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This study investigates the macroeconomic implications of mangrove degradation in the Dominican Republic, a
tourism-dependent small island developing state (SIDS), using a Vector Error Correction Model (VECM) with
annual data for 1995-2023. The model examines dynamic relationships among real GDP, international tourist
arrivals, tourism accommodation capacity, and mangrove natural capital. Results identify statistically significant
ecological-economic linkages at both short-run and long-run horizons. In the short run, mangrove degradation is
associated with significant negative effects on GDP growth, tourist arrivals, and accommodation capacity.
Granger causality tests indicate that mangrove capital temporally precedes all three macroeconomic variables. In
the long run, the Johansen cointegrating vector indicates a statistically significant positive relationship between
mangrove capital and GDP, suggesting that ecosystem depletion constrains the economy's equilibrium growth
path. The estimated annual economic exposure associated with observed degradation rates amounts to
approximately USD 75 million, equivalent to 4.2% of the estimated value of coastal-marine ecosystem services.
Robustness checks confirm the stability of the cointegrating relationship across pre-crisis and pre-COVID sub-
periods. These findings position mangrove conservation as a macroeconomic policy priority in coastal tourism-

dependent SIDS.

1. Introduction

Located in the heart of the Caribbean (see Fig. 1), the Dominican
Republic (DR) has positioned tourism as a cornerstone of its economic
growth strategy, ranking among the top three sources of foreign ex-
change, alongside exports and remittances (BCRD, 2018; Meyer, 2020).
With a population of around 11 million and a territory of 48,448 km?
shared with the Republic of Haiti (ONE, 2023), the country has devel-
oped a tourism model based on coastal enclaves, particularly along the
Romana-Bayahibe-Punta Cana-Bévaro corridor and the northern areas
of Puerto Plata and the Samand Peninsula (BCRD, 2018; Duffy et al.,
2015).

In 2023, the DR received over eight million international tourists,
ranking first in the Caribbean and second in Latin America after Mexico
(BCRD, 2024; Peralta Quesada, 2021). Tourism revenue reached USD
9000 million, accounting for approximately 9% of the country's GDP,
while tourism-linked sectors contributed an estimated 18-20% of the
total GDP (BCRD, 2018, 2024).

The DR coastal-marine ecosystems, which consist primarily of coral
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reefs, mangroves, seagrass meadows, and salt marshes, are critical from
both ecological and economic perspectives but are currently severely
degraded (Eastwood et al., 2017; Steneck and Torres, 2023; Wielgus
et al., 2010). The complexity of the situation arises from the interac-
tion between local pressures, such as overfishing, unregulated tourism,
and pollution, and global factors, including climate change (Kanhai
et al., 2022; Landrigan et al., 2020).

According to Ruiz de Gauna et al. (2024), coastal-marine ecosystems
in the DR generate approximately USD 1800 million annually in
ecosystem services, equivalent to 20% of the tourism revenues and
around 1.8% of Dominican GDP in 2023. As an SIDS, the DR is doubly
vulnerable: both to the ecological degradation of its coastal assets and to
the intensification of climate-related hazards (Galaitsi et al., 2024;
Steneck and Torres, 2023). These challenges pose a threat to biodiversity
and the viability of tourism-led development. We hypothesize that
ecosystem degradation limits short-term economic performance and
influences long-term socio-ecological fragility of tourism growth in
SIDS. This hypothesis motivates the central research question of this
study: To what extent does mangrove degradation affect short-run and
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long-run economic dynamics in a tourism-dependent small island developing
state?

Although spatial techniques such as remote sensing and GIS-based
coastal change analysis are common in studies of coastal degradation,
this research takes a macro-ecosystem time-series approach to examine
long-term socio-economic interactions. It focuses on the broader mac-
roeconomic impacts of mangrove loss instead of its spatial distribution.
This approach complements spatial analyses by revealing macroeco-
nomic dynamics that spatial data alone cannot easily detect (Barbier and
Cox, 2003; Xu et al., 2024). The macro-ecosystem econometric
perspective in this study enhances, rather than replaces, the conven-
tional spatial GIS-based methods used in coastal research. To address the
research question, we employ a Vector Error Correction Model (VECM),
which is well suited to this analytical context for three reasons. First, the
VECM accommodates non-stationary time series through cointegration,
allowing the estimation of both short-run dynamics and long-run equi-
librium relationships without differencing away the permanent com-
ponents of the series (Engle and Granger, 1987; Johansen, 1988).
Second, it treats all variables as jointly endogenous, which is appropriate
when tourism flows, economic growth, and ecological conditions may
simultaneously influence one another (Diaye et al., 2022; Ouerfelli,
2008). Third, it is specifically designed for small annual macroeco-
nomic datasets of the type available for SIDS economies, where struc-
tural VAR approaches with many parameters are infeasible (Elias et al.,
2023; Paparoditis and Politis, 2018).

This study contributes to the literature in three ways. First, it extends
tourism-environment research by examining macroeconomic and
ecological dynamics jointly in a tourism-dependent SIDS. Second, it
introduces mangrove natural capital as a macroecological state variable
within a VECM framework, thereby complementing the spatial coastal
management literature with a time-series perspective. Third, it provides
evidence relevant to coastal governance by linking ecological degrada-
tion to macro-tourism vulnerability in the Dominican Republic. The
remainder of the paper is structured as follows. Section 2 reviews the
relevant literature. Section 3 describes the data and methodology.
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Section 4 presents the empirical results. Section 5 discusses the findings
in the context of the existing literature and their implications for man-
agement. Section 6 concludes.

2. Related literature

Understanding the relationship between economic growth and
environmental degradation requires a multidimensional approach that
reflects the interdependence between ecological change and develop-
ment patterns (Acheampong and Opoku, 2023). This study conceptually
refers to the Environmental Kuznets Curve (EKC) hypothesis (Alvarado
and Toledo, 2017; Sarkodie and Strezov, 2019; Uchiyama, 2016), but
it does not attempt to estimate an EKC-type nonlinear specification (e.g.,
quadratic income terms). Instead, the EKC is used as a reference within
the broader debate on environment-growth dynamics, while the
empirical analysis focuses on ecological-economic co-evolution in a
tourism-dependent coastal system (Liu et al., 2022; Matias et al., 2022;
Meyer, 2020; Paskova et al., 2024).

While most studies in the tourism-environment tradition focus on
emissions, income, and aggregate degradation indicators (Khan et al.,
2023; Liu et al., 2022), the coastal-management literature emphasizes
mangroves, reefs, and shoreline ecosystems as spatially specific forms of
natural capital (Barbier et al., 2011; Beck et al., 2022; Yamamoto, 2023).
This study bridges these traditions by treating mangrove degradation as
a macroeconomically relevant coastal state variable in a
tourism-dependent island economy.

The EKC proposes an inverted-U relationship: in the early stages of
growth, environmental degradation increases with income but later
declines as higher incomes enable investment in cleaner technologies,
regulation, and public awareness (Acaravci and Ozturk, 2010; Leal and
Marques, 2022). Meta-analyses place the inflection point around USD
8910 per capita; however, this transition is not guaranteed, as it requires
strong institutions and public policies to internalize externalities and
avoid ecological overshoot (Lamperti et al., 2020; Rodriguez-Espindola
et al., 2022; Sarkodie and Strezov, 2019).
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Fig. 1. Location of the Dominican Republic in the Caribbean

Note. Shows the geographic location of the Dominican Republic within the insular Caribbean. The map provides context for the country's exposure to regional

tourism flows and pressures on coastal ecosystems. Source: Own elaboration.
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In the DR, as in many SIDS, growth has been concentrated in tourism
and resource-dependent sectors (Lowitt et al., 2015; Spencer, 2019).
These economies often remain in the early EKC phase, where income
gains still drive ecological degradation, compounded by low diversifi-
cation and limited regulatory enforcement, which delay the transition to
sustainable growth (Al-mulali et al., 2015; Alvarado and Toledo, 2017).

Fig. 2 illustrates this pattern. The GDP (Ingdpct) shows a steady up-
ward trend, while mangrove natural capital (Inncmt) exhibits a persis-
tent decline. In the Dominican context, coastal areas such as Bavaro,
Samand, and Puerto Plata are vulnerable to flooding, erosion, and water
scarcity, particularly amid rapid tourism expansion (Alvarez-Filip et al.,
2011; Eastwood et al., 2017; MARENA and PNUMA, 2010; Roig-Munar
et al., 2018). Mangroves, which buffer storms and store carbon, are often
cleared to make way for infrastructure, weakening ecological resilience
(Herrera Estévez, 2022; Kauffman et al., 2014; Sherman et al., 2003).
This study employs a coevolutionary framework in which development
and degradation mutually reinforce one another. In highly
tourism-dependent SIDS, protecting coastal ecosystems is an economic
as well as environmental necessity.

