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Island developing states: a case study of Tonga
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ABSTRACT
In this study, we examine the effect of tourism on economic growth in Tonga. We
apply Ghysels Beta-MIDAS approach to estimate the elasticity of tourism, identify
breaks with the multiple break test, and test for causality using the mixed
frequency VAR approach. We utilize a sample from 1995 quarter 1 to 2018 quarter
4. The results indicate that the long-run effect of tourism is 0.06. Two structural
breaks are identified, and both have negative growth effects. Unidirectional
causality from tourism to real per-capita GDP is noted. The findings indicate that
Tonga’s economic growth can be improved by promoting tourism.
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Introduction

For most small Pacific island countries, tourism has
become the number one contributor, apart from
remittances, to economic growth and Tonga is no
exception. Its potential to become Tonga’s largest
industry is underscored by the World Bank’s (2017)
Pacific Possible study and Tonga’s Tourism Sector
Roadmap 2014–2018.1 Both find that tourism’s
foreign exchange earnings are more than five times
larger than agriculture and fisheries combined. This
is important because Tonga lacks mineral and
resource deposits, has limited capacity in manufactur-
ing and agriculture, and at present relies largely on
remittances for income and consumption (Brown
et al., 2014). In retrospect, tourism contributed
about 20% to Tonga’s GDP and employment in
2019, and it was expected to create 3100 more jobs
over 2019–2020 (WTTC, 2019).

However, Smeral (2017) and Song et al. (2019)
show that international tourism is sensitive to pan-
demics, terrorism, natural disasters, political tension,
and the economic performance of the tourist generat-
ing source market. Due to the current pandemic,
Tonga’s key source markets, New Zealand and

Australia which make up 69% of arrivals (NRBT,
2020a) have undergone economic lockdown in late
March 2020 and will remain under economic isolation
for up to 6 months. In 2020, arrivals fell by 898 tourists
(8.2%) in January, and by 5416 tourists (46.1%) in Feb-
ruary (NRBT, 2020b). Currently, no tourists are visiting
Tonga (NRBT, 2020b) and this situation is expected to
continue well into the future because of COVID 19.
This will have disastrous consequences for Tonga’s
emerging tourism sector which already experienced
modest growth in arrivals (Figure 1).

The objective of this paper is to thus investigate
how shifts in visitor arrivals influence gross domestic
product in Tonga using mixed frequency methods.
Previous studies on the tourism-growth nexus on
Tonga have utilized panel data techniques amidst
other Pacific island countries (c.f. Jayaraman &
Makun, 2020; Narayan et al., 2010). We further
advance previous research by delineating how arrivals
by airlines and cruise-ships affect growth in Tonga
whilst controlling for structural breaks (c.f. Solarin,
2018). By employing the Mixed Data Sampling
(MIDAS) approach, we solve the problems associated
with data aggregation and utilize the information
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present in the quarterly arrivals data (Foroni & Marcel-
lino, 2014; Salisu & Ogbonna, 2019; Valadkhani &
Smyth, 2017). Notably, mixed frequency methods
are scantly applied in the tourism research literature
(c.f. Bangwayo-Skeete & Skeete, 2015; Liu & Song,
2018).

A country-specific study on Tonga is therefore
important because Tonga’s tourism sector in terms
of key source markets, purpose of visit, and tourist
behavior, and Tonga’s economy in terms of the level
of development and extent of specialization in
tourism are distinct from other Pacific island countries
(c.f. Antonakakis et al., 2019; Lin et al., 2019). Tourism
is relatively important to small pacific island countries
such as Tonga due to drawbacks such as remoteness
from key markets and exposure to the adverse effects
of climate change (Croes et al., 2018a). Additionally,
structural breaks and higher frequency data deepen
our understanding of the sector in terms of its
impact on economic growth. The study thus under-
scores the need to prioritize the development of
Tonga’s tourism sector.2

We apply Ghysels et al.’s (2006) Beta MIDAS
regression approach to estimate the elasticity of
tourism whilst controlling for structural breaks ident-
ified using the Bai and Perron (1998, 2003a, 2003b)
multiple break test. To test for causality, we draw
insights from Ghysels’ (2016) mixed frequency causal-
ity approach. We measure economic growth with real
GDP per-capita (c.f. Cannonier & Burke, 2019). Data for
real GDP per-capita is available annually from 1981 to
2018. Seasonally unadjusted visitor arrivals data are
available from 1995 quarter 1 (1995Q1) to 2019
quarter 4 (2019Q4). Thus, we use data over the
period 1995Q1 to 2018Q4. The elasticity of tourism

is estimated at 0.06 which indicates that a 1% increase
in visitor arrivals would increase growth by 0.06%. The
identified structural breaks, 2004 and 2007, both have
negative growth effects. Causality from total arrivals
to real GDP per-capita is found which supports the
tourism-led growth hypothesis.

In what follows, the second section reviews the
tourism-growth literature, the third section presents
the methodology, the fourth section presents the
results and discussion, and fifth section concludes
with policy implications.

