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Abstract

This study examines the long-run relationship between the external terms of trade (TOTs)
and real GDP of the services sector in a small open economy, focusing on the Peruvian
economy. Although the services sector concentrates the largest share of employment and
urban income, its exposure to persistent external price cycles remains relatively under-
studied in sector-specific empirical research. Building on the notion that TOTs operate
as an external anchor shaping macroeconomic conditions beyond export activities, this
paper evaluates whether sustained external shocks are structurally linked to services-sector
performance. The analysis employs a Johansen cointegration framework and a bivariate
Vector Error Correction Model (VECM) using quarterly data for the period 1996-2024. This
approach allows for distinguishing long-run equilibrium relationships from short-run ad-
justments without imposing strong causal assumptions. The results indicate the presence of
a stable long-run relationship between the TOTs and services-sector GDP, with adjustment
dynamics consistent with a gradual absorption of external shocks. From a sustainability
perspective, the findings suggest that the expansion of the services sector is not independent
from external trade conditions, highlighting the relevance of structural resilience under
recurrent international price volatility. This study contributes to the literature by providing
sector-level empirical evidence for a resource-dependent economy and offers a replicable
analytical framework for examining structural sustainability in other small open economies
with similar productive characteristics.

Keywords: services sector; terms of trade; structural sustainability; cointegration; VECM;
small open economy

1. Introduction

Over recent decades, the Peruvian economy has undergone a process of productive
reorganisation, of which the most visible expression has been not the expansion of primary
sectors but rather the growing centrality of the services sector in urban economic life, both
in terms of output generation and employment. Official statistics indicate that services
currently account for just over 50.23% of the gross domestic product (GDP) and absorb
close to 42% of the total employment [1,2], thereby constituting the main locus of income
generation and job absorption in urban labour markets. In real terms (2007 = 100), the
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services GDP increased from 93.52 billion soles in the mid-1990s to more than 294.15 billion
soles by 2024 [1], reflecting sustained expansion associated with urbanisation, productive
tertiarisation and gradual shifts in consumption patterns.

This predominance does not stem from a single source of growth but rather from
the simultaneous consolidation of activities related to trade, transport, financial services,
inbound tourism, business services, telecommunications and, still incipiently, modern
knowledge-intensive services [3-5]. Far from forming a homogeneous block, these seg-
ments articulate a heterogeneous productive network that links domestic demand with
external flows and sustains—directly or indirectly—the incomes of millions of households,
particularly in urban areas.

Precisely because of this transversal position, the quantitative and social weight of the
services sector does not automatically translate into macroeconomic stability or insulation
from external disturbances. The sector operates within an environment shaped by factors
that exceed its internal dynamics [6], and its performance depends to a large extent on
the general conditions faced by the economy as a whole. In small open economies such
as Peru, the external terms of trade (hereafter, TOTs) constitute a central determinant of
the business cycle [7]. Given that the country’s export structure is highly concentrated
in primary commodities—particularly metallic minerals—fluctuations in international
prices generate persistent external shocks that affect foreign exchange availability, the real
exchange rate, fiscal revenues and overall demand conditions [8].

Although these shocks do not originate within the services sector, their effects shape
the macroeconomic environment in which the sector expands, slows or adjusts, thereby
influencing its medium- and long-term trajectories. Recent studies suggest that if TOTs
exert a systematic influence on aggregate GDP, it is reasonable to expect their effects
to be transmitted—albeit through different channels—across economic sectors [9]. In
the case of services, such transmission is neither direct nor homogeneous, as the sector
combines tradable and non-tradable activities; domestic consumption and external demand;
formal and informal employment; and marked heterogeneity in productivity [10,11]. This
configuration adds an additional layer of complexity, insofar as TOT-related external shocks
may affect the sector through multiple channels: household income and domestic demand,
private investment and business expectations, public spending financed by external fiscal
revenues, and, in specific segments, the competitiveness of services exports in response to
real exchange rate movements [8,12,13].

In Peru, this configuration acquires particular relevance. Although services exports
account for around 14% of total exports, their internal structure has displayed growing dy-
namism, driven mainly by inbound tourism, international transport and business services,
with an increase of nearly 33% between 2023 and 2024 [14]. This performance, however,
should not be interpreted as an autonomous process, as it unfolds in close interaction
with the overall macroeconomic cycle and with the evolution of the primary sectors that
dominate the export basket.

Indeed, a significant share of services GDP depends indirectly on the external cycle,
insofar as income generated by primary sectors is channelled into consumption and invest-
ment in tertiary activities. This transmission mechanism—Iless visible but economically
meaningful—helps explain why the sector not only receives the effects of the external
cycle but also fulfils a role in partially absorbing macroeconomic volatility, particularly in
urban contexts where employment and income are concentrated. This dual function raises
central questions regarding the sector’s structural sustainability in the long run. In this
study, structural sustainability is understood as the capacity of sectoral growth dynamics
to remain coherently aligned with persistent external economic conditions. In small open
economies, external TOTs constitute a key structural driver shaping the macroeconomic
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environment in which domestic sectors evolve. From this perspective, assessing the sustain-
ability of sectoral expansion requires examining whether the trajectory of services-sector
activity remains consistent with the evolution of the external conditions that frame the
macroeconomic cycle [15-17].

Despite its economic and social importance, the empirical literature has addressed the
relationship between TOTs and services-sector performance unevenly. At the international
level, several studies document links between sectoral growth and variables associated
with external trade, particularly in emerging economies such as India, Indonesia, Malaysia,
Thailand and Saudi Arabia [18,19]. These contributions, however, tend to focus on con-
temporaneous or comparative relationships, while dynamic long-run analysis remains
relatively underexplored.

This gap is particularly evident in the Peruvian case. Available evidence has focused
almost exclusively on examining the effects of TOTs on aggregate variables—such as total
GDP, the trade balance, the exchange rate or fiscal revenues [9,20,21]—implicitly assuming
that sectoral effects are embedded within aggregate dynamics. Such an assumption is
restrictive for the services sector, whose response to external shocks is neither immediate
nor uniform and depends on indirect transmission mechanisms that may operate with
prolonged lags.

To the best of our knowledge of the literature reviewed, no studies have been identified
that directly examine the long-run relationship between TOTs and the real services-sector
GDP in Peru, nor that empirically assess whether the sector effectively adjusts its trajectory
in response to persistent external disturbances. This empirical gap is particularly relevant
given that the services sector concentrates the largest share of urban employment and plays
a central role in household economic stability, acting as a space where external shocks
translate into changes in income, employment and welfare [22].

From an open-economy perspective, TOTs may influence the services sector through
several interrelated channels. A favourable external cycle tends to raise fiscal revenues
and public spending, stimulating public and private services; it improves expectations
and investment, boosting business services, and increases household disposable income,
strengthening domestic demand for trade, transport and personal services. Conversely, a
prolonged deterioration in TOTs constrains these mechanisms, reduces investment and
weakens demand, indirectly affecting sectoral activity [8,23]. This study does not seek
to empirically isolate each of these channels; rather, it assumes that if a long-run equilib-
rium relationship exists, transmission effects are embedded in the joint dynamics of the
variables analysed.

Against this backdrop, the objective of this research is to empirically examine whether
external TOTs maintain a long-run equilibrium relationship with the real services-sector
GDP in Peru, and to determine whether the sector adjusts its trajectory in response to per-
sistent deviations induced by external shocks. The existence of such a long-run relationship
is interpreted as empirical evidence consistent with structural sustainability, understood
as the coherent alignment of sectoral growth dynamics with persistent external economic
conditions. To this end, this study adopts a time-series approach based on Johansen cointe-
gration and a bivariate Vector Error Correction Model (VECM), using quarterly data for
the period 1996-2024. This methodological choice reflects the indirect and gradual nature
of sectoral adjustment and is consistent with the logic of a small open economy, in which
external shocks operate as long-run anchors rather than as transitory impulses.

The value of this research lies in its capacity to provide empirically grounded evidence
that is useful both for economic policy design and for private-sector strategic planning, in a
context where services concentrate employment, income and welfare in urban spaces. By
analysing the relationship between TOTs and services-sector performance from a long-run

https://doi.org/10.3390/su18063134


https://doi.org/10.3390/su18063134

Sustainability 2026, 18, 3134

4 0f 31

perspective, this study allows for an assessment of whether the observed expansion of the
sector rests on consistent structural foundations or whether it remains exposed to persistent
external vulnerabilities.

1.1. Literature Review

The economic literature has examined the role of the services sector in growth and
structural transformation from multiple angles, albeit with considerable heterogeneity
in approaches, units of analysis and explanatory variables. Within this broad body of
work, a substantial strand recognises that sectoral dynamics are not independent of the
external macroeconomic environment, particularly in small open economies. Some stud-
ies have focused on documenting the growth of the services sector and its relationship
with aggregate macroeconomic performance, especially in emerging economies—such as
Brazil, Indonesia, Mexico and Peru—and in less developed countries—such as Bangladesh,
Ethiopia and Nepal. Within this group, empirical evidence shows that the expansion of
the services sector is typically associated with sustained increases in GDP, both in the
short and long run, suggesting a bidirectional relationship between sectoral dynamics
and overall economic growth [15,19,24,25]. These studies identify stable links between
services-sector GDP and total GDP, highlighting the former’s role as an engine of growth
and, in some cases, as a stabilising factor in the face of external disturbances [16,26,27].
While this strand of the literature provides important evidence on the macroeconomic
relevance of services, its primary focus remains on aggregate growth outcomes, leaving
less explored the mechanisms through which external shocks may influence the sector’s
long-run structural trajectory.

