Is remoteness a cause of
slow growth in the Pacific?
A spatial-econometric analysis

John Gibson

While geography is sometimes recognised as a constraint to
growth in the Pacific island countries, this hypothesis has never
been systematically examined. Measures of economic
remoteness show that the Pacific island countries face a growth
penalty for being amongst the most remote in the world. But
these countries could have grown faster as their remoteness
potentially diminished following the shift in world economic
activity toward the Pacific. The results show that standard
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cross-country growth regressions give biased estimates of how
slowly the Pacific island economies have grown. The observed
pattern of growth spill-overs emphasises the need for regional

solutions to growth problems.

Many Pacific island economies have not
achieved sustained economic growth.
Indeed, Sampson (2005) finds that after
controlling for OECD membership and
whether a country is an oil exporter, the
Pacific states grew more slowly than
countries in any other region of the world
over 1995-2003. This was despite high per
capita inflows of external finance in the form
of both overseas aid and remittances.
Consequently, many experts are critical of
this apparently poor performance, placing
the blame on poor institutions (Chand 2001),
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aid inflows (Hughes 2003), bad policy
settings (Chand 2003; Gosarevski, Hughes
and Windybank 2004), and especially
governance failures (Duncan 2005).
Atleast some of this slow growth may be
due to geography. Armstrong and Read
(2006) note that Pacific states are more likely
to be smaller, islands, archipelagos, remote,
and mountainous than small states in other
parts of the world. Amongst these potential
handicaps, remoteness from global markets
seems to most negatively impact on economic
performance. However, Armstrong and Read
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(2006) only use a partial measure of remote-
ness; so in the current paper more
comprehensive measures are calculated and
included in cross-country growth models,
to re-examine the hypothesis that the Pacific
island economies are growth failures.

The paper makes a second contribution
by recognising that economic growth may
depend on the growth of nearby countries.
This spatial autocorrelation can arise either
because nearby countries have unobserved
factors in common (for example, climate,
topography, institutions) or because of
interaction between one country and another
(for example, through cross-border flows of
goods and labour or shared use of key assets)
so that growth depends on the growth rate
of neighbouring countries. The first model,
of unobserved common factors, is known as
a ‘spatial error’ model, while the second, of
unaccounted for interactions, is a ‘spatial
lag’ model. Ignoring these lags can bias
coefficient estimates since the omitted
autocorrelation enters through the systematic
part of the model (Anselin 1988).

Surprisingly, despite the spatial nature
of cross-country data on economic growth
there is little mention of spatial auto-
correlation in the literature. The main results
are due to Conley and Ligon (2002) who reject
the hypothesis of independent growth rates
for countries that are less than 2000 miles
from each other.! Studies of the economic
performance of small states (Easterly and
Kraay 2000; Armstrong and Read 2002, 2006)
also ignore this spatial autocorrelation,
despite small states being clustered in the
Caribbean and Pacific oceans, so that omitted
spatial interactions may bias estimates of the
effects of ‘smallness’. Similarly, none of the
studies of slow growth in the Pacific account
for possible spatial effects, despite the
geographic clustering (by definition) of the
countries in this region.

i
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How remote are the Pacific
islands?

The comprehensive measure of country
remoteness used here is based on a matrix of
bilateral distances for 219 countries. These
distance calculations use geographical
coordinates of the capital city for smaller
countries and a population weighted
centroid of the largest cities for larger
countries. The great-circle distance from each
of the 19 Pacific island states and territories
(that have data available) to each of the other
218 countries in the rest of the world (ROW)
is then weighted by either the GDP of each of
those 218 countries, or the population of each
of the 218 countries.?

Table 1 reports the average distances for
three Pacific island groups. These averages
are derived from the more detailed country-
level estimates reported in Appendix Table
1. The average Pacific island country is
11,500 kilometres from any other randomly
selected country (weighted by ROW GDP).
Micronesian countries are slightly less
remote than either Polynesian or Melanesian
countries since more of the world’s GDP is
in the Northern Hemisphere. Out of the 219
countries for which this calculation has been
made, the Melanesian and Polynesian
countries have an average rank as the 207th
most remote, while the Micronesian countries
have an average rank of 176th most remote
(shown in column 2 of Table 1).

Island location itself is not necessarily a
cause of remoteness (or more specifically of
potential inaccessibility to world centres of
GDP). The least remote island country by this
metric is the Faeroe Islands, whose North
Atlantic location gives them the shortest
average GDP-weighted distance to other
countries (5,660 kilometres). Perhaps a more
relevant comparison is with the Caribbean
islands, whose average GDP-weighted
distance from the rest of the world (8,100
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kilometres) is 70 per cent of the average for
Pacific island countries. In terms of ranking,
the average Caribbean island is the 100th
most remote, compared with the average
Pacific island which is the 197th most
remote.

The final two columns of Table 1 report
the rankings for two different measures of
distance: one using population weights
rather than GDP and one using GDP 15
years earlier. Pacific island countries, and
especially Micronesia, are less remote from
population centres than they are from the
centres of the world’s GDP. The values in the
final column suggest a slight decline in
potential remoteness for Pacific island
countries over the 15 years from 1988 to 2003.
Their average remoteness rank improved
from 199th to 197th, no doubt due to the
rising share of world GDP located in Asia.

Whether proximity to rich (or populous)
countries equals actual accessibility
depends on transport links. In this regard
the Pacific island countries appear more
disadvantaged than island countries in other
parts of the world. While the Pacific island
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countries are, on average, 40 percent further
from the locations of world GDP than the
island states in the Caribbean they are much
further away in terms of airfare-based
measures of distance (Table 2).