Literature review

Tourism and economic development are closely
related (Comerio & Strozzi, 2019). Studies generally
focus on the causality dynamics and pay less attention
on determining the elasticity of tourism with respect
to growth (Kumar et al., 2018). Although causality
helps determine whether tourism predicts growth,
tourism’s elasticity quantifies its impact. Information
on both is, therefore, important to fully understand
the relationship between tourism and economic
growth (Brida et al., 2016; Comerio & Strozzi, 2019;
Pablo-Romero & Molina, 2013). The elasticity and caus-
ality outcome depends on the destination character-
istics such as the level of development, extent of
specialization in tourism, and institutional quality,
and on data-related characteristics such as the
sample size, time period under consideration, metric
used to measure tourism, and the inclusion of other
explanatory variables (Antonakakis et al., 2019; Lin
et al., 2019; Nunkoo et al., 2020; Solarin, 2018).

A summary of the key findings on causality and
magnitude is presented in Table 1. It is clear from

Figure 1. Visitor Arrivals to Tonga (1995Q1–2019Q4). Source: National Reserve Bank of Tonga, Quarterly Economic Bulletin (various issues).
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Table 1. Summary of studies on the tourism-growth nexus.

Reference Country Period Variables Method(s) Elasticity

Panel A: Tourism-led growth hypothesis (TLGH – unidirectional causality from tourism to growth)
Jaforullah (2015) New Zealand 1972–2012 Tourism receipts,

exchange rates
VECM 0.40

Tang and Tan
(2015)

Malaysia 1975–2011 Tourism receipts,
political stability

VECM 0.14

Gunter et al.
(2017)

12 central American
and Caribbean
countries

1995–2012 Visitor arrivals Quintile
regression

n.e.

Tang and Ozturk
(2017)

Egypt 1982–2011 Visitor arrivals ARDL and Toda–
Yamamoto
causality

n.e.

Isik et al. (2018) Top 9 tourist
destinations

1995–2012 Visitor arrivals,
renewable energy
consumption

Bootstrap
causality

n.e.

Kumar et al.
(2019)

Israel 1960–2016 Capital, labor, tourism
receipts, and mobile
subscriptions

ARDL 0.05

Liu and Song
(2018)

Hong Kong 1974-2016;
Quarterly for
growth,
monthly for
tourism

Visitor arrivals Mixed frequency
VAR

n.e.

Shahbaz et al.
(2018)

Top-10 tourist
destinations

1990Q1–2015Q3;
Quarterly
converted from
annual data

Visitor arrivals and
receipts using principal
component analysis

Rolling window
Granger
causality

Causality is time varying and
country specific

Solarin (2018) Mauritius 1980–2011 Disaggregated visitor
arrivals

Toda–Yamamoto
causality

n.e.

Stauvermann
et al. (2018)

Sri-Lanka 1980–2014 Capital, labor, tourism
receipts, and exchange
rates

ARDL 0.06

Zuo and Huang
(2020)

31 Chinese Provinces 1995–2013 Tourist receipts and
visitor arrivals

SGMM Estimates are region specific

Antonakakis
et al. (2019)

113 countries 1995–2014 Visitor arrivals and
tourist expenditures
(TLGH for developed
countries only)

Panel causality n.e.

Cannonier and
Burke (2019)

15 Caribbean
countries

1980–2015 using
3-year averages

Tourism expenditures GMM 0.03

Gao et al. (2019) Southern
Mediterranean
countries

1995–2010 Tourism receipts, energy
consumption

Granger causality n.e.

Jayaraman and
Makun (2020)

Fiji, Samoa, Solomon
Islands, Tonga,
and Vanuatu

2000–2015 Tourism receipts, capital
stock, FDI, ICT

Panel ARDL 0.25

Lin et al. (2019) 10 Chinese
provinces

1978–2013 Tourism receipts Granger causality n.e.

Neuts (2020) 89 German cities 1995–2015 Visitor arrivals Dumitrescu–
Hurlin causality

n.e.

Roudi et al.
(2019)

10 small island
countries

1995–2014 Visitor arrivals Dumitrescu–
Hurlin causality

n.e.

Yazdi (2019) Iran 1981–2014 Tourism receipts and
Structural breaks

ARDL −0.08

Eyuboglu and
Eyuboglu
(2020)

9 emerging
economies

1995–2016 Visitor arrivals Asymmetric
Granger
causality

n.e.

Husein and Kara
(2020)

Puerto Rico 1960–2016 Tourism receipts Granger causality n.e.

Sahni et al.
(2020)

23 African countries 2002–2015 Tourism receipts Threshold
quintile
regression

1.48 before threshold. 0.67
after threshold

(Continued )
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Table 1 that tourism and growth are positively related,
and both tourism-led growth hypothesis (TLGH) and
tourism growth feedback hypothesis have been
widely confirmed. Using disaggregated visitor arrivals

data, Solarin (2018) finds that not all source markets
cause growth in Mauritius. Yazdi’s (2019) study on
Iran is unique because it finds a negative association
between tourism and growth but still confirms

Table 1. Continued.