A second block of the literature extends this analysis to the relationship between the
services sector and variables associated with external trade, such as trade openness, services
trade and international integration. From this perspective, sectoral performance appears
to be shaped by developments in the external environment, even when the underlying
transmission mechanisms are not modelled explicitly. Comparative studies and multina-
tional panel analyses find that the expansion of the services sector is positively related
to indicators of trade integration, particularly in OECD economies [28-30]. However, in
these contributions the emphasis is typically placed on trade flows—exports and imports of
services—or on broad measures of openness, rather than on the international relative prices
that underpin the evolution of TOTs. Consequently, although this literature recognises
the relevance of the external environment, it rarely identifies international price shocks as
structural drivers of sectoral adjustment. As a result, while this literature provides relevant
evidence on the sensitivity of the services sector to external conditions, it does not explicitly
model price shocks as structural determinants of sectoral performance.

A complementary line of research—covering many of the countries mentioned above—
examines the role of the services sector in macroeconomic resilience and business-cycle
stability. From this standpoint, several authors argue that services tend to dampen out-
put volatility during crisis episodes, contributing to the smoothing of aggregate GDP
fluctuations [31-33]. Empirical studies for China, India, Pakistan, Hong Kong and Sin-
gapore report that this stabilising function is linked to the less cyclical nature of certain
tertiary activities, the weight of domestic consumption, and their lower direct exposure to
international commodity markets. Nevertheless, this buffering capacity is not autonomous.
The literature recognises that it depends on broader macroeconomic conditions, including
the behaviour of income, investment and public expenditure, all of which are influenced
by the external cycle [34-38]. This insight suggests that the apparent stability of services
may ultimately reflect adjustment processes driven by macroeconomic shocks originating
outside the sector itself.
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Another relevant group of studies is situated within the framework of natural resource
economics and Dutch disease, analysing how external shocks and rents derived from pri-
mary sectors affect productive structures. In resource-rich countries, persistent increases in
international prices have been shown to generate real exchange rate appreciation and wage
pressures that alter the competitiveness of non-tradable sectors, including services [8,39,40].
From this perspective, external shocks associated with TOTs may influence the evolution of
services not only through direct price channels but also through broader macroeconomic
adjustments affecting demand, costs and the sectoral allocation of resources. This approach
is particularly useful for interpreting the indirect transmission of external shocks associated
with TOTs to the services sector, although in some cases these analyses are not explicitly
centred on services-sector GDP.

From a more aggregate perspective, the literature has analysed the effects of TOTs on
economic growth using time-series data and international panels. These studies converge
on the view that TOTs constitute a relevant determinant of aggregate GDP, especially in
open economies with highly concentrated export structures. Empirical evidence from India,
China and Croatia shows that sustained improvements in TOTs tend to stimulate growth,
whereas prolonged deteriorations generate persistent contractionary effects [41-43]. Yet
most of this evidence remains focused on aggregate outcomes, leaving unresolved how
such external shocks propagate across individual sectors and how they shape the long-run
adjustment dynamics of services activities.

In addition, a number of theoretical and empirical contributions have highlighted the
internal heterogeneity of the services sector, distinguishing between traditional, modern
and knowledge-based services. This distinction is crucial for economies undergoing ter-
tiarisation, where labour-intensive, low-skilled activities coexist with higher-productivity
segments linked to telecommunications, business services and information technologies.
Even within this more disaggregated literature, however, TOTs are rarely incorporated as a
central explanatory variable, with most approaches focusing instead on productivity, hu-
man capital, regulation and openness [44—47]. As a result, the interaction between external
price cycles and the structural evolution of services remains only partially addressed in the
existing literature.

In sum, the evidence provided by these studies points to three stylised facts. First,
there is extensive evidence on the importance of the services sector for economic growth
and macroeconomic stability, particularly in emerging economies. Second, TOTs have
been widely studied as determinants of aggregate growth, yet their sectoral implications
remain largely unexplored. Third, studies that explicitly connect persistent external shocks—
measured through TOTs—with the long-run dynamics of the services sector are virtually
absent. This gap is particularly relevant from the perspective of structural sustainability, as
the capacity of a sector to maintain a stable growth trajectory ultimately depends on how
it adjusts to persistent external shocks. This limitation is especially significant in contexts
such as Peru, where TOTs operate as exogenous and persistent external shocks, and where
the services sector accounts for an increasing share of output and employment [1,2]. The
present study is positioned within this gap, providing direct empirical evidence on the long-
run relationship between external TOTs and real services-sector GDP, an understanding of
which is essential for assessing the conditions under which the sector can sustain a stable
performance in the presence of recurrent external shocks and, consequently, for informing
economic decisions consistent with its structural sustainability.

1.2. Theoretical Framework

External terms of trade (TOTs), defined as the ratio between export and import prices,
have been widely recognised in the literature as a condensed external signal that cap-
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tures variations in international relative prices and, by extension, in the macroeconomic
constraints shaping the performance of economies integrated into global trade [41,48,49].
Beyond their conventional use as an indicator of external competitiveness, TOTs have been
shown to exert a structural influence on disposable income, foreign exchange availability
and the economy’s capacity to absorb persistent external shocks [50,51]. As a result, their
analytical relevance extends beyond directly exporting sectors and permeates the economy
as a whole through multiple transmission channels.

From an aggregate perspective, macroeconomic theory establishes that sustained im-
provements or deteriorations in TOTs have significant effects on the levels and volatility of
output, investment and public finances, particularly in economies whose export structures
are concentrated in primary commodities [7,52]. These external cycles not only affect short-
term growth outcomes but also define constraints and margins of adjustment that condition
sectoral trajectories over the medium and long run. This is especially relevant for non-
primary sectors whose dynamics depend indirectly on the external environment [53,54].

In this vein, the structuralist tradition has emphasised that external shocks associated
with international price movements may reinforce poorly diversified specialisation patterns
and limit the scope for productive transformation [55,56]. Although these arguments were
originally formulated with reference to manufacturing, their underlying logic—centred
on dependence on external income and on resource reallocation driven by changes in
relative prices—is conceptually applicable to the services sector. In economies integrated
into international markets, expansions or contractions in external income are reflected
in domestic demand, private investment and public expenditure, all of which are key
determinants of the performance of tertiary activities [23,57].

From a theoretical standpoint, the services sector exhibits characteristics that distin-
guish it from primary and manufacturing sectors yet do not insulate it from external shocks.
Services combine tradable and non-tradable activities, display a high degree of productive
heterogeneity, and rely heavily on domestic demand, both private and public [10,11,58,59].
This configuration implies that the effects of TOTs are transmitted indirectly, through
macroeconomic channels that influence disposable income, business expectations, financial
conditions and the real exchange rate, giving rise to gradual and cumulative responses to
external disturbances [60-62].

From a theoretical standpoint, in emerging economies, the performance of the services
sector is closely tied to the macroeconomic cycle and the external environment, even when
the bulk of its output is not directly oriented towards exports [63]. Within this framework,
periods of improving TOTs are typically associated with expansions in urban consumption,
stronger momentum in business and financial services, and an enlargement of public
spending on social services and infrastructure. By contrast, prolonged deteriorations in
TOTs tend to constrain these drivers, bringing to the surface structural vulnerabilities that
often remain latent during expansionary phases [64—68].

Within the open-economy framework, these mechanisms can be analytically organised
into several interrelated channels: the income and public finance channel, the investment
and expectations channel, the real exchange rate and sectoral reallocation channel, and a
financial channel associated with changes in risk premia and access to credit [8,13,69,70].
Taken together, these channels suggest that the impact of external shocks on the services
sector materialises through adjustment processes that unfold progressively over time,
rather than through immediate responses. The present study does not attempt to identify
these transmission channels individually. Instead, it adopts a reduced-form approach in
which the combined influence of these mechanisms is assumed to be embedded in the joint
dynamics between external TOTs and services-sector GDP.
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From a methodological perspective, although a substantial share of empirical evidence
based on cointegration and error correction models has been developed in goods markets—
often with an emphasis on agricultural prices and quantities or bilateral trade relationships—
their contribution is of a general nature. These approaches are particularly well suited to
contexts in which a long-run equilibrium coexists with short-run adjustment dynamics, as
demonstrated by applications across a wide range of economic settings [71-75].

Against this background, the use of a cointegration framework and bivariate VECM
is conceptually appropriate for analysing the services sector, whose response to external
disturbances is typically gradual and mediated by the broader macroeconomic environment.
If cointegration between TOTs and services-sector GDP is present, this would constitute
evidence of long-run external anchoring, while the error correction term would capture
the sector’s capacity to absorb persistent shocks [76-78]. This approach does not seek to
isolate each transmission channel individually but rather assumes that these mechanisms
are implicitly embedded in the joint dynamics of the variables under analysis [79,80].

Conceptually, this framework is linked to an operational notion of structural sustain-
ability, understood as a property of the dynamic behaviour of economic sectors. In this
study, structural sustainability is understood as the capacity of sectoral growth dynamics
to remain coherently aligned with persistent external economic conditions. In small open
economies, external terms of trade constitute a key structural driver shaping the macroeco-
nomic environment in which domestic sectors evolve. When sectoral output evolves in a
manner that maintains a stable long-run relationship with these external conditions, this
relationship can be interpreted as empirical evidence consistent with structural sustainabil-
ity, reflecting a form of structural coherence between domestic sectoral dynamics and the
external environment [16,17].

From this perspective, cointegration does not represent structural sustainability itself
but rather provides a statistical representation of such long-run structural alignment. The
error correction mechanism, in turn, captures the gradual process through which the sector
adjusts its trajectory following temporary deviations from that externally conditioned path.
Applied to the services sector, this framework allows for assessing whether its expansion
remains compatible with a volatile external environment or whether persistent difficulties
in absorbing external shocks emerge, thereby compromising its structural sustainability.

