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ABSTRACT

Climate change poses increasing risks to commercial real estate (CRE) markets worldwide, with Sub-
Saharan Africa being particularly vulnerable due to rapid urbanization and limited adaptive
infrastructure. Rising temperature anomalies, rainfall variability, extreme weather events, and increasing
carbon emissions threaten property values, yet empirical evidence on their effects in the region remains
limited. Understanding these impacts is critical for investors, policymakers, and urban planners seeking
resilient and sustainable CRE markets. This study assesses the impact of climate change on commercial
real estate performance in Sub-Saharan Africa, focusing on Nigeria, Secondary data from 2001 to 2023
were collected, including commercial real estate price indices from national property market reports,
climate variables from national meteorological agencies and global databases, carbon emissions from
environmental statistics, and macroeconomic controls such as GDP growth and interest rates from the
World Bank and IMF. The Augmented Dickey-Fuller tests confirm that all variables are integrated of
order one, I(1), while the Johansen cointegration test identifies a single long-run equilibrium
relationship. Long-run VECM results show that a 1% increase in temperature anomalies reduces CRE
prices by 0.84% (t = —3.93, p < 0.01), rainfall variability by 0.32% (t = —2.44, p < 0.05), and extreme
weather events by 0.28% (t =—2.65, p < 0.05). Carbon emissions also negatively affect property values
(—0.49%, t = —2.85, p < 0.01), while GDP growth positively influences CRE performance (0.62%, t =
2.95,p <0.01). Short-run dynamics indicate a moderate adjustment speed, correcting 47% of deviations
annually (ECT = —0.472, p < 0.01). The findings underscore that climate change significantly
undermines commercial real estate performance in Sub-Saharan Africa. Policymakers and investors
should integrate climate risk assessment, resilient infrastructure, and green finance instruments to
safeguard property values and market stability.

Keywords: Climate change, Commercial real estate, Sub-Saharan Afirica, VECM, Property
performance
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INTRODUCTION

As noted by Sayce et al. (2022), the intersection of ecological sustainability pressures with innovative
practices in real estate is emerging as a critical factor shaping commercial property ecosystems,
particularly in Sub-Saharan Africa. The commercial real estate (CRE) sector is a major contributor to
carbon emissions and is uniquely exposed to both physical and transitional risks posed by climate change
(Clayton et al., 2021). Consequently, the ability of CRE assets to adapt to climate change is no longer
peripheral but central to their long-term financial performance and resilience (Sirmans et al., 2025). This
study examines these dynamics by analyzing the effects of climate variables on commercial property
performance in countries including Nigeria. The physical impacts of climate change, from acute shocks
such as floods and storms to chronic stresses like rising temperatures and rainfall variability, are
increasingly being quantified in property markets (Holtermans et al., 2024). Evidence shows that these
climate-related risks are progressively incorporated into property valuations, challenging traditional
approaches that rely on historical data (Clayton et al., 2022). Simultaneously, the transition toward low-
carbon economies, driven by regulatory reforms and market preferences, adds complexity to property
investment decisions (Akhtyrska & Fuerst, 2024). Real estate investment trusts (REITs) and institutional
investors in Sub-Saharan Africa face growing scrutiny regarding exposure to these multi-dimensional
climate risks (Feng et al., 2025). Ecopreneurial approaches are emerging as a proactive strategy for
climate adaptation in the CRE sector. Through green building initiatives, resilient infrastructure, and
sustainable property management practices, ecopreneurs integrate environmental innovation into their
business models (Warren-Myers & Hurlimann, 2022). These strategies go beyond regulatory
compliance, serving as tools to mitigate asset risks while creating market opportunities (Westcott et al.,
2020). For instance, climate-resilient properties can achieve higher rental premiums, lower vacancy
rates, and more stable valuations over time (Ling et al., 2024).

PROBLEM STATEMENT

Across Sub-Saharan Africa, commercial real estate (CRE) markets are increasingly exposed to severe
and unprecedented threats from climate change, posing significant risks to asset values, investment
security, and long-term financial stability (Sayce et al., 2022). Acute physical climate events such as
floods, storms, and heatwaves can cause direct damage to properties, disrupt business operations, and
lead to higher insurance premiums or even withdrawal of coverage (Holtermans et al., 2024). At the
same time, transition risks arising from policy reforms, technological shifts, and evolving market
expectations are rendering carbon-intensive or poorly located assets economically vulnerable
(Akhtyrska & Fuerst, 2024). Despite growing evidence that these climate-related hazards are
increasingly reflected in property valuations, many valuation and investment models in the region still
rely on historical data that fail to capture long-term climate trajectories (Clayton et al., 2022). This
misalignment exposes investors, lenders, and occupiers to potential financial losses and systemic
instability within regional property markets (Feng et al., 2025). Moreover, the diversity of climate
impacts across countries and property types in Sub-Saharan Africa complicates the development of
standardized risk assessment and adaptation strategies (Ling et al., 2024).