Reference Country Period Variables Method(s) Elasticity

Tang (2020) 61 countries 2011–2015 Visitor arrivals
(educational tourism
by enrollment of
international students)

Threshold
regression

Education tourism has
positive growth effects
contingent on the level of
education tourism, quality
of research, and ICT

Current Study Tonga 1995–2018;
Yearly for
growth,
quarterly for
arrivals

Visitor arrivals and
structural breaks

MIDAS and mixed
frequency VAR

0.06

Panel B: Tourism growth feedback hypothesis (TGFH – bidirectional causality between tourism and growth)
Tugcu (2014) Europe and Asia 1998–2011 Tourism receipts and

tourism expenditures
Dumitrescu–
Hurlin causality

n.e.

Aslan (2016) Turkey 2003Q1–2012Q4 Disaggregated tourism
expenditure

ARDL 0.18–0.98

Kumar et al.
(2016)

Cook Islands 2009Q1–2014Q2 Visitor arrivals ARDL 0.83

Dogru and Bulut
(2018)

7 European
countries

1996–2014 Tourism receipts Dumitrescu–
Hurlin causality

n.e.

Perles-Ribes
et al. (2017)

Spain 1957–2014 Tourism receipts VECM and Toda–
Yamamoto
causality

n.e.

Mohapatra
(2018)

SAARC countries 1995–2014 Tourism expenditure Panel FMOLS and
Dumitrescu
Hurlin Causality

1.71

Kumar et al.
(2018)

Fiji 1975–2015 Visitor arrivals, capital,
and labor, structural
breaks

ARDL 0.12

Risso (2018) 179 countries 1995–2016 Visitor arrivals, tourism
receipts, and tourism
expenditures

Panel regression
and causality

0.07–0.10

Suresh et al.
(2018)

India 1993M4–2014M7 Visitor arrivals Frequency
domain
causality

n.e.

Gao et al. (2019) Northern
Mediterranean
countries

1995–2010 Tourism receipts, energy
consumption

Granger causality n.e.

Kumar et al.
(2020)

Cook Islands 2010Q1–2016Q4 Visitor arrivals and
structural breaks

NARDL and
asymmetric
causality

0.92 for increase 0.32 for
decrease

Balsalobre-
Lorente et al.
(2020)

Spain 1970–2015 Visitor arrivals NARDL and
causality test

1.31 for increase 1.44 for
decrease

Panel C: Conservation (causality from growth to tourism) and/or neutrality (no causality between tourism and growth) hypotheses
Alhowaish
(2016)

Gulf Cooperation
Council countries

1995–2012 Tourism receipts Dumitrescu–
Hurlin causality

n.e.

Tugcu (2014)* Africa 1998–2011 Tourism receipts and
tourism expenditures

Dumitrescu–
Hurlin causality

n.e.

Croes et al.
(2018b)*

Malta 1988–2014 Tourism specialization
index

Limited
information
maximum
likelihood

n.s.

Aratuo and
Etienne
(2019)*

USA 1998Q1–2017Q4 Tourism sub-sector
output

ARDL, Toda-
Yamamoto
causality

n.e.

Note: “n.e.” indicates not examined, “n.s” indicates insignificant estimate, and * indicates neutrality hypothesis.
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causality from tourism to growth. Yazdi’s findings may
relate to the beach disease hypothesis (Chao et al.,
2006; Copeland, 1991). Under this hypothesis, a
booming tourism industry generates economic rent
similar to the Dutch disease models. Since tourists
consume the unpriced natural resources, rent
becomes an important source of income for the des-
tination (Capo et al., 2007). The beach disease hypoth-
esis, however, breaks down with factor mobility and
foreign-owned tourism infrastructure, and empirical
studies fail to corroborate its existence (Holzner,
2011). Empirical evidence on the absence of causality
between tourism and growth is presented by Tugcu
(2014) for Europe and Africa and Aratuo and Etienne
(2019) for the USA. Alhowaish (2016), however, finds
that growth is important to predict tourism demand
in the GCC countries.

A recent meta-analysis of 113 articles by Nunkoo
et al. (2020) suggests that the research on the TLGH
is plagued by publication bias where most of the
studies are inclined to report positive and statistically
significant estimates. This compromises both the
development of economic theories and policies.
Nunkoo et al. (2020) provides some support for the
TLGH but notes that the estimates are sensitive to
the length and quality of the data, functional form
of the model, and characteristics of the estimation
approach. Nunkoo et al. (2020) thus describe the
need for new estimation methodologies. Emerging
developments include non-linearity and time-
varying parameters (c.f. Balsalobre-Lorente et al.,
2020; Chiu & Yeh, 2017; Eyuboglu & Eyuboglu, 2020;
Sahni et al., 2020; Wu et al., 2016; Zuo & Huang,
2020). Yet, the issue of data aggregation is not ade-
quately addressed. Liu and Song (2018) remain the
only study to confirm causality from tourism to
growth in Hong Kong using mixed frequency
methods. However, they did not estimate the
tourism elasticity, and thus, valuable information on
the causal relationship is missing.