2. Materials and Methods
2.1. Research Design and Data Sources

This study adopts a quantitative, applied and ex post facto research design, consistent
with empirical analyses that rely exclusively on observed macroeconomic data without
experimental manipulation. The objective is to examine whether external terms of trade
(TOTs) maintain a stable long-run relationship with the real GDP of Peru’s services sector
and to assess the sector’s adjustment dynamics in response to persistent external shocks.
Within this framework, structural sustainability is approached from an operational per-
spective, understood as the sector’s ability to sustain a coherent growth trajectory under
changing external conditions.

The empirical analysis was conducted using quarterly data for the period 1996-2024,
yielding a total of 116 observations per variable. All series were obtained from the Central
Reserve Bank of Peru (BCRP) and are expressed as indices with base year 2007 = 100, ensur-
ing consistency and comparability across time. The dependent variable corresponds to the
real GDP of the services sector, while the explanatory variable is the external TOTs, defined
as the ratio between the export price index and the import price index of the Peruvian
economy. Both variables are transformed into natural logarithms. This transformation facil-
itates economic interpretation in terms of elasticities, mitigates potential heteroskedasticity,
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and aligns the empirical specification with standard practices in time-series econometrics
applied to macroeconomic relationships.

2.2. Preliminary Time-Series Properties

Prior to estimating the long-run relationship, the stochastic properties of the series
were examined to determine their order of integration. To ensure robustness, two com-
plementary unit-root tests were employed: the augmented Dickey—Fuller (ADF) test and
the Kwiatkowski-Phillips—Schmidt-Shin (KPSS) test. This combination allows for a bal-
anced assessment of non-stationarity by contrasting null hypotheses of unit roots and
stationarity. The joint use of these tests is particularly relevant in macroeconomic contexts
characterised by structural change and persistent external shocks, where relying on a single
testing procedure may lead to misleading inferences. Only after establishing that both
variables are integrated of order one, I(1), does the analysis proceed to the estimation of
long-run relationships.

2.3. Lag Selection and Cointegration Framework

Given the quarterly frequency of the data, the optimal lag length of the underlying
VAR in levels is selected using the Akaike Information Criterion (AIC), the Bayesian Infor-
mation Criterion (BIC) and the Hannan-Quinn Criterion (HQC). The joint consideration
of these criteria allows for balancing goodness of fit and parsimony, reducing the risk of
overparameterisation while preserving the dynamic structure of the system.

Once the lag order is determined, the existence of a long-run equilibrium relation-
ship between the services-sector GDP and the external TOTs is tested using Johansen’s
cointegration methodology. The specification includes a restricted constant in the coin-
tegrating vector, reflecting the assumption that the long-run relationship may exhibit a
non-zero mean without imposing deterministic trends that could distort inference.

Johansen’s approach is particularly suitable for this analysis, as it allows for the joint
estimation of the long-run relationships and short-run dynamics within a unified system
while avoiding the pre-test biases associated with single-equation methods [79].

2.4. Vector Error Correction Model Specification

Conditional on the presence of cointegration, the dynamic adjustment process is mod-
elled through a bivariate Vector Error Correction Model (VECM). This framework explicitly
combines short-run fluctuations with deviations from the long-run equilibrium, capturing
the gradual nature through which the services sector responds to external shocks [80]. The
baseline specification of the model is given by:

p—1 p—1 3
A In(GDPserpt) = g+ Z Bil In(GDPqpry i) + Z viA ln(TOTt,]-) + Z OkSkr +AECi_1 + &
i=1 =1 k=1
where

A denotes the first-difference operator;

g denotes the intercept term;

In(GDPsero ) is the natural logarithm of the real services-sector GDP;

In(TOT,_ ]-) denotes the natural logarithm of the external TOTs;

p is the optimal lag length selected by the information criteria;

Bi and 7y; capture the short-run dynamics;

O measures the season-specific short-run effect associated with each quarterly dummy;
S+ are quarterly seasonal dummy variables (S, S, and S3), included to capture determinis-
tic seasonal patterns in the short-run dynamics of the services sector;

EC;_1 is the error correction term derived from the estimated cointegrating relationship;
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A measures the speed of adjustment towards the long-run equilibrium;
g is the stochastic disturbance term.

The error correction term is derived from the normalised cointegrating vector and
represents the long-run equilibrium relationship linking the real services-sector GDP and
external TOTs. A statistically significant adjustment coefficient indicates that deviations
from this equilibrium are gradually corrected over time, reflecting the sector’s capacity to
realign its trajectory following persistent external disturbances:

EC; 1 = In(GDPyyy, ) — ¢ — 0 1n(TOT; 1)

Under this normalisation, a negative and statistically significant adjustment coeffi-
cient implies convergence toward the long-run equilibrium. The empirical specification
adopts a deliberately parsimonious bivariate framework aimed at identifying the long-run
relationship between external terms of trade and services-sector output. While several
macroeconomic channels—such as exchange rate movements, investment, public expendi-
ture or domestic demand—may mediate the transmission of external shocks, the present
model captures their combined influence within the reduced-form dynamics linking the
two variables rather than identifies each channel separately. This parsimonious specifica-
tion is consistent with the objective of this study—namely, to examine the existence and
stability of the long-run relationship between the two variables—while avoiding over-
parameterisation and the loss of degrees of freedom that could arise from incorporating
multiple additional variables within the available sample size.

2.5. Seasonal Dummies and Econometric Rationale

Three seasonal dummy variables (51, S2, S3) are included in the model to capture
the deterministic quarterly seasonality in the short-run dynamics of the services sector.
Importantly, the series are not seasonally adjusted prior to estimation. Instead, seasonality
is modelled explicitly within the VECM framework. This choice is motivated by several
considerations. First, the inclusion of seasonal dummies allows for improving the spec-
ification of the short-run dynamics by reducing residual autocorrelation and mitigating
conditional heteroskedasticity, thereby strengthening the statistical reliability of the model.
Second, these dummies enter only the equations in first differences and therefore do not
affect the cointegrating vector, preserving the integrity of the long-run relationship [81-83].
From an economic standpoint, the services sector exhibits recurrent seasonal patterns
associated with consumption cycles, tourism flows and calendar-related activities. These
patterns are deterministic rather than structural, and their explicit modelling avoids con-
flating short-run regularities with long-run adjustment mechanisms [84,85]. The inclusion
of seasonal dummies thus responds to an econometric criterion grounded in diagnostics
and parsimony rather than to mechanical data smoothing.

2.6. Exogeneity Assumption and Robustness Considerations

Consistent with the small open-economy framework, the external TOTs are treated
as economically exogenous, reflecting conditions determined in international markets
rather than by domestic sectoral dynamics. While the VECM does not impose statistical
exogeneity a priori, the interpretation of the adjustment process is anchored in this economic
assumption [86,87]. Empirically, this interpretation is supported by the VECM results, in
which the error correction term is statistically significant in the services-sector GDP equation
but not in the TOT equation, suggesting that deviations from the long-run equilibrium are
primarily corrected through sectoral output rather than through adjustments in the terms
of trade. In this context, the empirical specification should be interpreted as a reduced-form
representation of the long-run relationship between the external environment and sectoral

https://doi.org/10.3390/su18063134


https://doi.org/10.3390/su18063134

Sustainability 2026, 18, 3134

10 of 31

performance rather than as a structural model identifying the individual macroeconomic
channels through which these effects operate.

Finally, although extraordinary shocks such as the COVID-19 pandemic are not in-
corporated into the baseline specification, their potential influence is explicitly examined
through additional robustness checks that include a pandemic dummy. The purpose of this
exercise is to verify whether the estimated long-run relationship remains stable when this
exceptional disturbance is taken into account. Given the abrupt and temporary nature of
the pandemic shock—associated with mobility restrictions and an abrupt contraction in
contact-intensive services—the dummy is treated as a transitory disturbance rather than as
part of the structural dynamics captured by the baseline VECM. This strategy preserves
the parsimonious structure of the main specification while allowing for verification that
the long-run relationship between the external conditions and services-sector GDP is not
driven by this singular and non-recurrent episode.

2.7. Research Hypotheses

Consistent with the empirical approach adopted, the analysis is structured around
three working hypotheses:

Hj. External terms of trade (TOTs) and the real GDP of Peru’s services sector maintain a long-run
equilibrium relationship, reflected in the existence of at least one cointegrating vector linking the
two series.

Hj. The real GDP of the services sector adjusts its trajectory in response to persistent deviations
from the long-run equilibrium, such that a statistically significant error correction term (ECT)
indicates a gradual adjustment process in the face of external shocks.

H3. Within the framework of a small open economy, external TOTs do not respond endogenously
to developments in the services-sector GDP, instead operating as an exogenous external anchor
determined by conditions in international markets.

3. Results
3.1. Stylised Facts on External Conditions and Services-Sector Dynamics

Before turning to the formal econometric analysis, it is useful to describe a set of
stylised facts that characterise the joint evolution of the external terms of trade (TOTs)
and services-sector GDP in Peru over the period 1996-2024. These regularities, observed
directly in quarterly data, provide an intuitive economic background for the subsequent
analysis and help to clarify the nature of the relationship under investigation. Figure 1
presents the evolutions of both series, expressed as indices with base year 2007 = 100, using
data from the Central Reserve Bank of Peru (BCRP).

A first salient feature is the clear contrast in the long-run trajectories of the two vari-
ables. The external TOTs display a pronounced cyclical pattern, shaped by successive
phases of improvement and deterioration associated with global commodity cycles and
international price conditions. Periods of sustained expansion alternate with correction
episodes of varying magnitude, reflecting the inherently volatile nature of relative prices in
international markets. This behaviour is consistent with the largely exogenous character of
TOTs in a small open economy, where their evolution is driven primarily by external de-
mand, global supply conditions and international price formation beyond domestic control.