On average, travelling from a Caribbean
island to any one of three main metropolitan
cities with strong links to the Caribbean
(Miami, New York and London) costs
US$545. A similar calculation for the Pacific
islands, but with Auckland, San Francisco
and Sydney as the metropolitan cities, gives
an average fare of US$1,289. Thus, by this
metric the Pacific island countries are more
than twice as remote as the Caribbean
islands. The cost disadvantage is even more
apparent when considering travel to the
closest metropolitan city, which is likely to
act as a deterrent to both freer movement of
labour (for example, seasonal migration
schemes) and the export of services to in-
bound tourists. This example serves as a
warning that the potential market access and
distance measures used in the rest of this
paper are imperfect proxies for more
economic concepts of distance. However,

Table 1 Potential market remoteness measures for the Pacific and Caribbean islands
Island group 2003 GDP- GDP-weighted Population- GDP-weighted
weighted distance weighted distance distance rank
distance (km) rank rank (2003) (1988)
Micronesia 10,377 176 146 179
Polynesia 11,942 207 201 208
Melanesia 11,972 207 170 208
Pacific islands (mean) 11,456 197 176 199
Caribbean (mean) 8,103 100 176 98

Source: Summary averages from country-level results reported in the Appendix. Distances are the weighted
average distances from the countries in each island group to the countries in the rest of the world (ROW),
weighted either by the ROW country’s GDP or population. The location of each country is based on
population-weighted centroids for larger countries and location of capital city for smaller countries. The
rank is out of 219 countries, with 1 the most accessible, and 219 most remote. The Caribbean countries are
the island members of the list presented in Appendix A of Armstrong and Read (2002).
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Table2 Airfare measures of market remoteness for the Pacific and Caribbean islands, 2006

Island group Average cost Average fare  Average fare to most
of fares to three to closest of three distant of three
key metropolitan ~ key metropolitan  key metropolitan

cities (US$) cities (US$) cities (US$)

Micronesia 1,773 1,768 1,361

Polynesia 1,067 727 1,699

Melanesia 905 585 1,586

Pacific islands (mean) 1,289 1,084 1,534

Caribbean (mean) 545 395 902

Source: Summary averages from country-level results reported in the Appendix. The three metropolitan
cities for the Pacific islands are Auckland, San Francisco and Sydney. For the Caribbean the three cities are
Miami, New York and London. Airfares are for one way, economy class travel, booked on Travelocity for 3
February 2007.

such imperfect proxies have to be relied upon The selection of explanatory variables to
because of limited data on better economic be used in the model is guided by the results
proxies for distance.? of previous studies of economic growth in

either ‘small” or Pacific island economies,
especially Easterly and Kraay (2000), Bertram
This section describes the variables used in (2004) and Armstrong and Read (2006). In

Data and model specification

the cross-country growth model. A sample of addition to the distance measures described
174 countries has full data available, above in Table 1, the other geographic
including the remoteness measures described variables included in the models are indicators
above and average annual GDP per capita for Pacific island countries and for land-
growth rates over 1987-2003.* The 15 Pacific locked countries. The next set of variables relate
island countries in this sample (PNG, Fiji, to population. The literature uses several
Solomon Islands, Vanuatu, Samoa, Tonga, population thresholds for ‘small” countries,
Cook Islands, Tuvalu, French Polynesia, New ranging from 1-5 million. To provide more
Caledonia, FSM, Kiribati, Marshall Islands, generality, a continuous (log) population
Nauru, and Palau) have, on average, grown variable is used. The logarithm of land area
more slowly in per capita terms than have for each country is also included to implicitly
other countries over the 1987-2003 period. give a measure of population density. Density
This result holds even more strongly when affects growth by allowing easier knowledge
restricting the comparison to other ‘small’ spillovers and lower per capita infrastructure
countries (defined by population below three costs but also may have negative effects due
million). Whether this gap (and its statistical to congestion and competition for resources,
significance) persists after accounting for the especially on small atolls.

greater remoteness and other characteristics In the literature, greater trade openness
of Pacific island countries can only be and output volatility of small countries
answered with the regression models. appear to be offsetting factors affecting
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Table 3 Description of data used in regressions

Pacificislands
Average annual growth rate of 0.020
GDP per capita (US$), 1987-2003 (0.023)°
GDP-weighted average distance to all 11.632

other countries in 1987-89 (‘000 kilometres)  (0.793)

Change in GDP-weighted average distance to -141.767
all other countries between 1988-2003 (kms) (8.519)

Population, average over 1987-2003 4.704
(logarithm of “000s) (1.688)
Land area (logarithm of square kilometres) 7.455
(2.755)

Landlocked country (=1, otherwise = 0) 0.000
(0.000)

Openness to trade, exports plus imports as 0.715
a share of GDP 1987-2003 (0.181)
Volatility, standard deviation of annual 0.114
GDP growth, 1988-2003 (0.071)
Language diversity, number of languages 1.867

spoken by at least 20 per cent of the population (0.743)

Never a colony (=1, otherwise = 0) 0.067
(0.258)
Coloniser growth rate, GDP per capita 0.031
growth rate (1987-2003) of last (0.012)
colonising country
Initial income, (log) GDP per capita (US$) 7.385
in 1988 (1.104)
Number of countries 15

Other countries

0.022
(0.034)

8.234
(1.764)

67.054
(87.999)

8.849
(1.920)

11.697
(2.507)

0.201
(0.402)

0.945
(0.695)

0.149
(0.121)

1.629
(0.784)

0.170
(0.377)

0.034
(0.012)

7.309
(1.451)

159

Non-Pacific
small®

0.027
(0.030)

8.429
(1.592)

83.302
(61.793)

6.306
(1.240)

9.041
(2.710)

0.150
(0.362)

1.442
(0.990)

0.111
(0.115)

1.775
(0.698)

0.025
(0.158)

0.042
(0.014)

7.653
(1.232)

40

2Small countries defined as having average population less than 3 million, outside the Pacific islands

region.” Standard deviations in parentheses.