At present, there is no country-specific evaluation
of tourism and economic growth in Tonga. Narayan
et al. (2010) estimates the tourism elasticity at 0.74
as a panel study including Fiji, Papua New Guinea,
Solomon Islands, and Tonga and finds one-way caus-
ality from tourism to growth. In contrast, Jayaraman
and Makun (2020) find that the tourism elasticity is
estimated at 0.25 in a panel consisting of Fiji,
Samoa, Solomon Islands, Tonga, and Vanuatu but
did not explore potential causality for these countries.
One reason for the vast difference in the estimated

elasticity could be the different levels of tourism
specialization in the countries in the panel (Antonaka-
kis et al., 2019). Moreover, previous research on Fiji
which is included in their panel has shown mixed
results in terms of elasticity and causality (Kumar
et al., 2018; Kumar & Kumar, 2012; Narayan, 2004).
This can also undoubtfully influence the results

This study draws from a broad sample of studies on
the tourism-growth nexus. Noting the gaps, this study
contributes by re-visiting the relationship between
tourism and economic growth in Tonga using mixed
frequency methods and controlling for structural
breaks. The study applies the MIDAS regression
approach developed by Ghysels et al. (2006) to esti-
mate the tourism elasticity and ascertains causality
using mixed frequency VAR’s developed by Ghysels
et al. (2006). The tourism elasticity is estimated at
0.06 for total arrivals and 0.07 for arrivals by air. The
identified structural breaks have negative growth
effects, and the causality results support the
tourism-led growth hypothesis. The results are
robust to alternative methods that rely on data aggre-
gation (c.f. Salisu & Ogbonna, 2019).

Model and methods

Mixed frequency cointegration, long-run, and
short-run

We follow Kumar et al.’s (2016) study where they
specify the following model:

ln yt = p+ hT + q ln turt + wTB+ u1,t (1)

where yt is real GDP per capita, turt is visitor arrivals, T
is the time trend, TB is the dummy variable which rep-
resents structural breaks, p is the intercept term, h is
the coefficient of the time trend variable, q . 0 is the
elasticity of tourism, and u1t is the error term.

We identify structural breaks using Bai and Perron’s
(1998, 2003a, 2003b) approach. The benefit of this
approach is that more than two breakpoints can be
determined, the number and location of the break-
points can be easily estimated, breaks can be ident-
ified and then linked to real events that may have
led to the break, and robust break segments can be
identified by incorporating the Heteroscedastic and
Autocorrelation (HAC) robust standard errors. The
break dummy is set to 1 from the date of the break
to one period before the next break date (c.f. Kumar
et al., 2018). The structural break dummies are retained
if they are significant in the final estimation.

298 N. N. KUMAR ET AL.



To utilize the information present in higher fre-
quency data, we estimate Equation (1) using the
MIDAS approach. The MIDAS approach utilizes infor-
mation in the higher frequency explanatory variable
to predict the lower frequency-dependent variable
in a parsimonious manner and mitigates problems
with small samples (Andreou et al., 2013; Ghysels
et al., 2006). Compared to other mixed frequency
methods, e.g. data interpolation and the Kalman
filter method, MIDAS is less sensitive to specification
errors due to the use of non-linear lag polynomials
(Foroni & Marcellino, 2014; Jung, 2017).

Specifically, we apply the Beta Weighting MIDAS
approach developed by Ghysels et al. (2006). Unlike
other MIDAS variants, this approach avoids the par-
ameter proliferation problem present in the U-
MIDAS approach when the gap between the high
and low-frequency variable is large and does not
require equal weights in the aggregation of higher
frequency data like the flat weight approach (Salisu
& Ogbonna, 2019). Moreover, the Beta MIDAS
approach also provides important information as to
how slowly or rapidly the growth effects of tourism
die out which cannot be discerned from the same fre-
quency alternatives.

Following Equation (1), we specify the following
mixed frequency model:

ln yt = p+ hT + qvh
i,k ln tur

h
t + wTB+ u2,t (2)

where vh
i,k = f {b1, b2, . . . . bk} is the Beta-weighting

function with k lags, turht is quarterly visitor arrivals,
and the other variables are previously defined. The
weighting function is flexible enough to accommo-
date various lag responses such as increasing,
decreasing, and hump-shaped. The beta-coefficients
provide important information as to how slowly or
rapidly the growth effects of tourism die out which
cannot be discerned from the same frequency alterna-
tives. Beta values in excess of positive ones show that
the growth effects of tourism decay relatively fast
whereas negative values show a gradual increase.

We draw insights from Ghysels andMiller (2015) for
mixed frequency residual-based cointegration tests.
To determine cointegration, we apply the Engle and
Granger (1987) cointegration test which is valid with
two variables (Croes et al., 2018a). According to the
Engle–Granger test, if two series are non-stationary
in the levels but are stationary in first differences,
then cointegration can be inferred from the test of
stationarity of the residuals of the long-run model.

The initial step includes the estimation of the hypoth-
esized long-run model. Then, the residuals derived
from the long-run model are tested for stationarity.
The error terms from Equation (2) are estimated in
the annual frequency and hence are suitable for
testing for cointegration. Because residuals of the
long-run model have zero mean and do not have
deterministic trends, they are excluded from the test
equation.

