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Abstract

In this thesis I study and provide insight into how national defence budgets are de-
termined. This is accomplished through the use of both theoretical modeling and
empirical analysis. A main theme running through the thesis is that a primary deter-
minant of domestic levels of defence spending is the defence spending level of other
nations. By conditioning on these global interactions in a structured way, I am able
to provide meaningful estimates of the impact of various factors on national defence
spending.

In Chapter 2, I examine the costs and benefits of maintaining domestic arms
manufacturers during peace time. A model is developed that examines under which
circumstances a country would wish to maintain domestic arms industries. The pre-
dictions of this model are tested using the historical example of Canada’s lack of
advanced shipbuilding facilities during World War II. By comparing the performance
of corvettes and destroyers during convoy escort, I quantify the superiority of the
latter over the former. A counterfactual scenario then examines the savings in terms
of ships and lives that could have resulted from having invested in domestic arms
industries in peace time.

Chapter 3 examines more generally how national defence budgets interact with
each other in a spatial econometric framework. By creating a series of weighting
matrices that qualitatively represent how countries are likely to interact militarily, I
quantify the extent to which a country’s relative location impacts its level of defence
spending. I find that relative location is a significant determinant of defence spending,
and furthermore, I am able to identify regions of both high and low defence spending
spillovers.

Some countries have large domestic arms industries, whereas others largely im-
port their military hardward. In Chapter 4, I examine, both theoretically and empir-
ically, how this distinction and the resulting arms trade influences defence spending
behaviour. I also examine the impact that a base level of security, measured by ge-
ographic and socioeconomic factors has on the choice of defence budget. Consistent
with the theory, I find that there are significant differences between arms producers
and importers in the way they respond to exogenous factors.
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Chapter 1

Introduction

National defence budgets comprise a large share of most government expenditure,

averaging around 2.5% of total GDP per year between 1993 and 2008. Despite its

importance, a clear understanding of what factors influence this level of spending

still remains unclear. More specifically, economists lack a precise understanding of

how foreign defence expenditures impact a government’s defence spending decision.

Additionally, a better understanding of why some countries opt to construct their

own military equipment domestically, often at a premium, while others are willing to

import their arms is needed.

This thesis seeks to fill some of these gaps in our knowledge in order to better

understand how the events that occur and decisions that are made in one country

can ultimately impact the military spending of another country. By the end, the

framework I develop will allow me to comment on how current events, such as the

recent civil war in Ukraine, for example, will likely impact the defence spending of

that country and its neighbours. Additionally, I will be able to comment on why the

Canadian government has recently decided to purchase naval vessels from Canadian

1



CHAPTER 1. INTRODUCTION 2

shipyards, when cost savings could be achieved if they were procured from foreign

suppliers.1

Much of the defence expenditure literature is influenced by the models of Richard-

son (1960) and Smith (1980). The models developed by these two authors postulated

that the defence spending chosen by a given country is primarily a function of the

defence spending or threat posed by foreign countries. For a time during the 1970s

and 1980s, the literature moved away from this theory, instead claiming that the

primary determinants of defence spending were factors internal to a country, such

as the nature of the government, the size of its bureaucracy, and political considera-

tions.2 Recent papers have strived to combine these two literatures.3 There has also

been a strongly related literature that studies defence spending behaviour within an

alliance.4

This thesis takes the stance, with supporting evidence, that a primary determinant

of defence spending must be the threat posed by foreign entities.5 While political

economy factors must also have some influence over spending levels — for instance in

the choice of where a new military installation may be located — it is ultimately the

threat posed by foreign countries which provides the justification for any significant

change in defence spending.

The second chapter in this thesis concerns itself with understanding when a coun-

try would adopt a policy to produce weapons domestically, as opposed to simply

1Known as the National Shipbuilding Procurement Strategy. See Jenkins, Castelli, Clanfarani,
Fraser, and Nicholson (2013) regarding cost savings.

2See, amongst others, Nincic and Cusack (1979), Griffin, Wallace, and Devine (1982), and Cusack
and Ward (1981).

3See Goldsmith (2003) and Douch and Solomon (2014).
4See Murdoch and Sandler (1984) and Solomon (2004).
5Here we only examine countries due to data availability. Increasingly though, these entities

could include terrorist organizations.



CHAPTER 1. INTRODUCTION 3

importing them. Some authors have argued that this decision is determined by the

idea of Military Keynesianism.6 This is the notion that a country uses military spend-

ing in order to smooth fluctuations in employment caused by the business cycle.

The model I present does not conform to this belief, but instead assumes that

investing in domestic arms suppliers is a form of insurance against the possibility of

a war. Especially in the post-Cold War era, where there is less incentive to maintain

strong alliances in the absence of a clear adversary, it may be difficult for a country

without domestic arms industries to procure the weapons they desire when needed.

The possibility of shortages occurring is best demonstrated by the shortage of ammu-

nition faced by NATO countries due to the wars in Afghanistan and Iraq. The model

predicts that a country is more likely to invest in a domestic arms industry when the

probability of a war is relatively high, the lower the investment cost of doing so, the

greater the ability of the weapons that can be produced, and the greater the payoff

from winning any potential war.

To analyze some of the predictions of this model, I examine the historical example

of Canada’s navy during World War II. Prior to the war, Canada had not invested in

domestic manufacturing facilities. When war came, the Royal Canadian Navy could

not acquire advanced ships, known as destroyers, to escort North Atlantic convoys,

and instead had to rely on lower quality ships, known as corvettes. I create a unique

data set, which matches convoy to U-boat movements during the war, and use it to

measure the relative effectiveness of the two ships at preventing merchant ship losses.7

My analysis finds destroyers to be twice as effective as corvettes at preventing the

loss of merchant ships. I then examine a counterfactual scenario wherein Canada had

6Treddenick (1985)
7See Hildebrandt (1999) for a similar exercise for aircraft during the Vietnam War.
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the ability to domestically produce destroyers during the war, and conclude that 33

merchant ships could have been saved during the conflict, with a net benefit of $28.7

million 1940 Canadian dollars.

From this chapter I conclude that if Canada had been insuring itself against the

possibility of a naval war, the benefits from doing so would have outweighed the cost.

The model can serve as a guide in evaluating government offset policies, which seek

to create and maintain a domestic arms industry. The model makes it clear that the

optimality of this decision is heavily contingent on the behaviour of other nations.

The third chapter also examines the impact that a defence budget in one country

may have on that in another, in this case it also accounts for the relative location of

the two countries. One of the weaknesses of much of the defence spending literature,

is the failure to incorporate this fact into the analysis.8 During the Cold War, where

large alliances often had a presence in all regions of the world, this may not have

been as important. If an attack on an ally was tantamount to an attack on one’s own

country, then controlling for the location of two countries within these alliances was

not needed. However, in the post-Cold War era, as some authors have pointed out,9

the world has changed. The collapse of the Soviet Union and the Warsaw Pact has

weakened the alliance system. Furthermore, strong growth has led to the emergence

of regional powers, further complicating the global balance of power.

To study how defence spending in one country impacts that of another, I em-

ploy spatial econometric techniques to measure how defence budgets move with one

another. Using data on 124 countries, for the time period 1993 through to 2008, I

8With the notable exception of Goldsmith (2007)
9Intriligator and Brito (2000)
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measure the spatial autocorrelation present in defence budgets. I reap many advan-

tages from using panel data in my estimation, and find my results robust to a number

of perturbations.

One of the main contributions of this chapter is the creation of three weighting

matrices that are necessary to perform the regressions. The matrices provide a qual-

itative structure on spatial interactions by imposing relative weights that countries

place on each other’s defence spending. Rather than relying on implausible assump-

tions, such as only neighbouring countries being a threat, I create my matrices in a

way that reflects the capacity of countries to project their military power abroad.

The results of the regressions indicate that, conditional on the structure imposed

on the data, defence budgets are positively correlated. This implies that defence

spending tends to move together across countries in a similar region. I then use

the results to identify regions where arms racing and anti-arms racing behaviour is

occurring. By identifying these regions I open the door to future research to better

understand why these variations exist. The results indicate that only by imposing the

structured spatial interactions present in the weighting matrices can we understand

the relative importance of external and internal factors. These results reinforce my

assertion that a primary determinant of domestic defence budgets must be those of

foreign countries.