3. Materials and methods

Cointegration analysis is a powerful technique for exploring both
short-term and long-term relationships among time series variables that
are non-stationary but share a common stochastic trend. The period
considered in our analysis covers 29 years of data (1995-2023). The
empirical strategy in this study followed four interrelated steps: (i)
testing for unit roots to establish the integration order of each variable;
(ii) determining the presence of cointegration vectors through the
Johansen test; (iii) estimating a VECM to capture short-term dynamics
while maintaining long-term equilibrium, and (iv) approaching the
economic exposure of mangrove natural capital degradation
(Acheampong and Opoku, 2023; Durr, 1992; Ericsson, 1992; Ouerfelli,
2008).
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3.1. Variable selection and model specification

Table 1 shows the variables used for this cointegration analysis. We
used four endogenous variables: real GDP at the 2015 constant price
(Ingdpct), international tourist arrivals (Initat), number of available hotel
rooms (Intrnt), and mangrove natural capital (Inncmt).

The chosen mangrove variable reflects functional ecosystem capacity
rather than surface area. The indicator is sourced from the World Bank
Wealth Accounting and Valuation of Ecosystem Services (WAVES)
framework (series NW.NCA.MANG.TO) and combines physical volume
estimates of mangrove extent, derived from remote sensing, with
shadow prices reflecting the productive value of ecosystem services
including coastal protection, fisheries support, and carbon sequestration
(Barbier, 2015; Menéndez et al., 2018).

This functional approach is preferable to GIS-based surface area
measures for macroeconomic time-series analysis, as it captures the
regulatory and productive value of mangrove stocks rather than their
spatial footprint alone, and provides the consistent annual observations
required by VECM estimation (Xu et al., 2024). Three limitations of this
indicator should be acknowledged. First, it is a national-level aggregate,
thereby masking spatial heterogeneity across the Dominican Republic's
coastal zones (Hagger et al., 2022). Second, the shadow prices
embedded in the WAVES index are model-derived approximations and
may not fully reflect local ecosystem service values (Barbier, 2015).
Third, the indicator is available through 2020; values for 2021-2023
were projected using a simple OLS trend (Nadler and Kros, 2007), as
discussed in the robustness analysis below. The deterministic specifi-
cation includes an intercept in the cointegration space and no deter-
ministic trend in the short-run VAR dynamics, following Ericsson (1992)
and Johansen (1988).

All variables enter the model in natural logarithms so that estimated
coefficients can be interpreted as elasticities and to reduce hetero-
scedasticity (Mancini et al., 2017; Mullahy and Norton, 2023). The
baseline lag structure was selected using standard information criteria.
To maintain consistency with the annual series, missing values for
Inncmt in 2021-2023 were projected using a simple OLS trend (Nadler
and Kros, 2007). To assess the potential influence of these imputed

Economic Growth and Mangrove Natural Capital
Dominican Republic, 1995-2023
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Fig. 2. Relationship between economic growth and mangrove natural capital

Note. Time series of the logarithm of real GDP (Ingdpct) and mangrove natural capital (Inncmt) in the Dominican Republic, 1995-2023. The figure illustrates the
sustained expansion of economic output alongside the gradual decline of mangrove natural capital over the sample period. Source: Author's elaboration.
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Table 1
Variables used in the cointegration analysis.
Variable  Definition Unit of Measure Interpretation Source
Ingdpct  Gross Domestic Product (GDP): total income from USD billion at constant 2015 Measures the country's economic growth in ~ World Bank — World
production of goods and services during an accounting  prices (inflation-adjusted). real terms. Development Indicators
period. (NY.GDP.MKTP.KD)
Initat Total number of international tourists arriving in the Number of tourists Represents the activity and volume of a key  Central Bank of the
Dominican Republic during a given year. sector of the Dominican economy. Dominican Republic
Intrnt Total number of tourist rooms available in the Number of rooms (proxy of Reflects tourism infrastructure capacity as Central Bank of the
Dominican Republic. tourism infrastructure) an engine of economic growth. Dominican Republic
Inncmt Mangrove natural capital stock value from the World  Real chained 2019 US dollars Indicates the functional state of mangrove World Bank — Wealth

Bank WAVES framework (NW.NCA.MANG.TO).
Combines physical volume estimates of mangrove
extent (remote sensing) with shadow prices reflecting
ecosystem services including coastal protection,
fisheries support, and carbon sequestration. Available
through 2020; values for 20212023 projected by OLS
trend. Key limitations: (i) national-level aggregate,
masking spatial heterogeneity; (ii) shadow prices are
model-derived approximations; (iii) OLS projection
for 2021-2023 assumes continuation of pre-pandemic
trend.

accounting.

from physical volume estimates
within national wealth

ecosystems and their implications for
environmental sustainability and long-term
economic resilience.

Accounting (NW.NCA.
MANG.TO)

Note. Variables included in the VECM analysis, with definitions, measurement units, interpretation, and data sources. All variables are expressed in natural logarithms.
The mangrove natural capital variable (Inncmt) corresponds to the World Bank WAVES national wealth accounting indicator (NW.NCA.MANG.TO). Because the series
is available only through 2020, values for 2021-2023 were projected using an OLS time trend. Source: Own elaboration based on the World Bank (World Development

Indicators; Wealth Accounting) and the Central Bank of the Dominican Republic.

observations on the results, the VECM was re-estimated on the truncated
sample 1995-2020 (N = 26, excluding all projected values). The trun-
cated specification is dynamically unstable (the eigenvalue modulus of
the companion matrix exceeds 3.109, well above the unit circle), indi-
cating that excluding the post-2020 observations produces an explosive
system that is not analytically coherent (Ericsson, 1992; Ouerfelli,
2008). This result reinforces the analytical necessity of the
OLS-projected values for 2021-2023 to maintain the dynamic stability
of the full-sample VECM. Accordingly, short-run coefficients from the
truncated specification should be interpreted with additional caution,
and the full-sample baseline (1995-2023) is retained as the primary
model. The truncated-sample results are reported as a robustness check
in the supplementary analysis.

gdpc, =f(ita; + trn; + ncm,) [1]

As indicated, t represents the period considered in our analysis
(1995-2023). This relatively short period imposes analytical constraints
on extrapolating our findings to broader economic cycles, thereby
reducing the scope for policy recommendations beyond the short term
(Elias et al., 2023; Ericsson, 1992).

In(gdpc,) = py + p1 In (ita,) + B, In (trny) + p5 In (ncm,) + &, [2]

Where: §, = intercept term and f,... 5 are the long-run elasticities of
GDP concerning each independent variable, and represents the error,
which represents short-term deviations. This specification assumes that
GDP is influenced by the level of international tourism activity, available
infrastructure, and the functional capacity of mangrove ecosystems to
support coastal economic activities (Ballut-Dajud et al., 2022; Elgin and
Elveren, 2024; Jurgens et al., 2024; Schubert, 2010).

3.2. Unit root testing
The stationarity of each series was tested using the Augmented

Dickey-Fuller (ADF) test with five lags. The general form of the ADF test
is:

P
AYi=a+ft+rYer+ ) GiYe1 te 3]

i=1

Where.

AY, Y, — Y, 1, which is the first difference of Y.

a: intercept term

pt = time trend

y: coefficient on the lagged level of Y.

e §;: Coefficients on the lagged differences (to account for serial
correlation).

® & error term

All variables were found to be integrated of order one (I(1)), justi-
fying the use of cointegration methods (Durr, 1992; Ericsson, 1992). The
lag length was selected using the Schwarz Criterion to minimize
over-parameterization in a short sample, consistent with Paparoditis and
Politis (2018).

3.3. Structural break analysis

Given that the sample period (1995-2023) encompasses major
macroeconomic disruptions, including the global financial -crisis
(2008-2009), Atlantic hurricane events, and the COVID-19 pandemic
(2020), the validity of the I(1) characterization and the long-run coin-
tegrating relationship may be sensitive to structural breaks (Ericsson,
1992; Folke et al., 2004; McGlathery et al., 2013). In small samples
such as the present one, the Johansen framework may exhibit size dis-
tortions in the presence of unmodelled breaks, making it important to
verify the robustness of unit root and cointegration inferences
(Johansen, 1991; Paparoditis and Politis, 2018). Two complementary
approaches are used to address this concern.

