Extreme Connectedness between Real Estate Tokens and Real Estate Stocks: Empirical Evidence via a QVAR Model	Comment by Tom Moss Gamblin: There’s a potential confusion here: in several places in the paper you refer to strong connectedness, meaning the degree of connectedness, but the focus of the article seems to be on connectedness at the extremes of distributions.  I recommend you adjust the title to begin “Connectedness at Extremes between…”
 

Abstract 
We test the interconnectedness between the returns on real estate (RE) stocks and on real estate cryptos. Towards this end, we use using a quantile vector autoregression (QVAR) methodology. Our main findings show are that there is a strong dependence between the distributions of returns in the top and bottom quantiles, and a rather weaker correlation in the median quantile. From an investment perspective, the findings demonstrate that, contrary to the common usual focus on the the center measures of the general distribution of returns, RE stocks and tokens correlate most strongly at the ends tails of the distribution of returnsdistributions. As suchFor this reason, the diversification benefits may be limited, and careful risk management and investment strategies should be employed to navigate this strong tail connection. Considering the limited diversification benefits at the extremes, investors should exercise caution and allocate resources to mitigate potential losses when RE stocks and tokens experience extreme market movements.	Comment by Tom Moss Gamblin: Maybe “crypto tokens"?	Comment by Tom Moss Gamblin: Is “top/bottom quantile” dependent on the QVAR methodology?  Out of context, it would make more sense to talk about quantiles for high or low values between 0 and 1 (but not actually equal to 0 and 1), and later on you do mention tau = 0.05 and 0.95.  Here, you might insert “using QVAR” or “of the regression” if that is appropriate – might be helpful to orient readers
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1. Introduction
As an emerging technology, blockchain has offersed state-of-the-arts solutions in different fields. In the real estate (Hhenceforth, RE) sector, blockchain is already being utilized to manage and transfer RE data between various stakeholders, including asset managers, investors, RE brokers, financial institutions, and auditors.[footnoteRef:1] As the blockchain technologies have becoame increasingly popular in different sectors, and among them, including the RE sector, it has been was only a matter of time before introducing tokens - – a form of cryptocurrency designed – were introduced to for the RE sector. 	Comment by Tom Moss Gamblin: “investment fields” or “areas of investment”? [1:  https://consensys.io/blockchain-use-cases/real-estate
  https://www.investopedia.com/news/how-blockchain-technology-changing-real-estate/] 

Similarly to other sectors, the RE sector has experienced tokenization, a process by which RE assets, whether physical, intangible, or already tradable, are transformed to digital assets on a blockchain. The process of Tokenization involves fragmenting an asset, which can be either physical, intangible or already tradable, into a digital form, represented by tokens. Each token representsing a fraction of the target asset which has undergone the process of Tokenization. In the RE sector, these fractional units facilitate RE investment by reaching a wider audience market. and They fall into several categories depending on their specificity: security, payment, or utility (Lambert et al., 2021). 	Comment by Tom Moss Gamblin: I moved this sentence up from the next para and combined it with some elements of the sentence that originally began this para.  The passage should read less repetitiously now.
Similarly to other sectors, the RE sector has experienced a Tokenization, a process by which RE assets are transformed to digital assets on a blockchain. The Tokenization has led to substantial advances in different aspects such as: allowing digital ownership, the ease of transferring fractional shares of ownership, and importantly enhancing liquidity:. RE tokens can be traded on cryptocurrency exchanges, and providinge a more liquid alternative. By removing the barriers to trading in RE, these small units offer individual investors the opportunity to build a divergent diversified RE portfolios. Recent studies have also supported this view, arguing that RE tokens are expected to enhance liquidity within broadly through diversificationed portfolios (Baum, 2021; Swinkels, 2023). Hence, tokenization reduces investors' reliance on real estate investment trusts (REITs), exchange funds, or mutual funds, where which investors are leave them dependent on the deals on offer and the associated costs. These merits, among others, are expected to increase expand the entire basis base of investors, to include many who were naturally formerly reluctant from entering the physical RE market, mainly due to liquidity frictions. 	Comment by Tom Moss Gamblin:  After “alternative”, insert something like “to conventional stocks”
Since RE tokens allow a new alternative in investment decisions, it is imperative to understand the relationship between RE tokens and their natural financial assets counterparts, i.e., namely RE stocks. Such an examination may be useful for investors in their allocation decisions and for RE companies, which that may consider using blockchain technology or issuing their own RE tokens. The goal of our paper, therefore, is to examine the interconnections between several key RE tokens (Realio Network, Propy, ATLANT, United, and IHT Real Estate Protocol) and RE stocks (Prologis, American Tower, Equinix, Public Storage, and Crown Castle). Our aim is to identify the primary sources that influence their collective movements, in both ordinary and extreme circumstances, and to assess the degree of their dependence under different market conditions. Specifically, we seek to answer whether RE tokens dictate the spillovers between the two asset classes, or whether if it is RE stocks are the that determineing their fluctuations. 
Our motivation to explore the links between RE tokens and RE stocks stems from anecdotal evidence according to which suggesting that the real estate sector in general, and investment trusts particularly (REITs) in part, are gaining interest and popularity by investors seeking for financial investment opportunities in real estate assets.[footnoteRef:2] Interestingly, the entire RE sector has expanded as the number of REITs listed on the US stock exchange rose has risen from 34 in 1971 to 206 in 2022, reaching a market value of over than $1.270 trillion[footnoteRef:3], and the literature has also expanded in this field.[footnoteRef:4] The Tokenization development Tokenization may even accelerate this trend by providing global investors with the opportunity to diversify their hedging strategies at comparatively lower costs and illiquidity premiums. Taken together, RE tokens may offer an investment alternative (Nijland, 2019), and perhaps diversification benefits, taken together along with the rapidly growing interest in RE in general, and blockchain in particular. Therefore, determining the extent of connectivity between RE tokens and stocks can help market participants identify potential risks and develop appropriate investment strategies. [2:  https://www.reit.com/research/nareit-research/170-million-americans-own-reit-stocks
  https://www.bankrate.com/investing/survey-favorite-long-term-investment-2022/]  [3:  https://www.reit.com/data-research/reit-market-data/us-reit-industry-equity-market-cap.]  [4:  Numerous studies have examined REITs from various perspectives: liquidity systems (Han and Liang, 1995); cyclical behavior (Payne and Zuehlke, 2006); behavior of returns (Liow and Ye, 2017); associated idiosyncratic risk (Giacoletti, 2021; Sagi, 2021); hedges and safe havens (Fugazza et al., 2009); portfolio diversification opportunities (Liow and Huang, 2018; Yousaf and Ali, 2020; Bossman et al., 2022), asymmetric dynamics (Waters and Payne, 2007; Chiang and Tsai, 2023), and performance in multi-asset portfolios (Razak, 2023).] 

