





2.1. The COG Approach

The COG approach, from which this paper derives one of its inspirations, treats a
country as an “economic mass” with its centroid located exactly on the longitude-latitude
coordinates of the country’s capital (at sea level). Economic mass is usually based on
national income. The geographical coordinates for the COG of a group of countries is
computed as the weighted average of the coordinates of the capitals of the constituent
countries. The computed COG therefore gives an idea of the location of a center of

economic activity of a group of countries.

By definition, the COG in itself is a point of balance. It is, however, essentially
the product of a one-dollar-one-vote algorithm. This implies that countries (or
individuals) that have more income find their selves closer to the center of gravity, while

those with less income tend to be located in the periphery.

We consider the COG, therefore, as not necessarily reflecting a shared growth
type of income distribution. As the term implies, shared growth refers to a state of affairs
that combines rapid income growth with significant improvements in the distribution of
income. Two possible candidates for a Center of Shared Growth (COSG) are as follows: a)
COSG1 (One-Person-One-Vote Center), wherein the coordinates are calculated using the
share of a country’s population to the total population of the group of countries being
considered; b) COSG2 (One-Country-One-Vote Center), wherein the coordinates are
calculated using as weights one divided by the number of countries in the group being
considered.COSG1 defines shared growth as a situation wherein each person in the group
being considered has the same income. COSG2 defines shared growth as a situation

wherein each country in the group being considered has the same income.

The above conception of centers coincides closely with those used by Grether and
Mathys (2008). They refer to the COG as the Economic COG, the COSG1 as the
Demographic COG, and the COSG2 as the Geographic COG. In addition to tracking the
movement of the various COGs, Grether and Mathys (2008) ranks the sample cities
according to their distance to the COGs and computes a distance ratio equal to the city’s
distance to the World Economic COG divided by the city’s distance to the World
Geographic COG.

Despite the recognition of the Demographic and Geographic COG as benchmarks,
such analyses imply a value judgment which puts a premium on proximity to the World
Economic COG. Countries that are closer to the World Economic COG are ranked more

highly. Such analyses imply a value judgment which effectively puts a premium on
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efficiency.

This also appears to be the preoccupation in the related but non-identical literature on
gravity models, wherein distances between countries are considered as sources of

inefficiencies, thereby dampening trade between these two countries.

2.2. COG and Ship Stability: From Gravity to Buoyancy

In this paper, we attempt to go one step further by investigating two of the
aforementioned three COGs, i.e., the economic COG (one-dollar, one-vote center) and the
geographic COG (one-country, one-vote center) or simply COSG (Center of Shared
Growth). For our analysis, we derive further inspiration from ship stability theory. 5 We

shall see that this will suggest a reversal in perspective in one of the COGs.

A floating vessel’s instability is largely determined by the relationship of two
centers: the center of gravity through which the ship’s mass and weight are assumed to
act; and the center of buoyancy through which the countervailing buoyancy force is

assumed to act. Ship instability could be taken in at least two senses.

The first sense of instability (rolling instability) is related to the ship’s rolling
motion wherein the ship is assumed to still retain the ability to right itself after the
application of a heeling force. In this sense, higher rolling frequencies could be associated
with higher ship instability. This is shown in Figure 1. Theoretically, the upward force,
which represents the buoyancy force acts through the center of mass of the displaced
water. It can be observed that the center of buoyancy tends to move from one side to
another as the center of mass of the displaced water moves from one side to another as
the ship rolls from one side to another, prompting the rolling of the ship. The arched
arrows indicate the righting moment which is acts opposite to the direction of heeling of

the ship, prompting the ship to return to its upright position.

The second sense of instability (capsizing instability) refers to a situation where
the ship faces the risk of capsizing due to a complete loss of the ability to recover from a
heeling force. Whether the ship is unstable or not would depend on the relative positions
of thé buoyancy and weight forces. Figure 1 shows a stable situation wherein the
buoyancy force always acts as a righting force that could arrest further heeling of the ship.
Figure 2 shows a Figure 1 which has been modiﬁed so as that the buoyancy force does not
provide a righting force and in fact could lead to the ship heeling further (in the direction

5 For example see Rhodes (2003). Tupper (2004)
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of the arched arrows), and possibly capsizing the ship.

asanesesnnnsnug

s CENTER OF GRAVITY oo

AR
(-3

%
-
B
]
=
&

water line

_CENTER OF
BUOYANCY

Figure 1. Rolling Instability
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Figure 2. Capsizing Instability
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The application of this theory to an economic analysis suggests an interesting
reversal in our initial conceptions. It could be readily observed from Figure 1 and even
Figure 2 that the center of gravity of the ship is relatively at a fixed position, while the
center of buoyancy is constantly shifting about the center line of the vessel, as the ship

rolls from one extreme heeling position to another.