Source: World Bank and Asian Development Bank for data on GDP, growth rates, population, openness
and volatility. Data on land area, whether landlocked, language diversity and colonisers are from a
database constructed by the Centre d’Etudes Prospectives et d’Informations Internationales.
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growth (Easterly and Kraay 2000). Both are
included in the model. Sovereign status and
a history of colonisation are important
geopolitical factors affecting growth since
former colonies seem to converge to their
colonial power (Bertram 2004). Another
factor that may hinder growth, at least in
Melanesia, is language diversity. This
diversity may increase the transactions costs
of internal commerce and raise the cost and
lower the returns to human capital formation,
since the network externality from becoming
literate is smaller when fewer people use the
same language. Also, language diversity is a
proxy for ethnic fractionalisation, which
may lead to more group conflict (Alesina et
al. 2003). Finally, initial income levels are
likely to affect growth, although the direction
is widely debated. Convergence, whereby
countries with higher initial income have
lower subsequent growth, appears to be
limited to subsets of countries, while across
the world as a whole the dominant feature is
divergence (Pritchett 1997).

A comparison of average characteristics
across the three groups of countries in Table
3 shows that the Pacific island countries face
a number of potential disadvantages in
addition to being very remote. Their
population and land area are much smaller
than other states, even just comparing with
states whose population is less than three
million. Hence limited domestic markets may
reduce their income (Redding and Venables
2004). They are also less open to international
trade, due either to protectionist policy
choices or to their greater remoteness causing
transport costs to be a larger source of
‘natural protection’. The Pacific countries
also have greater language diversity. Finally,
amongst the Pacific island countries who
were colonised, their last colonial power
grows more slowly than the former colonial
power for other small countries, and this
slower growth rate could matter if incomes
converge to those of the colonial power.

i
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On the other hand, Pacific island
countries have some characteristics that, a
priori, might be expected to favour faster
growth. First, between 1988 and 2003 the
Pacific became ‘closer’ to the world economy
due to the rising share of world GDP
produced in surrounding countries. In
contrast, other small countries became
further away from the centres of world GDP.
Second, none of the Pacific island countries
are landlocked, which is typically found to
be an impediment to growth (Hausmann
2001). Third, the volatility of their growth
rates, which has been shown to reduce
average growth (Easterly and Kraay 2000),
is no different than for other small states.
Finally, their initial income (as proxied by
log GDP per capita in 1988) is lower than for
other small countries, which may favour
faster growth if convergence is occurring.

Basic regression results

The results of estimating the cross-country
growth model with Ordinary Least Squares
(OLS) are reported in Table 4. This estimator
does not take account of any spatial
autocorrelation, in common with the recent
cross-country growth literature, except for
Conley and Ligon (2002). Instead the
literature simply relies on using standard
errors that are meant to be robust to
heteroscedasticity of unknown form—an
approach also followed in this table.

The results in Table 4 are presented in
five columns; the first four each deal with a
set of factors likely to affect growth rates and
finally all factors are considered at once. A
dummy variable for the Pacific island
countries is included in each model, to give
average growth rates in the region (relative
to the mean) conditional on each set of
factors. To aid cross-factor comparisons of
magnitudes, the coefficients refer to the effect
of a standard deviation increase in the
explanatory factor on the standard deviation
of growth rates.
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Table 4 OLS regression estimates of long-run growth equations

Explanatory factors

Geographic Population = Trade and Initial All factors
constraints density volatility ~ conditions

Pacific island country -0.182 -0.058 -0.039 0.018 -0.148
(=1, otherwise=0) (2.80)** (0.91) (0.75) (0.29) (1.70)+

GDP-weighted distance -0.187 -0.109

(1987-89) (2.46)* (1.28)

Change in GDP-weighted ~ -0.403 -0.318
distance (2003 minus 1988) (5.48)** (4.04)**

Landlocked country -0.138 -0.063

(1.75)+ (0.81)

Population 0.484 0.254
(3.70)** (1.80)+

Land area -0.676 -0.274
(5.89)** (1.88)+

Openness to trade 0.169 0.100

(2.88)** (1.56)

Volatility of per capita GDP growth rate -0.406 -0.339
(5.32)** (4.93)**

Language diversity -0.198 -0.161
(2.65)** (2.71)**

Never a colony 0.023 -0.067

(0.27) (0.91)

Coloniser growth rate 0.227 0.108

(2.33)* (1.34)

Initial income level [(log)

GDP per capita in 1988] 0.233 0.108

(3.33)** (1.49)

Constant 0.000 -0.000 0.000 0.000 0.000

(0.00) (0.00) (0.00) (0.00) (0.00)