Although climate change is now widely recognized as a material financial risk, CRE markets in
the region remain poorly equipped to implement effective adaptation measures (Westcott et al., 2020).
Ecopreneurial innovations, such as green building certifications, climate-resilient infrastructure, and
sustainable property management practices, provide pathways to mitigate climate risk and enhance
property performance; however, their adoption is fragmented and inconsistent across markets (Warren-
Myers & Hurlimann, 2022). High upfront costs, uncertain returns on investment, and limited regulatory
guidance continue to constrain widespread uptake of adaptive strategies (Addoum et al., 2024).
Consequently, a significant gap persists between the theoretical benefits of climate adaptation and the
ongoing vulnerability of CRE portfolios to escalating climate impacts (Sirmans et al., 2025), challenging
both individual investment performance and the stability of financial systems linked to real estate
markets (Clayton et al., 2021).
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Research Gap

Despite the growing body of literature on climate change and real estate adaptation strategies, significant
gaps remain in understanding how ecopreneurial initiatives influence the performance outcomes of
commercial properties in Sub-Saharan Africa. Most existing studies have primarily focused on pricing
climate risks within property markets (Holtermans et al., 2024; Ling et al., 2024) or on the performance
advantages of green-certified buildings (Feng et al., 2025). However, these strands of research have
largely progressed independently, with limited integration investigating how proactive, entrepreneurial
adaptation measures mediate the relationship between climate risk exposure and financial returns
(Thanasi, 2025).

Furthermore, current studies have inadequately addressed the decision-making processes of CRE
stakeholders regarding climate adaptation investments, particularly under the uncertainty of future
climate scenarios and regulatory changes (Wieteska-Rosiak, 2020). Comparative analyses across
different countries or regions in Sub-Saharan Africa are also scarce, leaving important variations in
regulatory frameworks, market maturity, and climate risk profiles unexplored, which limits the
generalizability of existing findings (Akhtyrska & Fuerst, 2024).

Critically, no prior research has systematically conceptualized and empirically tested a unified
framework positioning ecopreneurship as the key mechanism linking climate change adaptation
imperatives to improved commercial real estate performance (Warren-Myers & Hurlimann, 2022).
Addressing this gap is essential for understanding how climate-resilient entrepreneurial practices can
enhance asset value, investment security, and overall market stability in the CRE sector across Sub-
Saharan Africa.

This study is novel as it is the first to integrate the theoretical domains of ecopreneurship,
climate change adaptation, and commercial real estate (CRE) performance into a single conceptual and
empirical framework within the context of Sub-Saharan Africa. While previous research has often
examined these phenomena separately, this study synthesizes insights from valuation studies, climate
science, and entrepreneurial theory to demonstrate how proactive ecological innovation functions as
both a risk-reduction strategy and a value-creation mechanism.

Unlike prior work that primarily focuses on climate risk pricing, this research investigates the
adaptive behavior of CRE market participants, addressing the critical question of how stakeholders can
actively shape their climate futures rather than passively endure them. By drawing on foundational
studies, including Sayce et al. (2022), Clayton et al. (2021), and Feng et al. (2025), and incorporating
emerging evidence from Holtermans et al. (2024) and Addoum et al. (2024), this study offers new
directions for empirical research in the region.

In doing so, it reframes commercial real estate in Sub-Saharan Africa not merely as a sector
vulnerable to climate impacts but as a dynamic arena for ecopreneurial innovation. Through the adoption
of green building practices, resilient infrastructure, and climate-responsive management strategies, CRE
stakeholders can enhance property performance, improve financial returns, and contribute to broader
climate resilience. This transformative perspective provides both a theoretical and practical contribution
by positioning climate-adaptive entrepreneurial strategies at the core of sustainable CRE development
in emerging markets.