The final chapter is a combination of the ideas of the two previous chapters. It

examines how the defence spending behaviour of arms producers differs from that

of arms importers.10 The analysis of Chapter 2 indicates that in some scenarios it

may be economically rational to invest in arms industries during peace. Chapter

3 indicated that defence budgets are positively spatially autocorrelated, meaning

10An issue Looney (1989) touched on in his work.
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that, on average, defence budgets of neighbouring countries move together. This last

chapter examines how the defence spending behaviour of arms producers differs from

that of arms importers.

First, a model is created that theoretically examines why the behaviour of arms

producers may differ from that of arms importers. It finds that countries that are

larger and technologically more advanced tend to be arms producers. Additionally,

this chapter also analyzes the idea of base security, that is a level of security that a

country is endowed with based on geographic and socioeconomic factors.

Since Chapter 3 indicated that spatial econometrics is an excellent tool to use to

analyze defence spending behaviour, it is used again in this chapter to analyze data

for the post-Cold War era. Base security is found to be an important determinant

of defence spending, with countries with larger measures of base security spending

relatively less on defence. Additionally, the results indicate that arms producers

do indeed exhibit different defence spending behaviour than arms importers. Arms

producers tend to not react as strongly to a change in base security as compared to

arms importers. In the model, this difference is a result of the relative size of the two

types of countries, though one could imagine other factors, such as arms producers

raising the price of arms sold to importers in their time of need, contributing to this

effect.

Overall, this thesis provides many insights into how defence budgets are set. It

reaffirms the primacy of foreign defence expenditures as a driver of domestic defence

spending. Additionally, it reveals the importance of factors such as a country’s relative

location, its level of base security, and whether or not it produces arms domestically.

The decision process behind this last variable was also studied in depth, and it was
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determined that the behaviour of potential adversaries was a key determinant in

whether or not to produce weapons domestically, as I show in the following chapter.



Chapter 2

The Effectiveness of Canada’s

Navy on Escort Duty

2.1 Introduction

Many OECD countries pursue industrial policies designed to establish and maintain

domestic arms manufacturing facilities. For instance, Canada’s Industrial Regional

Benefit Policy requires that foreign firms that receive military procurement contracts

from the Government of Canada must in turn spend 100% of the value of that con-

tract with Canadian firms. These governments believe that the benefits from having

domestic arms industries outweigh the necessary cost of maintaining them. This pa-

per examines the costs and benefits of establishing and maintaining arms industries

using the historical example of Canada’s naval industry in World War II.

There are several potential benefits of maintaining domestic arms industries. First,

it is believed that many positive externalities in the form of advanced technologies

8



CHAPTER 2. CANADA’S WWII NAVY 9

result from arms industries. Second, there is prestige associated with having a do-

mestic arms industry. Third, it may not be politically feasible to expend large sums

of money to procure weapons from foreign firms. Fourth, and the focus of this paper,

is the notion that it acts as a form of insurance in case the ability to procure weapons

internationally is lost during times of high demand.

International trade models such as the Ricardian model or the Heckscher-Ohlin

model demonstrate the welfare advantages of countries specializing in the production

of goods in which they hold a comparative advantage and then trading with other

countries. What these models miss, and what some policy makers fear, is the case

where trade is unilaterally stopped. One can think of the case of China cutting off the

export of rare earth elements to Japan during their dispute over the Senkaku Islands

in 2012. Or the surge of demand for ammunition during the wars in Afghanistan and

Iraq which led to shortages in some NATO countries. Some argue that the cost of

developing and maintaining domestic industries is lower than the potential cost of

being unable to procure the necessary weapons when needed.

This argument is difficult to evaluate because it is hard to estimate these potential

costs. Without observing the counterfactual, it is difficult to make welfare compar-

isons between the two cases. This paper uses a historical example in an attempt to

measure these costs. It would obviously not be correct to extend the conclusions from

this result into a general rule, but it will serve as a concrete example that can act as

a reference point. The specific example in this case can be thought of as a worst case

scenario: a country that was almost completely unprepared for a large conflict.

During World War II, the role of Canada’s navy was primarily to escort convoys

between North America and the United Kingdom.1 Canada was not the only country

1See Schull (1950) for the official history of Canada’s navy in World War II
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with this responsibility, but it was a senior partner in the operation. Unfortunately,

Canada’s pre-war navy was not up to the challenge. With only 10 ships capable

of acting as escorts at the start of the war, it was necessary to turn to industry

to increase this number. Thus, the Canadian government requested that domestic

shipyards begin construction on destroyers, a type of ship that excelled at escorting

convoys. As World War I had demonstrated, destroyers were the class of ship that

were best suited to protecting convoys from the U-boat menace, the same threat they

would face again in this conflict. Unfortunately, Canadian industries were not up to

the challenge of building ships to naval standards.2 What made matters worse was

that Canada could not procure the ships from other countries. Shipyards in the UK

were busy building ships for that country, and purchasing weapons from the US was

difficult due to their Neutrality Acts. Eventually, Canada was able to procure six

destroyers in the “Destroyers for Bases Agreement” and later a few others from the

UK. In desperate need of escorts, the Government of Canada procured the plans for

the Flower-class Corvette from the UK. This ship, based on the design of a whaler

(because U-boats and whales share similar properties), was of much simpler design

and could be produced in Canada.

Corvettes were smaller, less expensive, and easier to build than destroyers, but

were also much less capable ships. They were slower, had a smaller operational

range, and, perhaps most importantly, were very uncomfortable for the sailors serving

aboard. Morale on these ships was low, and their performance suffered as a result.3

It is clear that corvettes were qualitatively worse ships than destroyers, but here I am

interested in quantifying this difference. What was the cost born by Canada and its

2Macpherson and Milner (1993)
3See Macpherson and Milner (1993) for a complete history of Canadian corvettes during the war.
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allies because Canada could not procure the proper ships?

To answer this question, this paper develops a unique data set which combines

information from the German Navy, the Allied navies, and the Allied Merchant Ma-

rine. Information concerning convoys traveling from North America to the United

Kingdom is combined with information on the composition of the escort ships on

each day of their passage. This in turn is combined with the location of German

U-boats. By examining the sinking of merchant vessels on each day of each convoy,

and analyzing the type and number of escorts used versus the number of U-boats

attacking the convoy, I can quantify how much better destroyers were than corvettes

at protecting merchant ships from sinking.

Under my preferred regression specification, I find that destroyers were roughly

twice as effective as corvettes at preventing merchant ship losses. Under a counter-

factual scenario I develop, wherein Canada could produce destroyers during the war,

I find that it would have been possible for 33 merchant ships to be saved from the

U-boats with a net benefit to the program of $28.7 million 1940 Canadian dollars.

This is not the first paper that attempts to quantify the difference in ability of

weapon platforms. The examination of the use of helicopters versus fixed wing aircraft

during the Vietnam War by Hildebrandt (1999) estimates a similar value. In that

scenario, the weapons were complements whereas in this case, the ships used were

substitutes for one another. Rohlfs (2011) examines the use of armoured and infantry

divisions during World War II to examine the value placed on different human lives

and how the US military used different weapons to accomplish different tasks.

In terms of this specific topic, many historians have examined Canada’s wartime

navy, specifically the role played by the Corvette. The work on the subject by Marc
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Milner, especially Milner (1985), is exemplary and provides an excellent overview of

convoy operations from a Canadian perspective. His comparison of destroyers and

corvettes provides excellent insight into their differences. Additionally, his descrip-

tions of the adoption of new technologies into Allied navies provides insight into the

differing abilities of these various fleets. Puleston (1947) provides details on all aspects

of naval operations by the Allies during World War II. His book explains how the

Battle of the Atlantic fit into the larger war, allowing me to understand why convoys

were escorted the way they were, and why the convoys I focus on were particularly

important.