In our economic analysis, the relatively fixed center of gravity would correspond
to the geographic COG, while the economic COB would tend to be in constant motion.
This is fortuitously closer to the general perception that it is economic activity which
“buoys up” a society, but is certainly completely opposite to the common perception in
economic COG analysis, which treats economic activity as weights, or forces that weigh

down rather than buoy up.

In our paper, therefore, we treat economies as sources of buoyancy forces, akin to
ballast tanks in a ship, providing a variable amount of buoyancy. The sum of the
buoyancy force provided by each economic ballast tank acts through the center of
buoyancy. The buoyancy force provided by each proportional to the mass of the water
displaced in the ballast tanks.

3. Hypothesis Formulation and Testing

In this paper, we just focus on the first sense of ship instability, the rolling
instability. This conforms to the common perception that economies generally go through
periods of extreme movements in economic activity, but given enough time are always
able to recover. This is precisely what is taken place when a ship rolls, as suggested in

Figure 1.

In its simplest form, ship stability theory indicates that a ship will be more stable,
in the sense of less rolling, if it has a wide and low structural profile. This is shown in
Figure 3, where the left panel shows a low and wide ship ‘proﬁle that is more stable with

respect to rolling than the high and narrow ship profile shown in the right panel.
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Figure 3. Ship Profiles and Ship Stability

From this theory, we derive two implications which guide our economic analysis

in this paper. These two implications become our two major hypotheses in this paper.

Hypothesis #1: Economic instability of a group of countries is negatively
positively related to the instability of the economic COB. From Figure 3, we note that the
path of the ship’s COB is limited by the width of the ship. A wider path of COB

corresponds to a more stable ship profile. Rolling frequency tends to be lower.

Hypothesis #2: Economic instability of a group of countries is positively related to
the geographical distance between the COSG and the economic COB. From Figure 3, we
note that the vertical distance between the ship’s COG and COB is smaller for the more
stable ship profile.

3.1. Economic Instability

Economic instability is measured as the variance of the de-trended total Nominal
Gross Domestic Product (GDP) of a group of countries being studied. A linear trend is
estimated over the years covered. In effect, we are measuring economic instability using

the instability of the “buoyancy force” as an indicator.

As a first approximation, we carry out the analysis for the period 1980 to 1989,
using annual Nominal GDP data. Since our interest is on the East Asian region, we chose
the following 10 economies as the subject of our preliminary analysis given in Table 1,

showing the respective arbitrary letter designations that will be used for the analysis.

256



Designation | Economy

A Japan
B South Korea
C Singapore
D China
E Indonesia
F Malaysia
G Myanmar
H Philippines
I Thailand
J Vietnam

Table 1. Economy Coverage

In order for us to undertake a statistical analysis that would provide some basis
for the acceptance or rejection of the above hypotheses, we generate a repeated sample of
economies from the population of economies in Table 1. This is achieved by taking all the
possible distinct combinations of eight economies from the population of ten economies.

This gives a manageable set of 45 such combinations.

The Nominal GDP values, the corresponding linear trend values, and the
de-trended values are shown in Appendix 1. The de-trended value is computed as the
Nominal GDP values minus the de-trended values. The trend values are considered as
average values about which the GDP values would oscillate with some frequency.
Mathematically, this is given by the following relationships, which is calculated for each

economy for each year.
YoerrenD = YacTUAL — YTREND (n
where

YoerrenD is the de-trended Nominal GDP
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Yacruaw is the actual Nominal GDPS$

Yrrenp is the estimated real trend value for Real GDP =a + b YEAR (a and b are
estimated coefficients using the LINEST function of MS EXCEL).”

For each of the 45 distinct combinations, the following three variables are
computed, yielding 45 observations that are used in-an OLS analysis. The variance of the
de-trended values is computed using the VAR function of MS EXCEL. This constitutes
the observations for the explained variable in the OLS analysis. The two explanatory
variables corresponding to the variables postulated to have a positive relationship with
the explained variable, as given in the two hypotheses above. These variables are the
variance of the economic COB (computed using the VAR function of MS EXCEL), and the
vertical distance between COSG and the average economic COB. COSG is computed as
the arithmetic average of the latitude and longitude of the capitals of the economies

included in the given sample of eight economies.