LITERATURE REVIEW

Climate change and real estate investment

Takona (2024) offers detailed methodological insight on qualitative, quantitative and mixed method
approaches that underpins rigorous examination of climate change impacts on real estate investment.
Thanasi (2025) finds through master's level research that climate change is a multidimensional threat
that affects the real estate sector in many ways; from damage to assets, increased regulatory compliance
costs, and new occupier preferences that impact investment returns. Tran, Tien, and Chi (2022)
demonstrate in their examination of Novaland Real Estate Group how real estate companies need
strategic flexibility to navigate changing market conditions, a vital factor in climate adaptation. Troise,
Jones, Candelo, and Sorrentino (2023) show how entrepreneurial alertness, digital platform capability,
and business model innovation significantly enhance firm performance in dynamic markets, informing
how real estate investors can act to address climate risks. We know from Usman, Kess-Momoh, Ibeh,
Elufioye, Ilojianya, and Oyeyemi (2024) that technology and globalization are shaping new business
ventures around the world and there are opportunities for climate-focused innovation in real estate.
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Voland, Saad, and Eicker (2022) show that public policy and incentives are essential to facilitating
socially responsible new business models adopted in market-driven real estate for climate-smart green
building projects. According to Wang, Zhao, Jiang, and Li (2022), new evidence is available around the
world confirming that green finance can drive the emergence of sustainable development, and that
financial mechanisms are increasingly providing support for environmentally responsible real estate
developments. Warren-Myers and Hurlimann (2022) comprehensively and methodically demonstrate
that climate change causes material risks for real estate assets, demanding systematic integration of
climate considerations into the investment decision-making process. Wu, Luo, Zhang, and Cheng (2024)
show that entrepreneurial bricolage and business model innovation enhance entrepreneurial
performance, with market orientation serving as a mediating mechanism relevant to real estate
adaptation strategies. Zeiada, Hamad, Khalil, and Hassan (2022) propose a green pavement rating
system in the UAE which has shown that sustainability innovations tailored to certain industries can
facilitate improvements in environmental impact and increased resilience of infrastructure. Zhou,
Endendijk, and Botzen (2023) provide a comprehensive review of financial sector impacts on climate-
related risks and confirm that climate change poses systemic threats to financial stability with respect to
real estate, and thus adaptation investments can mitigate these risks. The collected evidence reflects that
climate change reshapes real estate investment fundamentally in physical, transitional, and regulatory
means, with entrepreneurial innovation, green finance, and supportive policy environments that enable
adaptive strategies enhancing long-term performance and resilience.

Commercial Real Estate Performance and Climate Change: A Comparative Analysis
Analytical Framework

The analysis follows the deductive model, opening on the premise that climate change constitutes a
material financial risk to commercial real estate assets worldwide (Sayce et al., 2022). Based on this
foundational assumption, analysis moves to the examination and comparison of empirical evidence from
a variety of geographic contexts, property types, and methodological approaches. The deductive format
allows for a systematic testing of how theoretical climate risk transmission mechanisms (physical risks,
transition risks, and liability risks) manifest in observable commercial real estate performance outcomes
across different market settings (Clayton et al., 2021). This comparative approach provides insight into
both universal patterns and context-specific variations in how climate change shapes property
valuations, investment returns, and stakeholder decision-making worldwide.

Valuation Challenges

One analytical theme that has emerged across the literature is the ongoing and systematic mispricing of
climate risk in commercial real estate valuation practices throughout the world (Sayce et al., 2022).
Traditional approaches to valuation, which predominantly depend on historical transaction data and
backward-looking income capitalisation, are inherently insufficient to encapsulate forthcoming climatic
uncertainties (Clayton et al., 2022). This methodological limitation generates a wide gap between the
current market climate risk exposure and reported asset values, putting investors at risk to unrecognised
financial vulnerabilities. There is considerable variation in what different markets do in relation to this
valuation challenge. Professional valuation bodies are increasingly integrating climate risk within a
mature market structure like the UK and the US, yet there is significant variation in what constitutes
meaningful integration into these valuation tools (Sayce et al., 2022). In comparison, developing markets
may not have the regulatory or professional infrastructure to integrate climate considerations into
valuation practice, which could lead to risk mispricing (Warren-Myers & Hurlimann, 2022). This
divergence demonstrates that commercial real estate performance measures can be systematically
distorted between jurisdictions, with assets located in areas with poor climate risk governance seeming
artificially more valuable than their fundamentally riskier but better-regulated counterparts.
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Physical Risk Impacts

The capitalisation of physical climate risks in the commercial property markets presents an
exceptionally strong empirical confirmation of a direct effect from climate change on commercial
property value (Holtermans et al., 2024). Deductive analysis shows that properties exposed to acute
climate hazards (flooding, hurricanes, wildfires) receive substantial and durable valuations lower than
equal unexposed properties. One landmark event study on Hurricane Sandy's impact on commercial
property shows that effects from physical climate shocks create lasting impacts on market price and
investor behaviour (Addoum et al., 2024). Properties located within flood zones affected by the disaster
also recorded severe declines in value and persistence of negative values for years after the event,
suggesting that the participants in the market adjust their risk perception based on the flood experiential
information from the actual impact of the disaster. This result also corresponds to wider evidence that
climate shocks serve as key learning events that change forever the way investors determine physical
risk assessment and price (Sirmans et al., 2025).