To test for cointegration, the errors of Equation (2)
are assumed to follow:

Du2,t = ru2,t−1 + 1t (3)

where the residuals of Equation (3) are assumed to be
normally, identically, and independently distributed.
Lagged differenced terms are included up to the lag
which eliminates autocorrelated residuals. The null
hypothesis of no cointegration {Hnull :r = 0} is tested
against the presence of cointegration {Halt:r , 0}.
Rejection of the null hypothesis implies stationarity
of the long-run residuals hence the presence of coin-
tegration in Equation (2).

Subsequently, if cointegration is confirmed, then
the short-run model in the form of the error correction
model can be estimated. We specify the following
error correction model:

D ln yt = mt + uD ln yt−1 + yvh
i,kD ln turht−1

+ lECTt−1 + u3,t (4)

where mt is the deterministic component which
includes the intercept, time trend, and structural
break dummies, y . 0 is the short-run effect of
tourism, ECTt−1 is the one period lagged error correc-
tion term, and −1 , l , 0 is the adjustment
coefficient.

Mixed frequency causality

This study draws insights from Ghysels (2016) and Liu
and Song (2018) to test the causality relationship.
According to Liu and Song (2018), mixed frequency
causality tests are observation driven and directly
relate to the Vector Autoregression (VAR) model.
Thus, standard VAR models can be utilized to test
for causality using mixed frequency data. We incor-
porate the higher frequency data using the Toda
and Yamamoto (1995) augmented VAR approach.
The advantage of this method is that we can
examine causality among variables of a different
order of integration, and the method uses the lag
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length and order of integration information from the
unit root tests to calculate the maximum lag in the
VAR model.

We specify the following VAR model to test for
causality:

ln yt = m1 +
∑k

i=1

a1i ln yt−i +
∑dmax

j=k+1

a2i ln yt−j

+
∑k

i=1

a3i ln turht−i +
∑dmax

j=k+1

a4i ln turht−j

+ 11,t (4)

ln turht = m2 +
∑k

i=1

a1i ln yt−i +
∑dmax

j=k+1

a2i ln yt−j

+
∑k

i=1

a3i ln turht−i +
∑dmax

j=k+1

a4i ln turht−j

+ 12,t (5)

where mi is the deterministic component which
includes the intercept, time trend, and structural
break dummies.

We test for the null hypothesis of no causality from
ln turht to ln yt {Hnull:a3i∀i = 0} against the alternative
of causality from ln turht to ln yt {Halt :a3i∀i = 0}. The
dynamic stability of the VAR models is tested from
the properties of the inverse roots of the autoregres-
sive characteristic polynomial plot. For robust causal-
ity results, the inverse roots should lie within the
positive and negative unity but can be corrected by
appropriate lags of endogenous variables, a trend
term, and/or structural break dummies as exogenous
instruments.

Data and results

Data

Data for real GDP per capita measured in constant
2010 US dollars is available from 1981 to 2018 and
amounts to 38 yearly observations. Data on visitor
arrivals by air, arrivals by cruise-ships, and total arrivals
are available from 1995Q1 to 2019Q4 which amounts
to 100 quarterly observations. Accordingly, data from
the start of 1995 to the end of 2018 are used for analy-
sis. This amounts to 24 annual observations for real
GDP per capita and 96 quarterly observations for
visitor arrivals. Data for real GDP per capita are
sourced from the World Development Indicators and
Global Development Finance database (World Bank,

2020). Seasonally unadjusted data for visitor arrivals
are handpicked from the National Reserve Bank of
Tonga’s (2020a) quarterly economic bulletins.

Descriptive statistics

Table 2 presents descriptive statistics and correlation
statistics. According to the table, there is a significant
positive correlation between tourism and real GDP
per capita.

Unit root

Unit root tests are based on the augmented Dickey–
Fuller, Phillips and Perron, Kwiatkowski–Phillips–
Schmidt and Shin, Hylleberg, Engle, Granger and
Yoo, and the Canova and Hansen tests. According to
the results, the variables are integrated with a
maximum order of 1 (Table 3).

Structural breaks

Data-specific structural breaks are examined using the
Bai and Perron (1998, 2003a, 2003b) test of L+1 vs. L
sequentially determined breaks are presented in
Table 4.

Two breakpoints are detected at the 5% level. In
2004, Tonga’s national airline, Royal Tongan Airlines
closed down due to liquidity issues (BBC News,
2019). In November 2006, riots erupted in Nuku’alofa,
the capital of Tonga following the lack of commit-
ments towards democratic reforms (Campbell, 2008).
Multiple cases of robbery, vehicle theft, arson, and
property damage were reported (Campbell, 2008).
The Nuku’alofa Central Business District (CBD) was
cordoned off and armed soldiers from the Tongan
Defence Force patrolled the Nuku’alofa CBD to

Table 2. Descriptive statistics.