First, Zivot-Andrews unit root tests were conducted for each series,
allowing for a single endogenous break in the intercept (Zivot and
Andrews, 2002). This test is preferable to imposing a known break
date a priori, as it identifies the most likely break point from the data
without requiring prior specification (Durr, 1992; Paparoditis and
Politis, 2018). The results indicate that Ingdpc (minimum t = —3.640,
break at 2003), Initat (minimum t = —4.705, break at 2019), and Inncmt
(minimum t = —4.290, break at 2017) remain non-stationary even when
a structural break is accommodated, as none of these statistics exceeds
the 5% critical value of —4.80. The series Intrnt yields a minimum
t-statistic of —5.669 (break at 1999), which rejects the null of a unit root
at the 1% critical value of —5.34. This result reflects the period of rapid
hotel infrastructure expansion in the DR during the late 1990s and
predates the global financial crisis, the 2010 Haiti earthquake, and the
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COVID-19 pandemic. Given that the standard ADF test does not reject
non-stationarity for Intrnt (t = —2.692, p = 0.076), and that maintaining
the I(1) characterization for all four variables ensures internal consis-
tency of the Johansen framework (Elias et al., 2023; Johansen, 1988),
the baseline specification retains Intrnt as I(1) and acknowledges the
Zivot-Andrews result as a limitation. Results are reported in Table Al.

Second, to verify that the long-run cointegrating relationship is not
an artifact of pandemic-era dynamics or the global financial crisis,
Johansen trace tests were conducted on two sub-period samples: the pre-
crisis window (1995-2007, lag = 1) and the pre-COVID window
(1995-2019, lag = 2). In small samples, sub-period testing provides a
practical alternative to formal structural break correction within the
Johansen framework, as it directly examines whether the cointegrating
relationship persists across different historical regimes (Diaye et al.,
2022; Durr, 1992; Ouerfelli, 2008). In both sub-periods, the trace sta-
tistic for the null of no cointegration (r = 0) substantially exceeds the 5%
critical value of 47.21, reaching 61.83 in the pre-crisis window and
71.60 in the pre-COVID window, validating that the cointegrating
relationship precedes both major disruptions and is not a statistical
artifact of the post-2019 observations (Johansen, 1988; Paparoditis and
Politis, 2018). Results are reported in Table A2.

3.4. Johansen cointegration test

A Johansen cointegration test was performed to identify long-run
equilibrium relationships among the four non-stationary variables in
the system (Ericsson, 1992; Papana et al., 2023). In the baseline speci-
fication with a constant in the cointegration space and two lags, the trace
statistics reject the null hypotheses of no cointegration (r = 0) and of at
most one cointegrating vector (r < 1), while failing to reject the null of at
most two vectors (r < 2). Strictly speaking, the trace test therefore
suggests the presence of two cointegrating relations (Diaye et al., 2022;
Engle and Granger, 1987; Pirro et al., 2025). However, given the short
annual sample, the need to preserve interpretability, and the study's
theoretical emphasis on a single macro-ecological long-run equilibrium
linking growth, tourism, infrastructure, and mangrove capital, the
baseline VECM is estimated using a parsimonious rank = 1 specification,
while the rank = 2 model is treated as a robustness benchmark (Diaye
et al., 2022; Zou, 2018). This modeling choice is consistent with the
cointegration literature, which emphasizes that statistical rank selection
must be interpreted jointly with theory, sample size, and model tracta-
bility rather than mechanically (Diaye et al., 2022; Durr, 1992;
Johansen, 1988; Ouerfelli, 2008).

3.5. Vector Error Correction Model (VECM)

The VECM model is crucial for analyzing economic systems in which
variables are cointegrated, as it integrates short-term fluctuations with
equilibrium dynamics, making it invaluable for policy evaluation and
forecasting in interconnected systems, such as GDP and natural capital
(Elias et al., 2023; Ouerfelli, 2008). Based on the lag-selection criteria
and the cointegration analysis, a VECM with two lags was estimated
using a baseline specification with one cointegrating vector (Dao et al.,
2017).

Model adequacy was evaluated using standard post-estimation di-
agnostics for vector error-correction models. Residual autocorrelation
was assessed through Lagrange-multiplier tests (veclmar), normality
through the multivariate Jarque-Bera procedure (vecnorm), and system
stability through the eigenvalue condition implemented in the vecstable
procedure, following standard practices in cointegrated macro-time se-
ries analysis (Durr, 1992; Ericsson, 1992; Ouerfelli, 2008; Winarno
et al., 2021; Zou, 2018). Impulse-response functions (IRFs) were
computed using orthogonalized shocks based on a Cholesky decompo-
sition with ordering: Ingdpt — Initat — Intrnt — Inncmt, consistent with
the assumption that ecological variables respond with lags to economic
shocks (Inoue and Kilian, 2013).
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-1
AY,=a+Y " TiAY.;+IECT, ; +& (5]

Where: ECT;_; is the error correction term and is the adjustment coef-
ficient, while all other terms are defined as above (Barbier, 2015;
Johansen, 1988). This system was estimated for each variable as a
separate equation. For example, the GDP equation is specified as:

» P )
Alngdpct=a + Z Cgape Alnggpe + Z Titar AlNitge + Z Conre Alngre

i=1 i=1 i=1

p
+ > TomeeAlMmee + 1ECT, 1 + Enmer [6]

i=1
Thus, analogous specifications were defined for the other three
endogenous variables related to tourists' arrival (Alnitat), infrastructure
(Alntnrt), and mangrove natural capital (Alnnmct). Given the constraints
of the time series (1995-2023), a set of Granger causality tests was
conducted to explore the dynamic interactions among the variables of
the VECM system (Granger, 1969; Williams and Cook, 2016), enhancing
the analytical approach and exploring the temporal interaction among

variables (see Table B1).

3.6. Estimating the economic exposure associated with mangrove
degradation

To approximate the annual economic exposure associated with
mangrove degradation, we employ a log-linear approach that combines
the implied long-run elasticity of GDP with respect to mangrove natural
capital (derived from the Johansen cointegrating vector) with the
observed average annual log-decline in the functional capital index
(Inncmt) (Barbier, 2015; Menéndez et al., 2018). The implied elasticity is
extracted directly from the estimated cointegrating vector under the
Johansen normalization with Ingdpc set to unity; the coefficient on
Inncmt is —25.525 (p = 0.011), yielding an implied long-run elasticity of
GDP with respect to mangrove capital of +25.525. The positive sign
indicates that greater mangrove capital stock is associated with higher
long-run GDP, consistent with the role of coastal ecosystems as pro-
ductive natural infrastructure in tourism-dependent economies (Barbier,
2007; Beck et al., 2022). The calculation follows:

AY = ¢ *Alnncmt*Y [7]

Where ¢ is the elasticity of GDP to mangrove capital, Alnncmt is the
estimated average log-change per year, and Y is the GDP associated with
the coastal ecosystem-dependent sector. This index reflects changes in
the productive and ecological functionality of mangroves, beyond sur-
face area, and captures both biophysical degradation and anthropogenic
pressures (Barbier, 2015; Menéndez et al., 2018). Stata software version
19 was used to perform the cointegration analysis.

4. Results

Before discussing unit roots, cointegration, and short-run dynamics,
we evaluated the adequacy of the baseline VECM through standard re-
sidual diagnostics. As shown in Table 2, the Jarque-Bera diagnostics
indicate that three of the four equations do not depart significantly from
normality, whereas the mangrove-capital equation and the system-wide
test reject normality. In small macro-ecological samples, however, de-
partures from strict normality do not invalidate the cointegration
structure or the interpretation of the adjustment dynamics, provided
that the model remains dynamically coherent and free from major re-
sidual autocorrelation problems (Diaye et al., 2022; Ericsson, 1992;
Ouerfelli, 2008; Zou, 2018).

Diagnostics in Table 2 also serve as robustness checks for the baseline
specification. Residual autocorrelation tests, normality diagnostics, and
stability conditions based on the eigenvalue modulus validate that the



V. Gomez-Valenzuela et al.

Ocean and Coastal Management 280 (2026) 108293

Table 2
Standard diagnostic tests for the baseline VECM (rank = 1, lags = 2).

Test Statistic p-value  Interpretation

LM serial 9.007 0.913 Fail to reject Hy of no residual
correlation, lag 1 autocorrelation

LM serial 14.453 0.565 Fail to reject Hy of no residual
correlation, lag 2 autocorrelation

Jarque-Bera 3.577 0.167 Residuals do not depart
normality, significantly from normality
D_Ingdpc

Jarque-Bera 2.490 0.288 Residuals do not depart
normality, significantly from normality
D_Initat

Jarque-Bera 1.456 0.483 Residuals do not depart
normality, significantly from normality
D_Intrnt

Jarque-Bera 23.568 <0.001  Residuals are not normally
normality, distributed
D_Inncmt

Jarque-Bera 31.089 <0.001  System departs from
normality, multivariate normality
system-wide

Eigenvalue stability Max — All non-unit eigenvalues inside
(vecstable) modulus: unit circle; VECM is dynamically

0.774 stable

Note. LM serial-correlation tests are reported for lags 1-2, corresponding to the
baseline specification. Residual normality is rejected for the mangrove equation
and for the multivariate system, a common feature in small macroeconomic
samples that does not invalidate the cointegration framework. All non-unit ei-
genvalues lie inside the unit circle, indicating that the estimated VECM is
dynamically stable. Source: Own elaboration.