R-squared 0.149 0.136 0.215 0.135 0.401

Log-likelihood -232.411 —234.649 —225.304 -233.804 -201.811

Note: Standardised (beta) coefficients are reported, showing the effect of a one standard deviation increase
in the explanatory variable on the standard deviation of average per capita GDP growth over 1987-2003,
for N=174 countries. Definitions for all variables are reported in Table 3. Heteroscedasticity robust f-
statistics in (). + significant at 10 per cent; *at 5 per cent; **at 1 per cent.
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While remoteness might be expected to
excuse lower growth, once geographic
constraints are controlled for the Pacific
island countries still appear to grow more
slowly (Table 4). The negative effect of
remoteness (-0.18) seems to be outweighed
by the effect of the fall in GDP-weighted
distance between 1988 and 2003 (-0.42). In
addition, none of the Pacific island countries
are landlocked, which gives a further reason
for expecting faster growth. Since the Pacific
island countries, on average, did not grow
as fast as the geographic factors predict, the
dummy variable for the Pacific registers a
negative, significant coefficient.

These results suggest a “‘potential growth
failure’ of the Pacific island countries not
fully exploiting the opportunity provided by
being close to where the greatest growth
occurred in the global economy. Note though
that the distance measures are based on
potential market access. Suitable transport

i

and trade systems need to be in place to turn
this into actual market access; being near
rapidly growing countries may be of little use
if there is no cheap, easy, or reliable way to
get to them. The average airfares in Table 2
show that actual remoteness of the Pacific
islands exceeds what potential remoteness
measures indicate. Likewise, actual remote-
ness may not have fallen by the extent that
potential remoteness calculations suggest.
When account is taken of each of the
other groups of factors in Table 4 (population
and land area; trade and volatility; and initial
economic, political, and social conditions)
there is no significant Pacific island effect. In
other words, one cannot reject the hypothesis
that the Pacific island countries grew at the
rate that would be expected once account is
taken of their smaller size (both population
and area), level of trade openness and growth
volatility, language diversity, initial income
and the growth rate of their colonisers.

Figurel Cluster map forlocal spatial autocorrelation in country average economic

growth rates, 1987-2003

B high- High
- Low - Low
Low - High
High - Low

Not significant

Source: Author’s calculation using GeoDa software of Anselin Syabri and Kho (2006), based on a weight
matrix with countries within 35 degrees of each other as ‘neighbours’.
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However, such inferences rely on ignoring
the effects of remoteness and other
geographic factors (which are re-introduced
in column 5). In terms of the individual
coefficients in columns 24, the largest effects
on average growth rates for this sample of
174 countries appear to be population (larger
is better), land area (smaller, meaning greater
density, is better), growth volatility (more is
bad for average growth rates), language
diversity (more is bad for average growth)
and the growth rate of the last colonising
country (faster is better).

When geographic factors are combined
with all of the other factors in the regression
model, the average growth rates of the Pacific
islands are significantly lower than for other
countries. While the effect is statistically
significant at only the 10 per cent level, it is
nevertheless suggestive of a growth failure
since so many of the constraints that bind in
the Pacific have been accounted for.

According to typically applied
standards, the model in the last column of
Table 4 could be seen as quite successful. It
explains 40 per cent of the cross-country
variation in economic growth rates. The
usual problem of heteroscedasticity in cross-
sectional data should be mitigated by using
robust standard errors. Most explanatory
variables are statistically significant and
have signs that accord with expectations.
However such conclusions may be
premature because the OLS estimates do not
account for spatial autocorrelation.

Evidence of spatial autocorrelation in
economic growth rates

In order to test for (and correct) spatial
autocorrelation, some structure has to be
imposed. Hypothetically, the growth rate of
a country could depend on the growth rates
of all other countries. But this would mean
estimating NxN correlations along with the
B and o” parameters of a standard regression

&
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model, exceeding the number of observations.
A spatial weight matrix, W, provides the
required structure. This matrix shows for
each observation (row) which locations
(columns) belong in its neighbourhood. For
non-neighbours, w,=0, while for neighbours
the weights are either w, =1 (binary weights)
orw; =1/d; whered,is the distance between
observations i and j (inverse distance
weights).

The spatial weight matrix allows all
interactions between observation i and its
neighbours to be expressed as a weighted
average. Specifically, for some random
variable of interest z, each element of the
spatially lagged variable Wz equals > w;z;,
which is a weighted average of the z values
in the neighbourhood of point i. An
immediate use of this spatially lagged
variable Wz is in Moran’s I test for spatial
autocorrelation, which has parallels with the
Durbin-Watson statistic. For any variable z
in deviation from mean form, [ is equivalent
to the slope coefficient in a linear regression
of Wz on z (Anselin and Bera 1998).

The bilateral distances between countries
described above were used to implement this
test. The median distance between the 174
countries in the estimation sample is 78.6
degrees (8,700 kilometres at the equator). One
requirement when forming a spatial weight
matrix is to allow all observations to have at
least one neighbour. New Zealand was
furthest from all other countries in the sample
(2,400 kilometres) so weight matrices where
the neighbourhood boundary varies from 25
to 75 degrees are used to cover the range from
the minimum feasible neighbourhood to the
median distance between countries. Over
this range of neighbourhoods, Moran’s [
indicates a statistically significant, positive
correlation between nearby countries’
average growth rates.