We expand former studies by directly investigating the extreme returns connections at the extremes of the distributions between returns on RE tokens and RE stocks, an since to the best of our knowledge this interplay which has so far only been indirectly examined (Abdullah et al., 2023; Yousaf, Assaf and Demiret al., 2024). By adopting the QVAR (quantile vector autoregression) approach developed by Ando et al. (2022), we measure the spillovers of extreme return shocks. We highlight the significance of examining the connectivity between RE tokens and RE stocks at different quantiles to better understand their dynamics and mutual interactions, under these extreme market conditions. Our main findings hint on at a robust and consistent dependence between the distributions of returns on RE tokens and RE stocks returns' distribution in the extreme quantiles, with a comparatively weaker correlation observed in the median quantile. 	Comment by Tom Moss Gamblin: As with my comment to the title, “extreme connections” could easily be confused with “strong connections” – better to clarify which parts of the distributions you mean	Comment by Tom Moss Gamblin: Actually, “suggest” might be better, as “hint at” sounds tentative
From an investment standpoint, the our findings indicate that, contrary to the typical emphasis on the centraler area of the returns distribution, which is used to as representing the general nature of the relationship, the nature of this relationship is completely different when one deviates to looking at other parts of the return distribution. Meaning that In particular, the ex-ante assumption about the ability of the tokens and stocks to diversify risk spillovers is overestimated. Consequently, the potential benefits of diversification may be restricted, necessitating the implementation of careful risk management and investment strategies to navigate this pronounced connection. 
Given the constrained diversification advantages at the extremes, investors should need to understand the benefits of exercisinge prudence and by allocatinge resources judiciously to mitigate potential losses during instances of extreme market movements in both real estate stocks and cryptocurrencies. Researchers and academicians should also take this finding into their consideration and acknowledge that the nature of the relationship between RE tokens and RE stocks, may be characterized by a completely and quite different behavior. The next section summarizes prior works; the third section provides information about our data and the fourth describes the methodology. The last two sections discuss the findings and conclude the paper.	Comment by Tom Moss Gamblin: Rephrased to make this more of a motivating point for your research – as it stands, it sounds more like something you might say in the concluding section	Comment by Tom Moss Gamblin: Different from what? Other investment sectors? Or different at the extremes than in the median quartile?  Needs clarifying
2. Prior Works
The real estate (RE) token market expanded significantly in 2020 (Lambert et al., 2021). Traditionally, real estate has been a relatively illiquid asset in terms of high costs and time involved to close the transfer (Scholz et al., 2014; Wang et al., 2022). While Ttokenization can address these frictions and importantly the issue of illiquidity, it nevertheless faces several challenges. As the adoption of symbolic real estate gains momentum, it becomes imperative to address concerns related to securities law and land registration systems. The matter of token security issue has been highlighted by Schär (2021), who emphasizesing that the absence of certainty in this realm area could undermine investor confidence, consequently impeding the real estate market growth. Thus, it is reasonable to anticipate an enhancement in the security of the tokenization process. Additionally, regulatory uncertainty poses another hurdle. Nevertheless, dDespite these such challenges, tokenization is reshaping the real estate sector. By fostering a more transparent and accessible market, it is revolutionizinges the dynamics among various stakeholders (Kreppmeier et al., 2023).
2.1 Real Estate Connectedness sStudies
Researchers have hitherto mainly explored the spillover between REITs and several other markets, including oil (Bonato et al., 2021; Mensi et al., 2022a; Hanif et al., 2024), gold (Liang et al., 2020; Mensi et al., 2022b; Swanson et al., 2002), stocks (Gomez-Gonzalez and Hirs-Garzon, 2021; Case et al., 2022), Eexchange rates (Ngo, 2017; Raheem et al., 2022), cryptocurrencies (Abdullah et al., 2023; Nagl et al., 2023), and multiple- assets classes (Damianov and Elsayed, 2018). 	Comment by Tom Moss Gamblin: Should this be 2012?  Pls check
Mensi et al., (2022a) document the spillover between oil and REITs markets at extremes and highlight the dominant role of oil. Their findings suggest that oil market returns significantly affect the REITs market returns, and that hedging through REITs is expensive during turbulent periods. On the contraryIn contrast, Hanif et al. (2024) suggest that REITs does not possess safe-haven or diversification properties against the oil market. 	Comment by Tom Moss Gamblin: So Mensi et al. say that hedging is expensive, while Hanif et al. say that diversification doesn’t work.  Are these really contrary views?
Raheem et al. (2022) examined the connectedness between currency markets and REITs, indicating a strong connectedness between them. Importantly, they also suggest that the relationship between REIT’s and forex is nonlinear in nature, and with macroeconomic variables like such as economic policy uncertainty playings a vital key role in explaining the spillover. Using comprehensive data of for several US REITs indices, Ngo (2017) finds that the an appreciation in the US dollar adversely affects the former REIT returns. Furthermore, it is suggested that other macroeconomic factors, such as the risk premium and book-to-market factor, also play a significant role in determining the returns of on REITs.
Yousaf and Ali (2020) examined the linkage between REIT and stock returns and find that both these markets can be used as a substitutes in the portfolio, but that this does not offer any diversification benefits. Interestingly, their findings suggest that the causality always runs from the REITs market to stock market stocks, in both either in the short-term or and long term. 
Case et al., (2012) investigated the correlations between REITs and stock market using the DCC-GARCH model, and find finding significant correlation between them. Moreover, they also highlight that REIT market is a good viable option to achieve higher- risk adjusted portfolio returns. Gomez-Gonzalez and Hirs-Garzon (2021) find a strong transmission between REITs and global equity markets, where identifying the former are mainly as generally the net volatility transmitters. 	Comment by Tom Moss Gamblin: Either “stock markets” or “the stock market”
Apart from thisAdditionally, the literature has also linked REITs with the cryptocurrencies in terms of their hedging and diversification abilitiespotential. Using a connectedness approach on REITs, NFTs, and cryptocurrencies, Alam et al. (2023) found that the connectedness of both returns, and volatility increased during the COVID-19 and again during the 2022 Russian invasion of Ukraine. In addition, they pointed out noted that REITs have partly preserved their historical independence from the shocks caused by other assets, while the NFT class is emerging as a new opportunity for portfolio diversification. Their findings suggest that investors can protect themselves against asset volatility in times of financial shocks and crises by using REITs, NFTs, gold, and oil or by combining these assets with others. Similarly, Nagl et al. (2023) examined the returns dependence of returns among REITs, cryptocurrencies, and REIT coin, and reporting significant transmission among them. Cryptocurrencies and REITs market move in opposite directions, a connection which further strengthen during negative events such as COVID-19. 	Comment by Tom Moss Gamblin: Maybe add “(non-fungible tokens)” – unless you think that will be clear to readers	Comment by Tom Moss Gamblin: Maybe “experienced” – since you are talking about the shocks as being events, with consequences for assets	Comment by Tom Moss Gamblin:  “shocks”?
2.2. Sector-specific tTokens and sStocks
Another strand of literature, which is closer to the objective of our study, explores the connectedness between the sector- specific tokens and their equity counterparts. These studies are mainly aimed at testing the diversification potential of these relatively new digital assets (tokens) with the respect to conventional equity markets.[footnoteRef:5]  [5:  For a detailed summary of works in this field, refer to Table 1 in Aharon et al. (2024).] 