VECM satisfies standard specification requirements. In addition, lag-
sensitivity checks were performed to verify that the qualitative inter-
pretation of the system dynamics remains stable under alternative lag
structures (Winarno et al., 2021). The Lagrange-multiplier tests do not
reject the null hypothesis of no residual autocorrelation at the
model-relevant lag order (lag 1: p = 0.415; lag 2: p = 0.512). As a
sensitivity check, extending the LM test to lag 4 indicates residual cor-
relation at lag 4 (p = 0.008), although the model-relevant lag order (lags
1-2) does not exhibit residual autocorrelation. Jarque-Bera tests indi-
cate that the residuals in the GDP, tourism-arrival, and accommodation
equations do not depart significantly from normality (p = 0.198, 0.423,
and 0.764, respectively), whereas the mangrove equation and the sys-
tem jointly reject multivariate normality. System stability was assessed
using the eigenvalue condition (vecstable), validating that the estimated
VECM satisfies the stability requirement, with all eigenvalues lying in-
side the unit circle (Ericsson, 1992; Ouerfelli, 2008).

4.1. Unit root and stationarity tests

Stationarity is a prerequisite for valid inference in the Johansen
framework, as it determines the order of integration and justifies the use
of VECM (Johansen, 1988; Papana et al., 2023; Zou, 2018). We con-
ducted Augmented Dickey-Fuller (ADF) tests on each of the four vari-
ables in logarithmic form, which serve as proxies for coastal ecosystem
health (Dickey and Fuller, 1979; Paparoditis and Politis, 2018).

As shown in Table 3, none of the variables reject the null of a unit
root. The test statistic for Ingdpct is 0.287 (p =~ 0.977), while [nitat and
Intrnt yield statistics of —1.949 and —2.692, respectively, which are still
above the 5% critical value.

The variable Inncmt, representing natural capital from mangroves,
yields a test statistic of —2.307 and a p-value of 0.170. These findings
validate the presence of non-stationarity in levels, justifying the use of
first differences or cointegration techniques (Dickey and Fuller, 1979;
Engle and Granger, 1987; Papana et al., 2023).

Table 3
Augmented Dickey-Fuller (ADF) stationarity tests.
Variable Level ADF Critical p- Interpretation
Statistic Value value
(5%)
Ingdpct 1(1) 0.287 —3.000 0.977 Non-stationary in levels
Alngdpct  1(0) — — — Stationary in first
differences
Initat 1(1) —1.983 —3.000 0.294 Non-stationary in levels
Alnitat 1(0) — — — Stationary in first
differences
Intrnt 1(1) —2.692 —3.000 0.076 Borderline non-
stationary (see Zivot-
Andrews Table A1)
Alntrnt 1(0) — — — Stationary in first
differences
Innemt 1(1) —2.303 —3.000 0.171 Non-stationary in levels

Alnnemt 1(0) — — — Stationary in first

differences

Note. Augmented Dickey-Fuller tests were estimated with five lags and a con-
stant. All variables are treated as integrated of order one, I(1), for the VECM
specification because they are non-stationary in levels and stationary after first
differencing. The borderline result for Intrnt (p = 0.076) is further examined
using the Zivot-Andrews test (Table A1), which identifies a structural break but
does not alter the adopted integration order. Source: Own elaboration based on
Stata output.

4.2. Johansen cointegration analysis

Because the analysis relies on 29 annual observations, the cointe-
gration evidence should be interpreted cautiously. In small samples,
Johansen tests may exhibit size distortions; for this reason, it is key to
emphasize parsimony and contextual analytical diagnostics rather than
a single specification interpreted as uniquely data-determined
(Johansen, 1991; Paparoditis and Politis, 2018).

Given that all four variables are integrated of order one, the
Johansen trace procedure was used to test for long-run equilibrium re-
lationships among them. As reported in Table 4, the trace statistic for the
null of no cointegration (r = 0) is 66.45, which exceeds the 5% critical
value of 47.21. Likewise, the statistic for the null of at most one coin-
tegrating vector (r < 1) is 36.74, also above its corresponding 5% critical
value of 29.68. By contrast, the null of at most two vectors (r < 2) cannot
be rejected, since the trace statistic of 12.75 falls below the critical value
of 15.41.

Johansen trace statistics indicate the presence of two cointegrating
relationships under the tested specifications. Given the limited annual
sample (1995-2023) and the paper's interpretive objective, a

Table 4
Johansen cointegration test results (trend = constant, lags = 2, sample
1997-2023).

Null Trace Critical Interpretation

Hypothesis Statistic Value (5%)

r=0 67.024 47.21 Reject — at least one cointegrating
vector exists

r<1 30.619 29.68 Reject — at least two cointegrating
vectors suggested

r<2 13.343* 15.41 Fail to reject — statistically selected
rank. Baseline VECM adopts rank = 1
for parsimony; rank = 2 treated as
robustness check.

r<3 0.134 3.76 Fail to reject

Note. Johansen trace tests were estimated with a constant in the cointegration
space, two lags, and an effective sample of 1997-2023 (N = 27). Although the
trace statistic supports two cointegrating vectors (r = 2), the baseline specifi-
cation adopts rank = 1 on theoretical and parsimony grounds, representing a
single macro-ecological equilibrium linking economic growth, tourism, tourism
infrastructure, and mangrove natural capital. The rank = 2 specification is
evaluated as a robustness check. Source: Own elaboration.
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parsimonious rank-1 VECM is retained as the baseline specification,
with a rank-2 specification treated as a robustness reference rather than
as the baseline interpretive model (Dao et al., 2017; Zou, 2018).

In short-term samples, over-parameterization can quickly erode
interpretability and reduce the model's practical usefulness. For that
reason, and consistent with the methodological literature on cointe-
grated systems, the baseline specification privileges parsimony and
theoretical readability, while the rank = 2 formulation is treated as a
robustness exercise rather than as the main interpretive model (Elias
et al., 2023; Johansen, 1988; Ouerfelli, 2008). Substantively, the re-
sults still support the existence of a stable long-run linkage among
economic growth, international tourism, tourism infrastructure, and
mangrove natural capital in the Dominican Republic, which is consistent
with the broader literature that understands coastal ecosystem services
as productive inputs underpinning tourism-dependent development
trajectories (Barbier, 2007; Matias et al., 2022; Wolf et al., 2024).

4.3. Estimation of the VECM

Table 5 presents the estimated coefficients, standard errors, test
statistics, and significance levels for the four endogenous variables in
first differences. Column 1 reports the Alngdpct equation; Column 2 the
Alnitat equation; Column 3 the Alntrnt equation; and Column 4 the
Alnncmt equation. The model includes two lags and is based on a single
cointegrating vector identified in the Johansen analysis.

In the baseline VECM (lags = 2, rank = 1), the lagged short-run
coefficient on mangrove natural capital in the GDP equation is
—25.713 (p = 0.001). This magnitude should not be interpreted in
isolation as implying a proportionally large one-period macroeconomic
shock. Three considerations bound the interpretation. To begin with, the
VECM is estimated in first differences of logarithms in which the coef-
ficient captures the conditional system response to a unit change in
Alnncmt, not the response to a one-percent change in the level of
mangrove capital (Barbier et al., 2008; McGlathery et al., 2013). Sec-
ondly, the average annual log-change in mangrove capital over the
sample period is only —0.00163 (equivalent to a functional degradation
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rate of approximately —0.16% per year), meaning that the realized
annual contribution of mangrove dynamics to GDP fluctuations is
bounded by this very small ecological variation (Barbier, 2007; Mancini
et al., 2017; Matias et al., 2022). Finally, in slow-moving ecological
systems where natural capital degrades gradually, differenced macro-
economic models may generate large coefficients precisely because the
signal-to-noise ratio of ecological variation is low relative to macro-
economic volatility; the coefficient reflects the sensitivity of the system
to ecological shocks, not the typical magnitude of those shocks
(Brathwaite et al., 2021; Levin et al., 2013; Litzow and Hunsicker,
2016). For the above reasons, the short-run coefficient should be
interpreted as a system-level sensitivity parameter, jointly with the
impulse-response functions and the mean degradation rate, rather than
as a stand-alone economic multiplier (Breitung et al., 2004; Zou, 2018).
The nonlinear dynamic responses of coastal ecosystems further reinforce
the need to rely on the VECM as a system rather than on individual
coefficients in isolation (Barbier et al., 2008; McGlathery et al., 2013;
Selkoe et al., 2015).

Here, the baseline cointegrating vector indicates the presence of a
stable long-run relationship among GDP, international tourism arrivals,
accommodation capacity, and mangrove natural capital within the
Johansen multivariate cointegration framework (Johansen, 1988).
Under the Johansen normalization, the coefficients for international
tourist arrivals and accommodation capacity are statistically significant,
whereas the coefficient for mangrove natural capital is not significantly
different from zero (Johansen, 1991).