Figure 1 reports further evidence of
spatial autocorrelation in economic growth
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Table 5 OLS and spatial lag regression estimates of long-run growth equations

Inverse-distance weights,

OLS neighbourhood: Binary wght
regression 25 degrees 35 degrees 75 degrees 35 degrees
Pacific island country -0.148 -0.070 -0.066 -0.102 -0.058
(=1, otherwise=0) (1.70)+ (0.86) (0.80) (1.21) (0.68)
GDP-weighted distance -0.109 -0.042 -0.039 -0.058 -0.031
(1987-89) (1.28) (0.55) (0.52) (0.77) (0.41)
Change in GDP-weighted ~ -0.318 -0.154 -0.133 -0.184 -0.121
distance (2003 minus 1988) (4.04)** (2.01)* (1.74)+ (2.51)* (1.58)
Landlocked country -0.063 -0.048 -0.049 -0.049 -0.045
(0.81) (0.69) (0.72) (0.70) (0.63)
Population 0.254 0.276 0.262 0.285 0.274
(1.80)+ (2.07)* (2.13)* (2.26)* (2.22)*
Land area -0.274 -0.257 -0.252 -0.261 -0.269
(1.88)+ (1.89)+ (2.00)* (2.00)* (2.14)*
Openness to trade 0.100 0.116 0.114 0.123 0.114
(1.56) (2.00)* (2.00)* (2.05)* (1.94)+
Volatility of per capita GDP  -0.339 -0.337 -0.324 -0.324 -0.314
growth rate (4.93)** (5.03)** (4.76)** (4.91)** (4.52)**
Language diversity -0.161 -0.111 -0.107 -0.119 -0.112
(2.71)** (2.12)* (2.07)* (2.25)* (2.16)*
Never a colony -0.067 -0.079 -0.071 -0.062 -0.060
(0.91) (1.14) (1.03) (0.89) (0.86)
Coloniser growth rate 0.108 0.065 0.071 0.080 0.081
(1.34) (0.82) (0.96) (1.07) (1.10)
Initial income level [(log) 0.108 0.005 -0.008 0.033 0.005
GDP per capita in 1988] (1.49) (0.07) (0.13) (0.50) (0.08)
Spatial weighted average of n.a. 0.439 0.542 0.643 0.592
neighbours” growth rates (5.04)** (5.80)** (5.24)** (5.74)**
Constant 0.000 -0.015 -0.006 0.005 0.013
(0.00) (0.27) (0.11) (0.10) (0.25)
R-squared? 0.394 0.475 0.492 0.471 0.483
Log-likelihood -201.811 -192.706 -190.404 -193.256 -191.302

Note: Standardised (beta) coefficients are reported, showing the effect of a one standard deviation increase
in the explanatory variable on the standard deviation of average per capita GDP growth over 1987-2003,
for N=174 countries. Definitions for all variables are reported in Table 3. Preferred estimates are reported in
bold. Robust t-statistics in parentheses for OLS and robust z-statistics for the spatial lag. + significant at 10
per cent; *at 5 per cent; **at 1 per cent.? For spatial lag models the squared correlation between actual and
predicted values is reported.
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rates in the form of a cluster map. This map
is based on a spatial weight matrix where
countries within 35 degrees (3,900 kilometres
at the equator) are considered as neighbours.®
Both high-high and low-low clusters are
evidence of significant (p<0.05) positive
spatial autocorrelation. Recalling that
Moran’s Index can be found from a regression
of the spatially weighted average growth rate
of neighbours, Wg, on the growth rate of each
country, g, the high-high clusters correspond
to countries in the positive-positive
(northeast) quadrant of a Moran scatter plot,
which has Wg on the y axis and g on the x-
axis. The low-low clusters correspond to the
negative-negative quadrant. Negative spatial
autocorrelation would be indicated by a
preponderance of high-low and low-high
clusters.

According to Figure 1, most of Africa has
significant low-low clusters of economic
growth while Europe, the United States and
parts of Latin America, and much of
Southeast Asia have significant high-high
clusters. There are very few high-low and
low-high combinations; these are comprised
either of countries with a rapidly growing
economy but sluggish neighbours or vice
versa. The preponderance of high-high and
low-low clusters rather than high-low and
low-high is indicative of significant positive
spatial autocorrelation in average GDP
growth rates. The Moran scatter plot also
shows this positive spatial autocorrelation,
based on the positive relationship (/=0.298)
between the spatially weighted average
growth rate of neighbours, w_GROWTHRATE and
the GROWTHRATE of each country. If this
clustering of growth rates is transmitted into
the residuals of a growth equation, it is
inconsistent with the randomness that
estimation methods such as OLS require.

To test for spatial autocorrelation in the
OLS residuals of the growth equation (the
last column of Table 4) both Moran’s |

&
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statistic and several Lagrange Multiplier
(LM) tests were used (see Appendix for
details). These LM tests help choose between
the two models that can cause spatially
autocorrelated residuals: the spatial lag model
and the spatial error model. With a spatial lag
model the growth rate of each country is
affected by the spatially weighted average of
growth rates of nearby countries—even after
controlling for observable factors that might
be common for the countries, such as
measures of remoteness or dummy variables
for belonging to a particular region of the
world.
Formally, the spatial lag model is

Y =pWY+XB+e¢ @

where Y is an Nx1 vector of observations on
the dependent variable, WY is the spatially
lagged dependent variable, X is an Nxk
matrix of explanatory variables, ¢ is a vector
of errors, f is the vector of regression
parameters and p is the spatial autoregressive
parameter. In similar looking dynamic time-
series models, serially uncorrelated errors,
¢, mean no correlation between y, , and ¢, so
that OLS is still a consistent estimator. But in
spatial lag models (WY), is always correlated
with both ¢, and the error term at all other
locations, so OLS is not a consistent estimator
(Anselin 1988).