3.2. Instability of Economic COB

The variance of the economic COB is our proxy variable to indicate the instability
of the economic COB. For each 8-country combination and for each year, the shares of
nominal GDP of each country to the total GDP of the 8 countries were calculated. These
shares were then applied as weights to the latitude and longitude coordinates of the
capitals of the 8 countries in order to arrive at the coordinates for the economic COB for
each year. The coordinates for the average economic COB was derived using the average
shares, for the period from 1980 to 1989, of the nominal GDP of each country to the total
GDP .The variance of economic COB coordinates was taken as the arithmetic mean of the
variance of the latitude and the variance of the longitude of the economic COB for the
period 1980 to 1989,

3.8. COSG and Average Economic COB Vertical Distance

Measuring the vertical distance between the COSG and the average economic

COB is not as straightforward as that suggested in Figure 3. While the up and down

8 See Appendix
7 See Appendix
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directions are very clear in ship theory, this is not the case for a group of countries
scattered across the face of the earth. As it turns out, it is not simply a matter of

connecting the average economic COB to the COSG.

One of the observations we made regarding most of the eight-country
combinations, however, provides us with one solution to this orientation problem. There
appears to be a strong linear relationship between the latitude and longitude
coordinates of the economic COB over the period being studied. We use this observation
to arrive at an indicator for the vertical distance between the COSG and average
economic COB, as suggested by the ship stability theory we are considering in this paper.
The geometry of the problem is shown in Figure 4, which shows three points of concern
in geographical space: the position of the average economic COB, as indicated by
“Economic COBave”; the position of the COSG:; and the position of a reference economic
COB, which is of the same latitude as the COSG. The latitude and longitude coordinates

of each point is given in parentheses.

The vertical distance we are looking for as indicated in Figure 4 is the distance
between two parallel lines: the fitted economic COB path, and the line that passes
through COSG parallel to the fitted economic COB path. Translating back to the ship
metaphor, the COG is effectively at the other end of the “vertical distance” double-edge

arrow, just across the average Economic COB.

The fitted economic COB path was derived for each eight-country combination
using the LINEST function of MS Excel and the computed values of the economic COB.
The vertical distance was then computed based on the trigonometric relationships

implied in Figure 4.
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Figure 4 A General Geometrical Representation of Economic COB and COSG

4. Results of the Analysis and Its Implications

From left to right, Table 2 tabulates the results of the computations for the
vertical distance, the variance of the economic COB, and the variance of the de-trended

GDP for each of the 45 distinct 8-country combinations, indicated by their letters as given
in Table 1.

Variance Variance
Observation | 8-Country Vertical | Economic | De-trended
Number Combinations | Distance | COB GDP
1 ABCDEFGH | 2.0050933 | 1.32082385 | 796907.364
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2 ABCDEFGI 2.0044546 | 1.31050286 | 814758.939
3 ABCDEFGJ | 2.0047023 | 1.3490171 | 789561.552
4 ABCDEFHI 2.00564171 | 1.41882448 | 811545.422
5 ABCDEFHJ |2.0057662 | 1.46216331 | 786360.131
6 ABCDEFIJ 2.0050082 | 1.44960458 | 804115.018
7 ABCDEGHI | 2.0054629 | 1.23276052 | 812686.011
'8 ABCDEGHJ | 2.0058019 | 1.26619923 | 787456.772
9 ABCDEGIJ 2.005003 | 1.25676092 | 805211.118
10 ABCDEHIJ 2.0062214 | 1.36359869 | 801985.916
11 ABCDFGHI 2.004896 | 0.67745113 | 819830.109
12 ABCDFGHJ |2.0051686 | 0.70788006 | 794661.376
13 ABCDFGIJ 2.0044901 | 0.73110219 | 812508.645
14 ABCDFHIJ 2.0055501 | 0.79588796 | 809244.109
15 ABCDGHIJ 2.005514 | 0.65931491 | 810347.226
16 ABCEFGHI 2.0037052 | 1.25640147 | 734060.594
17 ABCEFGHJ | 2.0038743 | 1.27404923 | 710586.55
18 ABCEFGIJ 2.0034469 | 1.25625563 | 727420.133
19 ABCEFHILJ 2.004133 | 1.418656707 | 724307.79
20 ABCEGHIJ 2.0041099 | 1.1601946 | 725360.76
21 ABCFGHIJ 2.0036498 | 0.36781436-| 732438.315
22 ABDEFGHI 2.0055438 | 1.365280562 | 809828.808
23 ABDEFGHJ |2.0058898 1.406’2582’ k7k’84662.87 7
24 ABDEFGIJ 2.0050644 1.3937473’6 802391.554
25 ABDEFHI1J 2.006321 1.50328237 799169.008
26 ABDEGHIJ 2.0063079 131082691 | 560275.042
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27 ABDFGHIJ | 2.0055914 | 0.75450033 | 807520.461
28 ABEFGHIJ | 2.0041722 1.336831659 722675.893
29 ACDEFGHI | 2.003808 | 1.56098143 | 721728.587
30 ACDEFGHJ | 2.0040042 ~1.61299095 698239.241
31 ACDEFGIJ | 2.003555 |1.59716956 | 714930.77
32 ACDEFHIJ | 2.0042372 | 1.71440719 | 711874.507
33 ACDEGHIJ | 2.0042583 | 1.50298698 | 712928.828
34 ACDFGHIJ | 2.0038507 | 0.88724441 | 719872.556
35 ACEFGHIJ | 2.0030131 | 1.58068939 | 640337.666
36 ADEFGHIJ | 2.0043153 | 1.65426244 | 710267.91
37 BCDEFGHI |2.0187622 | 0.7787582 | 19828.0088
38 BCDEFGHJ 2.01959 | 1.06570723 | 15421.9171
39 BCDEFGIJ | 2.0181084 | 0.84213816 | 17970.3271
40 BCDEFHIJ | 2.0224518 | 0.90594757 | 17585.435
41 BCDEGHIJ | 2.0235643 | 0.79405813 | 4771.00173
42 BCDFGHIJ | 2.0136679 | 0.22512246 | 4423.49411
43 BCEFGHIJ | 2.1259062 | 4.31311879 | 7055.15295
44 BDEFGHIJ | 2.0260945 | 0.92533879 | 17304.8384
45 CDEFGHIJ | 2.0196987 | 0.35137804 | 6544.45196