Rearranging the cointegrating relation to express GDP as the
dependent variable yields an implied long-run elasticity of GDP with
respect to mangrove natural capital of —2.544. However, the coefficient
is not statistically significant (p = 0.737) and should therefore be
interpreted cautiously. In macro-ecological systems, ecological variables
evolve slowly and exhibit limited interannual variation, which often
leads to imprecisely estimated long-run parameters even when short-run
transmission channels remain economically meaningful (Barbier et al.,
2008; McGlathery et al., 2013).

Nevertheless, the statistically significant long-run coefficients

Table 5
Estimated short-run dynamics and long-run cointegrating vector (VECM, rank = 1, lags = 2).
Dep. Variable Independent Coeff. Std. z-stat p-value Interpretation
Variable Error
Alngdpct ECT¢, —0.0842 0.0335 —2.52 0.012%* GDP corrects ~8.4%/year toward long-run equilibrium
Alnitat,., —0.1953 0.0969 —2.02 0.044* Significant negative short-run effect of tourist arrivals on GDP
Alntrnt 0.0290 0.1012 0.29 0.774 Not significant
Alnnemteq —25.713 7.836 —3.28 0.001***  Strong negative short-run impact of mangrove degradation on GDP
Constant 0.0053 0.0177 0.30 0.763 Not significant
Alnitat ECT¢4 0.0463 0.2276 0.20 0.839 No significant adjustment toward equilibrium
Alnnemte —106.160 53.311 -1.99 0.046* Significant negative short-run association: mangrove degradation —
tourism arrivals
Constant —0.1108 0.1202 —0.92 0.357 Not significant
Alntrnt ECT¢q —0.0576 0.2079 -0.28 0.782 No short-run equilibrium adjustment for accommodation supply
Alnnemtq —94.775 48.690 -1.95 0.052} Marginally significant: mangrove degradation — accommodation
capacity
Constant —0.0970 0.1098 —0.88 0.377 Not significant
Alnncmt ECT¢q —0.0021 0.0008 -2.76 0.006%* Mangrove stock converges slowly toward long-run equilibrium
Alntrnty 0.0105 0.0023 4.63  <0.001***  Positive: accommodation capacity expansion is associated with
mangrove dynamics
Alnnemtyq 0.5633 0.1758 3.20 0.001***  Strong persistence: previous mangrove conditions influence current
changes
Constant —0.0010 0.0004 —2.54 0.011* Significant negative drift in mangrove capital
Long-run B (cointegrating Initat —5.065 0.779 —6.50  <0.001***  Mass tourism associated with lower long-run GDP (congestion/
vector) environmental pressure effects)
Intrnt 4.576 0.720 6.36  <0.001***  Tourism infrastructure positively associated with long-run GDP
Innemt —25.525 9.979 -2.56 0.011* Mangrove capital positively associated with long-run GDP. Implied

elasticity = +25.525 (see Section 4.4).

Note. Results correspond to the baseline VECM estimated with rank = 1 and two lags (N = 27). The cointegrating vector is normalized on real GDP (Ingdpct). The long-
run coefficient for mangrove natural capital (p = —25.525; p = 0.011) implies a positive long-run elasticity of GDP with respect to mangrove capital of +25.525. Short-
run coefficients associated with Alnncmt represent system-conditional responses to changes in mangrove natural capital and should not be interpreted as marginal
effects in isolation. {p < 0.10; *p < 0.05; **p < 0.01; ***p < 0.001. Source: Own elaboration.
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associated with tourism flows and accommodation capacity indicate
that the tourism-growth nexus remains structurally embedded in the
Dominican economy. These results are consistent with the view that
tourism activity and tourism infrastructure constitute central drivers of
long-run output dynamics in tourism-dependent coastal economies
(Duffy et al., 2015; Peterson, 2023).

Under the Johansen normalization, GDP is positively associated with
tourism infrastructure (Intrnt) and mangrove natural capital (Inncmt)
and negatively associated with international tourism arrivals (lnitat).
However, only the coefficients for Initat (—2.8162, p = 0.000) and Intrnt
(2.7099, p = 0.000) are statistically significant. The negative long-run
association between GDP and tourist arrivals may reflect congestion
dynamics and environmental pressures associated with mass tourism
(Barbier and Cox, 2003; Hagger et al., 2022; Matias et al., 2022). Within
the context of the Dominican tourism economy, rapid increases in visitor
numbers may place pressure on coastal ecosystems and tourism infra-
structure, potentially affecting destination attractiveness over time.

While the long-run parameters describe equilibrium relationships,
the short-run dynamics are captured by the VECM adjustment terms. In
the estimated model, changes in mangrove natural capital (Alnncmt)
exert statistically significant short-run effects on GDP (—25.163,
p < 0.001), international tourism arrivals (—120.7323, p = 0.016), and
tourism infrastructure capacity (—99.6449, p = 0.028), indicating that
ecological shocks are rapidly transmitted to key components of the
tourism economy.

These short-run dynamics are further illustrated in the IRF presented
in Fig. 3, which includes 95% confidence bands that allow the statistical
uncertainty around the dynamic responses to be evaluated. The
orthogonalized IRF traces the system's response to a one-standard-
deviation shock in mangrove natural capital and provides a dynamic
complement to the baseline VECM coefficients (Breitung et al., 2004;
Winarno et al., 2021).

Fig. 3 shows that a negative ecological shock is followed by imme-
diate declines across the three economic variables. Panel A indicates that
GDP falls by approximately 0.02 log points. Panels B and C reveal
stronger responses within the tourism system, with both international
tourist arrivals and tourism infrastructure declining by more than 0.06
log points during the initial adjustment period. These dynamics high-
light the short-run sensitivity of tourism-related variables to ecological
disturbances (Beeharry et al., 2021; Sherman, 2017). Mangrove degra-
dation appears to be rapidly transmitted to tourism markets and infra-
structure, reinforcing the interpretation of coastal natural capital as a
productive yet vulnerable input in tourism-dependent economies
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(Davenport and Davenport, 2006; Sherman, 2017).

Interestingly, neither international tourism arrivals (Alnitat;;) nor
tourism infrastructure (Alntrnt;.;) exhibits statistically significant short-
run effects on GDP growth in the VECM specification. The coefficient
for Alnitat,.; is —0.1154 (p = 0.098), suggesting a marginal and poten-
tially negative effect, while the coefficient for Alntrnt.; is —0.0428
(p = 0.610), indicating no statistically significant effect.

Granger causality tests provide complementary evidence that re-
inforces these findings and helps interpret the economic consequences of
ecosystem degradation (see Table B1). In the validated model (two lags,
rank = 1), mangrove degradation Granger precedes both international
tourism arrivals (p = 0.003) and tourism infrastructure capacity
(p = 0.029). These variables, in turn, display significant long-run re-
lationships with GDP within the VECM framework (see Table 5). These
results should be interpreted as evidence of predictive precedence rather
than structural causality, since Granger causality tests identify temporal
ordering in the data but do not establish causal mechanisms.

The potential for joint determination among tourism development,
economic growth, and mangrove degradation deserves explicit
acknowledgment. In principle, all four variables in the system may be
simultaneously influenced by common drivers, such as foreign direct
investment, institutional quality, or climate shocks, that are not directly
observed in the model (Acheampong and Opoku, 2023; Rajapaksa et al.,
2019). The VECM framework partially addresses this concern: by
treating all variables as endogenous and jointly modeling their dynamic
interdependencies, it avoids the single-equation endogeneity problem
that would affect a standard regression approach (Johansen, 1988;
Ouerfelli, 2008). The bidirectional Granger precedence documented in
Table B1, where tourism variables also precede mangrove capital, is
itself evidence of this mutual determination and is consistent with the
VECM's system-level design. Nevertheless, the model does not control
for omitted drivers of the tourism-growth-ecosystem nexus, and the
estimated coefficients should therefore be interpreted as conditional
associations within the system rather than as structural causal effects
(Engle and Granger, 1987; Williams and Cook, 2016). This limitation is
discussed further in Section 5.

Once again, and given the limited sample size and the statistical
uncertainty associated with some long-run parameters, the estimated
magnitudes should be interpreted jointly with the system diagnostics
and robustness checks rather than as stand-alone elasticities (Breitung
et al., 2004; Papana et al., 2023; Paskov4 et al., 2024; Zou, 2018).