Statistics
Real GDP
Per capita

Airline
arrivals

Cruise-ship
arrivals

Total
arrivals

Mean 3501.04 10,697 2836 13,531
Median 3485.82 10,150 2267 13,303
Maximum 4090.34 20,714 11,963 28,690
Minimum 3014.83 4584 2 5353
Standard
deviation

317.49 3735 2627 4864

Normality 0.71 [.70] 4.65 [.10] 26.77 [<.01] 3.73 [.15]
Correlation 0.91A [<.01] 0.72A [<.01] 0.87A [<.01]

Note: A indicates significance at the 1% level. P-value in [.], normality
test – Jarque-Bera test. Correlation test conducted in the annual
frequency with real GDP per capita. Source: author’s estimation
in Eviews 10.
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maintain the peace. Subsequently, the Tongan Gov-
ernment requested armed assistance from Australia
and New Zealand given the severity of the riots. The
riots claimed the lives of 8 people and destroyed
80% of the CBD of Nuku’alofa causing millions of
Pa’anga (Tonga’s currency) worth of damage. A state
of emergency was subsequently declared and
extended in February 2007 (BBC News, 2019). Public
infrastructure restoration programs, however, began
in November 2008 funded by a low-interest Chinese
government loan (Campbell, 2008). Both the ident-
ified breaks have negative growth effects.3

Mixed frequency cointegration

We confirm that there is cointegration between real
GDP per capita and visitor arrivals. The presence of
cointegration is also confirmed with airline and
cruise-ship arrivals (Table 5).

Mixed frequency long-run and short-run

The long-run results from the MIDAS approach are
presented in Table 6.

We note that a positive and statistically significant
effect of visitor arrivals was noted at 0.06 in the long-

run (Table 6, Panel A). Thus, a 1% increase in visitor
arrivals will increase real GDP per capita by 0.06%,
holding everything else constant. The results are
similar when measured with airline arrivals.
However, arrivals by cruise ship do not significantly
influence growth. This may be due to the less time
spent by cruise ship tourists in Tonga because they
are visiting Tonga as a pit stop amongst other desti-
nations in the cruise ship package. The beta-coeffi-
cients indicate that the effect of tourism diminishes
over time. The coefficient of the time trend indicates
that real GDP per capita increases over time in
Tonga. This may be an indication of supportive macro-
economic policies which help foster growth (c.f. Rao &
Takirua, 2010). Both identified structural breaks have
negative growth effects which unsurprisingly indi-
cates that the closure of major airlines and riots are
harmful to growth (Table 6, Panel A). However, the
first beta coefficient is significant and approximately
equal to one which indicates that the growth effects
of tourism diminish slowly (Table 6, Panel B).

The short-run results are presented in Table 7.

Table 3. Unit root.

Variables Level 1st Diff. Level 1st Diff. Level 1st Diff.
Panel A: Standard tests

ADF PP KPSS

ln yt −0.38 [0] (0.90) −3.21 [0]B (0.03) −0.51 [1] (0.87) −3.23 [1]B (0.03) 0.64 [3]B (0.46) 0.07 [1]A (0.74)
ln turht -total −1.17 [2] (0.67) −5.44 [1]A (<0.01) −0.63 [5] (0.84) −3.61 [6]B (0.01) 0.67 [3] (0.35) 0.15 [6]A (0.74)
ln turht -airline −0.99 [0] (0.73) −6.23 [0]A (<0.01) −0.87 [9] (0.77) −7.19 [5]A (<0.01) 0.67 [3] (0.35) 0.10 [1]A (0.74)
ln turht -cruise-ship −1.55 [0] (0.49) −5.02 [0]A (<0.01) −1.22 [5] (0.62) −7.07 [8]A (<0.01) 0.65 [3] (0.35) 0.24 [2]B (0.46)

Panel B: Seasonal tests

HEGY LR-HEGY CH

ln turht -total 10.63 [0] (16.20) 30.89 [0]B (16.14) 8.88 [2] (6.73) 138.90 [4]A (6.73) 2.45 [3] (1.35) 0.44 [4]A (1.35)
ln turht -airline 1.53 [4] (15.98) 20.99 [4]B (6.71) 2.85 [6] (6.71) 39.47 [2]A (6.71) 2.52 [3] (1.35) 0.93 [4]A (1.35)

ln turht -cruise-ship 3.69 [8] (15.77) 14.61 [0]A (6.69) 3.11 [10] (6.69) 14.61 [9]A (6.69) 1.55 [3] (0.35) 0.43 [2]B (0.46)

Notes: Lag used in ADF-augmented Dickey–Fuller and PP – Phillips-Perron, Bandwidth used in KPSS – Kwiatkowski-Phillips-Schmidt-Shin and
periodicity of HEGY-Hylleberg, Engle, Granger, and Yoo, LR-HEGY – Likelihood Ratio HEGY and CH – Canova-Hansen test in [.] and determined
by AIC. Probability values of the ADF and PP tests, and critical values of KPSS, HEGY, and CH tests are provided in (.). A, B, and C – stationary at
1%, 5%, and 10% levels. Source: Authors’ estimation in Eviews 10.

Table 4. Bai–Perron test of L+1 vs. L sequentially determined breaks.

Number of breaks F-Statistic 5% Critical value

0 vs. 1A 37.83 8.58
1 vs. 2A 10.70 10.13
2 vs. 3 3.46 11.14
Breaks: 2004; 2007

Notes: A indicates a significant break at 5% level. Source: Author’s
estimation in Eviews 10.

