, when the Covid-19 period is included, green bond 
and real estate returns are tail-dependent both during boom and bust periods. However, in non-pandemic pe
riods, higher dependency is found during booms. Furthermore, the returns of the green bonds are less dependent 
on real estate returns compared to other sustainable assets. Our findings are potentially relevant for investment 
portfolio and public policy decision-making.

Interestingly, there are no substantial differences in the QC of the 
CLE with GBLD compared to the remaining real estate indices, despite 
the fact that green building and clean energy activities may arguably be 
intrinsically connected to each other. Furthermore, in general, when the 
returns are very high (0.95:0.95), the coherence is weak in the longer- 
term frequencies. In the short-term, the effect is neither strong nor 
considerably deviating from the results of the left tail. Therefore, the 
results indicate that CLE crashes rather than booms with the real estate 
sector at long-term frequencies.

1. Introduction

The real estate sector is a substantial energy consumer. According to 

EIA, buildings accounted for 29% of the US end-use energy consumption 
in 2020.1 In this context, governments and institutions around the world 
have been pushing for sustainability through energy performance cer
tificates (EPC) or other rating schemes. The main purpose of these cer
tificates is to make sustainability-related information (e.g., energy 
consumption, carbon emissions) more transparent, while increasing 
incentives for both real estate companies and households towards more 
energy efficient and sustainable properties (e.g., Bio Intelligence Service 
et al., 2013). In addition to governmental initiatives, real estate in
vestment trusts (REITs) and other companies in the real estate sector are 
becoming more aware of environmental issues. According to the Na
tional Institute of Building Science (2016), equity REITs have shown 
interest in upgrading their energy efficiency. Furthermore, reports from 
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