Comparative analysis of geographic contexts also identifies significant divergences in the
capitalization of physical risk. United States markets present more sophisticated pricing of flood and
hurricane risk, especially following major disaster events (Ling et al., 2024). European markets exhibit
more fragmented risk pricing, given their exposure to multiple hazard profiles, including coastal
flooding and heat stress, partly attributable to stronger public insurance mechanisms and social safety
nets that mute direct market signals (Westcott et al., 2020). In contrast, Asian markets with serious
climate risk, like typhoons in coastal Chinese cities, are exhibiting emerging signs of risk pricing, albeit
with significant opacity and data limitations hindering accurate assessment (Holtermans et al., 2024).

Transition Risk Effects

In addition to the physical risks, a second major channel through which climate change impacts
commercial real estate performance is transition risks related to climate policy and regulatory evolution
(Akhtyrska & Fuerst, 2024). The worldwide shift toward decarbonisation through building energy
performance standards, carbon pricing mechanisms, and disclosure requirements directly impacts asset
values by rendering carbon-intensive properties potentially obsolete. However, an analysis of
comparative policy documents demonstrates striking differences in exposure to transition risk across
jurisdictions. The EU’s ambitious regulatory framework including the Energy Performance of Buildings
Directive and upcoming Energy Performance Certificate reforms presents distinct and escalating
transition risk to commercial properties that do not meet its efficiency standards (Akhtyrska & Fuerst,
2024). Owners of poorly-performing buildings are exposed to rental discounts, decreased marketability,
and potential stranding because of regulatory requirements. On the other hand, the United States presents
a more fragmented regulatory environment, where state-level actions taken by states such as California
and New York contrast with minimal intervention in other jurisdictions and, as such, result in diverse
transition risk vulnerability within that nation (Clayton et al., 2021).

There is empirical support that regulatory signals do lead to measurable performance
differentials. Green-certified buildings carry significant rental premiums, achieve higher occupancy
rates, and offer superior investment returns than their conventional peers (Feng et al., 2025). The study
of investments in Real Estate Investment Trusts shows that portfolios with greater exposure to energy-
efficient assets outperform others, which implies that markets increasingly reward transition-
preparedness (Feng et al., 2025). This performance premium systematically differs across regulatory
environments, with stronger effects in jurisdictions with ambitious climate policy frameworks
(Akhtyrska & Fuerst, 2024).

REIT Performance

Real Estate Investment Trusts can be an important lens through which to study impacts of
climate change on commercial real estate performance, since they exist as publicly traded and
transparent vehicles with diversified portfolios of properties (Feng et al., 2025). Climate risk exposure
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is a significant determinant of investment returns, portfolio volatility, and investor sentiment revealed
with a deductive perspective of REIT performance. More specifically, research of data to date shows
that higher concentration of REITs in climate-vulnerable geographic regions or property types correlates
with poorer risk-adjusted return than REITs with diversified or climate-resilient assets (Feng et al.,
2025). The performance variance will be further exacerbated following climate shock events when
investors adjust their expectations and transfer funds to the safer-asset segments. Moreover, studies at
the REIT level show exposure to climate risk affects cost of capital, with more vulnerable trusts having
higher borrowing costs and limited access to financing (Clayton et al., 2021). Comparison across REIT
markets reveal significant international differences. The United States REITs benefit from extensive
data availability and sophisticated investor bases resulting in relatively advanced climate risk pricing
(Feng et al., 2025). European REITs are subject to stricter regulatory frameworks that mandate climate
risk disclosure, which could make transparency in such policies and better risk pricing more likely
through more accurate risk pricing (Akhtyrska & Fuerst, 2024). Despite the rapid growth in Asian REIT
markets, due to lack of climate data, less stringent disclosure requirements, and concentrated geographic
exposures that could further complicate climate vulnerability (Holtermans et al., 2024).

Stakeholder Perceptions

The transmission of climate risk into commercial real estate performance depends fundamentally on
stakeholder perceptions and behavioural responses (Sirmans et al., 2025). Deductive analysis confirms
that climate risk pricing requires not only objective physical exposure but also market participants'
awareness and interpretation of that exposure. Comparative evidence reveals significant variation in
climate risk perception across stakeholder groups and geographic contexts. Institutional investors in
developed markets increasingly demand climate risk disclosure and integrate climate considerations into
investment decisions, driving performance differentiation between climate-prepared and climate-
vulnerable assets (Westcott et al., 2020). Occupiers similarly demonstrate growing preference for
resilient, sustainable buildings, translating into rental premiums and reduced vacancy risk for adapted
properties (Warren-Myers & Hurlimann, 2022). Lenders and insurers, facing direct financial exposure
to climate-related losses, increasingly adjust terms based on climate risk assessments, further amplifying
performance differentials (Sayce et al., 2022).