In contrast to the spatial lag model, the
spatial error model is based on the
assumption that spatially-varying omitted
factors show up in the model’s disturbances,
causing the disturbance for one observation
to be correlated with a spatially weighted
average of neighbouring disturbances

Y=XB+¢

e=AWe+u @
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where 4 is the spatial autoregressive
coefficient, i is a vector of errors that are
assumed to be independently and identically
distributed, and the other variables and
parameters are as defined in Equation 1. In
this model, the error for one observation
depends on a weighted average of the errors
for neighbouring observations, with 4
measuring the strength of this relationship.

Using OLS to estimate cross-country
growth regressions involves the untested
assumption that p=A=0 since OLS is just a
special case of both the spatial lag and spatial
error models. How plausible is such an
assumption? According to the results in
Appendix Table 5, there is highly significant
spatial autocorrelation in the OLS residuals
of the growth model. This autocorrelation
occurs for all of the spatial weight matrices
used—covering neighbourhoods ranging
from 25 degrees (2,800 kilometres), up to the
median distance between countries of 75
degrees (8,300 kilometres). The testing also
indicates that the spatial lag model (Equation
1) is the preferred alternative. In other words,
OLS estimates of the growth model are likely
to be biased because they omit a relevant
variable, the spatially weighted average
growth rate of nearby countries.

Spatial regression results

To see whether this bias matters, the model
in the last column of Table 4 was re-estimated
as a spatial lag model. The preferred
estimates use inverse distance weights and
a neighbourhood that includes countries
within 35 degrees.” This neighbourhood of
approximately 3,900 kilometres is similar to
the finding of Conley and Ligon that the
spatial autocorrelation between countries’
growth rates is highest at around 2,000 miles
(3,200 kilometres). But as a sensitivity test
both the minimum neighbourhood of 25
degrees and a neighbourhood of 75 degrees
(the median distance between countries) are
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used, along with binary weights. According
to the maximum likelihood estimates for the
preferred model, p=0.54, with a standard
error of 0.09 (Table 5). In other words, the
spatially weighted average growth rate of
countries within a great-circle radius of 35
degrees (3,900 kilometres) exerts a
considerable effect on the GDP growth rate
of the country at location i, even after
controlling for remoteness, other geographic
constraints, population, openness and
volatility and initial economic, social, and
political factors.

The use of the spatial lag model has a
dramatic effect on the coefficient on the
Pacificislands dummy variable, which is the
focus of attention. This coefficient now is
only one-half as large as in the OLS estimates
and is statistically insignificant. The same
fall in magnitude and statistical significance
of the dummy variable for Pacific island
countries occurs when the spatial lag model
is estimated with the other weights matrices
and neighbourhoods.

In contrast to the fragility of the result for
the Pacificislands dummy variable, several
of the other growth determinants have the
same effect in the spatial lag model as they
had in the OLS estimates. These more robust
variables include land area, openness to
trade and the volatility of the growth rate.
The positive effect of population becomes
even more apparent in the spatial lag results
than it was with OLS. Some of the other
variables, including language diversity and
the change in GDP-weighted distance
between 1988 and 2003 become smaller but
are still statistically significant. This may
reflect the fact that these variables are also
somewhat spatially clustered. Thus it
appears that geographic variables,
including regional dummies, are
susceptible to biased coefficients from
failure to include relevant spatial lags in
cross-country growth models.



IS REMOTENESS A CAUSE OF SLOW GROWTH IN THE PACIFIC?

Conclusions

This paper has reported tests of the hypothesis
that geographic factors, particularly remote-
ness, can account for the slow rate of
economic growth by the Pacific island
countries. More comprehensive measures of
remoteness are used than in previous studies
and the estimation method allows for spatial
autocorrelation due to interactions with the
growth rates of nearby countries.

The results show that the Pacific island
countries are some of the most economically
remote in the world. However, they have
become potentially less remote in recent years
as world economic activity has shifted
towards the Pacific. In a cross-country
growth equation the reduction in remoteness
emerges as the more important factor.
Therefore, the addition of geographical
factors to a standard growth model makes
the growth performance in the Pacific appear
even slower than expected. This result is in
contrast to many discussions in the region
that assume spatial remoteness is a major
impediment to growth in the Pacific.

One caveat to the contrary findings
reported in this paper is that both remoteness
and its change over time are measured using
distance rather than more economic
measures based on either the cost of travel or
freight costs. A useful extension of the
research reported here would be to see
whether economic measures of remoteness,
such as those based on the cost of airfares,
declined as much over time for the Pacific
island countries as did geographical
measures. If they did not, there may still be a
role for economic remoteness to play in
explaining slower growth in the Pacific.

Another caveat is that the finding of
slower growth for Pacific island countries
once the level and change in geographic
remoteness is taken account of comes from a
statistical model that incorrectly ignores the
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growth performance of neighbouring
countries. More generally, standard cross-
country growth models that use OLS
estimation are likely to be biased since they
do not account for the highly significant
spatial lag reflecting dependence on
neighbouring country growth rates. Once
this lag is accounted for the hypothesis that
per capita GDP growth in the Pacific island
countries is no lower than in other countries
isnot rejected.