No empirical study of convoy operations can be achieved without citing the work

of Arnold Hague. Hague (2000) provides an excellent summary of convoy operations,

but it is his data concerning losses within each convoy, the size of the convoys, and

the movement of individual ships that is most valuable for this study.

On the other side of the battle, Bekker and Ziegler (1974) provides an excellent

history on all aspects of German naval operations during the war. Their work was

helpful to understand how the U-boats fit into the Germans’ larger naval strategy.

Busch (1955) provides excellent first hand accounts of U-boat operations. This source

was particularly helpful to understand the strategies and tactics employed by the U-

boats.

Pritchard (2011) is an excellent source for data concerning Canadian shipyards

during the war. His book compiles cost information for both naval and merchant

ships constructed in Canada during the war. His work is especially helpful when

examining the potential for constructing destroyers in Canada during the war.

Poirier (1999) examines the resources that the two sides devoted to the Battle
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of the Atlantic. He concludes that the allies expended 10 times the resources that

Germany did during the battle. His estimated values concerning the value of merchant

ships and their cargo are particularly useful for my purposes.

Finally, there is a large community of people with an interest in the Battle of the

Atlantic that have compiled a vast amount of data and made it freely available online.

The work by Helgason, Corijn, and Viglietti (2014), Lawson (2013), Holdoway (2014),

and Mason (2014) must be mentioned, as much research in this area has been made

possible by the efforts of these authors and other contributors to their websites.

This paper is organized as follows. The next section provides additional historic

background information on the conflict. Descriptions of convoys, their escorts, U-

Boat operations, and Canadian shipbuilding can all be found here. Section 3 outlines

a model that helps in the understanding of the decision a country might make in the

years prior to a conflict. Specifically, it examines the scenarios in which a country may

decide to invest in production facilities during peacetime. Section 4 outlines the data

sources for this project. Section 5 provides an analysis of the data and quantifies

the difference in the capacity of destroyers over corvettes. Section 6 examines a

counterfactual scenario in which Canada does invest in production facilities in peace

time. I use this to estimate the cost incurred by Canada and its allies due to the lack

of domestic production. Section 7 concludes.

2.2 Historical Setting

This section provides the necessary background information to understand the Battle

of the Atlantic, the role Canada’s navy played during the battle, Canadian shipbuild-

ing capabilities, and the difference between corvettes and destroyers. Familiarizing
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oneself with this background information will make understanding the analysis easier.

The most important points to take away from the following section are the fol-

lowing. First, the analysis will focus on three convoy routes that ran between North

America and the UK. Second, Canada’s navy was extremely small at the beginning of

the war, and the only ships that could be acquired in great number were domestically

produced corvettes, minesweepers, and later frigates, but crucially, not destroyers.

Third, the UK was the other Allied nation that provided the bulk of escorts along

the convoy routes examined. Their ships were, generally, technologically superior,

and their navy had a larger ratio of destroyers to corvettes compared to Canada’s.

Fourth, German U-boats were the main threat to convoys. Although there existed

many variety of U-boats, the convoys in question mainly faced off against a single

type. Fifth, it was difficult for the U-boats to locate convoys in the ocean. When they

did, they attempted to concentrate against them to carry out their attacks. Sixth,

the use of escorts to stop U-boats was only necessary when all means to utilize intelli-

gence and reconnaissance to avoid U-boats failed. Lastly, corvettes were qualitatively

worse than destroyers in terms of size and strength. Whether or not this difference

translated into a reduced number of merchant ships lost is the purpose of this study.

2.2.1 Convoys

Here I provide information about the three convoy routes that I examine, and describe

how they differed from one another.

At the outbreak of the war, the allies immediately took control over the routing

of all shipping heading towards the British Isles. Ships that were able to maintain a
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speed of 15 Knots were allowed to travel independently. All other ships were organized

into convoys, a group of merchant ships traveling together under the escort of naval

vessels. The experience of the allies in the First World War had shown that the use of

convoys greatly reduced the sinking of ships by U-Boats. There were over 350 unique

convoy routes used by the allies during World War II.4

Convoy routes differed in many ways, including the number of merchant ships,

the cargo they carried, how frequently the convoys traveled, which years during the

war they operated, the size and composition of escorts, and their overall importance

to the war effort. Canadian ships were used as escorts in a number of convoys, but by

far their largest effort was reserved for convoys traveling to and from North America.

These convoys were frequent, relatively large, and extremely vital to the allied war

effort.5 This paper focuses on the three major North American to UK routes.

The two routes that were outward from North America were HX and SC. The HX

route was for fast ships (9 to 15 Knots). The convoys traveled from Halifax, later

New York City, to Liverpool. 364 HX convoys were used during the war (a rate of

one convoy every 5.7 days), the first leaving Halifax on September 16th, 1939 and the

last leaving New York City on May 23, 1945.

The HX convoy was a relatively safe convoy. Only 53 of the convoys suffered a

successful attack, with a total of 175 ships sunk or damaged, for a loss of just over

one million tons of shipping. Ships were sometimes lost if the convoy was dispersed

by weather, and at least 60 ships were lost when they straggled and were unable to

maintain speed with the convoy.6

The second inbound route to the UK convoy was the SC series, designed for ships

4Hague (2000)
5Schull (1950)
6Hague (2000)
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too slow to be a part of HX convoys. The first SC convoy left from Sydney, Nova

Scotia on August 15, 1940 and the last left Halifax on May 26, 1945. On average an

SC convoy traveled every 8.5 days when the route was in operation.

The SC convoy met with less success than its HX counterpart, as its slower speed

allowed the U-boats to concentrate more easily against it. 36 SC convoys suffered

losses, with 150 ships being lost or damaged by the enemy, for a loss of nearly eight

hundred thousand tons of shipping.

The main convoy from the UK to North America was the ON convoy route. 307

ON convoys sailed, the first on July 26, 1941 the final on May 27th, 1945. The ON

convoys traveled at the rate of one every 4.5 days. ON convoys alternated speeds,

with every second convoy being for slower ships, and the others for faster ships. In

this way, the ON convoys are the analogue of both the HX and SC convoys. This

convoy route was from Liverpool to Halifax, and later to New York City. 30 ON

convoys suffered at least one ship sunk or damaged, with a total of 123 ships sunk or

damaged, for a loss of just over six hundred thousand tons of shipping.

In general the ships in the ON convoy were empty of cargo. Ships in the HX and

SC convoys carried a variety of cargo including lumber, fuel, minerals, machines and

foodstuffs. Note that they did not carry soldiers.

For the purpose of my analysis, the key points to understand from this subsection

are that three different convoy routes are examined, each of which suffered losses to

U-boats during the war. Most convoys did not lose a ship during their crossing, but

amongst those that did, on average more than three ships were lost. Finally, only

the HX and SC convoys were carrying cargo. This proves to be important when the

value of a lost merchant ship is calculated.
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2.2.2 Development of the Royal Canadian Navy

In this subsection I describe how the Royal Canadian Navy (RCN) developed during

the war.

Canada had not developed a large navy during the first World War, nor did it

develop a large navy in the inter-war years. By the beginning of the war, Canada’s

navy consisted of six British-built destroyers and 4 Canadian-built minesweepers.7

To make up for this shortcoming, the Canadian government began investigating

how they could acquire more ships. When it was clear that ships could not be

acquired from UK shipyards due to that country’s high demand, the first order for

ships was placed with Canadian shipyards in January and February 1940. This order

was for 64 Flower class corvettes8 to be built at Montreal, Lauzon, Sorel, Quebec City,

Saint John, Collingwood, Port Arthur, Kingston, Vancouver, Victoria, and Esquimalt.

Additionally, an order for 13 Bangor class minesweepers was placed at the same time

at yards in Vancouver and Prince Rupert. The corvettes were launched between June

26, 1940 and August 16, 1941.9 Note that after launching a ship, additional time is

needed to fit the ship with equipment and test its performance. Therefore, the first

fully operational ship to be delivered to the Royal Canadian Navy (RCN) was the

HMCS Collingwood on November 19, 1940. Only 4 of the Canadian corvettes were

available before the end of 1940, with the rest being commissioned in 1941.10 Table

2.1 provides the size and composition of the RCN for various dates during the war.