By contrast, the real services-sector GDP follows a smoother and more persistent
upward trajectory throughout most of the sample period. Although short-run fluctuations
are observable, the services output exhibits a gradual and broadly uninterrupted expansion,
with no episodes of abrupt collapse or prolonged stagnation, except for the transitory
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shock associated with the COVID-19 pandemic. Even during periods of heightened ex-
ternal volatility, activity in the services sector appears to adjust slowly rather than react
sharply. This asymmetry highlights a key difference in the dynamic behaviour: while
external conditions fluctuate markedly, services output evolves along a more stable and
cumulative path.

250

200

E

100

Index (2007 = 100)

e TOT s GDPse1v

Figure 1. External TOTs and services-sector GDP, 1996-2024.

A second stylised fact concerns the nature of the co-movement between the two series.
At low frequencies, external TOTs and services-sector GDP share a broadly common up-
ward trend, suggesting that favourable external conditions may, over time, be associated
with higher levels of economic activity. However, this relationship is neither immediate
nor symmetric. Short-run variations in TOTs do not translate one-for-one into contempora-
neous movements in services GDP. Instead, adjustment appears to occur gradually and
with delays, consistent with indirect transmission mechanisms operating through income,
demand and investment conditions rather than through instantaneous price or quantity
responses within the sector.

A further distinguishing feature is the marked difference in the relative volatilities.
The external TOTs display sharp fluctuations and relatively rapid reversals, whereas the
services-sector GDP exhibits substantially lower volatility and greater persistence. This
divergence suggests that the services sector may play an absorptive role within the economy,
smoothing the impact of external shocks over time. Rather than amplifying disturbances
originating in international markets, the sector appears to internalise them progressively
through macroeconomic channels whose effects unfold over several quarters.

Finally, the data reveal the presence of recurrent seasonal patterns in the services-sector
activity. Quarterly observations show systematic intra-annual fluctuations consistent with
the nature of many service activities—particularly those linked to consumption, tourism
and other urban services influenced by the calendar. These seasonal movements appear
regular and predictable, resembling deterministic patterns rather than structural shifts in
long-run behaviour. By contrast, seasonality is far less evident in the TOT series, reinforcing
the view that such fluctuations are an intrinsic characteristic of services-sector dynamics
rather than a feature of external price behaviour.

Taken together, these stylised facts depict a configuration in which the services sec-
tor evolves under a volatile external environment while maintaining a more stable and
persistent trajectory of its own. External terms of trade act as a fluctuating background
condition, whereas services-sector output adjusts more gradually, reflecting indirect and
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delayed transmission mechanisms. This descriptive evidence motivates the use of an
econometric framework capable of distinguishing between persistent co-movements and
transitory adjustments.

3.2. The Integration Properties of the Series

Turning to the time-series properties of the data, the augmented Dickey—Fuller tests
applied to the INnGDPgey in levels, under a specification including both a constant and a
trend and with four lags selected according to the BIC, fail to reject the null hypothesis
of a unit root. The ADF statistic reaches —2.5661, with a p-value of 0.2961, indicating
non-stationary behaviour in levels. This outcome is consistent with a long-run trajectory
characterised by persistent changes in the level of services-sector activity. The KPSS test
reinforces this conclusion: a test statistic of 0.3125, exceeding the 1% critical values, leads
to rejection of the null hypothesis of stationarity in levels (p < 0.01). The convergence of
both tests, despite their opposite null hypotheses, confirms the presence of a persistent
stochastic component in the services-sector GDP.

When the series is expressed in first differences, the pattern reverses clearly. The
ADF test yields a statistic of —5.5909, with a p-value of 0.00001, allowing for a decisive
rejection of the unit-root null. The KPSS test in first differences reports a statistic of 0.0510
(p-value > 0.10), confirming stationarity. Taken together, these results indicate that the
InGDPsery is non-stationary in levels but stationary in first differences, and it can therefore
be characterised as an integrated process of order one (I(1)).

A similar behaviour is observed for the external TOTs (InTOTs). In levels, the ADF test
produces a statistic of —3.1207 with a p-value of 0.1014, which does not allow for rejection
of the unit-root hypothesis at the 5% level. The KPSS test yields a statistic of 0.1521 with
a p-value of 0.048, implying rejection of the null of stationarity. Both results point to non-
stationarity in levels, consistent with the persistent nature of international relative-price
shocks. In first differences, the INTOTs display clear stationarity. The ADF statistic reaches
—4.3280 (p-value = 0.0028), while the KPSS test fails to reject stationarity, with a statistic of
0.0534 and a p-value above 10%. Combined with the rejection of stationarity in levels, these
findings confirm that the InTOTs follow an I(1) process.

In sum, the empirical evidence shows consistently that both the real services-sector
GDP and external TOTs are non-stationary in levels and stationary in first differences. The
coincidence in their order of integration satisfies the necessary condition for exploring the
existence of a long-run equilibrium relationship, thereby justifying the use of cointegration
techniques and a vector error correction framework to analyse the dynamic adjustment
mechanisms linking external shocks and sectoral performance.

3.3. Lag Structure and Dynamic Specification

The lag order of the VAR system in levels is selected by evaluating quarterly spec-
ifications with up to seven lags, using the AIC, BIC and HQC information criteria. The
results reveal a moderate divergence across criteria. The AIC reaches its minimum at five
lags (AIC = —7.1276), as does the HQC (HQC = —6.9274), whereas the Bayesian criterion
BIC identifies four lags as optimal, with a value of —6.6623. In light of this divergence, the
analysis adopts p = 4 as the baseline specification, following a principle of econometric
parsimony. The BIC imposes a stronger penalty on additional parameters and is particularly
suitable for quarterly macroeconomic samples, where overparameterisation may distort
the identification of short-run adjustment mechanisms.

In this case, moving from four to five lags does not generate a substantive improvement
in the system likelihood, but it does increase the model complexity. Moreover, a four-lag
structure captures a full annual cycle, which is especially relevant for the services sector,
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given its recurrent quarterly patterns associated with urban consumption, seasonality
in certain activities and the economic calendar. Specifications with five lags, although
favoured by the AIC and HQC, tend to introduce additional dynamics that neither improve
the stability of the cointegrating vector nor enhance the economic interpretation of the error
correction mechanism. For these reasons, the empirical analysis adopts a VAR(4) as the
baseline for cointegration testing and VECM estimation, achieving an appropriate balance
between statistical fit, dynamic stability and economic interpretability.

3.4. Johansen Cointegration Evidence for Long-Run External Anchoring

The Johansen cointegration test is implemented under a restricted-constant specifi-
cation, which allows for a non-zero long-run mean in the equilibrium relationship while
avoiding the inclusion of deterministic trends in the system. This choice is appropriate for
macroeconomic series expressed as indices that exhibit persistent growth without clear
linear trending behaviour, and it preserves a stable long-run relationship consistent with
an open-economy setting. Table 1 summarises the cointegration evidence in a compact
manner, directly addressing the question of long-run external anchoring. Both the trace
and maximum-eigenvalue statistics strongly reject the null hypothesis of no cointegra-
tion (r = 0) while failing to reject the hypothesis of, at most, one cointegrating relationship
(r <1). This configuration provides clear evidence of a unique long-run equilibrium linking
services-sector GDP and external TOTs.

Table 1. Long-run equilibrium assessment between services GDP and external TOTs.

Hypothesis Tested Statistic Value p-Value Inference
No long-run relationship (r = 0) Trace statistic 50.879 0.0000 Rejected
No long-run relationship (r = 0) Max-eigen statistic 44.980 0.0000 Rejected
One cointegrating vector at most (r < 1) Trace statistic 5.8988 0.2057 Not rejected
One cointegrating vector at most (r < 1) Max-eigen statistic 5.8988 0.2053 Not rejected

Johansen cointegration test based on VAR(4) specification with restricted constant. Results obtained from author-
run estimations using GRETL 2025¢ and BCRP data.

3.5. Adjustment Dynamics and Error Correction Mechanism

Once the existence of a long-run equilibrium relationship between the services-sector
GDP and external TOTs has been established, the next step is to examine how both variables
adjust in response to temporary deviations from that equilibrium (see Table 2). To this
end, a VECM with four lags and a restricted constant is estimated, consistent with the
specification adopted at the cointegration stage. The analysis places primary emphasis
on the services-sector output equation, which represents the variable of central economic
interest, while the TOT equation is interpreted in a complementary manner, in line with the
predominantly exogenous role of external TOTs in a small open economy.

The short-run dynamics of the services-sector GDP are dominated by strong own
inertia. The first three lags of the AInGDP4e,y display negative and statistically significant
coefficients, reflecting an internal correction pattern consistent with gradual adjustment
processes in a sector intensive in urban employment and non-tradable activities. This
behaviour aligns with the predominantly domestic nature of the services sector, in which
adjustments are driven more by internal demand conditions, cost structures and employ-
ment dynamics than by immediate changes in external relative prices. By contrast, the
lagged TOT terms are not statistically significant in the differenced equation, indicating that
external relative-price shocks do not transmit contemporaneously to services-sector growth.
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Table 2. VECM results: AINGDPgery equation.

Variable Coefficient Std. Error t-Statistic p-Value
AINGDPgery (—1) —0.3381 0.0918 —3.682 0.0004 ***
AINGDPgery (—2) —0.4231 0.0914 —4.627 0.0000 ***
AINGDPgery (—3) —0.2361 0.0954 —2.475 0.0150 **
AInTOTs (—1) —0.0471 0.0913 —0.516 0.6071
AInTOTs (—2) 0.0113 0.0953 0.119 0.9057
AInTOTs (—3) —0.0357 0.0905 —0.395 0.6937
S1 —0.0647 0.0125 —5.174 0.0000 ***
52 —0.0157 0.0128 —1.224 0.2238
S3 —0.0243 0.0137 —1.765 0.0806 *
ECy —0.0720 0.0123 —5.835 0.0000 ***

Model statistics:
R? = 0.615; Adjusted R? = 0.576; Durbin—-Watson = 1.95

*** *#* and * denote statistical significance at 1%, 5% and 10% levels, respectively. Results obtained from author-run
estimations using GRETL 2025¢c and BCRP data.