Orthogonalized Impulse Response Functions

Response to a one-SD shock in mangrove natural capital (Inncmt)
Baseline VECM: rank = 1, lags = 2 | 95% confidence bands
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Fig. 3. Orthogonalized impulse response functions of the VECM system with 95% confidence bands

Note. Orthogonalized impulse-response functions (OIRFs) from the baseline VECM specification (rank = 1, lags = 2), showing the dynamic responses of (A)
aggregate GDP (Ingdpct), (B) international tourist arrivals (Initat), and (C) tourism infrastructure capacity (Intrnt) to a one-standard-deviation shock in mangrove
natural capital (Inncmt). The horizontal axis represents the forecast horizon in periods (years), while the vertical axis reports responses in logarithmic units
(approximately percentage changes). Cholesky ordering: Ingdpc — Initat — Intrnt — Inncmt. Source: Own elaboration.
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4.4. Approaching mangrove economic exposure

The implied long-run elasticity of GDP with respect to mangrove
natural capital in the baseline rank-1 VECM is +25.525 (p = 0.011),
derived from the Johansen cointegrating vector normalized on Ingdpc.
This coefficient is statistically significant and indicates that, in the long-
run equilibrium, greater mangrove capital stock is associated with
higher GDP, consistent with the interpretation of coastal ecosystems as
productive natural infrastructure supporting tourism-dependent devel-
opment (Barbier, 2007; Beck et al., 2022; Menéndez et al., 2018). The
short-run dynamics and Granger-causality results reinforce this finding:
mangrove degradation Granger-causes GDP (p = 0.044), tourist arrivals
(p < 0.001), and hotel-room capacity (p < 0.001), while feedback effects
from tourism variables to mangrove capital are also present, indicating
bidirectional ecological-economic coupling. Following Granger (1969)
and the cautionary discussion by Williams and Cook (2016), these re-
sults are interpreted as evidence of predictive precedence and temporal
ordering rather than definitive proof of structural causation. The sig-
nificant long-run elasticity and the consistent Granger causality provide
a coherent analytical basis for estimating the economic exposure asso-
ciated with mangrove degradation. Table 6 presents this estimate.

Using the observed mean annual log-decline in mangrove capital
(—0.00163) over the full sample period, and applying the implied long-
run elasticity of +25.525 (p = 0.011) to the estimated annual value of
coastal-marine ecosystem services in the Dominican Republic, approx-
imately USD 1800 million (Ruiz de Gauna et al., 2024), the annual
economic exposure amounts to approximately USD 75.0 million,
equivalent to 4.2% of the estimated value of coastal-marine ecosystem
services. As a robustness check, applying the observed-only degradation
rate from the truncated sample (1996-2020; —0.00132, excluding
OLS-projected values) yields a lower-bound estimate of approximately
USD 60.7 million (3.4%). These estimates are reported in Table 6.

The estimated exposure should be interpreted as a cautionary
indicative long-run scenario (reflecting the equilibrium relationship
between mangrove capital and GDP under the observed rate of degra-
dation) rather than as a realized annual loss (Williams and Cook, 2016).
The calculation captures only the tourism-economy transmission
channel and excludes other ecosystem services provided by mangroves,
including coastal protection, fisheries support, and carbon sequestra-
tion, implying that the reported figure is a conservative lower bound of
the total economic implications of mangrove degradation (Barbier et al.,
2011; Shortridge et al., 2024).

The analysis, therefore, highlights the need for policy frameworks
that integrate natural capital as a core component of tourism develop-
ment strategies, particularly through instruments such as payments for
ecosystem services (Beck et al., 2022; Menéndez et al., 2018). This
approach would allow internalization of environmental externalities
and enhance the resilience of the growth model.

It is also crucial to note that this analysis only considers mangrove
ecosystems. It excludes the degradation of other critical coastal systems,
such as coral reefs, seagrass beds, and marshes, which play comple-
mentary roles in biodiversity conservation, shoreline protection, and
tourism attractiveness (Duarte et al., 2008; Eastwood et al., 2017;
Spalding et al., 2017).

5. Discussion and policy implications

Returning to the central research question, to what extent does
mangrove degradation affect short-run and long-run economic dynamics
in a tourism-dependent SIDS? The results provide evidence at both
temporal horizons. The results presented in Section 4, regarding the
short-run dynamics and IRFs within the VECM framework, indicate that,
in the Dominican context, ecological shocks lead to immediate declines
in GDP, tourist arrivals, and tourism infrastructure (Elias et al., 2023;
Matias et al., 2022; Ouerfelli, 2008). Regarding the long-run dynamics,
the statistically significant cointegrating relationship between
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Table 6
Estimated annual economic exposure associated with mangrove degradation
(indicative long-run scenario).

Component Value Unit Source/Note

+25.525 — Derived from Johansen
cointegrating vector
(rank = 1, lags = 2).
Bllnnecmt] = —25.525;
implied elasticity of
Ingdpc w.r.t. Inncmt =
—(—25.525) = +25.525.
Statistically significant: p
=0.011.

Calculated from Stata
Fase 8 (includes OLS-
projected values for
2021-2023). Equivalent
to —0.163% annual
functional degradation.
Calculated from Stata
Fase 11 (observed data
only, no imputed values).
Robustness check for C1.

Long-run elasticity (¢)
— implied from
cointegrating
vector

Average annual log- —0.00163 Log-
decline in mangrove points/
capital — full sample year
(1996-2023)

Average annual log- —0.00132 Log-
decline — observed points/
subsample only year
(1996-2020)

Estimated coastal- USD 1800 USD/year Ruiz de Gauna et al.
marine ecosystem million (2024): coastal-marine
services value ecosystems in the DR

generate approx. USD
1800 million annually in
ecosystem services (1.8%
of GDP, 2023).

Estimated annual USD 75.0 USD/year = 25.525 x (—0.00163)

economic exposure million x 1,800,000,000.

— full sample Indicative long-run

(AY = ¢ x AlnK x Y) exposure scenario, not a
realized annual loss.
Coeficient is statistically
significant (p = 0.011).

Estimated annual USD 60.7 USD/year = 25.525 x (—0.00132)
economic exposure million x 1,800,000,000.

Robustness lower bound
using observed-only
degradation rate.

Derived from € x average
coastal-marine decline rate x 100.
ecosystem services Primary framing: 4.2% of
value the estimated USD 1800
million annual value of
coastal-marine ecosystem
services (Ruiz de Gauna
et al., 2024).

— observed
subsample

4.2% (ful)/ %
3.4% (obs.)

Exposure as % of

Total national GDP UsSD USD World Bank WDI (NY.
(2023) 100,366 (constant GDP.MKTP.KD). Source:
million 2015) Stata dataset.

0.075% % USD 75.0 million/USD
100,366 million. Provided
for context; primary
framing uses ecosystem

services base.

Exposure as % of
national GDP (full
sample)

Note. Annual economic exposure was estimated as AY = ¢ x AlnK x Y, where ¢ is
the long-run elasticity obtained from the Johansen cointegrating vector, AlnK is
the observed mean annual change in mangrove natural capital, and Y is the
estimated annual value of coastal-marine ecosystem services. The table reports
both the baseline estimate and a robustness estimate based exclusively on
observed mangrove data (1996-2020). Source: Own elaboration based on Stata
output and Ruiz de Gauna et al. (2024).

mangrove capital and GDP indicates that mangrove natural capital
functions as a long-run productive input whose depletion constrains the
economy's equilibrium growth path (Acheampong and Opoku, 2023;
Alvarado and Toledo, 2017).

5.1. Interpreting the findings

The above findings can be interpreted within a broader ecologi-
cal-economic framework in which mangrove ecosystems function as
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productive assets of natural capital (Barbier, 2007). In coastal
tourism-dependent economies, mangroves provide ecosystem services
that operate as natural infrastructure supporting economic activity, such
as shoreline stabilization, storm protection, habitat provision, and
landscape amenities that underpin tourism attractiveness and coastal
resilience (Beck et al., 2022). From this perspective, the degradation of
mangrove ecosystems is not only an environmental concern but also a
macroeconomic issue affecting the stability and sustainability of
tourism-led development trajectories (Leotaud et al., 2024; Menéndez
et al., 2018). Based on the above, three key empirical findings anchor
the discussion.

First, the VECM results indicate that environmental degradation,
proxied by the indicative exposure of mangrove natural capital, is
associated with a statistically significant negative short-run effect on
economic growth. In the baseline specification (lags = 2, rank = 1), the
lagged coefficient on mangrove capital in the GDP equation is —25.713
(p = 0.001). This magnitude should not be interpreted in isolation as
implying proportionally large macroeconomic fluctuations. Over the
analyzed period 1995-2023, the average annual log-change in
mangrove capital is only —0.00163, indicating very limited year-to-year
ecological variation. In slow-moving ecological systems, small annual
changes in natural-capital stocks may yield relatively large coefficients
in differenced macroeconomic models without corresponding large
realized macroeconomic shifts (Folke et al., 2004; Mancini et al., 2017;
Selkoe et al., 2015).