Table 2 Observations Used in OLS Analysis

The correlation coefficient between the two explanatory variables was calculated to be

equal to 0.642, which, although a bit high, should not give cause for concern about

multicollinearity problems.

The OLS estimation results are given in Table 3 below.

VARy

]

34624931

+ 368078.75698 VD

17142866.82 VARcos

262




SE 3941442 61769.59669 1984612.284

R-squared 0.640734557
DF 42
F-stat 37.45260221

Table 3 Estimation Results (Note: all explanatory variables are statistically significant to
the 5% level)

VARYy is the variance of the de-trended Nominal GDP,
VD is the vertical distance, and

VARcoe is the variance of the economic COB.

The preliminary analysis indicates that the two hypotheses proposed above
appear to have validity. A higher instability in the de-trended nominal GDP of a group of
countries in East Asia appears to be associated with lower variance in the economic COB
and higher distance between the economic COB and the COSG.

As mentioned in the opening remarks of this paper, one of the problems that
confront the global economy is the increasing instability brought about mainly by
recurring financial crises. It stands to reason, therefore, that stabilization of economic

activity should be given a high priority.

In this respect, the results above could be seen as having important implications.
The first hypothesis implies that greater variance in the economic COB would contribute
to greater stability in the movements of de-trended nominal GDP. This would also imply
that clustering of economic activity, which leads to less variance in the economic COB,
risk greater instability. The second hypothesis implies that reduction in the distance
between the COSG and the economic COB would contribute to greater stability in
economic activity. Together with the first hypothesis, this would recommend against

clustering in areas far off from the COSG.

In short, the two hypotheses could be seen as advocating a shared growth type of
regional development. Such development would be ‘characterized by a more balanced
distribution of economic activity, where there is:minimal clustering of economic activity
away from the COSG. Beyond satisfying the two economic goals of efficiency and equity,
shared growth takes on an additional economic merit. It enables a region to achieve

greater stability in economic activity.



5. Future Research

This paper reports a first attempt to apply a Center of Buoyancy Approach to an
economic analysis of a region. The results are preliminary but promises to unearth
further insights related to a geographical analysis of economic activity. The work here

could be extended in various ways in the future.

We could investigate the applicability of these hypotheses to: other cases of
regional economic integration such the EU and NAFTA; other time periods, such as the
1990s and the 2000s; other regional economic integration based on concrete strategies for
division of labor in East Asia, namely, Brand-to-Brand Complementation (BBC) and the
ASEAN Industrial Cooperation (AICO) strategies; particular industries and their
division of labor; and other measures of economic activity, such as net foreign direct
investment and net exports. Moreover, we could also include the demographic COG
(one-person, one-vote center) in future research work, as well as develop a theoretical
foundation for the findings, which indicate that imbalances in economic activity among a
set of East Asian economies lead to greater instability in the economic activity of the

group as a whole.
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