Aharon et al. (2024), for example, have recently investigated the connectedness between metaverse tokens and metaverse stocks, in an attempt to identify which asset class dominates and determines the mutual fluctuations. They report a greater dependence between the two asset counterparts during turbulent times, and stress that the expectations of diversification benefits should be in questioned under turbulent timessuch conditions. On the other hand, iIn the tourism and traveling sector, on the other hand, Aharon et al. (2023) found that tourism tokens are relatively disjointed from conventional equity indices, and therefore could offer diversification benefits. Their results conform to Yousaf et al., (2022c), who explored the interlinkage between travel and tourism tokens and report weak connectedness between them. They The latter further argue that travel and tourism tokens are the inexpensive diversifiers against the conventional equitiesy parts. 	Comment by Tom Moss Gamblin: This sounds like Yousaf et al. are saying that travel tokens are weakly interlinked with tourism tokens, which seems surprising. On the other hand, Aharon et al. say that tourism tokens are weakly linked to equity indices, which sounds more plausible.  I’m just wondering if you had meant to say something like “stocks and tokens”.  In any case, if you can explain Yousaf’s results just a bit more, it might be helpful in clarifying their significance	Comment by Tom Moss Gamblin: This assumes you mean Yousaf et al. here – otherwise, say “Aharon et al. further argue…”
Patel et al. (2023) examined the connectedness between transportation tokens and stocks, and document suggesting that transportations tokens provide diversification benefits for to transport stocks in this sector. Yousaf et al., (2023a) document a quantile- dependent connectedness between insurance tokens and stocks using the QVAR (quantile vector autoregression) model. Their findings highlights that investors can increase their risk- adjusted return by incorporating tokens into their existing portfolios. Ersan et al. (2022) documents a weak level of connectedness while investigating the spillover between the stocks and tokens of the football clubs. They also argue that both fans’ tokens and stocks move independently of each other and can therefore be used as mutual diversifiers against each other’s.	Comment by Tom Moss Gamblin: As this is a US journal, you should probably say “soccer clubs” (unless you mean American football, in which case say “football teams”)
Using Applying the TVP-VAR (time-varying parameter VAR) model on to asset management tokens and stocks, Yousaf et al. (2023c) find a weak level of connectedness and conclude that management tokens could offer diversification benefits. In another study, Yousaf et al. (2023b) examined the connectedness between healthcare tokens and healthcare stocks. They report that while at the median quantile there is a relatively low connectedness, plausibly offering diversification benefits, when exploring the extreme quantiles, the connectedness strengthens when exploring the extreme quantilesand therefore, limiting the potential diversification such benefits. Jareño and Youssaf (2023) explored the spillover between artificial intelligence stocks and tokens, and finding a low level of connectedness between them. Moreover, although the connectedness was amplified during the extreme market conditions, but tokens, in most cases tokens are were the net recipient of spillover. 
To summarize, the studies in this field, suggest that the potential of for diversification benefits is not uniform, but and dependsent on both the sector examined, and the quantiles examined. Meaning, for a In certain sectors, tokens can provide substantial diversification benefits, whereas in others sector these benefits could may be quite low.
In the RE sector, two are two closest studies to ours. Abdullah et al. (2023) tested the connectivity of RE tokens with different asset classes using the QVAR model. They find a moderate level of return and volatility transmission during normal conditions, which amplified in the extreme conditions like such as the COVID-19 or and Russian-war in Ukraine war periods. In a similar vein, Yousaf et al. (2024) examined the extreme return spillover of RE tokens and other asset classes and other asset classes (oil, gold, bond, REIT, Bitcoin, and USD index), and documenting a greater dependence at the top and bottom quantiles. 	Comment by Tom Moss Gamblin: You make the “two closest” statement again at the start of the next para, where it works better – so I deleted it here	Comment by Tom Moss Gamblin: As in Abstract, but a somewhat stronger suggestion here: I think it might be helpful to insert “of the regression”
While the latter two studies are the closest studies to ours, our primary focus centers on a fundamental issue regarding the relationship between RE tokens and RE stocks. Our goal is to provide a direct test of the nature of their relationship, and to reveal which counterpart determines their mutual fluctuations. Are these two counterparts actually behaving actually in the same way?, or whether do they bear any potential portfolio diversification benefits, in a form of a portfolio? This study addresses this important question by analyzing a direct, rather than indirect, focus on the relationship between RE tokens and RE stocks.	Comment by Tom Moss Gamblin: Maybe “drives”?
3. Data 
Following Abdullah et al. (2023), we used data from the top five real estate (RE) tokens in terms of market capitalization: (Realio Network- (RIO), Propy- (PRO), ATLANT- (ATL), United- (UTED), and IHT Real Estate Protocol- (IHT). These five RE tokens represent roughly 82% of the market capitalization of the global real estate token sector.[footnoteRef:6] We also used data from the top five RE stocks: (Prologis- (PLD), American Tower- (AMT), Equinix- (EQIX), Public Storage- (PSA), and Crown Castle (- CCI). The data for these RE stocks and tokens come from companiesmarketcap.com and coinmarketcap.com, respectively. Our sample period runs from October 21, 2020, to August 17, 2023, and is determined by the availability of the data. Our time period is particularly instructive as it covers both normal times and crises such as the recent pandemic and the Russian invasion of Ukraine in 2022. In these times, shocks may propagate across markets with varying degrees of intensity. [6:  https://coinmarketcap.com/view/real-estate/] 

Figure 1a shows the evolution of the behavior of the prices of the selected tokens and the stocks. Figure 1b depicts the corresponding returns throughout the period we examined. In accordance with previous findings, the figures highlight two peaks, one during the pandemic in 2020-–2021 during the pandemic and the other with the invasion of Russia in early 2022 with the invasion of Ukraine. Figure 1b illustrates the well-known phenomenon of volatility clustering, which in most cases occurs close to turbulent times such as these two events. 
Table 1 summarizes the statistics of the key variables in our study. As the table indicates, among the tokens, PRO has the highest mean returns (0.173) among the tokens, whereas RIO has the lowest (-–0.148). Of the stocks, PLD and PSA have the highest mean returns (0.023 for both), whereas CCI has the lowest (-−0.072). Comparing the varying values of the tokens versus the stocks, shows clearly it seems clear that tokens are much more volatile than their counterparts in the equity market.
According to the Jarque–Bera test, all of the variables deviate from normality, as indicated by the excess kurtosis, resulting in fat tails. Several tokens and stocks are characterized by negative skewness, while others exhibit positive skewness. This important information about the distribution of the returns motivated us to use a quantile, rather than an ordinary, connectedness approach. Finally, according to the Elliott, Rothenberg, & Stock (1996) stationarity test, all series are stationary.
Table 2 reports the correlations of the RE tokens and stocks. The table shows that low correlation among the tokens are low correlated with each other. HoweverIn contrast, the RE stocks exhibit strong correlation, with values in the range of 0.487 to 0.809. MoreoverLast, the cross-correlation of RE tokens and the stocks is generally weak. 
 