Significant perception gaps still remain, though. Climate risk awareness of small investors and
private market participants is often limited, which could lead to overvaluation of vulnerable assets
(Sirmans et al., 2025). There is an important geographic relationship between climate risk perception
and disaster experience, with recent climate shocks demonstrating more sophisticated risk pricing in
affected versus comparable unaffected markets (Addoum et al., 2024). This behavioural dimension
infuses temporal dynamics into the climate risk pricing mechanism, with performance impacts
intensifying following salient events and potentially fading during periods of relative calm.

Adaptation Outcomes

The link between climate adaptation investment and commercial real estate performance is an
important analytical frontier (Warren-Myers & Hurlimann, 2022). According to deductive thinking,
properties that have adaptive attributes (e.g. flood resilience solutions, energy savings, and climate-
resilient design) should perform better due to lesser risk exposure and increased marketability. This
hypothesis is generally borne out by empirical evidence, but that evidence is not without essential
qualification. Green building certified properties that integrate both mitigation and adaptation
mechanisms tend to achieve rental premiums of around 4—7 percent and sale price premiums of 10—15
percent across multiple markets (Feng et al., 2025). Reduced value discounts tend to be correlated with
more specific adaptation investments (e.g. flood defences, elevated mechanical systems) in hazard
exposed areas (Addoum et al., 2024). Nonetheless, the gains from adaptation investment remain crucial
and depend on context with best adaptation for different hazard type, regulatory environment and market
characteristics (Wieteska-Rosiak, 2020).
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A comparative analysis indicates considerable diversity in adaptation investment patterns.
Adaptation uptake in the Northern European markets is relatively higher, reflecting effective regulatory
signals and a history of flood risk awareness (Wieteska-Rosiak, 2020). United States markets exhibit
more uneven adaptation, with progressive coastal cities investing significantly while inland markets lag
(Ling et al., 2024). Emerging markets experience acute adaptation difficulties, combining high physical
risk exposure with limited financial capacity and technical expertise to implement effective measures
(Thanasi, 2025).

When combining the comparative evidence, it is possible to discern several systematic trends
about the impacts of climate change on commercial real estate performance globally. First, climate risk
pricing demonstrates strong geographic heterogeneity, where markets with higher levels of disaster
experience, a stronger regulatory regime, and more sophisticated investor bases demonstrate more
accurate risk capitalization (Clayton et al., 2021; Ling et al., 2024). Second, property-level
characteristics have markedly moderated climate impacts, and energy-efficient, certified, and adapted
assets have performance premiums across most market settings (Feng et al., 2025; Warren-Myers &
Hurlimann, 2022). Third, temporal dynamics do matter: climate shocks act as critical inflection points
that expedite risk pricing and performance divergence (Addoum et al., 2024; Holtermans et al., 2024).

This comparative literature bears great importance for investors, policymakers, and industry
practitioners. For investors, the knowledge of geographic and property-based variability in climate risk
exposure leads to more rational capital allocation and risk management (Westcott et al., 2020). For
policymakers, the understanding of the impact of regulatory regimes on market reactions to climate-
related risks guides the designing of feasible intervention strategies (Akhtyrska & Fuerst, 2024).
Embracing and respecting the complexity and heterogeneity of climate impacts is useful for valuers and
advisors for more sensitive and defensible property valuations (Sayce et al., 2022). Finally, this
comparative literature suggests that climate change is not a monolithic menace, but a multilayered and
site-specific one and continues to evolve commercial real estate performance throughout numerous
interacting pathways in heterogeneous global business conditions

METHODOLOGY

This study employs a quantitative, longitudinal research design to examine the impact of climate change
on commercial real estate (CRE) performance across five Sub-Saharan African countries: Nigeria. The
panel data covers the period from 2001 to 2023, selected to capture recent climate trends alongside post-
2000 economic stabilization and urbanization patterns in the region. The Vector Error Correction Model
(VECM) is adopted as the primary analytical framework, appropriate for handling non-stationary series
that are cointegrated, thereby allowing simultaneous estimation of both long-run equilibrium
relationships and short-run dynamic adjustments.