The fact that the spatial effects occur in
the form of spatially-lagged growth rates
rather than as correlated errors also implies
the need for a regional focus in any solutions
to growth problems. In the preferred spatial
regression model, the average growth rate of
neighbouring countries directly enters into
the equation predicting the growth of a
country. In some parts of the world, this
spatial lag may reflect cross-border flows of
goods and factors of production, but in the
Pacific intra-regional trade is not especially
important. Instead, shared use by Pacific
island countries of key assets such as
transport infrastructure could create a
dependence on the growth of neighbours,
since this growth affects the viability of
transport links for all the countries sharing
the service.® Possible contagion of civil unrest
across borders may also be important in the
Pacific.

Regardless of the source of spatial
dependence in growth rates, it seems that it
is hard for a country to have strong growth
performance if it is surrounded by countries
that are growing slowly. The policy initiatives
needed to break this negative interaction
within the Pacific region are the subject of
future research, but at least some of the
results reported here are suggestive of where
such interventions might be directed. The
data on airfares suggests that the Pacificis a
less competitive environment than the
Caribbean, for example, and other evidence
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suggests that the same is true for commun-
ications, freight and money transfers. To the
extent that a less competitive business
environment creates frictions to growth,
these may best be seen as a regional rather
than a country-specific problem, since
slower growth also adversely affects
neighbours.

Notes

They also use other distance metrics,
including the cost of airfares and the cost of
shipping a 20 kilogram parcel via UPS. They
find a significant positive spatial correlation
between the growth rates of countries where
this UPS distance was less than US$270 and
where the airfare distance was less than
US$1,100.

GDP-weighted great circle average distance
to all other countries has also been used as a
measure of remoteness by Silva and Tenreyro
(2006).

Even in the Conley and Ligon (2002) study,
where ‘economic distance’ is proxied by the
cost of sending a 20 kilogram package by
UPS between the capital cities of country
pairs, only a limited number of pairs (1=26)
were obtained, which were then used as
‘hubs’ for completing the matrix of shipping
costs from all countries to all other countries.
For measures of distance based on airfares,
Conley and Ligon chose 15 hub cities.

Data sources are listed at the foot of Table 3.
The weights are usually normalised to sum
to one for each row and by convention self-
neighbouring is not allowed, so w,=0
(Anselin 2007).

This neighbourhood is chosen because of the
results of the statistical testing discussed
below.

This model maximises the log likelihood,
compared with other neighbourhood sizes
and types of weights. A comparison of the
log likelihood of the OLS model in Column 1
with the preferred spatial lag model in
Column 3 gives a likelihood ratio test of 22.8
for the null hypothesis that the spatially
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weighted average of a neighbour’s growth
rate has no effect on the growth rate of the
country. Since the critical value for the test is
only 6.6, this suggests that the OLS model is
not consistent with the data.

A discussion of shared use of air and sea
transport in the Pacific is provided by
Vitasagavulu (2005).
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Appendix

Appendix Table 1 Remoteness measures for the Pacific islands

Population- GDP-
ISO code GDP-weighted GDP-weighted — weighted ~ weighted
distance (km) distance rank distance rank distance rank

(2003) (2003) (1988)
Cook Islands COK 12,264 213 210 213
Fiji FJI 12,218 211 193 211
Federated States of Micronesia FSM 10,301 173 150 178
Kiribati KIR 10,809 185 161 187
Marshall Islands MHL 10,355 176 156 179
Northern Mariana Islands NMI 9,669 163 130 166
New Caledonia NCL 12,501 215 176 215
Niue NIU 12,246 212 209 212
Nauru NRU 10,943 188 159 190
Palau PLW 10,205 171 119 175
Papua New Guinea PNG 11,407 195 153 200
French Polynesia PYF 11,873 206 212 207
Solomon Islands SLB 11,574 203 158 204
Tokelau TKL 11,528 200 197 202
Tonga TON 12,410 214 204 214
Tuvalu TUV 11,479 198 181 201
Vanuatu VUT 12,160 210 170 210
Wallis and Futuna WLF 11,860 205 196 208
Samoa WAM 11,874 207 201 209
Unweighted average 11,466 197 176 199

Source: Author’s calculations from World Bank GDP and population data. Distance are the weighted
average distances from each country in the row stub to every other country in the world, where the location
of each country is based on population-weighted centroids for larger countries and location of capital city
for smaller countries. The rank is out of 219 countries with 1 being the most accessible and 219 most
remote.
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Appendix Table 2 Remoteness measures for the Caribbean Islands

Population- GDP-
ISO code GDP-weighted GDP-weighted ~ weighted =~ weighted
distance (km) distance rank distance rank distance rank

(2003) (2003) (1988)
Aruba ABW 8370 116 192 117
Arguila AIA 7908 85 165 80
Netherlands Antilles ANT 8334 114 189 113
Artigua and Earbuca ATG 7991 90 166 87
Bahamas BHS 7391 70 164 69
Barbados BRB 8291 112 174 109
Cayman Islands CYM 7874 79 187 83
Dominica DMA 8121 102 172 98
Guadaloupe GLP 8055 95 169 94
Grenada GRD 8371 117 182 115
Jamaica JAM 7952 88 186 88
St Kitts and Nevis KNA 8003 93 163 90
St Lucia LCA 8227 106 175 106
Martinique MTQ 8178 105 173 101
Trinidad and Tobago TTO 8502 126 185 122
St Vincent and Grenadines VCT 8291 111 178 110
British Virgin Islands VGB 7892 83 167 79
Unweighted average 8103 100 176 98