4. Methodology
We use Ando et al.'s (2022) QVAR approach in order to examine the extreme connectedness at extremes between real estate RE tokens and stocks. This technique is the an extension of Diebold and Yilmaz (2012, 2014), which that allows us to capture the dynamics of connectedness not only at in normal conditions but also at in extreme condition onesas well. The QVAR approach has been extensively used by in recent other recent studies (e.g., Ali et al., 2024; Jareño & Yousaf, 2023; Long & Li, 2023; Long et al., 2022; Sheikh et al., 2024; Wang et al., 2024). Thus, utilizing QVAR helps in to provideing a more complete picture of the connectedness between tokens and stocks based on the distributions of their returns. 	Comment by Tom Moss Gamblin: Only a 2012 citation for these authors appears in the References – nothing for 2012	Comment by Tom Moss Gamblin: Not in references (Long et al., 2022 is)
We defined an infinite- order vector moving average (MA) representation of a quantile vector autoregressive , to compute the quantile connectedness metrics, as follows:
			(1)
The GFEVD (generalized forecast error variance decomposition) with a forecast horizon of  (Aharon and Ali, 2024; Aharon and Demir, 2022; Aharon et al., 2023, Ali et al., 2023c; Aharon and Qadan, 2022; Aharon et al., 2021; Umar et al., 2021) is specified following Koop, Pesaran, and Potter (1996) and Pesaran and Shin (1998) as:
						(2)
Here where  denotes an otherwise zero vector with unity on at the ith position. The normalization of each element in the decomposition matrix is:
			(3)
Using the GFEVD, the connectedness measures are: 
.,								(4)
‘TO’ is the shock transmitted from variable  to the system.
								(5)
Here, ‘TO’ is the shock transmitted from variable  to the system, while ‘FROM’ is the impact that variable j receivesd from the system. Thus
								(6)
where  indicates the difference between Eqs. (4) and Eq. (5), with a positive (negative) value representing a net transmitter (recipient) of shocks. Finally, we computed the total connectedness index (TCI) representing the average level of connectedness, which is as follows:
									(7)
Apart Separately from connectedness, Similar to Ali et al., (2023a,b) the optimal weights and hedge ratios (static and dynamic) between RE stocks and RE tokens are computed similarly to Ali et al. (2023a,b). The optimal weight for a portfolio consisting of each real estate stock and token is computed following Kroner and Ng (1998) as:
                  ;								  (8)
.						(9)
where, x (y) denotes the stock (token) and  denotes stock investment in a one-dollar portfolio of a stock and –token pair at time t.  The hedge ratio for an pair of real estate RE stocks and real estate –token pair is estimated following Kroner and Sultan (1993) as follows:
.									(10)
Here,  denotes the hedge ratio. A positive (negative) beta indicates that hedging the stock through by the token is possible (or nott-), and its suggesting that a long position in stock can be hedged using a short position in token. A higher ratio corresponds to higher hedging costs and vice-versa (Ali et al., 2023d,e).	Comment by Tom Moss Gamblin: Delete this, as it seems a bit repetitive?
5. Results
5.1.  Static Investigation
In our initial analysis step, we examined the association between RE tokens and stocks through a static approach, making use of both the a network diagram (Figure 2) and a connectedness table (Table 3).[footnoteRef:7] Table 3 contains our main findings in the context of the static connectedness through three different parts of the return distribution: normal market conditions (τ = 0.5, in Panel A), which is our benchmark state, bull markets (τ = 0.95, in Panel B), and bear markets (τ = 0.05, in Panel C).  Extreme market states are commonly known as bearish and bullish conditions. Specifically, the values on the main diagonal indicate the extent to which an asset's own unexpected movement affects the variance of its own forecast error. The values within the rows depict the transmission of shocks from one variable to another. The values within the columns represent the receipt of shocks by one variable from others.  [7:  We began with the median quantile and assessed the robustness of initial connectedness measures using the approach of Diebold and Yilmaz (2012), shown in Appendices A2 and A3. Then, we estimated the corresponding values through a matrix connectedness table for the top and bottom quantiles (Table 3). Subsequently, we monitored the role of NET for each network variable (Figure 3) over time and tracked the evolution of the entire network's connectedness (Figure 4) by distinguishing between the median, top, and bottom quantiles. To gain a more comprehensive perspective, we investigated the connectedness of the returns across quantiles for the entire network over time (Figure 5) and applied the same methodology to each of the network variables (Figure 6). Finally, we expanded the discussion of our findings’ implications by presenting the portfolio analysis in Table 4 and Figure 7.
] 