Data for this study were obtained from secondary sources. The dependent variable commercial
real estate performance is proxied by country-level CRE price indices, extracted from national property
market reports published by central banks, real estate regulatory authorities, and private property
consultancies such as Knight Frank and CBRE. Climate change variables include annual temperature
anomalies, rainfall variability indices, and frequency or intensity measures of extreme weather events;
these were sourced from national meteorological agencies across the five countries, supplemented by
global climate databases including the Climatic Research Unit (CRU) at the University of East Anglia
and the Global Precipitation Climatology Centre (GPCC). Carbon emissions data (measured in metric
tons per capita or total CO: equivalent) were obtained from environmental statistics compiled by the
Emissions Database for Global Atmospheric Research (EDGAR) and national environmental protection
agencies. Macroeconomic control variables specifically GDP growth rates and central bank interest rates
were sourced from the World Bank's World Development Indicators (WDI) and the International
Monetary Fund's International Financial Statistics (IFS) databases. All variables were transformed using
natural logarithms prior to analysis to normalize distributions and interpret estimated coefficients as
elasticities.

The econometric procedure proceeded in three stages. First, the Augmented Dickey-Fuller
(ADF) unit root test was applied to each variable to determine the order of integration; results confirmed
that all series were integrated of order one, I(1). Second, the Johansen cointegration test was employed
to identify the presence and number of long-run equilibrium relationships among the variables, which
indicated a single cointegrating vector. Third, given the I(1) and cointegrated properties, a VECM was
specified, including an error correction term (ECT) to capture the speed at which deviations from long-
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run equilibrium are corrected in the short run. All statistical tests were evaluated at conventional
significance levels (p < 0.05 and p < 0.01), with t-statistics reported for coefficient estimates. Diagnostic
checks, including tests for serial correlation and normality of residuals, were conducted to ensure model
validity.

FINDINGS AND DISCUSSIONS
Unit Root Test Results (ADF Test)

The results of the Augmented Dickey-Fuller unit root tests reveal that all variables, including the
commercial real estate price index (InCREPI), temperature anomaly (InTEMP), rainfall (InRAIN),
extreme weather events (InNEXTREME), carbon emissions (InCO:), GDP growth, and interest rate (INT),
are non-stationary in levels. However, upon first differencing, each series becomes stationary at the 1%
significance level, indicating that all variables are integrated of order one, I(1). These findings confirm
the suitability of the data for cointegration analysis and justify the application of a Vector Error
Correction Model (VECM) to explore both short- and long-term relationships between climate factors
and commercial real estate performance in Sub-Saharan Africa

Table 1: Augmented Dickey-Fuller Unit Root Test

Variable Level t-stat | 1st Diff t-stat | Order of Integration Decision
InCREPI -1.82 -5.94%** I(1) Stationary at 1st diff
InTEMP -2.01 -4 87*** I(1) Stationary at 1st diff
InRAIN -1.56 -5.12%** I(1) Stationary at 1st diff
InNEXTREME -1.44 -6.01%** I(1) Stationary at 1st diff
InCO2 -2.10 -5.66%** I(1) Stationary at 1st diff
GDP -1.92 -4,98%** I(1) Stationary at 1st diff
INT -2.22 -5.33%** I(1) Stationary at 1st diff

Johansen Cointegration Test

The Johansen cointegration test results indicate the presence of a long-run equilibrium relationship
among the variables. The trace statistic for the null hypothesis of no cointegration (r = 0) is 128.54,
which exceeds the 5% critical value of 95.75, leading to the rejection of the null hypothesis. Conversely,
the trace statistic for the null hypothesis of at most one cointegrating relationship (r < 1) is 62.33, which
is below the 5% critical value of 69.81, and therefore, the null cannot be rejected. These results confirm
the existence of a single cointegrating equation, justifying the use of a Vector Error Correction Model
(VECM) to examine the long-run and short-run dynamics between climate change indicators and
commercial real estate performance.

Table 2: Johansen Cointegration Results

Hypothesis | Trace Statistic | 5% Critical Value | Prob | Decision

r=0 128.54 95.75 0.000 | Reject

r<i 62.33 69.81 0.112 | Do not reject

Note: One cointegrating equation confirmed, Long-run equilibrium relationship exists
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Long-Run Cointegration Equation

The long-run cointegration results indicate that climate change variables exert a significant negative
impact on commercial real estate performance in Sub-Saharan Africa. Specifically, a 1% increase in
temperature anomaly (InTEMP) is associated with a 0.84% decline in the commercial real estate price
index (InCREPI), while higher rainfall variability (InRAIN) and the frequency of extreme weather
events (InEXTREME) reduce property values by 0.32% and 0.28%, respectively. Similarly, carbon
emissions (InCOz2) have a significant negative effect, lowering property prices by approximately 0.49%.
Among the control variables, GDP growth positively influences CRE performance, with a 1% increase
in GDP driving a 0.62% rise in property values, whereas higher interest rates exert a dampening effect,
reducing prices by 0.35%. These findings highlight the long-term sensitivity of commercial real estate
markets to both climate and macroeconomic conditions.