7Schull (1950)
810 were produced for the Royal Navy but were loaned to the Royal Canadian Navy.
9Macpherson and Milner (1993)

10All except the HMCS Moncton which would not be commissioned until April 1942.
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As the Table makes clear, it was not until 1941 that the construction programs began

paying dividends.

In 1941 Canada placed additional orders with Canadian shipyards. A new class

of vessel had been made available, the River class frigate. This ship was designed,

in some sense, to be an improved corvette.11 It possessed many of the attributes of

destroyers, but was able to be built quickly and cheaply, and using similar techniques

to corvettes, thus allowing for their production in Canadian shipyards. In October

1941, an order for 23 River class frigates was placed with yards in Esquimalt, Quebec

City, and Montreal.

Additionally, it was in 1941 that Canada placed an order for 2 of the 4 destroyers

to be built in Canada during the war. These would be the only Canadian built

destroyers during the war, none of which would be commissioned into service before

the end of the war. All other destroyers were acquired from either the UK, or the

USA in the “Destroyers for Bases Agreement.”

Another wave of orders for corvette, frigates, and minesweepers was placed in

1942. Although frigates had replaced corvettes as the preferred class of escorts, the

shipyards of the Great Lakes could not produce frigates as they could not safely

reach the Atlantic Ocean. Thus, they began construction on the Revised Flower class

corvette. Very similar to the original Flower class, but with some adjustments made

from the hard learned experience of the first year in service.

1943 saw the last major orders placed by the RCN. These were mostly River class

frigates to be built along the St. Lawrence River and in Esquimalt. Later that year

a number of orders were cancelled when it became apparent that the Battle of the

Atlantic had been largely won by the Allies.

11Schull (1950)
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Examining Figures 2.1 and 2.2 it is easy to see just how quickly the RCN grew.

The two large building programs of 1940 and 1942 showed dividends in 1941 and 1944

respectively. The number of destroyers remained relatively constant throughout the

war, but saw a relatively large jump in September of 1940 with the arrival of the

American destroyers.

Naval construction in Canada was widely dispersed amongst a number of yards.

At the outset of the war, the cumulative naval construction experience of all Cana-

dian yards was 5 minesweepers produced at 5 different shipyards across Canada. By

the end of the war, over 25 shipyards had produced escort-capable ships. As Ta-

ble 2.2 shows, 260 RCN escort-capable naval vessels were built in Canada during the

war.12 13 yards produced corvettes, 5 yards produced frigates, and 23 yards produced

minesweepers. Overall, production was quite dispersed geographically, however there

was a disproportionate concentration along the St. Lawrence River.

It is interesting to note that only one shipyard on the East Coast13 produced escort

vessels during the war.14 Others have noted that this was because these shipyards

were mainly used for repair work or for the construction of merchant ships.15 Based

on their output, it is clear that the shipyards varied in size. The largest ship yards

were Davie Shipbuilding and Repairing, Canadian Vickers, Morton Engineering and

Dry Dock, Marine Industries, and Yarrows Ltd. These five shipyards produced nearly

half of Canada’s escort-capable fleet, including most of the frigates.16

The key points to understand from this subsection are that Canada began the war

12An additional 113 escort-capable ships were built in Canada for use by the RN (Pritchard
(2011)).

13Saint John, NB.
14Halifax constructed 4 destroyers that were only completed after the end of the war.
15Milner (1985) argues repair, Pritchard (2011) argues merchant ship construction.
16Pritchard (2011)
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with a very small navy and it took until 1941 for industry to provide a significant

number of additional ships for the RCN. Also, when these ships finally did arrive

they were mostly corvettes and minesweepers, rather than the preferred destroyers.

Additionally, it is important to note that Canadian shipbuilding was geographically

dispersed, but that certain larger shipyards, mostly in Quebec, played a more impor-

tant role than others.

2.2.3 Other Navies

In this subsection I provide information on the other navies engaged in the Battle of

the Atlantic. This is necessary in order to understand the role that the RCN played

during the conflict.

Canada was not the only navy providing escorts for the North Atlantic convoys.

Countries such as France, the Netherlands, Norway, and Greece all provided escort

ships as well. Perhaps surprisingly the US did not contribute much to North Atlantic

convoy protection. In fact, they provided more protection before officially entering

the war than afterwards. Prior to entering the war, US Navy (USN) and Coast Guard

ships would escort convoys as far as Iceland under the pretext of fighting piracy. After

the Japanese attack on Pearl Harbour, the USN’s focus was in the Pacific, though

some escort ships were still provided.

The UK provided a large share of total allied escorts. It is difficult to quantify who

provided more resources on the HX, SC, and ON convoy routes. However, factoring

in the convoy routes towards Africa and the Mediterranean, it is clear that the UK

provided the lion’s share of Atlantic escort services for the Allies. The RN had a
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higher ratio of destroyers to corvettes when compared to the RCN. Additionally,

their ships were typically more technologically advanced.17 Quantifying the ability of

the sailors between the two navies is difficult, however anecdotal evidence suggests

that the institutions of the RN provided better trained sailors than their Canadian

counterparts, as one might expect from an institution with centuries of experience.

On the other side of the battle, was the navy of the Axis powers. Although Italy

did possess a number of submarines as well, few of them engaged in battle in the

North Atlantic. Japanese involvement in the region was also nonexistent. Germany’s

navy was in the process of a major re-construction project at the outbreak of the

war. When war broke out, its navy consisted of 2 battleships with 2 more nearly

complete, 3 “pocket battleships”, 1 nearly complete aircraft carrier, 2 old battleships,

2 heavy cruisers with 3 more nearly complete, 6 light cruisers, 22 destroyers, and 57

U-boats.18 The vast size of the opposing Royal Navy largely prevented the German

surface fleet from engaging Atlantic convoys.19

It was the German U-boats that were the major menace to allied shipping. The

German navy operated 1153 U-boats during the war.20 As Figure 2.3 shows, the

German navy was growing very quickly throughout 1941 and 1942. The leveling off

in 1943 was not due to a reduction in U-boat output, in fact more U-boats were

manufactured in 1943 than 1942, rather it was the sharp rise in U-boat losses from

7.75 a month in 1942 to 19.9 a month in 1943. Figure 2.4 shows how in the spring and

summer of 1943, the climax of the Battle of the Atlantic, the Allied navies ultimately

broke Germany’s ability to seriously threaten the convoys anymore. Although attacks

17Milner (1985)
18Bekker and Ziegler (1974)
19Except for a few high profile break outs by Battleships that were quickly turned back.
20Helgason, Corijn, and Viglietti (2014)
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did continue, no major successes were scored by the German’s after this point.21

Germany possessed a variety of U-boat types. The most common were the Type

VII and Type IX.22 The Type VII was designed to operate in the North Atlantic,

and thus most convoys in this study faced off against these types. There were 703

Type VIIs commissioned into the German Navy. The longer range Type IXs were

used mainly in the Caribbean, South Atlantic, or off the US coast. There were 193

type IXs. There were 52 type I and type II that were mostly used in coastal waters.

Finally, the newer type XXIs and XXIIIs that made an appearance towards the end

of the war were much more sophisticated than their predecessors. They had much

further range underwater which greatly increased their survivability. Unfortunately,

for the Germans, they only made an appearance towards the end of the war, too late

to make a difference. 179 of these types were commissioned.23

This subsection makes it clear that the UK was the other main Allied nation

protecting the ships on the three convoy routes under analysis. In general, their ships

were technologically superior to those of Canada. The main threat to convoys were

German U-boats. Though there was a large variety of types of U-boats, I treat them

all identically in the analysis since it was mainly the type VII U-boats that engaged

the three convoy routes examined here.

2.2.4 Tactics

At this point it is helpful to discuss the technologies and tactics used by both sides

during a standard convoy crossing. This is necessary to understand the role that

21Schull (1950)
22See Busch (1955) and Helgason, Corijn, and Viglietti (2014) for a comparison of U-boat types.
23Bekker and Ziegler (1974)
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corvettes and destroyers played as convoy escorts.