As Table 3 indicates, while the total connectedness measure is 43.51% in normal market conditions, the corresponding values during bull and bear markets are remarkably higher. Specifically, in a bull market, the total connectedness across the real estate tokens and stocks is 85.34%, and while in a bear market it is even slightly slightly higher still (86.8%). These findings suggest that, overall, the diversification benefits are in general dependent on the state of the market. This indicates that the entire system, including incorporating both real estate RE stocks and real estate tokens, becomes more susceptible to risks when unexpected negative or positive news appearsevents occur. This finding accords with recent studies showing that connectedness is much stronger in terms of its magnitude at the extremes compared with the mean or median. In the RE sector, Yousaf, Assaf & Demir et al. (2024) showed that the TCI of RE tokens and other asset classes (oil, gold, bond, REIT, Bitcoin and USD index) is remarkably higher at the ends tails of the distribution, with TCI values of 84.04% and 84.42% and at the bottom and top quantiles, respectively. These are much higher than the corresponding TCI values they found for the Mmean (33.66%) or the Mmedian (32.34%) quantile. The results are also in line with the results of Abdullah et al. (2023) showing that the mutual dependence of RE tokens, REITs, and other asset classes strengthens at the extreme quantiles. Other pPapers from relating to other sectors include Yousaf et al.'s (2022b) study, which explored the interplay of energy tokens fossil with the fossil fuel market. They demonstrated that extreme market conditions tend to increase their connectedness substantially. Their findings reveal that during extreme events, the total returns spillover indices are greater for both the bottom (71.04%) and top (72.72%) quantiles than for the mean (30.68%) or median (29.06%). In addition, the results are also in line with Yousaf et al.’s, (2023a) study. Specifically, they which showed that the TCI in the context of insurance stocks and tokens is 83.88% in the bottom quantile and 86.63% in the top quantile, which are considerably higher than the mean (48.92%) or median (47.43%) quantiles. Other studies documenting similar phenomenaon include Bouri et al. (2021), Long et al. (2022), Yousaf et al. (2022a), and Jareño and Yousaf, (2023).
These results have several implications. First, it is important to investigate the issue of connectedness in different parts of the distributions, as they can vary from a well common mean or median benchmark. Second, in terms of asset allocation and investment strategies, the increased connectedness implies that the diversification benefits rapidly decline, meaning that the ex-ante assumptions about the ability of the tokens and stocks to mitigate risk spillovers is are overestimated. 
Interestingly, in the benchmark model (τ = 0.5, in Panel A of Table 3), there is evidence of asset clustering when we map the TO and FROM values, there is evidence of asset clustering, which means signifying that tokens interact mainly within their own asset class. The same applies to the stocks. These results allegedly appear to offer suggest a bidirectional diversification benefit. However, when we map the TO and FROM values in bear and bull markets, it is clear that the tokens and stocks are not no longer isolated from each other. Indeed, the interactions between them are much higher. In additionFurthermore, the TO values of the tokens around the median (τ = 0.5, in Panel A), they seem to transmit very comparatively little shock to the entire system as a whole (27.85%, 18.57%, 18.60%, 15.02%, and 24.86%). However, in bull markets (τ = 0.95, in Panel B) they have a more powerful shock effect on across the entire system (85.03%, 90.55%, 63.21%, 75.30%, and 75.76%). Similarly, in bear markets (τ = 0.05, in Panel C), the corresponding TO values (84.02%, 84.18%, 81.22%, 80.82%, and 89.18%) are much higher compared than with under normal market conditions (τ = 0.5, in Panel A). Similar results are evident when we use the FROM values of tokens in normal, bear, and bull market conditions. These results again stress underline the importance of investigating different parts of the distribution of returns, rather than focusing only on the center.	Comment by Tom Moss Gamblin: Please check, but I would think these would be percentages, so we need the % sign each time – and also the similar lists in the next few lines
In Part Panel B of Table 3, EQIX and AMT provide the two highest positive net spillover rates, 11.53% and 9.54%, respectively. ATL and IHT provide the two highest negative spillover rates, −-22.15% and -−10.7%, respectively. In addition, in comparison to the benchmark estimation, some tokens and stocks vary in the role they play with regard to shocks to the system. In the baseline quantile (τ = 0.5, in Panel A), except for ATL, tokens are mainly recipients of shocks. In contrast, some stocks are transmitters and others act as recipients. In bull markets (τ = 0.95, in Panel B), tokens have a mixed role, but stocks are clear transmitters of shocks to the system. Finally, in bear markets (τ = 0.05, in Panel C), except for IHT, tokens mainly perform as recipients. In contrast, except for CCI, stocks are generally acting as transmitters.
Moreover, the roles of tokens and stocks can change depending on market conditions. For example, PRO is a NET receiver in the benchmark model and also in bear markets, but turns into a transmitter during bull markets and a receiver in bear markets. SimilarlyAgain, EQIX is a NET receiver in the benchmark model, but turns into a transmitter during both bull and bear markets.
Figure 2 illustrates this change, evident in the swap between the blue and brown nodes, when moving from the median to the top and bottom quantiles. Figure 2 supports the view that, while in normal markets tokens are clearly recipients of shocks[footnoteRef:8], when we explore other parts of the distribution, there exist a they tend to swap in the roles of being transmitters or recipients of shocks. Therefore, investors should be aware of this difference and examine the specific set of tokens included in the portfolio, rather than making likely inaccurate assumptions about the nature of their roles. In addition, these results also justify the use of a dynamic rather than a static analysis. [8:  In a robustness test whose results appear in Appendix A1, we utilized the Diebold and Yilmaz (2012) method. They clearly show that real estate tokens are mainly recipients of shocks spillovers, and, except for PSA, real estate stocks are NET transmitters. A graphical illustration of the corresponding Diebold Yilmaz Network diagram is available in Appendix A2. ] 

5.2.  Dynamic Analysis
After discussing the static results now, wWe now turn move from static results to the a time-varying analysis. Figure 3 shows the NET role of each stock and token over time, including the median (Figure 3a), mean (Figure 3b), top (Figure 3c), and bottom (Figure 3d) quantiles. Clearly, the main point that emerges is that not only is the magnitude of the shock spillover dynamic, but also so is the role of each token and stock is dynamic. For example, if we look at the mean or median of the baseline model, which is (our benchmark), RIO and PRO appear to have a clear role under normal market conditions as recipients, independently of each other. However, in both the top and bottom quantiles, (which corresponding to bull and bear markets, respectively) there are multiple and significant and multiple shifts from being transmitters to becoming recipients of shocks. Similarly, for among the stocks included, PLD and AMT appear to have a clear role under normal market conditions as transmitters. However, in the top quantile, which corresponds to a bull market, there are again multiple, significant and multiple shifts from shock being a transmitter to becoming a recipient of shocks. This transition makes it challenging to understand the nature of the behavior of these two stocks.
We then examined the net spillovers at median and extreme quantiles. The results of for time-varying net spillover effects in the median quantile are reported in Figure 3a. In line with Panel A of Table 3, the net spillovers for PLD, AMT, CCI, and ATL are predominantly positive, indicating them as transmitters of shocks. In contrast, the net spillovers values for PSA, EQIX, IHT, UTED, PRO, and RIO are predominantly negative, indicating net recipients of shocks. However, iIncluding the market crisis caused by the pandemic, however, tend to result in we see substantial gains in all markets. Figure 3b depicts the results of NET spillover results estimated using the Diebold and Yilmaz (2012) method, which remain robust to our baseline finding reported in Figure 3a. The magnitude of the impact for the mean quantile is, on average, equal to the median quantile impact and is weaker than at the top quantile. The net transmission and reception variables are essentially remained the same.	Comment by Tom Moss Gamblin: Something like “method” looks like it was missing – please check
Finally, fFigures 3c and Figure 3d shows the dynamic net spillovers in the top and bottom quantiles, whose magnitude which isare, greater on average, greater than for the mean and median quantiles. This is Cconsistent with Panel C in Table 3 and our conclusions based on the comparative analysis of all of the panels in Table 3. Our results hint suggest that at the top and bottom quantiles, the transmission of risk and contagion transmission areis, on average, at their a maximum. As a resultConsequently, significant net spillovers within the system indicate correspond to the occurrence of both economic booms and downturns linked to major crises and their subsequent recoveries. Thus, we conclude that the spread of systemic risk intensifies in both optimistic and pessimistic market conditions.
Figure 4 strengthens our initial results about finding of a substantial difference between the total connectedness index in different quantiles. Figure 4a (4b) tracks the dynamic behavior of the total returns’ connectedness of returns at conditional quantiles (mean). The levels of the index in both the median and mean quantiles are relatively similar, they havinge lower values than the top and bottom quantiles. Thus, investors who rely on the benchmark model, regardless of whether it is the median or the mean, will likely overestimate the diversification benefits, or alternatively, equivalently underestimate the degree of connectivity between real estate RE tokens and stocks.
Figure 5 also confirms these insights, from a different perspective. It presents the results of examining not only three different quantiles but also various parts (at different τ values) of the returns distribution. The vertical axis represents the τth quantile, while time is on the horizontal axis. The color range varies from dark red to bright yellow, signifying low to high levels of connectedness. 
It is evident that, as we approach the tails of the distribution, the colors becomes brighter, signifying increased connectedness. This pattern remains consistent over time. 	Comment by Tom Moss Gamblin: I tagged this sentence onto the previous para instead, as it related to what had just been said
We also conducted a more in-depth examination of this pattern for each of the RE stocks and tokens. The results appear in the 10 graphs in Figure 6. In these graphs, the vertical axis represents the τth quantile, while time is represented on the horizontal axis. The color range varies from dark brown (indicating a low level of connectedness) to light green (indicating a high level of connectedness). Consistent with the previous results, brighter colors are more pronounced than darker ones, signifying a higher level of connectedness.
5.3.  Investment Implications 
To help investors make use of our results, we utilized Kroner and Ng (1998) to determine the optimal weights for each stock–-token pair and the corresponding hedge ratios based on Kroner and Sultan (1993). Table 4 indicates the results of investing in various allocations of real estate RE stocks and real estate tokens. The results of for all of the values of optimal weights values indicate that there is very limited room to diversify such a portfolio. Even the lowest value of 0.971 for EQIX/IHT suggests that for a $1 investment, 97.1 cents should be invested in EQIX, and only 2.9 cents in IHT. The hedge ratios are quite low, ranging from 0.00 to 0.02. For example, for PLD/RIO, a long position of $1 in PLD can be hedged at a short position of 2 cents in RIO.
Finally, Figure 7 presents the dynamic bivariate portfolio weights (Figure 7a) and hedge ratios (Figure 7b). As evident, both the weights and hedge ratios are far from constant; they respond to new events and market phases. This pattern implies that investors should adjust their portfolio weights in response to economic news and market crises, ensuring that they align their portfolios accordingly.