Table 3: Normalized Long-Run Coefficients (Dependent Variable: InCREPI)

Variable Coefficient | Std. Error | t-Statistic | Significance
InTEMP -0.842 0.214 -3.93 ok
InRAIN -0.315 0.129 -2.44 ok
InNEXTREME -0.276 0.104 -2.65 *
InCO2 -0.491 0.172 -2.85 ok
GDP 0.623 0.211 2.95 ok
INT -0.354 0.141 -2.51 ok

Note ***p < 0.01, *p < 0.05 A 1% increase in temperature anomaly reduces commercial property prices by
0.84% in the long run. Extreme weather events significantly depress CRE performance. GDP positively drives
commercial property growth. Higher interest rates reduce CRE values.

Error Correction Model (Short-Run Dynamics)

The short-run dynamics captured by the Vector Error Correction Model (VECM) indicate that deviations
from the long-run equilibrium are corrected at a significant and moderate pace. The error correction
term (ECT (-1)) is negative and statistically significant at —0.472 (p < 0.01), suggesting that
approximately 47% of any disequilibrium from the long-run relationship is corrected within one year.
In the short run, increases in temperature anomaly (AInTEMP), rainfall variability (AInRAIN), extreme
weather events (AInNEXTREME), and carbon emissions (AInCO-) all exert negative and significant
effects on commercial real estate prices. Specifically, AINTEMP reduces property prices by 0.28%,
AInRAIN by 0.18%, AIMEXTREME by 0.14%, and AInCO: by 0.20%. On the other hand, short-term
GDP growth positively influences commercial real estate performance, increasing prices by 0.31%,
whereas higher interest rates negatively affect property values, reducing them by 0.20%. These results
highlight that climate-related shocks and macroeconomic conditions have immediate impacts on
commercial property markets, while the error correction mechanism ensures convergence toward long-
term equilibrium.

Table 4: VECM Short-Run Results (Dependent Variable: AlInCREPI)

Variable Coefficient | Std. Error | t-Statistic | Significance
ECT (-1) -0.472 0.113 -4.17 ok
AInTEMP -0.284 0.119 -2.38 ok

AInRAIN -0.176 0.092 -1.91 *

AIMEXTREME -0.143 0.071 -2.01 ok
AlnCO2 -0.202 0.089 -2.27 ok
AGDP 0.311 0.142 2.19 **
AINT -0.198 0.087 -2.27 ok
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Note: ***p <0.01, **p <0.05, p < 0.10
Model Diagnostics

Diagnostic tests confirm the robustness and reliability of the estimated Vector Error Correction Model.
The LM test for serial correlation indicates no autocorrelation in the residuals (LM = 1.42, p = 0.27),
while the Jarque—Bera test confirms that the residuals are normally distributed (JB = 2.11, p = 0.35).
The heteroskedasticity test shows no evidence of variance instability (1.68, p=0.19), and the eigenvalue
stability condition is satisfied, indicating that the system is stable. The error correction coefficient (ECT
=—0.472) further suggests that approximately 47% of any short-run disequilibrium is corrected annually,
reflecting a moderate speed of adjustment toward the long-run equilibrium. These diagnostic results
provide confidence in the validity of the VECM findings and the interpretation of both short- and long-
term relationships between climate change variables and commercial real estate performance.

Table 5: Diagnostic Tests

Test Statistic Probability Decision

LM Serial Correlation 1.42 0.27 No autocorrelation
Jarque—Bera Normality 2.11 0.35 Residuals normal
Heteroskedasticity Test 1.68 0.19 No heteroskedasticity
Stability (Eigenvalue Modulus) <1 — Stable

Note: Speed of Adjustment Interpretation ECT coefficient = -0.472 This implies that approximately 47.2% of short-
run disequilibrium is corrected annually, indicating moderate speed of convergence toward long-run equilibrium.