Table 5. Cointegration test.

Null hypothesis: growth and tourism
are not cointegrated ADF PP

Total arrivals −4.83 [1]A

(<.01)
−3.41 [5]A

(<.01)
Airline arrivals −4.64 [0]A

(<.01)
−5.35 [8]A

(<.01)
Cruise-ship arrivals −3.58 [1]A

(<.01)
−2.97 [2]A

(<.01)

Note: A and B indicate cointegration at 1 and 5% levels. Lags used for
ADF and Bandwidth for PP in [.]. P value in (.). Presence of cointe-
gration is also confirmed without structural breaks. Source: Author’s
estimation in Eviews 10.
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The short-run effect of tourism is positive and is
estimated at 0.30 for total arrivals and 0.24 for
airline arrivals (Table 7, Panel A). The short-run effect
is greater than the long-run effect of tourism. The
lagged effect of growth is also positive which indi-
cates that economic growth in the previous year has
beneficial effects on growth in the current year.
Both structural breaks have negative effects in the

short-run although the short-run effects are margin-
ally smaller in magnitude compared to their long-
run counterparts. The error correction term for the
total arrivals model is −0.95 and −0.91 for the airlines
arrivals model. This indicates that about 91–95% of
the disequilibrium errors are corrected in the current
year and that the long-run equilibrium is reached
within 1.05–1.1 years (Table 7, Panel A).

Table 6. Long-run results – ln yt| ln turht ; TB.

Variable

Total arrivals Airline arrivals Cruise-ship arrivals

Coefficient Std. error Coefficient Std. error Coefficient Std. error

Panel A: Long-run
Intercept 7.48A 0.2394 7.41A 0.2710 7.98A 0.0420
Trend 0.02A 0.0013 0.02A 0.0012 0.02A 0.0013
TB12004-2006 −0.05A 0.0106 −0.04A 0.0082 −0.04A 0.0134
TB22007-2017 −0.16A 0.0161 −0.14A 0.0108 −0.14A 0.0180
ln turht 0.06B 0.0267 0.07B 0.0305 0.01 0.0076
Panel B: Beta-coefficients
BETA-01 1.06A 0.0254 7.13C 3.7469 0.99A 0.2416
BETA-02 3.41B 1.3708 12.61C 6.9170 1.00 1.6114
BETA-03 −0.14A 0.0297 −0.12A 0.0222 −0.11 0.8910
Panel C: Model statistics
Total: R2 =0.9791; adj. R2 = 0.9758; AIC = −5.2518; SER = 0.0136; x2n(1) = 0.1465 p-value = .93; RMSE = 0.0124; MAE = 0.0102; MAPE = 0.1250;
Theil = 0.0007; Theil-Bias = 0.0000; Theil-Variance = 0.0053; DW = 1.9528

Airline: R2 = 0.9888; adj. R2 = 0.9871; AIC = −5.8801; SER = 0.0099; x2n(1) = 1.1342 p-value = .57; RMSE = 0.0090; MAE = 0.0076; MAPE =
0.0933; Theil = 0.0005; Theil-Bias = 0.0000; Theil-Variance = 0.0028; DW = 1.8696

Cruise-ship: R2 = 0.9654; adj. R2 = 0.9596; AIC = −4.8158; SER = 0.0167; x2n(1) = 1.3627 p-value = .51; RMSE = 0.0151; MAE = 0.0127; MAPE =
0.1556; Theil = 0.0009; Theil-Bias = 0.0000; Theil-Variance = 0.0087; DW = 1.1237

Notes: A, B, and C indicate significance at 1%, 5%, and 10% levels. SER – standard error of regression, RMSE – root mean square error, MAE –
mean absolute error, MAPE – mean absolute percentage error. Source: Authors estimation in Eviews 10.

Table 7. Short-run results – D ln yt|D ln turht ; TB.

Variable

Total arrivals Airline arrivals Cruise-ship arrivals

Coefficient Std. error Coefficient Std. error Coefficient Std. error

Panel A: Short-run
ECTt−1 −0.95A 0.2463 −0.91B 0.3266 −0.73A 0.2404
TB12004-2006 −0.04A 0.0127 −0.04B 0.0141 −0.02 0.0184
TB22007-2017 −0.13A 0.0222 −0.11A 0.0220 −0.09A 0.0220
Trend 0.01B 0.0047 0.02B 0.0120 0.02A 0.0045
D ln yt−1 0.31B 0.1326 – – 0.21 0.1361
D ln yt−2 −0.07 0.1369 – – – –
D lnturht 0.30B 0.1053 0.24C 0.1260 0.01 0.0055
Panel B: Beta-coefficients
BETA-01 1.06A 0.0511 1.06A 0.0661 1.01A 0.0207
BETA-02 1.84A 0.4313 10.03 10.1028 1.69 1.0323
BETA-03 0.01 0.0825 −0.34A 0.1009 −0.10 0.1155
Panel C: Model Statistics
Total: R2 = 0.7704; adj. R2 = 0.6938; AIC = −5.2749; SER = 0.0127; x2n(1) = 0.1485 p-value = .78; RMSE = 0.0107; MAE = 0.0072; MAPE = 0.0879;
Theil = 0.0007; Theil-Bias = 0.0000; Theil-Variance = 0.0329; DW = 1.9657