Second, Granger-causality tests indicate predictive precedence from
mangrove natural capital to several macro-tourism variables in the
bivariate VAR exercises (Portella-Carbo et al., 2023; Siggiridou and
Kugiumtzis, 2016). Specifically, mangrove degradation
Granger-precedes GDP (p = 0.044), international tourism arrivals
(p < 0.001), and accommodation capacity (p = < 0.001). Following the
original interpretation of the test (Granger, 1969) and subsequent
methodological clarifications (Engle and Granger, 1987; Siggiridou and
Kugiumtzis, 2016; Zou, 2018), these results are interpreted as evidence
of temporal ordering rather than proof of structural causality. None-
theless, the consistent predictive precedence observed across the GDP,
tourism arrivals, and accommodation equations suggests that changes in
coastal natural capital tend to precede adjustments in key
tourism-related macroeconomic indicators.

Third, the tourism sector itself appears particularly sensitive to
ecological degradation. The VECM results indicate that changes in
mangrove natural capital have statistically significant short-run effects
on both international tourist arrivals and accommodation capacity.
These simultaneous effects on demand and supply variables point to a
structural vulnerability of tourism-dependent coastal economies such as
the Dominican Republic, where ecosystem services provided by man-
groves (such as shoreline stabilization, storm protection, and landscape
quality) form part of the natural infrastructure supporting tourism ac-
tivity (Barbier, 2015; Beck et al., 2022).

In other words, the short-run dynamics, the Granger-precedence
tests, and the statistically significant long-run cointegrating relation-
ship indicate that mangrove degradation operates across multiple tem-
poral scales. This synthesis is consistent with the ecological-economic
perspective advanced by Barbier (2007) and with empirical evidence
showing that coastal ecosystems function as productive natural capital
whose degradation is progressively transmitted to economic perfor-
mance through tourism-dependent development pathways (Beck et al.,
2022; Leotaud et al., 2024). In the DR, the results suggest that ecolog-
ical shocks are transmitted rapidly through tourism-related channels. At
the same time, persistent deterioration in mangrove natural capital
constrains the economy's long-run equilibrium, reinforcing recent evi-
dence on the macroeconomic relevance of blue-carbon ecosystems and
coastal resilience (Acheampong and Opoku, 2023; Litzow and
Hunsicker, 2016). The estimated annual economic exposure of approx-
imately USD 75.0 million (4.2% of the value of coastal-marine
ecosystem services) provides an indicative lower-bound benchmark for
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these long-run implications, consistent with previous studies empha-
sizing that conventional economic valuations capture only part of the
services generated by coastal ecosystems (Barbier et al., 2011; Beck
et al., 2022; Ruiz de Gauna et al., 2024). Because the calculation cap-
tures only the tourism-economy transmission channel and excludes
nonlinear ecological interactions and other ecosystem services, it should
be interpreted as a conservative benchmark rather than as a compre-
hensive estimate of the economic costs associated with mangrove
degradation (Levin et al., 2013; Shortridge et al., 2024).

From a coastal management perspective, the results provide evi-
dence consistent with an ecosystem-based approach, in which mangrove
conservation is treated as a productive asset and ecological infrastruc-
ture within tourism planning rather than a peripheral environmental
objective (Barbier, 2007). In tourism-dependent SIDS, mangroves
contribute to shoreline stabilization, storm buffering, habitat quality,
and landscape value, all of which condition the resilience of coastal
tourism systems (Barbier, 2015; Beck et al., 2022).

From a policy perspective, the findings highlight the importance of
integrating economic instruments into environmental governance
frameworks to promote pro-environmental behavior and internalize
ecological externalities (Ling and Xu, 2021; Rajapaksa et al., 2019;
Schubert, 2010; Wang et al., 2021). Instruments such as payments for
ecosystem services (PES), ecological zoning, or conservation-based in-
centives can help shift the behavioral calculus of land-use decisions in
coastal areas (Coria and Sterner, 2011; Ekpe, 2013). Furthermore, the
synergistic and nonlinear dynamics among coastal ecosystems imply the
presence of ecological hysteresis (Litzow and Hunsicker, 2016). Once a
system crosses certain degradation thresholds, restoring it may require
disproportionately greater effort or may be infeasible altogether
(McGlathery et al., 2013; Selkoe et al., 2015).

In the DR, coastal tourism development and mangrove conservation
involve overlapping institutional responsibilities between the Ministry
of Environment and Natural Resources, coastal zoning regulations, and
the Ministry of Tourism and its development planning frameworks.
Rapid tourism expansion in areas such as Samana Bay and its sur-
rounding areas (including North and South areas around the bay, such as
Miches) and Bavaro-Punta Cana illustrates the governance challenges
associated with integrating mangrove conservation into tourism-led
coastal development strategies (Duffy et al., 2015; Eastwood et al.,
2017; MMARN/ORPALC/PNUMA, 2025; Ruiz de Gauna et al., 2024).

It implies stronger coordination between tourism expansion, coastal
zoning, and mangrove protection in rapidly developing coastal terri-
tories such as Samand, Bavaro-Punta Cana, and Puerto Plata, where
ecological resilience and tourism infrastructure are closely interdepen-
dent (Herrera Estévez, 2022; MMARN/ORPALC/PNUMA, 2025; Steneck
and Torres, 2023). More importantly, it does not reflect the opportunity
costs associated with losing services that are not easily substitutable,
such as shoreline stabilization, habitat provisioning, and the cultural
and aesthetic value of intact landscapes (Barbier, 2015; Beck et al.,
2022). In the absence of clear market signals, these services tend to be
undervalued or ignored in decision-making, increasing the risk that
quantified indicative exposure is misinterpreted as permission to
convert ecosystems (Balmford et al., 2002; Barbier et al., 2008). The
baseline rank-1 VECM, the system diagnostics, and the rank-2 robust-
ness model support the existence of a meaningful ecological-economic
linkage. However, they also require cautious interpretation of
long-run magnitudes and policy extrapolations.

The answer to the study's central question is multi-scalar and
contingent. For tourism-dependent SIDS, the evidence presented here
suggests that ecosystem conservation should be treated not merely as an
environmental externality but as an important component of long-term
macroeconomic policy (Lionetti and Gonzalez, 2012; Liu et al., 2022;
Meyer, 2020; Portella-Carbo et al., 2023). The findings discussed here
are consistent with recent work on blue-carbon ecosystems, coastal
resilience, and tourism vulnerability, which emphasizes that mangroves
and associated coastal habitats generate regulating and amenity services
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that are economically relevant yet systematically undervalued in coastal
development decisions (Beck et al., 2022; Herr et al., 2017; Ruiz de
Gauna et al., 2024; Wolf et al., 2024).

5.2. Framing limitations

A limitation of the analysis discussed here concerns potential endo-
geneity beyond what the VECM framework captures. Although the
multivariate VECM treats all variables as jointly endogenous, it does not
explicitly control for unobserved common drivers that may simulta-
neously influence tourism flows, economic growth, and mangrove
degradation. Factors such as foreign direct investment in coastal tourism
infrastructure, the quality of environmental governance and regulatory
enforcement, and climate-related shocks, including hurricanes, sea-level
rise, and coral bleaching events, could affect all four variables in the
system and generate spurious associations if omitted (Acheampong and
Opoku, 2023; Galaitsi et al., 2024; Schubert, 2010). In a small island
developing state context with limited data availability, incorporating
these controls directly into the VECM is not feasible without severe
over-parameterization (Elias et al., 2023; Paparoditis and Politis, 2018).

The robustness of the cointegrating relationship across sub-periods,
including the pre-crisis window (1995-2007) and the pre-COVID win-
dow (1995-2019), provides indirect evidence that the estimated long-
run equilibrium is not driven primarily by these major disruptions.
Although formal structural-break tests were not conducted due to the
limited sample size, the stability of the cointegrating relationship across
alternative estimation windows increases confidence in the robustness
of the long-run results (Durr, 1992; Zou, 2018).

More specifically, four categories of omitted variables merit discus-
sion. First, foreign direct investment (FDI) in coastal tourism infra-
structure is a plausible driver of both hotel room expansion (Intrnt) and
mangrove degradation (Inncmt), as large-scale resort development has
historically involved coastal land conversion in the Dominican Republic
(Duffy et al., 2015; Eastwood et al., 2017). The absence of an FDI control
means that part of the estimated association between tourism infra-
structure and mangrove capital may reflect this common driver rather
than a direct ecological-economic link. Secondly, climate-related
shocks, including Atlantic hurricane events, coral bleaching episodes,
and sea-level rise, affect both coastal ecosystem health and tourism
demand simultaneously, and their exclusion from the model may
introduce omitted variable bias in the short-run equations (Galaitsi
et al., 2024; Spencer, 2019; Wolf et al., 2024). In third place, institu-
tional quality and environmental regulatory enforcement condition the
rate at which economic growth translates into ecosystem degradation. In
contexts of weak enforcement, the EKC transition toward environmental
improvement is delayed or absent, as is the case in many SIDS (Al-mulali
et al., 2015; Alvarado and Toledo, 2017; Schubert, 2010). Fourth,
environmental regulations specific to coastal zones (including protected
area designations, mangrove harvesting restrictions, and coastal zoning)
could independently affect Inncmt and [nitat in ways the model does not
capture (Ekpe, 2013). Incorporating these variables directly into the
VECM is not feasible given the sample size of 29 observations and the
risk of severe over-parameterization in a four-variable system already
operating near its degrees-of-freedom limit (Paparoditis and Politis,
2018). Future research using longer time series or panel data across
multiple SIDS should explicitly address these omissions (Acheampong
and Opoku, 2023; Lionetti and Gonzalez, 2012).