The standard U-boat strategy was to work in groups known as “Wolfpacks”. They

would string themselves in a line across probable convoy routes and wait for a convoy

to pass within range of a U-boat. This U-boat would then relay the position of

the convoy to the other U-boats in the pack. They would then converge upon the

convoy and attack as a group, hoping to overwhelm the defenders. The Germans

would sometimes receive intelligence regarding when a convoy had left port, but in

the vastness of the ocean, it was difficult to locate the convoys.24

The allied tactics were designed to prevent the U-boats from closing in on the

convoy in the first place. The escorts would form a perimeter around the merchant

ships and search for any signs of approaching U-boats. The Allies’ best weapon

was intelligence. If communications to U-boats were intercepted, convoys would be

rerouted to avoid those areas. This often worked quite well for the Allies. Failing

this, the Allies relied on intelligence from airplanes flown from either Nova Scotia,

Newfoundland, Iceland, the UK, and, later, the Azores. The long range of the B-24

Liberator allowed for continuous air cover across the whole transit. The airplanes

could both locate and attack U-boats. The intelligence provided by aircraft allowed

for further re-routing of convoys away from U-boats which prevented further attacks.25

If intelligence failed and U-boats were able to close on a convoy, they would surface

to confirm the convoy’s location. By doing so, the allies were often able to detect

the ships using Radar. Although earlier forms of radar were not entirely reliable, it

did allow the escorts to quickly close on most U-boats, forcing them to submerge.

Canadian ships were much slower than their British counterparts at obtaining and

24Bekker and Ziegler (1974) and Busch (1955)
25Hague (2000)
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equipping radar, and when they did, their versions were inferior.26 Convoys with

even a single radar equipped ship were much more capable at preventing U-boats

from getting in range to launch torpedoes. By 1942 all convoys had at least one

Radar equipped ship.

If the U-boats were detected and forced to submerge, the escorts would then rely

on ASDIC (a precursor to SONAR) to locate and attack the U-boats. This was often

very difficult, and escorts were often forced to abandon attacks to return and act as

an escort. Thus, the battles were often games of cat and mouse where U-boats would

attempt an attack, be spotted, dive and hide, and resurface to try again. Later, as the

number of allied escorts increased, it was possible to detach escorts from the convoy

to simply wait for a U-boat to resurface.

It was these extremely new technologies of Ultra intelligence, long range aircraft,

RADAR, and ASDIC that were the major deciding factors in the Battle of the At-

lantic. Beyond these though, this paper examines whether the quality of the escorts

further contributed to allied success during the war. Thus, this section concludes by

comparing corvettes to destroyers.

2.2.5 Corvettes and Destroyers

In this final subsection, the qualitative differences between corvettes and destroyers

are examined. Here, it will be made clear why destroyers were preferred over corvettes

as convoy escorts.

Simply comparing corvettes to destroyers is difficult, as there are many variety of

26Milner (1985)
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each type of ships. Within the allied forces, there were three types of corvettes used

during the war: The Flower, the Revised Flower (Flower(rev.)), and the Castle. The

Flower was rather ubiquitous with 196 in service between all Allied navies. The RCN

had 80 Flower class corvettes commissioned into its service during the war. The RN

was the other major operator, with over 100 commissioned into its service during the

war. Though most Flower corvettes differed from one another in some small way,

the Flower(rev.) class differed significantly enough to warrant a unique name. These

ships carried more weapons and possessed longer operating ranges, amongst other

improvements. 42 entered into service during the war, including 31 with the RCN.

The first did not enter service until October 1943, well after the climax of the Battle

of the Atlantic. The Castle class was a further improvement over the Flower class.

While most shipyards had begun producing frigates as replacements for corvettes,

those yards that could not would often produce Flower(rev.) corvettes. 39 entered

into allied service, 12 with the RCN, the first not entering service until early 1944.

Thus, it was the original Flower class corvette that faced off against the U-boats

during the height of the Battle of the Atlantic.

Whereas there were only three types of corvettes used by the allies, there were

over 50 types of destroyers used by just the RN and USN alone. Destroyers were

not originally designed with escort duty in mind, but their attributes allowed them to

flourish in that role. They were fast, had long operating ranges, were well armed, and,

perhaps most importantly, were much more comfortable than corvettes. Their larger

size made for smoother rides on the water and gave sailors more space. Additionally,

less water made it into the interior of the ship compared to corvettes.27

27Milner (1985) and Macpherson and Milner (1993)
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With all the different types of destroyers, it is difficult to draw direct compar-

isons. However, later I present a counterfactual scenario wherein Canada produced

destroyers during the 1930s. For this reason, I will compare the capability of the RN

A class destroyer to that of the Flower class corvette. The A class was the earliest UK

destroyer constructed during the 1930s. Table 2.3 compares the Flower class corvette

to the A class destroyer and the River class frigate. As you can see the frigate shares

similar characteristics to a destroyer, but fortunately for Canadian shipyards, the

frigates could be produced with the same techniques as corvettes.

The table makes it clear that corvettes were smaller, slower, and could not travel

as far as destroyers. They could barely keep up with the convoys they needed to

protect, especially if they had to detach to hunt U-boats. Their limited range meant

that they would often have to depart from the convoy before the passage was complete,

with predictable consequences for the merchant ships in the convoy. Their smaller

size meant that they carried fewer weapons, and less equipment. Most importantly

though, their small size made for an uncomfortable passage. The North Atlantic

can be very hazardous, and high waves meant that water would often crash over

the low corvette decks. Passage aboard a corvette was wet, cramped, and overall

very uncomfortable.28 It is not unreasonable to believe that the quality of the ship

adversely affected the quality of the sailors aboard. Additionally, newer destroyer

classes had improved abilities. Most destroyers in operation during the war possessed

greater abilities than the A class, whereas improved corvette design only came later.

Although there exist many types of corvettes and many types of destroyers, this

subsection demonstrates the qualitative superiority of destroyers over corvettes. Their

attributes make them ideal ships for engaging in convoy escort duty.

28Macpherson and Milner (1993)
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The previous subsections were designed to provide the necessary context to un-

derstand the model presented in the next section and the analysis that follows. The

key points to take away from this section include that destroyers are qualitatively

superior to corvettes given the tactics used in the Battle of the Atlantic. This su-

periority gave Canada incentive to acquire these ships domestically, but Canadian

shipyards could not produce them, instead only producing corvettes, minesweepers,

and frigates. The main threat that the convoys faced were German U-boats that were

appearing in increasing number as the war progressed. Canada and the UK were the

two countries who provided the majority of escorting ships during the battle. The RN

had technologically superior ships as well as a larger ratio of destroyers to corvettes,

compared to the RCN.

2.3 Model

The model presented here is designed to help conceptualize the decisions a country

may have to make in the years before a potential war. It is not clear when countries

began to seriously consider the possibility of a second world war in Europe. Major

naval construction continued in the UK throughout the 1930s but was stepped up in

the later years in the face of German rearmament.

This is a two period model focused on a single agent. This agent, Country A,

represents the government of a country that is deciding what steps it should take in

the years preceding a potential war. Specifically, it must choose whether or not to

invest in the capability to produce high quality weapons in the second period. After

making this choice Country A faces the possibility of a war occurring in the next

period. If war does not occur, time ends and payoffs are received. If war does occur,
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Country A observes the military strength of the opposing nation and then produces

weapons to use during the war. If the country invested in the capability to produce

advanced weapons in the first period, then it may produce them at this point. The

war is then fought with the probability of winning the war a function of the stock of

weapons of both countries. A payout is awarded based on the results of the war.

It is possible to visualize the outcomes of the model using a game tree. Figure

2.5 shows the possible choices that Country A can make and the associated payoffs.

At the first node, Country A decides whether or not to pay a fixed cost to invest in

high quality weapons (destroyers). At the next node, Nature determines whether or

not a war occurs. It is possible to imagine a scenario where the probability of a war

occurring is a function of whether or not the fixed cost was paid. For instance, a

potential enemy may see not paying the fixed cost as a sign of vulnerability and may

attack. By assuming that Country A is relatively small, like Canada was at the time,

it becomes more likely that its decision would not influence that of the other country.