The Augmented Dickey—Fuller (ADF) unit root tests confirm that all variables commercial real
estate price index (InCREPI), temperature anomaly (InTEMP), rainfall variability (InRAIN), extreme
weather events (InNEXTREME), carbon emissions (InCO:), GDP growth, and interest rate are non-
stationary at levels but become stationary after first differencing, indicating that all series are integrated
of order one, I(1). This satisfies the requirement for the Johansen cointegration test, which reveals the
existence of one cointegrating equation at the 5% significance level (trace statistic: 128.54 > critical
value: 95.75), confirming a long-run equilibrium relationship between climate change indicators and
commercial real estate performance in Sub-Saharan Africa over 2001-2023. The long-run normalized
coefficients show that climate variables exert statistically significant negative effects: a 1% increase in
temperature anomaly reduces property prices by 0.84%, a 1% increase in rainfall variability is associated
with a 0.32% decline, and extreme weather events and carbon emissions similarly depress performance,
indicating that persistent climate stress undermines long-term asset value and stability. Among control
variables, GDP growth has a positive and significant effect, while interest rates exhibit a negative
relationship, implying that tighter monetary conditions reduce investment demand. The short-run
dynamics, captured by the error correction model, show a negative and statistically significant error
correction term (—0.472), meaning that approximately 47.2% of deviations from long-run equilibrium
are corrected within one year, with short-run changes in climate variables also negatively influencing
performance. Diagnostic tests confirm no evidence of serial correlation, heteroskedasticity, or
instability, and the eigenvalue stability condition is satisfied, indicating that the estimated Vector Error
Correction Model (VECM) is statistically reliable and structurally stable. Overall, the empirical findings
demonstrate that climate change significantly undermines commercial real estate performance in Sub-
Saharan Africa in both the short and long run, confirming that climate risk is not merely a short-term
disturbance but a structural determinant of real estate market performance.

The negative long-run effect of temperature anomalies and extreme weather events is consistent
with the growing body of international literature demonstrating that climate risk is increasingly
capitalized into property markets. For example, Real Estate Economics documents how major climate
shocks such as Hurricane Sandy significantly reduced commercial property values in exposed regions
(Addoum et al., 2024). Similarly, evidence synthesized in Journal of Portfolio Management suggests
that markets adjust property prices downward in response to rising climate exposure (Clayton et al.,
2021).
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Our findings extend this literature by demonstrating that even gradual climate stress—such as
persistent temperature increases and rainfall variability has measurable adverse pricing effects in
emerging commercial property markets. While most prior studies focus on developed economies (e.g.,
the United States and Europe), this study confirms that climate risk pricing mechanisms are also
emerging in developing markets, albeit within structurally weaker institutional contexts.

The significant and negative coefficient on extreme weather events aligns with recent empirical
work in Journal of Regional Science (Holtermans et al., 2024), which quantifies how climate shocks
disrupt regional commercial real estate performance. The present study shows that in Sub-Saharan
Africa, such shocks generate both immediate short-run depreciation effects and long-run equilibrium
adjustments.

Moreover, the significant error correction term indicates that approximately 47% of
disequilibrium adjusts annually, suggesting moderate market responsiveness. This speed of adjustment
is comparable to findings in developed markets reported in Journal of Real Estate Research (Feng et al.,
2025), though adjustment in Sub-Saharan Africa appears slower, possibly reflecting lower market
transparency, weaker insurance penetration, and limited climate disclosure frameworks.

Importantly, the positive impact of GDP growth confirms that macroeconomic expansion
partially offsets climate-related depreciation pressures. This interaction effect supports arguments in
British Journal of Management (Orazalin et al., 2024), which highlight how sustainability governance
mechanisms can mitigate climate-related valuation losses.

Conclusion

This study provides compelling evidence that climate change poses a significant threat to commercial
real estate (CRE) performance in Sub-Saharan Africa, particularly in Nigeria. The long-run VECM
analysis indicates that rising temperatures, extreme weather events, rainfall variability, and increasing
carbon emissions have a pronounced negative effect on property values, while economic growth
positively supports CRE performance. The short-run dynamics further reveal that deviations from long-
term equilibrium are corrected moderately over time, emphasizing that CRE markets are responsive but
vulnerable to ongoing climate stressors. These results highlight that climate change is no longer a
peripheral concern; it is a central determinant of asset valuation, investment security, and long-term
market stability in the region.

Recommendations

To mitigate these risks, policymakers, investors, and developers must integrate climate resilience into
CRE planning and management. This includes the promotion of green building practices, adoption of
climate-resilient infrastructure, and the use of comprehensive climate risk assessment in property
valuation and investment decisions. Ecopreneurial strategies, such as innovative property management
and proactive adaptation initiatives, should be incentivized to enhance financial performance and market
stability. Furthermore, regional cooperation across Sub-Saharan Africa is essential to harmonize
regulations, share knowledge, and develop standardized adaptation tools that reflect the diverse climate
and market conditions. By implementing these measures, stakeholders can safeguard property values,
reduce financial losses, and foster a more sustainable, resilient, and forward-looking CRE sector capable
of thriving under evolving climate challengesWrite your content here (single spacing, 11pt Times New
Roman, justify)
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