Airline: R2 = 0.7363; adj. R2 = 0.6923; AIC = −5.3759; SER = 0.0126; x2n(1) = 1.1442 p-value = 0.59; RMSE = 0.0108; MAE = 0.0072; MAPE =
0.0879; Theil = 0.0007; Theil-Bias = 0.0000; Theil-Variance=0.0329; DW = 2.0343

Cruise-ship: R2 = 0.6902; adj. R2 = 0.6174; AIC =−5.1241; SER = 0.0141; x2n(1) = 1.7633 p-value = .41; RMSE = 0.0124; MAE = 0.0092; MAPE =
0.1127; Theil = 0.0008; Theil-Bias = 0.0000; Theil-Variance = 0.0001; DW = 1.7501

Notes: A, B, and C indicate significance at 1%, 5%, and 10% levels. SER – standard error of regression, RMSE – root mean square error, MAE –
mean absolute error, MAPE – mean absolute percentage error. Source: Authors estimation in Eviews 10.
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Mixed frequency causality

The causality test results based on the MF-VAR
approach are presented in Table 8.

The MF-VAR causality tests indicate a uni-
directional causality from tourism to growth. Thus,
with effective mobilization of economic resources,
Tonga can develop its tourism sector. The VAR
model is stable based on the inverse roots of charac-
teristic polynomial (Figure 2).

Robustness test

Following Salisu and Ogbonna (2019), we also con-
sider aggregation to deal with the issue of mixed fre-
quency data. The seasonally unadjusted quarterly
visitor arrivals data are added to achieve the yearly
visitor arrivals figure. We apply the ARDL-bounds
approach developed by Pesaran et al. (2001). The
ARDL method is useful in small samples and avoids
endogeneity bias (Mahi et al., 2020). The results
from the ARDL model with annual frequency data
are presented in Table 9, and the results agree with
the MIDAS approach.

Conclusions and policy implications

In this study, we verify the tourism-led growth
hypothesis in Tonga over the period 1995–2018.

Data for real GDP per-capita are available annually
from 1981 to 2018. Seasonally unadjusted visitor arri-
vals data are available from 1995Q1 to 2018Q4. The
study applied Ghysels et al.’s (2006) Beta-MIDAS
regression approach and mixed frequency VAR
approach for causality. Structural breaks are identified
using the Bai and Perron (1998, 2003a, 2003b) break
test. The results indicate that the long-run effect of
tourism measured by quarterly visitor arrivals is 0.06.
Arrivals by air significantly influence growth whereas
arrivals by cruise ships do not. The structural breaks:
2004 and 2007 have growth retarding effects, and
the causality tests indicate unidirectional causality
from tourism to real GDP. However, the MIDAS-
specific beta-coefficients indicate that the growth
effects of tourism diminish rapidly.

Before proceeding to policy matters, we highlight
some limitations. Data for investment were not avail-
able, and thus, we were unable to construct the phys-
ical capital series. Including physical capital would
allow us to examine the causal relationship, if any,
between tourism and investments and make the esti-
mates acquiescent with the extended the Solow
(1956) growth model (Easterly et al., 2004). The
study could have benefitted from more advanced
unit root tests which also identifies structural breaks,
and from cointegration tests designed to accommo-
date mixed frequency data. Nonetheless, the residuals
from the mixed frequency levels regression are

Table 8. Causality.

Null hypothesis Total Airline Cruise-ship

Tourism does not cause real GDP per capita x2(1) = 5.1334B [0.02] x2(2) = 4.5903C [0.06] x2(1) = 0.5426 [0.46]
Real GDP per capita does not cause tourism x2(1) = 0.9733 [0.33] x2(2) = 3.7439 [0.15] x2(1) = 2.6711 [0.74]

Notes: B indicates causality at 5% level. Degrees of freedom in (.). Source: Authors estimation in Eviews 10.

Figure 2. Inverse Roots Characteristic Polynomial Stability Plots. Source: Authors estimation in Eviews 10.
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estimated in the same frequency as the dependent
variable. Future research can amend these shortcom-
ings and also examine the potential non-linearity in
the tourism-growth relationship in Tonga and
compare the results across other, similar countries.

Against these limitations, our findings support sig-
nificant policy implications such as improving econ-
omic growth development through tourism in
Tonga. Factors that will increase visitor arrivals by air
need to be examined and appropriately managed.
Investment in tourism infrastructures e.g. roads, inter-
national and domestic air transportation, technology,
public amenities, and financial services would make
immense contributions as they act as a support
system to facilitate the increase in Tourism activity
in general. Domestic marketing in the form of new
tourism offerings, and service standards, ecotourism,
the establishment of new direct routes to emerging
markets, relaxing visa regulations and formulation of
new policies to support investment in tourism is criti-
cally vital for expanding tourism in Tonga. Finally,
income generated from tourism needs to be chan-
neled to productive investments so that tourism can
have far-reaching effects on the Tongan economy.
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