If no war is fought, the game ends with the appropriate payoffs. If war does

occur, Country A can then construct weapons to use during the war. It can choose

any affordable output level, but can only produce the high quality ships if the fixed

cost was paid in the first period. This decision is partly based on the size of the

foreign country’s military. It is possible to make the size of the foreign country’s

military a function of that of the chosen size of Country A, in the sense that it is

possible to model the choice of both countries military size as a simultaneous move

game. Since the interest is in studying the behaviour of a small country, like Canada,

it is reasonable to believe that the decisions of larger countries may not be affected

by its decisions. Thus, the timing of the model is such that the foreign country has
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already selected the size of its military and that this value is observable by Country

A when makings its second period decision.

The war is then fought, and Country A wins with a probability determined by the

strength of its armed forces and that of the opposing nation. I represent this node in

the game tree as a choice by Nature. Winning the war results in a higher payoff than

losing the war.

At the beginning of each period, Country A is endowed with a level of resources

Yt, t = 1, 2. In the first period, this resource can either be entirely consumed by the

citizens of the country (Ct) or a portion can be used to pay a fixed cost FH to gain

the ability to produce advanced weapons in the following period. It is assumed that

this fixed cost is not so large as to be unaffordable. Thus, the resource constraint for

Country A in period 1 is:

Y1 = C1 + FH (2.1)

In period 2 if there is no war, then all the resources are consumed.

Y2 = C2 (2.2)

If there is a war, Country A can then produce weapons denoted by x2. The price

of the weapons is determined exogenously and is represented by P . The quality of

the weapons will be higher if the fixed cost was paid, but the price remains con-

stant. Thus, the resource constraint for when there is a war is given by the following

equation:
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Y2 = C2 + P · x2 (2.3)

Additionally, beyond the endowed resources, there is a payoff to both winning and

losing the war. The payoff of winning is πW , whereas the payoff from losing is πL.

Note that πW > πL. These represent a future stream of resource endowments. The

additional resources from winning or losing the war cannot be borrowed against to

build weapons. In the event of no war, the future stream of resources is given by the

average of the two values.

The goal of the decision maker in Country A is to maximize total consumption.

There is no direct utility offered from having a military, and there is no direct disutility

from a war occurring.

max (C1 + E1 [C2 + Payoff ]) (2.4)

where E1 is the expectations operator. The probability of winning the war is a function

of the strength of the two opposing militaries. I denote the strength of the enemy as

E. It can take on any non-negative value. The strength of Country A is given by S

which depends on the size of the second period manufacturing program, and whether

or not the country developed the capacity to construct high quality ships. In the case

that it did not, S is given by:

S = x2 (2.5)

In the case that it did, S is given by:
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S = z · x2 (2.6)

z > 1 represents the advantage offered by having invested in the high quality weapon.

The price of this weapon could have been allowed to vary as well, but think of the

weapon purchase as a price per unit of strength. One could imagine an investment

that does not pay off, in the sense that a realization of z less than 1 occurs. Here I

limit my investigation to the case of a known value for z greater than 1.

The probability of Country A winning the war is given by the following formula:

K =
S

S + E
(2.7)

It is increasing in the size of its own military and decreasing in the size of the enemy

military. It is restricted to a value between 0 and 1, since both S and E are greater

than 0. One can also think of the value K in a more context-specific way. It can be

thought of as the probability that no merchant ships are sunk in a typical convoy.

The problem Country A faces is now clear. It must choose whether or not to invest

in high quality weapon systems based on its expectations concerning whether or not

there will be a war as well as the size of the enemy miliary. It must also choose how

much military equipment to build in the second period. These decisions will influence

the probability of winning the war and receiving the higher payoff. Paying the fixed

cost is wasteful if no war occurs or if the size of the enemy’s military is sufficiently

small. Country A’s problem can be solved recursively.

In period 2, in the event war occurs, the optimal choice of x2 will depend on

whether or not the fixed cost was paid as well as the size of the enemy military. The
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problem of the decision maker is:

max
x2

C2 +K
(
πW
)

+ (1−K)
(
πL
)

s.t. Y2 = C2 + P · x2

(2.8)

Substituting in the equation for K and the constraint gives the following maxi-

mization problem:

max
x2

Y2 − Px2 +
zx2

zx2 + E

(
πW − πL

)
+ πL (2.9)

Taking the first order condition and setting it equal to zero gives the following:

−P +
zE

(zx2 + E)2

(
πW − πL

)
= 0 (2.10)

Rearranging this equation leads to the optimal value of x2. The optimal choice of x2,

denoted x∗2 equals:

x∗2 =

√
AzE
P
− E

z
(2.11)

where A =
(
πH − πL

)
. Of course, if the fixed cost is not paid, the value of z is simply

1.29

A few things can immediately be observed from this equation. The larger the

gap between the payoff from winning and losing, the more weapons Country A will

purchase. Additionally, higher weapon prices will drive the optimal value of x2 down.

The effect of E on x2 is ambiguous. For low levels, raising E induces Country A

29It is straightforward to verify that the second order conditions for a maximum are satisfied
(follows from the fact that K is concave in x2).
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to increase spending. However, once E becomes sufficiently large, Country A feels

that its chances of winning the war are too low and begins to spend less on weapons.

So long as

E <
Az

4P
(2.12)

holds, the optimal size of x2 will be increasing in the size of the enemy force. If this

inequality reverses, then Country A will respond to an increase in E by decreasing

its own military spending.

The impact of z is also ambiguous as there are two competing effects. First,

since it makes the weapons more effective, there is incentive to purchase fewer of

them as you need fewer to perform the same task. On the other hand, this increased

effectiveness creates the incentive to purchase more as it increases the probability of

winning the war. So long as

z <
4EP

A
(2.13)

holds, then the optimal size of x2 will be increasing in z. For values of z lower than 4EP
A

the second of the two effects described above dominates. Intutively, the high quality

weapons are not of sufficient quality to ensure an easy victory, so Country A finds it

optimal to increase the purchase of weapons in response to a small increase in weapons

quality. Once the quality of weapons becomes sufficiently high, their efficiency allows

Country A to disinvest from weapons as a smaller supply still provides an ample

probability of winning any war.

In order to ensure that x∗2 is non-negative, the following restriction is imposed:
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√
(πW − πL) ≥

√
P · E

First, E cannot be so high that Country A would wish to produce negative amounts

of weapons. Additionally, the price of the weapons cannot be so high as to make the

purchase of them unaffordable. So long as the reward from winning is sufficiently

high, this will not be a concern.

Given this output rule, it is now possible to populate the game tree with the

expected payoffs along all branches. The optimal first period decision will depend on

the probability placed on a war occurring. Allowing r to be the probability of a war

occurring, then the expected payoffs from the two cases are:

Fixed cost paid:

Y1 + Y2 − FH + rπL + (1− r)
(
πH + πL

)
2

− rP


√

AzE
P
− E

z

+ rA

1− E√
AzE
P


(2.14)

Fixed cost not paid:

Y1 + Y2 + rπL + (1− r)
(
πH + πL

)
2

− rP

(√
AE

P
− E

)
+ rA

1− E√
AE
P

 (2.15)

With these equations in hand, I can now begin to answer the main question of the

paper, that is under what conditions will a country wish to pay a fixed cost to develop

a domestic weapons industry? In the context of the model, the question becomes,

when is the expected payoff from the scenario when the fixed cost is paid, greater
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than that when it is not.

Looking at the difference in the two expected payoffs, it is clear that it breaks

down into three different components. The first is the cost that must be paid in the

first period. That is:

−FH (2.16)

The benefits of the program arise in the case that a war occurs; if no war occurs,

then this benefit is lost. Having paid the fixed cost and then having chosen the

optimal output in the second period, leads to an increased probability of winning the

war of:

√
EP

A

(
1− 1√

z

)
(2.17)

Since z > 1, the increased probability is indeed positive. This leads to an increased

expected payoff of:

r
√
AEP

(
1− 1√

z

)
(2.18)

The final term is the difference in cost of the second period weapons programs.