6. Summary
In this study, we examined the connectedness between the leading real estate (RE) tokens and major real estate stocks in different quantiles. Our aim was to determine the direction and magnitude with which each asset class either receives or transmits shocks in returns to vis-à-vis the other class. Using Ando et al.’s (2022) QVAR approach, which allowed us to allows identifyication of distinct patterns in normal market conditions as opposed to versus extreme ones, our key findings revealed a strong degree of connectedness between RE stocks and RE tokens in the bottom and top percentiles of their returns distributions. In addition, this stronger degree of connectivity remained consistent using under both static and dynamic analyses. On the other handIn contrast, in the mean or median quantiles, which are commonly referred as termed normal market conditions, we found much less connectedness between stocks and tokens.	Comment by Tom Moss Gamblin: Ok to insert?	Comment by Tom Moss Gamblin: I strongly suspect this should be “quantiles” – if only for consistency with the rest of the paper.  Moreover you looked only between .05 and .95, whereas the top and bottom percentiles would be more like .01 and .99
The differences documented across the different quantiles verifies the dependence of the connectedness on the state of the market (bull vs. bear market). Therefore, they imply The implication for investors is that investors should to be aware that real estate stocks and cryptos offer limited diversification benefits, especially in extreme scenarios, where their returns are significantly more interlinked.
These results should be of value to investors, as they will be able helping them to balance their portfolios with respect to the dynamic spillovers over time. Given that cryptocurrencies and digital assets have become increasingly integrated into business, investors must need to understand these dynamics to fine-tune their trading strategies and improve their portfolio management techniques. Investors and should therefore implement risk management strategies to safeguard against extreme fluctuations in the real estate stocks and crypto markets, given the pronounced correlation at the ends of the return distribution.
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	Figure 1a: Prices



	Figure 1b: Returns



	Figure 1: Trends in the prices and returns


Notes: The graphs depict the evolution of prices and returns throughout the same period. Specifically, Figure 1a describes the behavior of prices, whereas Figure 1b plots the fluctuation of returns.


Table 1: Descriptive Statistics
	
	TOKENS
	STOCKS

	
	RIO
	PRO
	ATL
	UTED
	IHT
	PLD
	AMT
	EQIX
	PSA
	CCI

	Mean
	-0.148
	0.173
	-0.272
	-0.373
	-0.333
	0.023
	-0.046
	-0.009
	0.023
	-0.072

	Variance
	164.839
	126.065
	1025.904
	644.652
	80.231
	2.857
	2.654
	3.393
	2.269
	2.838

	Skewness
	0.095
	1.579
	-0.194
	-0.502
	1.595
	-0.410
	0.018
	-0.011
	-0.386
	-0.739

	Ex.Kurtosis
	8.135
	8.720
	13.664
	27.541
	14.444
	2.346
	2.138
	1.910
	2.251
	5.664

	JB
	1892.699***
	2458.168***
	5340.841***
	21708.771***
	6254.232***
	176.529***
	130.697***
	104.288***
	161.849***
	979.523***

	ERS
	-9.033***
	-9.077***
	-12.489***
	-13.160***
	-4.523***
	-10.847***
	-3.402***
	-2.752***
	-7.095***
	-1.813*

	Q(20)
	14.122
	5.903
	99.295***
	54.081***
	38.318***
	10.058
	32.205***
	12.82
	20.887**
	29.410***

	Q2(20)
	30.411***
	22.439***
	71.980***
	69.427***
	36.368***
	79.422***
	28.416***
	12.012
	30.442***
	42.065***

	[bookmark: _Hlk157930972]Notes: * p < 0.1; ∗∗ p < 0.05; *** p < 0.01. D’Agostino’s (1970) and Anscombe and Glynn’s (1983) statistics are used for measuring skewness and kurtosis. JB (Jarque and Bera, 1980) is the test for normality, the ERS unit root test (Elliott et al., 1996) tests for stationarity, and Q(20) and Q2(20) are the weighted Ljung–-Box statistics for serial correlation in the returns and squared series (Fisher and Gallagher, 2012), respectively. Our sample spans from October 21, 2020, to August 17, 2023, and comprises 687 daily observations.





	
	Table 2: Unconditional Correlation Matrix


	
	
	TOKENS
	STOCKS

	
	
	RIO
	PRO
	ATL
	UTED
	IHT
	PLD
	AMT
	EQIX
	PSA
	CCI

	TOKENS
	RIO
	1
	
	
	
	
	
	
	
	
	

	
	PRO
	0.194***
	1
	
	
	
	
	
	
	
	

	
	ATL
	0.123***
	0.071
	1
	
	
	
	
	
	
	

	
	UTED
	-0.065
	-0.027
	-0.013
	1
	
	
	
	
	
	

	
	IHT
	0.255***
	0.172***
	0.102***
	-0.080**
	1
	
	
	
	
	

	STOCKS
	PLD
	0.176***
	0.094**
	0.081**
	0.04
	0.099***
	1
	
	
	
	

	
	AMT
	0.07
	0.114***
	0.135***
	0.049
	0.081**
	0.637***
	1
	
	
	

	
	EQIX
	0.150***
	0.098**
	0.082**
	-0.016
	0.071
	0.682***
	0.655***
	1
	
	

	
	PSA
	0.05
	0.052
	0.066
	0.112***
	0.054
	0.672***
	0.547***
	0.487***
	1
	

	
	CCI
	0.026
	0.104***
	0.088**
	0.069
	0.092**
	0.595***
	0.809***
	0.595***
	0.553***
	1

	
	Notes: The table reports the results of the unconditional correlation matrix between the real estate tokens and stocks throughout the sample period.