Finally, it is important to clarify the limits of this study and the scope
of the variable used to represent ecosystem degradation. The analysis
focuses exclusively on mangroves, which were selected for both
empirical and theoretical reasons. Moreover, the variable represents a
functional measure of mangrove natural capital rather than a direct
ecological indicator of ecosystem condition. It therefore does not cap-
ture dimensions such as habitat quality, species composition, or
ecosystem integrity. Therefore, the study does not capture the full
complexity of coastal-marine ecosystem dynamics. Coral reefs, seagrass
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beds, and marshlands also play crucial roles in biodiversity, shoreline
protection, and cultural ecosystem services (Beck et al., 2022; Brander
et al., 2007; Spalding et al., 2017; Wolf et al., 2024).

6. Conclusions

This study provides evidence of an ecological-economic linkage be-
tween mangrove degradation and macro-tourism dynamics in the
Dominican Republic using annual data for 1995-2023. The baseline
rank-1 VECM identifies statistically significant effects at both the short-
run and long-run horizons. In the short run, mangrove degradation is
associated with significant declines in GDP growth (p = 0.001), tourist
arrivals (p = 0.046), and accommodation capacity (p = 0.052), while
the error correction term validates that GDP adjusts toward its long-run
equilibrium at a rate of approximately 8.4% per year (p = 0.012). In the
long run, the Johansen cointegrating vector yields a statistically signif-
icant coefficient on mangrove natural capital (p = 0.011), implying that
greater mangrove capital stock is associated with higher GDP in equi-
librium. These findings support the interpretation that coastal ecosystem
degradation constitutes a material economic risk in this tourism-
dependent SIDS context, not only through short-run disruptions but
also through its long-run impact on the economy's productive capacity.

Four core findings emerge from this analysis. First, there is a statis-
tically significant negative short-run effect of mangrove degradation on
GDP growth (coefficient = —25.713, p = 0.001), underscoring the
vulnerability of productive systems to ecological decline even when the
annual rate of degradation is slow (—0.163% per year on average).
Second, the Granger tests indicate that mangrove capital has predictive
precedence over GDP (p = 0.044), tourism arrivals (p < 0.001), and
accommodation capacity (p < 0.001), while bidirectional feedback from
tourism variables to mangrove capital is also present, consistent with
joint ecological-economic determination. Third, the long-run cointe-
grating vector identifies a statistically significant positive relationship
between mangrove capital and GDP (p = 0.011), providing evidence
that the ecological-economic linkage extends beyond short-run fluctu-
ations to the system's structural equilibrium. Fourth, applying the
implied long-run elasticity (4+25.525) to the observed degradation rate
and the estimated value of coastal-marine ecosystem services, the esti-
mated annual economic exposure associated with mangrove degrada-
tion amounts to approximately USD 75.0 million (4.2% of the value of
coastal-marine ecosystem services), with a robustness lower bound of
USD 60.7 million (3.4%) using observed-only data (1996-2020). These
findings are consistent with the view that ecological constraints play a
more central role in shaping development trajectories in tourism-
dependent SIDS than is typically assumed in aggregate environment—
growth frameworks (Barbier, 2015; Elias et al., 2023; Schubert, 2010).

The analysis is not without limitations. The time series, while rela-
tively long by Caribbean standards, operates near the degrees-of-
freedom limit of the four-variable VECM, which constrains the inclu-
sion of additional controls. Four categories of omitted variables are
particularly relevant: foreign direct investment in coastal tourism
infrastructure; climate-related shocks, including hurricanes and coral
bleaching events; institutional quality and environmental regulatory
enforcement; and coastal zone management regulations. These factors
may simultaneously influence tourism flows, economic growth, and
mangrove degradation, implying that some degree of residual endoge-
neity may remain despite the multivariate VECM specification.
Accordingly, the estimated coefficients should be interpreted as condi-
tional associations rather than structural causal effects (Acheampong
and Opoku, 2023; Galaitsi et al., 2024).

Additionally, values for Inncmt in 2021-2023 were projected using
OLS trend extrapolation, as the World Bank WAVES indicator is not yet
available beyond 2020; while the truncated-sample robustness check
highlights the qualitative direction of results, the short-run coefficients
from the full-sample model should be interpreted with this caveat in
mind (Ericsson, 1992). The Zivot-Andrews test further flags a structural
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break in hotel infrastructure (Intrnt) in 1999 that the standard ADF test In summary, this study underscores that ecological degradation is

does not detect, an additional limitation acknowledged in the baseline not merely a peripheral concern but a fundamental threat to sustainable

unit root characterization (Zivot and Andrews, 2002). development. The consistent empirical links between natural capital,
Future research should expand the analytical framework in four di- tourism flows, and infrastructure point to the need for integrated,

rections. First, incorporating spatially explicit and multi-ecosystem in- adaptive policy strategies.

dicators would improve ecological realism; remote-sensing data on

mangrove extent, fragmentation, and shoreline exposure would com- CRediT authorship contribution statement

plement the aggregate functional indicator used here and capture spatial
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Appendix ASupplementary data
Supplementary data to this article can be found online at https://doi.org/10.1016/j.ocecoaman.2026.108293.

Annex A. Robustness Tables (added for R2)

Table Al
Zivot-Andrews unit root tests with endogenous structural break
Variable  Min. t- Break Ccv Ccv Interpretation
stat Year 1% 5%
Ingdpc —3.640 2003 —5.34 —4.80 Fail to reject Hy — I(1) with structural break
Initat —4.705 2019 —5.34 —4.80 Fail to reject Hy — I(1) with structural break
Intrnt —5.669 1999 —5.34 —4.80 Reject Hp at 1% — structural break at 1999 (rapid hotel expansion). ADF standard test (t = —2.692, p = 0.076) fails to
reject; ZA result noted as limitation. I(1) characterization maintained for VECM consistency.
Innemt —4.290 2017 —5.34 —4.80 Fail to reject Hy — I(1) with structural break

Note. Zivot-Andrews tests allowing for a single endogenous structural break were estimated using AIC-based lag selection (maximum three lags). Three variables
remain consistent with an I(1) process after allowing for structural breaks. Although Intrnt rejects the null hypothesis at the 1% level, it is retained as I(1) to preserve a
common integration order across variables in the baseline VECM. Source: Own elaboration.

Table A2
Johansen trace test: sub-period robustness for structural breaks

Sub-period N (eff.) Lags Trace stat (r = 0) CV 5% Conclusion

1995-2007 (pre-financial crisis) 12 1 61.83 47.21 Cointegration supported before financial crisis
1995-2019 (pre-COVID) 23 2 71.60 47.21 Cointegration supported before the Covid-19 pandemic
1995-2023 (full sample — baseline) 27 2 67.02 47.21 Baseline specification

Note. Johansen trace tests (Hp: r = 0) were estimated for three sample windows. Cointegration is supported in all specifications, indicating that the estimated long-run
equilibrium is not driven solely by recent observations. The 1995-2007 model uses one lag because of the smaller effective sample; the remaining specifications use
two lags, consistent with the baseline model. Source: Own elaboration.
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Annex B. Granger causality tests

Table B1
Granger causality Wald tests (bivariate VAR, 2 lags)

Ocean and Coastal Management 280 (2026) 108293

Dependent Variable Granger-causing Variable Chi-square p-value Interpretation

Ingdpc Inncmt 4.068 0.044* Mangrove capital Granger-causes GDP

Innemt Ingdpc 3.675 0.0551 Weak reverse predictive effect

Initat Inncmt 48.231 <0.001%*** Mangrove capital Granger-causes tourism arrivals

Intrnt Innemt 14.704 <0.001%** Mangrove capital Granger-causes tourism infrastructure
Innecmt Initat 9.959 0.002%* Tourism arrivals Granger-cause mangrove capital
Innemt Intrnt 4.604 0.032* Tourism infrastructure Granger-causes mangrove capital

Note. Granger causality Wald tests were estimated from bivariate VAR models with two lags. The results indicate predictive precedence (temporal ordering) rather
than structural causality (Granger, 1969; Williams and Cook, 2016). Significant bidirectional relationships between mangrove natural capital, tourism arrivals, and

tourism infrastructure are consistent with dynamic ecological-economic feedbacks. {p < 0.10; *p < 0.05; **p < 0.01;

Data availability
Data will be made available on request.
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