The error correction term is negative, statistically significant at the 1% level
(ECq = —0.0720; p < 0.001), and economically meaningful. This result confirms that the
services sector actively corrects deviations from the long-run equilibrium, absorbing ap-
proximately 7% of the accumulated disequilibrium per quarter.

Although this adjustment speed implies a gradual return to equilibrium, it should not
be interpreted as evidence of instability. On the contrary, the statistical significance and
negative sign of the coefficient indicate a stable correction mechanism in which deviations
are systematically reduced over time. The magnitude of the coefficient points to a protracted
convergence process, which is economically consistent with the structural characteristics
of the services sector, dominated by urban services and characterised by limited capacity
for rapid adjustment in response to external shocks. Adjustment is therefore slow but
systematic, reinforcing the interpretation of external TOTs as a long-run anchor rather than
a short-run driver. In the TOT equation, short-run dynamics are explained primarily by
own inertia, as evidenced by the positive and highly significant coefficient on the AINTOT
(—1). The influence of the services-sector output is limited and appears only marginally at
the first lag (see Table 3).

Table 3. VECM results: Equation AInTOT.

Variable Coefficient Std. Error t-Statistic p-Value
AINGDPgery (—1) —0.2447 0.1020 —2.400 0.0182 **
AINGDPgery (—2) —0.1086 0.1016 —1.069 0.2878
AINGDPgery (—3) —0.1619 0.1059 —1.528 0.1296
AInTOTs (—1) 0.3825 0.1014 3.771 0.0003 ***
AInTOTs (—2) —0.0670 0.1058 —0.633 0.5283
AInTOTs (—3) —0.0189 0.1005 —0.188 0.8515
S1 0.0203 0.0139 1.461 0.1470
52 —0.0167 0.0142 -1.173 0.2436
S3 0.0028 0.0153 0.182 0.8558
EC, —0.0232 0.0137 —1.692 0.0938 *
Model statistics:

R? = 0.219; Adjusted R? = 0.142; Durbin-Watson = 2.01

*** % and * denote statistical significance at the 1%, 5% and 10% levels, respectively. Results obtained from
author-run estimations using GRETL 2025c and BCRP data.

https://doi.org/10.3390/su18063134


https://doi.org/10.3390/su18063134

Sustainability 2026, 18, 3134

15 of 31

Crucially, the error correction term does not reach statistical significance at the 5% level
(p = 0.0938) and therefore cannot be interpreted as an economically meaningful adjustment
mechanism. Rather, this outcome lends support to the hypothesis of the weak exogeneity
of external TOTs, consistent with the small open-economy condition: international relative
prices do not respond systematically to internal imbalances in the services sector.

Taken together, the VECM reveals a clearly asymmetric adjustment pattern. The
services sector bears the primary responsibility for correcting deviations from the long-run
equilibrium, while external TOTs remain largely exogenous. This evidence strengthens
the interpretation of the model as capturing a long-run external anchoring mechanism,
characterised by limited contemporaneous effects and a slow yet persistent process of
sectoral adjustment.

3.6. Robustness and Interpretative Limits

This section clarifies the scope of the empirical findings and the conditions under
which they should be interpreted. The analysis relies on a deliberately parsimonious VECM
specification aimed at capturing the long-run external anchoring and sectoral adjustment
dynamics in the services sector. The robustness discussion therefore focuses on verifying
that the core results—specifically, the existence of a stable long-run relationship and an
asymmetric adjustment mechanism driven by the services-sector GDP—are not sensitive
to lag selection, seasonal treatment or exceptional disturbances. At the same time, the
section delineates the interpretative limits of the model, stressing that the estimated rela-
tionships reflect reduced-form dynamic consistency rather than a fully specified structural
transmission mechanism.

3.6.1. Model Diagnostics

Post-estimation diagnostics indicate that the VECM exhibits residual behaviour that
is broadly consistent with the assumptions required for long-run analysis. To begin with,
the contemporaneous residual correlation matrix reveals a low cross-equation correlation
(0.070), suggesting that neither equation dominates the system nor poses issues of contem-
poraneous dependence that could compromise joint interpretation. In line with this result,
the eigenvalues of the residual covariance matrix (0.93 and 1.07) are well balanced, pointing
to stability in the joint variance structure of the model (see Appendix A, Tables A1 and A2).

With respect to temporal dependence, autocorrelation tests up to the fourth lag do
not reject the null hypothesis of no serial correlation at any of the evaluated orders. The
Rao-F statistics yield p-values above conventional significance thresholds, confirming
that the dynamic specification of the VECM adequately captures short-run intertemporal
dependence (see Appendix A, Table A3). ARCH tests likewise provide no robust evidence
of persistent conditional heteroskedasticity. Although the LM statistic at the first lag lies
close to the 5% threshold (p = 0.0567), this outcome does not persist at higher orders, where
p-values increase markedly. Taken together, these results point to the absence of systematic
variance instability rather than to structurally driven volatility episodes (see Appendix A,
Table A4).

Finally, the Doornik-Hansen test rejects the multivariate normality of the residuals (see
Appendix A, Table A5). While this result may appear restrictive, departures from normality
are frequently observed in long macroeconomic time series that encompass major external
shocks and structural fluctuations. In the present case, the sample period (1996-2024)
includes episodes such as global commodity cycles, the international financial crisis and the
COVID-19 pandemic, all of which may generate non-Gaussian residual behaviour without
implying model misspecification. Importantly, strict residual normality is not a necessary
condition for valid inference in a VECM estimated by maximum likelihood. Under standard
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regularity conditions, maximum-likelihood estimators retain their asymptotic properties—
consistency and asymptotic normality—even when residual distributions deviate from
Gaussianity, provided that the dynamic specification is correctly identified and the system
remains stable. For this reason, in cointegration-based systems, the reliability of inference
depends primarily on the absence of serial correlation, variance instability and dynamic
misspecification rather than on strict adherence to normality.

Overall, the diagnostic evidence supports the econometric adequacy of the VECM as a
framework for analysing the long-run relationship and adjustment dynamics of the services
sector, indicating that the observed deviation from normality reflects the macroeconomic
nature of the data rather than the presence of anomalies in the estimated system and
therefore does not alter the economic interpretation of the main results.

3.6.2. Specification Sensitivity

To assess the stability of the core findings under reasonable modifications of the dy-
namic specification, four complementary sensitivity exercises are conducted. The first
increases the lag length of the underlying VAR from four to five lags, maintaining the
restricted constant and excluding additional variables. The second evaluates the inclusion
of a dummy variable capturing the pandemic episode while preserving the originally
selected lag structure. The third introduces a dummy variable associated with the global
financial crisis of 2008 (SUBPRIME), allowing the analysis to verify whether the baseline
dynamics remain stable in the presence of a major international financial disturbance. Fi-
nally, a fourth complementary robustness exercise estimates an extended trivariate VECM
specification including private consumption as a proxy for domestic demand conditions.
This variable is selected given its role as a primary transmission channel through which
external shocks associated with terms of trade affect non-tradable sectors such as ser-
vices. The results of this extended specification confirm that the core findings remain
qualitatively unchanged.

Under the five-lag VECM specification, the results confirm the robustness of the long-
run relationship between services-sector GDP and external TOTs. The cointegration rank
remains equal to one, and the cointegrating vector retains a magnitude and sign comparable
to those obtained under the baseline specification. Moreover, the error correction coeffi-
cient in the services-sector output equation remains negative and statistically significant
(EC = —0.071; p < 0.01), indicating that the sector continues to absorb deviations from the
long-run equilibrium. However, the increase in the lag length does not improve the overall
model performance: the information criteria (AIC, BIC and HQC) deteriorate, and the
additional lag does not prove statistically relevant in the short-run dynamics. From an
economic perspective, this suggests that the added dynamic complexity does not yield
substantive explanatory gains and reinforces the preference for the more parsimonious
specification (see Appendix B, Table A6).

The second exercise introduces a COVID-19 dummy into the four-lag VECM. As
expected, given the magnitude of the shock, the dummy is highly significant in the
services-sector GDP equation and improves the in-sample fit, as reflected in the lower
AIC/BIC/HQC values and higher adjusted R? (see Appendix B, Table A7). However, this
apparent improvement is largely driven by the capture of an exceptional and non-recurring
episode and is accompanied by a less favourable signal in the residual dynamics: the
Durbin—-Watson statistic falls to 1.35, suggesting relevant positive autocorrelation in the
services-sector growth equation.

In practical terms, the dummy primarily captures the abrupt contraction associated
with mobility restrictions and the temporary collapse of contact-intensive services during
the pandemic, rather than a persistent modification of the structural relationship between
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external conditions and sectoral dynamics. From an interpretative standpoint, the inclusion
of the COVID-19 dummy does not alter the economic core of the model: the cointegration
rank remains unchanged, the cointegrating vector preserves its sign and economic mag-
nitude, the error correction term remains significant in the services-sector equation, and
in the TOT equation, the EC term does not reach significance at the 5% level, preserving
the interpretation of the weak exogeneity of external TOTs (see Appendix B, Table A6). For
this reason, the pandemic dummy is retained as a sensitivity exercise designed to verify
the stability of the long-run relationship, while the baseline specification focuses on the
underlying adjustment mechanism linking external conditions and services-sector GDP.