As mentioned previously, the effect of z on x2 is ambiguous as there are two opposing

effects. Thus, it is not clear whether a country will produce more or fewer weapons

in the second period given the increase in quality. The difference in the cost of the

high quality and low quality program is given by:

r
√
AEP

(
1− 1√

z

)
− rPE

(
1− 1

z

)
(2.19)
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It is easy to verify that the sign of this term is ambiguous.

Thus, the expected payoff from developing the high quality weapons will be given

by the sum of Equation 2.16, 2.18, and 2.19.

With this in hand, I analyze how the various variables affects the decision to pay

the fixed cost. The first thing to notice is that, as expected, increasing the fixed

cost leads to a reduced payoff from developing the weapon. The more upfront cost

that must be paid to achieve the better weapons, the less overall benefit there is to

developing them.

Second, I examine the effect of increasing the difference between the payoff for

winning the war πH and the payoff from losing the war πL, the variable denoted

A. Increasing this difference has two effects. First, the expected payoff of winning

the war has increased, thus there is more incentive to try and win the war. Since

having access to the high quality weapons increases the probability of winning the

war, it becomes more likely that this cost will be paid. Second, the change induces

the country to produce more weapons in the second period because the the payoff

of winning has gone up. If the country has not paid the fixed cost, they will end

up spending relatively more than if they had paid, as one would predict, since their

weapons are of a lower quality, so more must be produced to achieve the same effect.

Thus, the total effect of increasing the spread is to make the expected payoff from

developing the weapons higher. So, if a country believes that the future payoffs

from winning a war will be significantly higher than from losing a war, it creates the

incentive to develop high quality weapons.

Next, I examine the impact of changing z on the incentive to produce the high

quality weapons. Again, there are two effects. First, the higher the value of z, the
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higher the probability of winning the war. The military of Country A becomes more

effective, leading to a higher probability of receiving the high payoff. The second effect

is the impact on the number of weapons the country buys in the second period. As

mentioned before there are two effects working in opposite directions, so it is unclear

whether total weapons cost will rise or fall. However, it is possible to show that the

total impact of increasing z on the expected payoff is positive, despite the ambiguity

as to whether or not more weapons will be produced in the second period. This result

is rather intuitive: the more effective the weapons are, the more likely it is that the

upfront fixed costs will be compensated for.

There are two variables that lead to ambiguous results. First, the effect of a higher

weapons price is ambiguous. As prices rise the optimal output in the second period

falls, which reduces the probability of winning the war. This reduced probability is

greater when the fixed cost has not been paid. However, the reduction in output

is greater for the case where the fixed cost has not been paid. So the total cost of

weapons is lower in that case. These two effects work against each other leading to

an ambiguous result. The turning point is given by the following expression:

(
A

E

)
·

(
1− 1√

z

)2

(
1− 1

z

)2 (2.20)

If the price is less than this expression then the expected payoff of investing in high

quality weapons is increasing in price. When the price is sufficiently low, Country A

can afford enough of the high quality weapon to increase its probability of winning

sufficiently enough to cover the development cost. Once prices are sufficiently high,

that is higher than this expression, then further price increases restrict Country A’s

purchasing power in such a way that it is less likely to be able to afford enough of
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the high quality weapons to justify their development cost.

The second ambiguous result concerns the effect of the size of the enemy force.

This stems from the fact that a larger enemy military has ambiguous effects on the

optimal second period output in Country A. Because of this, it is not clear whether

paying the fixed cost is optimal or not as the enemy size increases. If the size is

already high, it may simply induce Country A to abandon the fight and simply spend

low amounts on the military. On the other hand, if the enemy is small enough it will

induce Country A to spend more. Depending on the case, it may or may not have

been optimal to pay the first period fixed cost. The key turning point is given by the

following expression:

(
A

P

)
·

(
1− 1√

z

)2

(
1− 1

z

)2 (2.21)

If the value of E is less than this expression, then the payoff of investing in the high

quality weapons is increasing in E. This is because the enemy force is weak enough

that Country A has a relatively high probability of winning the war, so investing

in high quality weapons results in relatively high expected returns. Once the size

of the enemy force becomes larger than this expression, the probability of Country

A winning the war is sufficiently low that its expected payoff from developing high

quality weapons is decreasing when the enemy increases its army size.

Finally, I examine the impact of an increased probability of war. Developing the

ability to manufacture high quality ships only bears fruit if a war occurs. Although

the sum of equations 2.16, 2.18, and 2.19 is ambiguous, it is easily shown that the

sum of equations 2.18 and 2.19 is positive. This implies that given the fixed cost has

already been paid, the benefits of having high quality weapons available is positive.
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Since these benefits only accrue if war occurs, it is easily shown that the benefits of

having high quality manufacturing abilities are increasing in the probability of war

occurring.

The results here are all rather intuitive. There is incentive to develop high quality

weapons when war is likely, the high quality weapons are much more effective, the

reward from winning is high, and the cost of development is low.

With this model in mind, I now begin the analysis of the data, and examine

whether Canada should have developed high quality weapons during the 1930s. Cer-

tainly as the decade progressed the likelihood of war was increasing, however at the

beginning it seemed fairly remote. This factor indicates that the decision to not de-

velop shipyards early in the 1930s may have been rational. The payoff from winning

or losing the war is difficult to measure. It is not clear what a loss would have implied

for the future wealth of Canada. Certainly, it was perceived that losing a war of

that scale would have had disastrous consequences, as one can see from Germany’s

economy post World War I. This fact indicates that it may have been irrational not

to invest in production capabilities.

Additionally, the investment in destroyers might not have been made if instead

the limited resources were being devoted to other military assets. Prior to the war,

the military’s focus was on building strength in their airforce. This preference is

best demonstrated by Canada’s investment in a series of air training centres during

the war. On top of this, there were influential members of the Canadian government

who were isolationists. Oscar Skelton, the under-secretary of state for external affairs,

was Prime Minister King’s closest advisor, and a strong isolationist.30 His convictions

may have led him to advice King to keep military investment low in the years leading

30Haglund (2002)
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up to the war, in the hopes that it would ensure that Canada would not be able to

participate in any future war.

The two issues that I focus on in the remainder of the paper are examining the cost

of setting up the industry, and the relative difference in quality between destroyers and

corvettes. Using the latter measure I construct a counterfactual scenario to examine

the cost to the Merchant Marine of not having developed the high quality weapons.

2.4 Data

This section is divided into three subsections. In the first, the sources for the data are

examined. In the second, I explain how I matched convoy locations to U-boat loca-

tions and comment on the choice of dependent variable to be used in the regressions.

In the final subsection, some preliminary analysis of the data is conducted.

As this section reveals, the unit of observation is a convoy-day pair where a U-boat

was within 200 nautical miles of a convoy. The dependent variable of interest is the

number of merchant ships sunk or damaged in a convoy as a result of the presence

of U-boats. The preliminary data analysis reveals that sinkings occurred much more

frequently in the presence of a large number of U-boats. The analysis also provides

summary statistics concerning the nature of the convoy escorts. In general, Canada

relied more on Corvettes than other nations, and the ratio of Canadian Corvettes to

Canadian Non-Corvettes was particularly high on average when a successful attack

occurred. Finally, the analysis indicates that losses were less likely to occur when the

escorting ships were predominantly from a single nation.
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2.4.1 Data Sources

The data for this project comes from a variety of different sources. Information

regarding the Merchant Marine is combined with data on the navies of the Allied

countries, which in turn is combined with German naval data.

The first step is to determine what the level of observation will be. Since a convoy’s

escorts were not constant throughout the crossing, it was necessary to analyze the

data on a convoy-day level; that is a convoy’s location on a particular date. A convoy’s

location on a particular date is matched to the number of U-boats that are engaging

that convoy on that day. This in turn is matched against the composition of the allied

escorts.