Table 3: Static Spillover of Returns’ Spillover
	Panel A: Median Quantile (Q = 0.50)

	Median
	RIO
	PRO
	ATL
	UTED
	IHT
	PLD
	AMT
	EQIX
	PSA
	CCI
	FROM

	RIO
	66.88
	5.26
	3.72
	2.76
	6.99
	2.92
	2.67
	3.11
	3.12
	2.58
	33.12

	PRO
	4.86
	77.95
	2.73
	0.71
	4.93
	1.67
	1.82
	1.97
	1.33
	2.02
	22.05

	ATL
	3.18
	2.04
	81.44
	1.31
	2.29
	2.02
	2.51
	2.12
	1.02
	2.08
	18.56

	UTED
	2.88
	0.64
	1.95
	83.46
	3.37
	1.28
	1.35
	1.15
	1.72
	2.2
	16.54

	IHT
	6.87
	4.64
	2.57
	3.39
	71.98
	2.35
	2.38
	1.88
	1.77
	2.17
	28.02

	PLD
	1.81
	1.1
	1.39
	1.07
	1.4
	35.32
	14.36
	14.41
	15.25
	13.89
	64.68

	AMT
	2.42
	1.35
	1.55
	1.29
	1.71
	14.05
	33.89
	13.1
	10.56
	20.07
	66.11

	EQIX
	1.89
	1.48
	1.81
	1.22
	1.37
	15.9
	15.2
	38.13
	9.62
	13.37
	61.87

	PSA
	1.77
	0.97
	1.23
	1.78
	1.53
	17.54
	12.17
	10
	41
	12.01
	59

	CCI
	2.17
	1.08
	1.66
	1.48
	1.27
	14.05
	20.62
	12.13
	10.65
	34.9
	65.1

	[bookmark: _Hlk145491561]TO
	27.85
	18.57
	18.6
	15.02
	24.86
	71.78
	73.08
	59.86
	55.04
	70.4
	435.06

	Inc.Own
	94.72
	96.51
	100.04
	98.47
	96.84
	107.11
	106.96
	97.99
	96.04
	105.3
	TCI

	NET
	-5.28
	-3.49
	0.04
	-1.53
	-3.16
	7.11
	6.96
	-2.01
	-3.96
	5.3
	43.51

	Panel B: Top Quantile (Q = 0.95)	Comment by Tom Moss Gamblin: In the main part of the text, you usually use tau rather than Q – consider changing here?

	High
	RIO
	PRO
	ATL
	UTED
	IHT
	PLD
	AMT
	EQIX
	PSA
	CCI
	FROM

	RIO
	15.52
	10.65
	7.51
	8.38
	9.45
	9.56
	9.83
	10.44
	9.28
	9.38
	84.48

	PRO
	9.87
	15.95
	7.21
	9.14
	9.39
	9.25
	9.54
	10.38
	10.1
	9.16
	84.05

	ATL
	9.77
	10.08
	14.64
	9.18
	8.57
	9.03
	9.97
	10.07
	9.5
	9.19
	85.36

	UTED
	9.19
	10.78
	7.32
	16.16
	8.13
	8.93
	10.34
	9.99
	10.09
	9.08
	83.84

	IHT
	10.95
	10.93
	7.61
	8.43
	13.54
	9.33
	9.92
	10.38
	9.7
	9.21
	86.46

	PLD
	9.16
	9.89
	6.52
	7.96
	7.9
	13.56
	11.26
	11.8
	11.03
	10.9
	86.44

	AMT
	8.72
	9.57
	6.75
	8.2
	8.06
	10.59
	14.03
	11.43
	10.88
	11.79
	85.97

	EQIX
	9.65
	9.5
	6.91
	8.02
	7.83
	10.65
	11.46
	14.83
	10.29
	10.85
	85.17

	PSA
	9.01
	9.58
	6.66
	8.36
	8.3
	11.16
	11.05
	10.75
	14.45
	10.7
	85.55

	CCI
	8.71
	9.58
	6.73
	7.63
	8.12
	10.81
	12.14
	11.47
	10.87
	13.96
	86.04

	[bookmark: _Hlk145491808]TO
	85.03
	90.55
	63.21
	75.3
	75.76
	89.3
	95.51
	96.7
	91.75
	90.27
	853.38

	Inc.Own
	100.55
	106.5
	77.85
	91.46
	89.3
	102.86
	109.54
	111.53
	106.2
	104.22
	TCI

	NET
	0.55
	6.5
	-22.15
	-8.54
	-10.7
	2.86
	9.54
	11.53
	6.2
	4.22
	85.34

	Panel C: Bottom Quantile (Q = 0.05)

	Low
	RIO
	PRO
	ATL
	UTED
	IHT
	PLD
	AMT
	EQIX
	PSA
	CCI
	FROM

	RIO
	12.92
	10.02
	9.49
	9.1
	10.38
	10.07
	9.55
	9.58
	9.57
	9.3
	87.08

	PRO
	9.94
	14.04
	9.02
	9.22
	10.35
	9.88
	9.61
	9.37
	9.47
	9.11
	85.96

	ATL
	9.59
	9.65
	14.18
	9.16
	10.14
	9.61
	9.63
	9.34
	9.24
	9.47
	85.82

	UTED
	9.09
	9.32
	9.14
	14.87
	9.68
	9.8
	9.61
	9.53
	9.69
	9.27
	85.13

	IHT
	9.96
	10.09
	9.01
	9.28
	13.91
	10.03
	9.56
	9.68
	9.37
	9.11
	86.09

	PLD
	9.02
	8.93
	8.85
	8.82
	9.89
	12.74
	10.4
	10.49
	10.58
	10.29
	87.26

	AMT
	9.25
	9.11
	8.87
	8.65
	9.74
	10.84
	12.03
	10.52
	9.95
	11.03
	87.97

	EQIX
	9.06
	9.1
	9.13
	8.82
	9.75
	11
	10.73
	12.21
	10.07
	10.13
	87.79

	PSA
	8.87
	8.88
	8.89
	8.92
	9.53
	11.05
	10.25
	10.42
	13.05
	10.14
	86.95

	CCI
	9.23
	9.09
	8.82
	8.85
	9.73
	11.14
	11
	10.25
	9.86
	12.05
	87.95

	TO
	84.02
	84.18
	81.22
	80.82
	89.18
	93.41
	90.33
	89.18
	87.8
	87.86
	868.01

	Inc.Own
	96.94
	98.22
	95.4
	95.69
	103.09
	106.15
	102.36
	101.39
	100.85
	99.91
	TCI

	NET
	-3.06
	-1.78
	-4.6
	-4.31
	3.09
	6.15
	2.36
	1.39
	0.85
	-0.09
	86.80

	Notes: This table reports the degree of connectedness between the returns on the real estate tokens and stocks in the median, top, and bottom quantiles.
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	(a) Median quantile
	(b) Top quantile
	(c) Bottom quantile

	

Figure 2: Net pairwise directional connectedness network at different quantiles
Notes: The blue (yellow) nodes denote each cryptocurrency's net role as a transmitter (recipient) of shocks to the system. Moreover, tThe thickness of the line indicates stronger strength of transmission, and an while the arrow reflects the direction of impact.
The results are based on GFEVD with 10 steps in advance and a 200-day rolling-window QVAR model with a lag length of order 1 (BIC).