Source: Authors calculations from World Bank GDP and population data. Distance are the weighted
average distances from each country in the row stub to every other country in the world, where the location
of each country is based on population-weighted centroids for larger countries and location of capital city
for smaller countries. The rank is out of 219 countries with 1 being the most accessible and 219 most
remote.
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Appendix Table 3 Airfares in the Pacific, November 2006 (US$)

Auckland San Francisco Sydney

Papua New Guinea POM 904 3,227 754
Solomon Islands HIR 604 1,418 1,079
Fiji NAN 248 793 276
Vanuatu VLI 259 905 324
Samoa APW 306 2,720 473
Tonga TBU 190 777 354
Cook Islands RAR 248 950 367
French Polynesia PPT 2,165 2,349 1,906
Palau ROR 2,054 1,434 1,357
FSM TKK 3,221 1,041 3,039
Northern Marianas SPN 1,648 946 1,166
Guam GUM 1,834 1,191 1,086
Marshall Islands KWA . 2,191

Source: Fares obtained from Travelocity on 24 November 2006, for one way, economy class travel on 3
February 2007. No fares could be obtained for travel from either Tuvalu or Kiribati.

Appendix Table 4 Airfares from the Caribbean Islands, November 2006 (US$)

Miami New York London
St Lucia SLU 572 494 734
St Kitss Nevis NEV 426 354 1,002
Dominica DOM 392 323 989
Barbados BGI 494 419 780
Trinidad and Tobago POS 337 401 837
Aruba AUA 376 227 894
Jamaica KIN 239 324 752
Antigua and Barbuda ANU 344 297 720
Bahamas NAS 170 165 941
Cayman Islands GCM 267 272 986
Grenada GND 588 516 .
Guadoloupe PTP 594 530 1,328
Martinique FTF 590 526 1,018
Netherlands Antilles CUR 246 330 706
St Vincent SVD 393 328 908
Virgin Islands SIT 294 229 936

Source: Fares obtained from Travelocity on 24 November 2006, for one way, economy class travel on 3
February 2007.
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Diagnostic testing for spatial auto-
correlation in the residuals of the OLS
growth equation in Column 5 of Table 4

Lagrange Multiplier tests are based on
explicitly specified alternative hypotheses,
in contrast to Moran’s [ test. For testing OLS
against the spatial error model (A=0) the test
statistic is

=lewe /62T /T (A1)

where e is a vector of OLS residuals, W is the
spatial weight matrix, T = tr{(W’+ W)W }and
LM, is distributed as x> with 1 degree of
freedom. For testing OLS against the spatial
lag model (p=0) the test statistic is

M, =[ewy/s°F T, (A2)

where T =(WXA)M(WXf)/6>+T and
M=1-X(X’X)"X". One difficulty with
both LM, and LM, is that they each have
power against the other. In other words, when
testing /=0, LM, responds to non-zero p and
when testmgp—O LM, responds to non-zero
L. To test in the p0531b1e presence of both
spatial error and spatial lags, Anselin et al.
(1996) develop specification tests for spatial
lags that are robust to ignored spatial errors

&

and tests for spatial errors that are robust to
ignored spatial lags. These tests denoted LM
and LM, should be used when LM, and LM,
are statistically significant.

Both the LM, and the LM tests are
statistically 51gn1f1cant except when binary
weights are used with large neighbourhoods
(>65 degrees) where both of the null
hypotheses that A=0 and p=0 are not rejected.
Hence it is necessary to use the specification
tests for spatial lags that are robust to
unaccounted for spatial errors, and the tests
for spatial errors that are robust to ignored
spatial lags.

According to these robust tests, one
cannot reject the null hypotheses that A=0,
regardless of the type of weight and
neighbourhood size chosen. In other words,
there is no evidence to reject OLS in favour of
the spatial error model. However the
restriction thatp=0 is decisively rejected even
when the neighborhood extends all the way
to the median distance of 75 degrees between
countries (at least when inverse distance
weights are used). Therefore, while OLS
should not be rejected in favour of the spatial
error model, it should be rejected in favour of
the spatial lag model.

Appendix Table 5 Specification tests for spatial autocorrelation in the OLS residuals of

the cross-country growth regression

Type of weighting matrix Moran’s I

Binary weights

25 degree neighbourhood 5.256%**
35 degree neighbourhood 6.617%**
45 degree neighbourhood 5.664%**
55 degree neighbourhood 4.579%**
65 degree neighbourhood 3.556%**
75 degree neighbourhood 2.520%*

Inverse distance weights

25 degree neighbourhood 5.312%**
35 degree neighbourhood 6.260%**
45 degree neighbourhood 6.236%**
55 degree neighbourhood 6.077***
65 degree neighbourhood 5.870%**
75 degree neighbourhood 5.741%**

*

LM, LM, LM, LM,
13.717%* 1.348 26.127%% 13.758%**
16.845%* 2.222 37.350%* 227274
10.430%** 0.250 17.681%* 7.501%+*
5.946%* 0.040 9.123** 3.216*
2.839* 0.078 4.280* 1.518
0.656 0.014 0.899 0.258
16.144%* 0.165 24.203%* 8.244%
20.181%* 0.310 33.354* 13.482%%*
18.961%** 0.173 29.875%+* 11.087#*
17.527%* 0.334 28.539%+* 11.346%*
16.062%** 0.679 27.402% 12.019%**
14.864%+ 0.988 26.382% 12.506%**

Note: **=p<0.01, **=p<0.05, *=p<0.10.
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