The third exercise incorporates a dummy variable associated with the 2008 global
financial crisis (SUBPRIME) into the four-lag VECM while preserving the original determin-
istic structure. The results confirm that the long-run relationship between the services-sector
GDP and external TOTs remains fully stable. The cointegration rank continues to be equal
to one and the cointegrating vector retains virtually the same magnitude (—1.491) as in
the baseline specification. More importantly, the error correction coefficient in the services-
sector equation remains negative and highly significant (EC = —0.0736; p < 0.01), indicating
that the sector continues to absorb deviations from the long-run equilibrium in a gradual
and systematic manner. In contrast, the SUBPRIME dummy itself does not reach statistical
significance in the services-sector growth equation (p = 0.968), suggesting that the crisis
episode did not generate a discrete structural shift in the short-run dynamics of the sector
once the broader adjustment mechanism was taken into account. Consistent with the
baseline interpretation, the EC term in the TOT equation remains statistically insignificant
(p = 0.149), preserving the view of external TOTs as weakly exogenous to the domestic
adjustment process (see Appendix B, Tables A8 and A9).

The fourth exercise considers an extended trivariate VECM including private con-
sumption. All variables are found to be integrated of order one, I(1), and Johansen tests
indicate the presence of a single cointegrating relationship, consistent with the baseline
specification. The estimated long-run coefficients retain their expected signs, with external
TOTs and private consumption entering the cointegrating vector with negative coefficients,
while the error correction term in the services-sector GDP equation remains negative and
statistically significant (EC = —0.114; p < 0.01), indicating a stable adjustment process. Im-
portantly, the error correction term in the TOT equation remains statistically insignificant,
preserving the interpretation of external conditions as weakly exogenous. In the short run,
services-sector dynamics continue to be dominated by own inertia, while private consump-
tion exerts a statistically significant effect, consistent with its role as a transmission channel
of external shocks through domestic demand. These results suggest that the inclusion of
private consumption does not alter the core long-run relationship but rather reinforces
the interpretation that external TOTs affect the services sector indirectly through domestic
demand mechanisms. While the extended specification introduces additional complexity
into the residual structure, the baseline parsimonious model is retained as the preferred
specification due to its clearer identification of the long-run relationship and its overall
diagnostic stability (see Appendix B, Tables A10-A12).

Taken together, these exercises confirm that the central results of this study—the
existence of a long-run equilibrium relationship and an asymmetric adjustment pattern
led by the services sector—do not depend on a specific lag choice or on the inclusion of
extraordinary shocks. The baseline specification with four lags and a restricted constant
therefore emerges as an appropriate compromise between econometric stability, economic
coherence and parsimony.
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3.6.3. Interpretative Limits

The results of this study should be interpreted within the scope of a reduced-form
dynamic model aimed at identifying long-run regularities and sectoral adjustment pat-
terns rather than at exhaustively decomposing intermediate transmission channels. The
estimated VECM captures the dynamic coherence between external TOTs and real services-
sector GDP, providing evidence of long-run external anchoring and an asymmetric adjust-
ment mechanism led by the sector itself. Accordingly, the model does not seek to identify
separately the macroeconomic channels through which external shocks are transmitted—
such as movements in the real exchange rate, investment, public expenditure or domestic
demand—but rather captures their combined influence as reflected in the long-run relation-
ship between the variables analysed. It does not, however, seek to offer a fully specified
structural representation of the microeconomic or institutional mechanisms underlying
this relationship.

Within this framework, cointegration should be understood as evidence of dynamic
consistency over time rather than as proof of full structural causality or as an exercise in
establishing short-run predictive directionality between variables. The fact that the services
sector corrects deviations from equilibrium while external TOTs remain essentially exoge-
nous is consistent with the logic of a small open economy, in which relative price shocks
originate outside the domestic system. This economic reading guides the interpretation of
the error correction term and delineates the causal scope of the results, avoiding inferences
that exceed the reduced-form nature of the model.

Similarly, the sensitivity extensions—a longer lag length and inclusion of the COVID-
19 dummy—do not redefine the central economic narrative. Although they capture ex-
ceptional episodes or refine in-sample fit, they do not alter the long-run linkage or the
identified adjustment pattern. Consequently, the conclusions should be read as robust
evidence of a persistent sectoral absorption mechanism in response to external shocks
rather than as an exhaustive account of the determinants of services-sector growth. In sum,
this study establishes a clear interpretative framework: it identifies a stable relationship
and an economically coherent adjustment process that inform the structural sustainability
of the services sector under recurrent external shocks while acknowledging that a detailed
exploration of specific transmission channels lies beyond its analytical scope.

3.6.4. Summary Assessment of Research Hypotheses

Taken together, the empirical evidence allows for a direct evaluation of the hypotheses
formulated in the Section 2. First, the results confirm the existence of a long-run equilibrium
relationship between external TOTs and real services-sector GDP, validating the hypothesis
of persistent external anchoring linking sectoral dynamics to the international macroeco-
nomic environment. Second, the sign and statistical significance of the error correction term
in the services-sector GDP equation support the hypothesis of active sectoral adjustment
to transitory deviations from the long-run equilibrium, indicating that the sector corrects
gradually in response to externally induced shocks. Complementarily, the absence of an
economically meaningful correction mechanism in the TOT equation is consistent with the
treatment of TOTs as a weakly exogenous variable in the context of a small open economy.
Overall, the empirical findings provide coherent and robust support for the stated research
hypotheses, laying the groundwork for their economic interpretation in the Section 4.

4. Discussion
4.1. Economic Interpretation of Results

The results allow the relationship between external TOTs and the performance of the
Peruvian services sector to be interpreted from a long-run perspective, consistent with the
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theoretical and empirical literature reviewed. The existence of a single cointegrating vector
indicates that both variables share a common trajectory over time, suggesting that the
expansion of the services sector cannot be analysed in isolation from the external macroe-
conomic environment. In economic terms, the estimated cointegrating relation indicates
that the long-run trajectory of the services sector evolves in a manner that remains system-
atically aligned with the external conditions reflected in external TOTs. This evidence is
in line with studies that document the role of TOTs as structural conditioning factors for
aggregate growth in small open economies, particularly when the export basket is highly
concentrated in primary commodities [7,41-43,52]. It is also consistent with findings re-
ported for other resource-dependent economies, such as Chile, South Africa and Indonesia,
where external price shocks shape the macroeconomic context within which non-primary
sectors evolve [88-90].

From this perspective, TOTs should not be interpreted as an immediate driver of
services-sector growth but rather as a persistent macroeconomic condition that frames the
environment in which the sector expands. The literature has emphasised that sustained
improvements or deteriorations in international relative prices affect disposable income,
investment and public finances, generating indirect effects on non-primary sectors whose
dynamics depend largely on domestic demand [23,53,54]. These mechanisms are discussed
here as economically plausible transmission channels documented in the literature rather
than as effects individually identified by the empirical model. In this sense, the identified
cointegration reflects the long-run dynamic consistency between the external cycle and the
trajectory of the services sector rather than a contemporaneous or mechanical relationship
between external prices and sectoral output. Similar patterns have been documented for
emerging economies in Asia and Latin America, where services respond primarily through
indirect macroeconomic channels and with extended lags [91].

The adjustment pattern estimated through the VECM reinforces this interpretation.
The negative and statistically significant error correction term in the services-sector GDP
equation indicates that the sector actively corrects deviations from the long-run equilibrium,
gradually absorbing imbalances induced by persistent external shocks. The magnitude of
the adjustment coefficient—approximately 7% per quarter—points to a slow but systematic
convergence process, consistent with the literature describing the services sector as urban-
employment-intensive, largely reliant on domestic consumption, and characterised by
rigidities that limit rapid adjustment to external disturbances [10,11,31,32]. Importantly,
this gradual pace of adjustment should not be interpreted as evidence of instability. On
the contrary, the statistical significance and correct sign of the error correction mechanism
indicate that deviations from equilibrium are consistently reduced over time, reflecting a
stable dynamic relationship between external conditions and sectoral activity. This is in
line with empirical evidence from economies such as Brazil, China, Ghana, Mexico and
Malaysia, where tertiary sectors display comparable adjustment speeds in response to
persistent external shocks [92,93].

From a dynamic standpoint, the size of the error correction coefficient allows for a
more precise characterisation of the pace of sectoral adjustment. A quarterly adjustment
of roughly 7% implies that half of the accumulated disequilibrium following an external
shock is corrected over a horizon of several years. This process can be summarised using
the half-life of the disequilibrium, calculated as HL = [n(0.5)/In(1 — A), where A denotes
the error correction coefficient [17]. With an estimated value of A ~ 0.072, the half-life
lies around 9-10 quarters, that is, approximately 2 to 2.5 years, confirming the presence
of slow yet persistent adjustment. Such a horizon is economically plausible in a sector
where adjustment operates mainly through changes in domestic demand, employment and
investment decisions, all of which typically respond with delays to external shocks. This
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convergence speed does not signal immediate fragility, but it does reveal latent structural
vulnerability, insofar as deep or prolonged external shocks may generate cumulative
macroeconomic and social costs. In the absence of compensating mechanisms, sustained
external downturns may translate into gradual pressures on urban employment, income
and service provision, thereby affecting the stability of sectoral growth [94,95].

Against this background, the structural sustainability of the services sector depends
not on the absence of external shocks but on the capacity of the economic system to absorb
them at a pace compatible with preserving its long-run trajectory. In this sense, structural
sustainability should not be interpreted merely as the statistical stability of the estimated
relationship but as the capacity of sectoral growth dynamics to remain economically viable
under persistent external constraints, a condition that is particularly relevant for small open
economies exposed to recurrent terms-of-trade shocks.

This behaviour is consistent with studies highlighting the role of the services sector
as a partial buffer over the business cycle, particularly in emerging economies, where
its expansion often contributes to smoothing aggregate output volatility without being
fully insulated from broader macroeconomic conditions [33-35]. The empirical evidence
presented here suggests that, in the Peruvian case, this buffering role operates through
gradual and cumulative adjustment rather than through immediate responses to external
fluctuations. Institutional analyses further caution that the stabilising role of the services
sector is not automatic but depends on the macroeconomic policy framework accompanying
its expansion. In particular, the OECD notes that this buffering capacity can be strengthened
when economic policies promote stable and inclusive growth in contexts of high exposure
to external shocks [96].