FIGURE 3: NET spillovers in the median, mean, top, and bottom quantiles
	Figure 3a: NET return spillovers in the median quantile



	
Figure 3b: NET return spillovers in the mean quantile




Figure 3c: NET return spillovers in the top quantile



	Figure 3d: NET return spillovers in the bottom quantile





FIGURE 4: Total Connectedness Index (TCI)
Figure 4a:A- TCI in the median, top, and bottom Qquantiles
[image: ] 
Notes: Figure 4A 4a displays the total connectedness index at median, top, and bottom quantile
Figure 4B-b: TCI at the Mmean
[image: ]
Note: Figure 4B 4b displays the total connectedness index in the mean quantile using the Diebold and Yilmaz (2012) model. 


FIGURE 5: Total connectedness index in various quantiles
	[image: ]

	


Notes: This figure displays the total connectedness index in various quantiles. Findings are based on a 200-days rolling-window QVAR model (Ando et al., 2022) with lag length of order 1 (BIC) and a 10-step-ahead forecast (H) as in prior studies (see e.g., Aharon and Ali, 2024; Aharon and Demir, 2022; Aharon, Demir, & Ersan, 2023, Aharon and Qadan, 2022; Aharon, Umar and Vo, 2021; Umar, Yousaf, and Aharon, 2021).




FIGURE 6: NET spillovers in various quantiles
	[image: ]

	Notes: The figure illustrates the net dynamic role of each variable across different quantiles. The horizontal axis represents time, while the vertical axis represents quantiles. In this visualization, darker shades indicate that a variable plays a net recipient role, whereas lighter shades indicate a net transmitter role at a specific time and quantile.




Table 4: Portfolio Implications

	
	Optimal weight
	
	Hedge ratio

	PLD/RIO
	0.999
	
	0.02

	PLD/PRO
	0.982
	
	0.02

	PLD/ATL
	0.999
	
	0.01

	PLD/UTED
	0.999
	
	0.00

	PLD/IHT
	0.981
	
	0.02

	AMT/RIO
	0.993
	
	0.01

	AMT/PRO
	0.992
	
	0.02

	AMT/ATL
	0.999
	
	0.01

	AMT/UTED
	0.999
	
	0.00

	AMT/IHT
	0.981
	
	0.02

	EQIX/RIO
	0.992
	
	0.02

	EQIX/PRO
	0.984
	
	0.02

	EQIX/ATL
	0.999
	
	0.01

	EQIX/UTED
	0.992
	
	0.00

	EQIX/IHT
	0.971
	
	0.02

	PSA/RIO
	0.997
	
	0.00

	PSA/PRO
	0.982
	
	0.01

	PSA/ATL
	0.999
	
	0.00

	PSA/UTED
	0.999
	
	0.01

	PSA/IHT
	0.981
	
	0.01

	CCI/RIO
	0.994
	
	0.01

	CCI/PRO
	0.983
	
	0.02

	CCI/ATL
	0.999
	
	0.01

	CCI/UTED
	0.999
	
	0.01

	CCI/IHT
	0.972
	
	0.02

	Notes: This table reports the static bivariate optimal portfolio weights and hedge ratios between real estate stocks and tokens. Results for optimal weights and hedge are based on Kroner and Sultan (1993) and Kroner and Ng (1998), respectively.





FIGURE 7: Bivariate portfolio weights and hedge ratios
	Figure 7a: Dynamic bivariate portfolio weights
[image: ]

	Figure 7b: Dynamic bivariate portfolio hedge ratios

[image: ]

	Notes: The figures above show the optimal bivariate weights and hedge ratios between real estate stock and tokens estimated using the DCC-GARCH model. Results for optimal weights and hedge are based on Kroner and Sultan (1993) and Kroner and Ng (1998), respectively.






Online Appendix for:
Extreme Connectedness between Real Estate Tokens and Real Estate Stocks: Empirical Evidence via a QVAR Model	Comment by Tom Moss Gamblin: NB possible change to title – see top of article

The appendix provides additional exhibits from the study. Appendix A1 describes the details for each of the real estate tokens. Appendix A2 presents the results of the median benchmark model calculated using the Diebold and Yilmaz (2012) method. Finally, Appendix A3 displays the graphical illustration of the connectedness table using the Diebold and Yilmaz (2012) method.

Appendix A2: Robustness using the Diebold and Yilmaz (2012) Method 
	
	TOKENS
	STOCKS
	

	
	RIO
	PRO
	ATL
	UTED
	IHT
	PLD
	AMT
	EQIX
	PSA
	CCI
	FROM

	RIO
	66.09
	5.1
	4.14
	2.79
	7.56
	3.39
	2.24
	3.34
	2.85
	2.51
	33.91

	PRO
	5.48
	73.82
	2.76
	1.31
	5.91
	2.2
	2.01
	2.52
	1.54
	2.45
	26.18

	ATL
	3.98
	2.08
	74.32
	2.81
	2.99
	2.69
	3.54
	2.6
	2.04
	2.95
	25.68

	UTED
	3.83
	1.07
	3.02
	74.04
	4.39
	2.38
	2.97
	2.56
	2.81
	2.95
	25.96

	IHT
	7.78
	4.88
	2.6
	3.36
	67.34
	3.12
	3.13
	2.32
	2.53
	2.93
	32.66

	PLD
	1.47
	1.03
	1.26
	0.88
	1.24
	33.68
	14.91
	15.05
	15.99
	14.48
	66.32

	AMT
	1.73
	1.09
	1.55
	0.96
	1.64
	14.65
	32.5
	14.04
	10.81
	21.04
	67.5

	EQIX
	1.93
	1.2
	1.65
	1.22
	1.29
	16.48
	15.99
	36.26
	9.74
	14.25
	63.74

	PSA
	1.39
	0.73
	0.91
	1.4
	1.23
	18.62
	12.75
	10.4
	39.69
	12.88
	60.31

	CCI
	1.73
	1.15
	1.46
	1.11
	1.36
	14.53
	21.28
	13.07
	11.38
	32.93
	67.07

	TO
	29.34
	18.34
	19.34
	15.82
	27.6
	78.05
	78.82
	65.9
	59.68
	76.43
	469.33

	Inc.Own
	95.43
	92.15
	93.66
	89.87
	94.95
	111.73
	111.32
	102.16
	99.37
	109.37
	TCI

	NET
	-4.57
	-7.85
	-6.34
	-10.13
	-5.05
	11.73
	11.32
	2.16
	-0.63
	9.37
	46.93

	Notes: This table reports the results of the connectedness of the returns between the real estate tokens and stock at the mean using a static analysis and the Diebold and Yilmaz (2012) connectedness framework.
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	Appendix A3: Net pairwise directional connectedness between Real Estate Tokens and Real Estate Stocks. 
Blue and Yellow nodes denote the connectedness senders and receptors, respectively. The thickness of the arrow line indicates the intensity of the connection.
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