Short-run dynamics provide additional support for this interpretation. Estimated
results show that services-sector growth is dominated by strong own inertia, while lagged
TOT terms are not statistically significant. This finding reinforces earlier evidence indicating
that the effects of external shocks on services are transmitted mainly through indirect
macroeconomic channels—such as income, expectations, public spending and investment—
rather than through contemporaneous adjustments in sectoral prices or quantities [60-63].

From a methodological standpoint, it is important to note that the cointegration
framework and the VECM are consistent with a notion of Granger-type causality. The
presence of cointegration, together with a statistically significant error correction term in
the services-sector GDP equation, suggests the existence of long-run causality running
from TOTs to sectoral dynamics, even when short-run TOT lags are not significant. In this
context, conducting additional Granger causality tests would be largely redundant, as the
VECM itself provides information on the direction of adjustment and the relevant channel
of dynamic transmission, as widely documented in the econometric literature [76-78].

By contrast, the absence of a statistically significant error correction term in the external
TOT equation supports the hypothesis of weak exogeneity. This result is consistent with
the logic of a small open economy, in which international relative prices are determined in
global markets and do not systematically respond to internal disequilibria in non-tradable
sectors such as services [8,40]. In empirical terms, the VECM estimates indicate that the
adjustment mechanism operates primarily through the services-sector GDP equation, where
the error correction term is statistically significant, while the corresponding parameter in
the TOT equation remains statistically insignificant. This asymmetric adjustment pattern
provides additional support for interpreting external TOTs as a long-run external anchor
for sectoral dynamics. The asymmetry in the adjustment mechanism—where the services
sector corrects deviations while TOTs remain essentially exogenous—constitutes one of the
central findings of this study and aligns with the literature on the indirect transmission of
external shocks and long-run external anchoring [55,56].
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Taken together, the empirical results describe a coherent economic mechanism: TOTs
act as a persistent external anchor, while the services sector adjusts its trajectory slowly but
systematically in response to deviations induced by recurrent external shocks. Within this
reduced-form framework, the model captures the aggregate effect of these macroeconomic
interactions rather than identifies each transmission channel individually. In this sense, the
presence of a stable cointegrating relationship should not be interpreted as sustainability
per se but rather as empirical evidence consistent with structural sustainability, understood
as the capacity of sectoral growth dynamics to remain coherently aligned with persistent
external economic conditions [16]. This combination of external anchoring and sectoral
adjustment speed forms the analytical core for assessing the structural sustainability of the
services sector, understood as its capacity to maintain a stable growth path under volatile
external conditions.

This interpretation of the cointegrating relationship—where external TOTs operate as
a long-run macroeconomic anchor while the services sector undertakes the adjustment—
also provides the empirical basis for the policy considerations discussed below, ensuring
that the policy implications remain closely connected to the dynamics identified by the
econometric model.

4.2. Policy Implications

The empirical results carry relevant implications for the design of economic policies
aimed at strengthening the structural sustainability of the services sector in a context of
high exposure to external shocks. These implications derive directly from the adjustment
dynamics identified by the VECM, particularly the gradual error correction process through
which the services sector absorbs deviations from the long-run equilibrium. In the Peruvian
case, these considerations must be interpreted in light of several structural characteristics
of the services sector, including high labour informality, the predominance of micro- and
small enterprises, and a strong dependence on domestic demand. These features tend
to amplify the indirect transmission of external shocks, as fluctuations in income and
consumption are rapidly reflected in service activities linked to urban employment and
small-scale entrepreneurship.

Some of these implications follow directly from the empirical findings, particularly
those related to the gradual adjustment of the services sector to external shocks, while
others represent broader policy considerations consistent with the economic mechanisms
discussed in the literature. First, given that the services sector absorbs deviations from the
long-run equilibrium gradually and that its sustainability depends on the ability to adjust
in an orderly and continuous manner to persistent changes in international conditions,
diversification plays a complementary role [97]. A services sector characterised by greater
heterogeneity across subsectors, markets and demand sources is better positioned to buffer
the effects of persistent external shocks, reducing its reliance on concentrated impulses and
strengthening its intertemporal adjustment capacity.

In this context, the role of economic policy is not to counteract TOT movements directly
but to moderate their macroeconomic transmission and facilitate internal adjustment within
the services sector. Since the propagation of external shocks operates mainly through
indirect channels—income, investment, public spending and expectations—fiscal and
financial policies assume a central role as buffers against the external cycle [98]. In particular,
the empirical evidence regarding the gradual adjustment of services-sector output to
external disturbances is consistent with the importance of macroeconomic frameworks
capable of smoothing the domestic effects of international price fluctuations, including
credible countercyclical fiscal frameworks capable of dampening the procyclicality of public
expenditure during external booms and of avoiding abrupt adjustments during phases of
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TOT deterioration, thereby reducing the adjustment burden placed on the private services
sector. In the Peruvian context, where external price cycles often translate into fluctuations
in domestic income, maintaining stable fiscal rules, predictable public investment and
credible macroeconomic management becomes especially important, as fluctuations in
export prices tend to translate into changes in domestic income and consumption that
quickly affect service activities. In economies dependent on primary exports, this approach
can be reinforced through fiscal rules and external saving mechanisms that help stabilise
domestic demand and the investment environment over the external cycle [98].

Moreover, the observed slowness of adjustment is consistent with the nature of a sector
intensive in urban employment, marked by high productive heterogeneity and limited
flexibility in the face of external shocks. While these policy considerations extend beyond
the variables explicitly included in the empirical specification, they remain grounded in the
adjustment mechanism identified by the model, which indicates that the services sector
gradually realigns its trajectory following persistent external disturbances. In this regard,
policies aimed at raising productivity and reducing structural frictions—such as informality,
restricted access to finance and barriers to investment—can contribute to shortening adjust-
ment horizons and lowering the sector’s vulnerability to persistent shocks [8]. In practical
terms, strengthening the sector’s capacity to adjust requires simplifying formalisation
procedures for small service firms, expanding access to digital payments and microfinance,
strengthening vocational and technical training linked to service activities, and improving
urban and digital infrastructure that supports commerce, tourism and logistics. These mea-
sures can enhance the capacity of service enterprises to adapt to fluctuations in domestic
demand associated with external shocks. Investment promotion, including foreign direct
investment in knowledge-intensive segments and modern services, may play a relevant
role in strengthening productive capacities without altering the identified long-run external
anchoring [23].

Overall, the policy implications derived from this study point towards a preventive
and structurally oriented approach. The structural sustainability of the services sector
depends less on eliminating external exposure—an unfeasible objective in practice—and
more on the existence of stable macroeconomic frameworks, countercyclical fiscal policies
and financial environments that facilitate sectoral adjustment, allowing temporary costs
to be absorbed and domestic demand to be sustained in the face of recurrent external
shocks [97,98]. For Peru, this implies combining macroeconomic stability with gradual
improvements in the institutional and productive environment of the services sector so
that external shocks are absorbed not only through contraction of activity but also through
more resilient and diversified patterns of service-sector growth.

4.3. Future Research

A natural next step would be to extend the bivariate framework towards multivariate
specifications that explicitly incorporate some of the macroeconomic transmission channels
discussed in the literature—such as the real exchange rate, private investment, public ex-
penditure or financial conditions—provided that sufficiently homogeneous and consistent
time series are available. This would allow for a more detailed decomposition of the mech-
anisms through which external shocks associated with TOTs are transmitted to the services
sector. Further research could also explore the internal heterogeneity of the services sector,
distinguishing between subsectors with different degrees of external exposure, productiv-
ity and adjustment capacity. A disaggregated analysis would make it possible to assess
whether the pattern of external anchoring and gradual adjustment identified in this study
is uniform, or whether differentiated dynamics coexist within the sector itself. In addition,
extending the analysis to a comparative setting—either across economic sectors within the
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same country or across small open economies with similar productive structures—would
help evaluate the generality of the results and place the Peruvian case in a broader context.
Finally, future research could extend the analysis by formally testing for structural breaks
in the cointegrating relationship, particularly in relation to major global shocks, as well
as by exploring non-linear or regime-switching frameworks that may capture different
adjustment dynamics under external disturbances of varying magnitude or persistence.

5. Conclusions

The aims of this study were to examine whether external terms of trade (TOTs) main-
tain a long-run equilibrium relationship with the real GDP of Peru’s services sector and
to assess whether the sector adjusts its trajectory in response to persistent external shocks
within the context of a small open economy. The econometric evidence confirms that both
variables share a stable long-run relationship, indicating that the expansion of the services
sector—although predominantly grounded in domestic demand and urban employment—
is not independent of the external conditions that shape the macroeconomic environment.
The dynamic results reinforce this interpretation. The error correction mechanism shows
that the services sector gradually absorbs deviations from the long-run equilibrium, ad-
justing its trajectory when external conditions depart from the path consistent with that
equilibrium. Although the estimated adjustment speed is gradual, the negative and sta-
tistically significant error correction coefficient confirms the presence of a convergence
mechanism, through which deviations from equilibrium are systematically reduced over
time. This pattern is consistent with the view that external shocks are not transmitted
to the sector through immediate responses but rather through cumulative processes me-
diated by income, investment and expenditure, in line with a progressive absorption of
international disturbances.

By contrast, the absence of an economically meaningful adjustment in the TOT equa-
tion supports their role as an external anchor, determined in international markets and
not influenced by domestic sectoral dynamics. Taken together, the evidence describes an
asymmetric adjustment scheme: TOTs operate as a persistent external condition, while
the services sector undertakes the long-run adjustment. This configuration does not point
to immediate fragility, but it does reveal that sectoral stability depends on the capacity
to absorb recurrent shocks without permanently diverting the growth trajectory. These
findings provide sector-level evidence for resource-dependent economies, showing that
even non-tradable sectors remain structurally linked to the external cycle. From a broader
perspective, the results contribute to clarifying the meaning of structural sustainability in
small open economies. Rather than implying insulation from external shocks, structural
sustainability emerges as the capacity of sectoral growth dynamics to remain coherently
aligned with persistent external conditions while preserving a stable adjustment path.
Within this framework, the structural sustainability of the services sector should not be
understood as an automatic outcome of its size or economic weight but rather as a dy-
namic capacity that depends on the coherence between the external environment, internal
adjustment mechanisms and the macroeconomic frameworks that articulate them. For
the Peruvian economy, this implies that the long-run stability of the services sector is
closely tied to its ability to adapt gradually to external price cycles without disrupting
the underlying trajectory of domestic demand. More generally, the empirical framework
adopted in this study provides a replicable approach for analysing how non-tradable sec-
tors in small open economies adjust to persistent external shocks, offering an analytical
basis for future research on the structural sustainability of sectoral growth under volatile
international conditions.
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Appendix A. Post-Estimation Diagnostic Tests

Table A1. Residual correlation matrix (VECM).

AInGDPserv AInTOT
AInGDPserv 1.0000 0.0701
AInTOTs 0.0701 1.0000

Estimations were carried out using GRETL 2025¢ with quarterly data from BCRP.

Table A2. Eigenvalues of residual covariance matrix.

Eigenvalue

0.9299
1.0701

Estimations were carried out using GRETL 2025¢ with quarterly data from BCRP.

Table A3. Residual autocorrelation tests (up to Lag 4).

Lag RaoF Approx. Distribution p-Value
1 1.928 F(4, 204) 0.1070
2 1.276 F(8, 200) 0.2579
3 1.442 F(12, 196) 0.1497
4 1.162 F(16, 192) 0.3024

Estimations were carried out using GRETL 2025¢ with quarterly data from BCRP.
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Table A4. ARCH tests for conditional heteroskedasticity (up to Lag 4).

Lag LM Statistic Degrees of Freedom p-Value
1 16.524 9 0.0567
2 19.340 18 0.3712
3 20.844 27 0.7936
4 34.411 36 0.5442

Estimations were carried out using GRETL 2025¢ with quarterly data from BCRP.

Table A5. Doornik—-Hansen multivariate normality test.

Test Statistic Degrees of Freedom p-Value

Doornik—-Hansen 587.023 4 0.0000
Estimations were carried out using GRETL 2025¢ with quarterly data from BCRP.

Appendix B. Specification Sensitivity of VECM

Table A6. Comparison of cointegration and adjustment parameters across VECM specifications.

Spec Lag Order Det. Cointeg.  Cointeg. Vector EC Coef. p-Val. (EC, EC Coef. p-Val. (EC,
pec. & Term Rank  (nGDPsery=1) (AINGDPsery) AINGDPgery) (AINTOT)  AInTOT)
Baseline Restricted —1.4889
VECM 4 constant 1 (0.1698) —0.0720 <0.01 —0.0232 0.0938
Alternative Restricted —1.5114
VECM 5 constant 1 (0.1763) —0.0714 <0.01 —0.0208 0.2299
VECM + .
COVID-19 4 Restricted 1 17066 —0.0564 <0.01 00191 0.0574
constant (0.1178)
dummy
Standard errors in parentheses. Cointegrating vector is normalised on InGDPserv. Error correction coefficient
corresponds to loading parameter associated with deviations from long-run equilibrium. Statistical significance
refers to conventional 1%, 5% and 10% levels. Estimations were carried out using GRETL 2025c with quarterly
data from BCRP.
Table A7. Comparison of short-run dynamics and model diagnostics across VECM specifications.
COVID
Key Short-Run Adj. R? DW
Spec. Lag Order g cult (AINGDPoery)  PW™MY (AInGDPury) (AINGDPery) 1€ BIC HQC
(AInGDPygery)
. Strong negative
Baseline o Not
VECM 4 own-.lag. 1pert1a (lags included 0.576 1.95 —7.3429 —6.8089 —7.1263
1-3 significant)
. Own-lag inertia
Alternative Not
VECM 5 prese.rve.d., 4th lag included 0.575 1.99 —-72719 —6.6372 —7.0144
not significant
VECM + N
COVID-19 4 Own-lag inertia —0.31 0.881 1.35 ~85964 —8.0138 —8.3600
strengthened (p<0.01)
dummy

All specifications are estimated under restricted constant. Results are based on quarterly data from BCRP and
author-run estimations using GRETL 2025c.
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Table A8. Cointegration and adjustment parameters with SUBPRIME dummy.

Spec Lag Det. Term Cointeg.  Cointeg. Vector EC Coef. p-Val. (EC, EC Coef. p-Val. (EC,
pec. Order : Rank (InGDPgerv =1)  (AINGDPgery) AINGDPgery)  (AINTOT) AInTOT)
VECM + Restricted
SUBPRIME 4 1 —1.4910 (0.1680) —0.0736 <0.01 —0.0210 0.1492
constant
dummy
Standard errors in parentheses. Cointegrating vector is normalised on InGDPserv. Error correction coefficient
corresponds to loading parameter associated with deviations from long-run equilibrium. Statistical significance
refers to conventional 1%, 5% and 10% levels. Estimations were carried out using GRETL 2025¢ with quarterly
data from BCRP.
Table A9. Short-run dynamics and model diagnostics with SUBPRIME dummy.
COVID-19
Key Short-Run Adj. R? DW
Spec. Lag Order g ocult (AINGDPsery) . PY™™Y  (AInGDPeer) (AINGDPyery) 1€ BIC HQC
(AInGDPgery)
VECM + Strong negative 00009
SUBPRIME 4 own-lag inertia (lags (p = 0 9681) 0.572 1.95 -73117 —6.7292 —7.0753
dummy 1-3 significant) p=>0

All specifications are estimated under restricted constant. Results are based on quarterly data from BCRP and
author-run estimations using GRETL 2025c.

Table A10. Services GDP adjustment equation (trivariate VECM).

Variable Coefficient Std. Error t-Statistic p-Value
AINGDPgery (—1) —0.5683 0.1120 —5.072 0.0000 ***
AINGDPgery (—2) —0.6077 0.1036 —5.867 0.0000 ***
AINGDPgery (—3) —0.4753 0.1124 —4.230 0.0001 ***
AInTOTs (—1) —0.0253 0.0858 —0.295 0.7686
AInTOTs (—2) 0.0553 0.0899 0.615 0.5402
AInTOTs (—3) —0.0735 0.0851 —0.864 0.3899
AInC (—1) 0.3610 0.1335 2.704 0.0081 ***
AInC (-2) 0.3203 0.1228 2.609 0.0105 **
AInC (-3) 0.4387 0.1339 3.276 0.0015 ***
S1 —0.0441 0.0128 —3.437 0.0009 ***
S2 —0.0022 0.0132 —0.169 0.8660
S3 —0.0134 0.0137 —0.977 0.3311
ECy —0.1138 0.0234 —4.868 0.0000 ***
Model statistics:

R? = 0.675; Adjusted R? = 0.632; Durbin-Watson = 1.96

*** and ** denote statistical significance at 1% and 5% levels, respectively. Results obtained from author-run
estimations using GRETL 2025c and BCRP data.

Table A1l. TOT adjustment equation (trivariate VECM).

Variable Coefficient Std. Error t-Statistic p-Value
AINGDPgery (—1) —0.2035 0.1347 —1.511 0.1340
AINGDPgery (—2) —0.1498 0.1246 —1.203 0.2319
AINGDPgery (—3) —0.1739 0.1351 —1.287 0.2011
AInTOTs (—1) 0.3931 0.1032 3.808 0.0002 ***
AInTOTs (—2) —0.0564 0.1081 —0.522 0.6032
AInTOTs (—3) —0.0171 0.1023 —0.167 0.8679
AInC (—1) —0.1017 0.1605 —0.633 0.5280
AInC (—2) 0.1054 0.1476 0.714 0.4770
AInC (-3) 0.0483 0.1610 0.300 0.7649
S1 0.0205 0.0154 1.329 0.1870
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Table A11. Cont.
Variable Coefficient Std. Error t-Statistic p-Value
52 —0.0092 0.0158 —0.582 0.5622
53 0.0074 0.0165 0.446 0.6566
EC, —0.0395 0.0281 —1.405 0.1633
Model statistics:

R? = 0.229; Adjusted R? = 0.126; Durbin-Watson = 2.01

*** denotes statistical significance at the 1% level. Results obtained from author-run estimations using GRETL

2025¢ and BCRP data.

Table A12. Consumption adjustment equation (trivariate VECM).

Variable Coefficient Std. Error t-Statistic p-Value
AINGDPgery (—1) 0.1650 0.1041 1.585 0.1163
AINGDPgery (—2) 0.1533 0.0963 1.592 0.1146
AINGDPgery (—3) 0.2061 0.1044 1.973 0.0513 *
AInTOTs (—1) —0.0151 0.0798 —0.189 0.8508
AInTOTs (—2) 0.0746 0.0835 0.893 0.3743
AInTOTs (—3) —0.0640 0.0791 —0.808 0.4208
AInC (—1) —0.3611 0.1241 —2910 0.0045 *+
AInC (-2) —0.4297 0.1141 —3.765 0.0003 ***
AInC (-3) —0.2985 0.1245 —2.398 0.0184 **
S1 —0.0125 0.0119 —1.047 0.2979
52 0.0198 0.0122 1.616 0.1094
S3 0.0007 0.0128 0.055 0.9564
EC; —0.0957 0.0217 —4.406 0.0000 ***
Model statistics:

R? = 0.437; Adjusted R? = 0.362; Durbin-Watson = 2.00

#* #* and * denote statistical significance at 1%, 5% and 10% levels, respectively. Results obtained from author-run
estimations using GRETL 2025¢ and BCRP data.
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