The Naval Museum of Calgary holds the John Burgess collection of convoy records

for the North Atlantic convoys. For each convoy, the following data are provided:

Date and port of sailing, date and port of arrival, ships lost in convoy on each date,

names of escorts and the dates they were with the convoy, planned convoy route,

distance traveled, average speed, list of ships in convoy and their cargoes, remarks

on adverse weather, and a report on the convoy’s crossing including any re-routing

to avoid U-boats.31

From these data, I extract the inferred location of the convoy at 8:00am on each

day of its voyage. This time was chosen as it matches the time of known U-boat

locations. A convoy report may only provide 10 location points and times, so there

exists some ambiguity regarding the location of the convoy between these points.

Also, convoys would periodically alter course to prevent interception by U-boats.

However, the data are rich enough and the speeds of convoys are reliable enough

31Lawson (2013) and Holdoway (2014) are additional sources of information regarding convoy size,
names of escorts, and merchant ship losses.
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to ensure that interpolating between known points provides reliable location data.

Additional data sources for certain convoy routes are also available, and match well

with my projections.

Next, it was necessary to compile information on the escorts. The Burgess papers

only include the name of the ship and the dates on which it accompanied the convoy.

To determine the class of ship, it was necessary to turn to another source. The

site www.uboat.net is one of the richest sources of data on all aspects of the U-boat

operations of World War II. Two of the sites authors, Brian Corijn and Brian Viglietti,

have compiled vast amounts of information on the allied warships used in the Battle

of the Atlantic. Their information includes ship names, country of operation, type,

class, firm of construction, location of construction, date ordered, date laid down,

date launched, date commissioned, the date the ship ended its service, and a a brief

history on each ship. Sources for their data are well documented.

Using this information, I match the name of the escort given in the Burgess

papers to the class of ship provided by www.uboat.net. I also note the country which

operated the ship to further differentiate the escorts.

Finally, this information is matched to the location of U-boats on each day. The

War Diaries of the Commander in Chief - Submarines of Germany32 have all been

digitized and made available online.33 On each day, every U-boat that was at sea

would report its location at 8:00am. The location is given using a coordinate on

the German Naval Grid. Figure 2.6 reproduces a portion of this grid. It is an

alphanumeric coordinate system. For instance, if a U-boat were to report its location

as AN79, this would place it at the mouth of the Thames River.

32Admiral (later President) Karl Dönitz
33Mason (2014)
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Each grid section is 54 nautical miles deep, with varying width (typically 50

to 60 Nautical miles). Kockrow (2012) has created a program that identifies the

midpoint of each of these grid sections, and has made the information freely available

online. Given the coordinate provided by the U-boat, I place it at the center of the

grid section. Obviously, given the size of the grid section, this does lead to some

measurement error that is simply unavoidable. The grid sections are small enough to

provide a sufficient level of precision for this task.

With U-boat locations in hand, it is simple to calculate the distance between a

convoy on a given date and all U-boats currently at sea.

Unfortunately, the data series are not all complete. Of the 364 HX convoys, data

are only available for the first 299. Thus, this data series only runs from September

39, 1939 through to June 19, 1944. There are also missing data for some ON convoys.

The missing convoys are scattered throughout the series, leaving 281 of the 307 ON

convoys available for use. The location of U-boats is an additional limiting factor.

Complete U-boat location is only available between November 1st, 1941 and January

15th, 1945. This cuts off the first two years of the war and the final 4 months. The

loss of data on the final four months is not too worrisome as allied losses in convoys

were rather small by this point.34 On the other hand, the missing data on the first

two years is quite unfortunate. Convoy losses were rather high in this period due to

the technological limitations of the allies at the time. On the other hand, there were

very few corvettes in operation at the time, so it would not improve the estimates on

the relative effectiveness of that class of ship.

Ultimately, taking into account the data limitations, the analysis will focus on 479

convoys, with 17,395 convoy-days, as shown in Table 2.4.

34A total of 3 between the three convoy routes.
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2.4.2 Construction of the Data Set

In my analysis, the dependent variable of interest is ships sunk or damaged while

in convoy. I consider a damaged ship to be equal to a sunk ship for a few reasons.

First, there were few damaged ships relative to sinkings. A hit by a torpedo would

usually spell the end of a merchant ship. Second, a damaged ship was removed from

operations for a lengthy period of time. Third, it represents a failure by the escorts

to prevent an attack. The merchant was damaged rather than sunk not because the

escorts were somehow able to lessen the blow, but rather because of luck.

These figures also do not include ships lost from weather, groundings, or other

similar maritime occurrences. These types of losses happen regardless of whether a

war is occurring or not. However, if the collision and loss of a ship was the result of

them taking evasive maneuvers to avoid U-boats, then that loss is included. Addi-

tionally, ships that straggled from the convoy and were lost are also not included. It

was a harsh war, and the escorts could not leave the convoy to protect a single ship

that suffered a mechanical failure. Many merchant ships were lost in this manner,

but these losses were not a function of the composition of the escorts.

As already mentioned, since escort composition varied greatly day by day during

the crossing, it is not possible to look at the success or failure of the convoy as a

whole, rather one must look on a day by day basis. The first instinct may be to

simply look at the composition of escorts on days that merchant ships were lost. This

is not appropriate, for this only contains information on when the escorts failed. One

must look at all cases when U-boats engaged the convoys, and evaluate the results of
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the escorts in these cases.

With the convoy positions matched to the U-boat positions, I am in a position

to do just that. Since there is some measurement error present in the data, I make

the assumption that a U-boat is engaged with a convoy if it is within 200 nautical

miles (nm) of the convoy. 200 nm is a large distance, and it is quite possible that by

including such a large distance I am examining convoy-U-boat engagements that may

have not occurred. However, this cost comes at the benefit of including interactions

that otherwise wouldn’t be included with a shorter measure.

2.4.3 Preliminary Data Analysis

Table 2.5 provides summary data concerning the number of merchant ships lost on

each convoy route, both in and out of sample. Analyzing Table 2.5 reveals that in

both the sample and in the full population, most convoys made it across the Atlantic

with no losses. However, there were still many convoys, 57 in the sample, that lost

at least one merchant ship.

Table 2.6 reveals that most convoys had at least one day where a U-boat was

within the 200nm radius. Summing the values in the sixth row provides the sample

size for the regressions. 2844 convoy-days saw U-boats engaging the convoys. The

tables reveal that most convoys had to deal with between 3 to 6 days of U-boat

engagements. On the high end, some convoys had to deal with over 10 days of having

to fight off the U-boats. With average crossing times being just over two weeks, those

transits were particularly harrowing.

Beyond simply examining how many days during passage a U-boat was within
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range of the convoy, I also examine how many U-boats were within range on a par-

ticular day. Table 2.7 indicates the number of convoy-days with the given number

of U-boats within range of the convoy. As one can see, most days had very few U-

boats nearby, but it was not uncommon for the Germans to be able to concentrate

more than 10 U-boats to engage a convoy. Restricting the sample to days where a

merchant ship was lost or damaged, reveals that it was mostly when the Germans

were able to concentrate their forces against the convoys that success was achieved.

Single U-boats only managed to achieve success 12 times during the period under

examination. Clearly, preventing the concentration of U-boats would have been a

worthwhile strategy.

Next, turning to the escort composition of the convoys, Table 2.8 shows that the

average daily number of escorts for a convoy was around 7. This number fluctuated

throughout the war, but had an upward trend as the war progressed and more ships

were commissioned.

At this point I will be introducing a change to the nomenclature. I wish to group

ships into one of two groups based on the desire to use them as escorts. The first

group is escort-capable ships that were used as escorts because it was felt that they

could perform the task, not because they would necessarily excel in the role. I call this

group Corvettes and it includes corvettes, minesweepers, and armed civilian yachts,

amongst others. The other group of ships, called Non-Corvettes, are ships that were

perceived to be well suited for escort duty. This group includes destroyers and frigates.

Across all three convoys, there was a clear dominance of the use of Corvettes over

Non-Corvettes, though the HX convoys had a ratio of Corvettes to Non-Corvettes

slightly lower than the other two.
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Focusing on the nationality of the escorts reveals that Canadian escorts made up

just over two fifths of the escort force on average. However, since the Allies tended

to favour having ships from the same nation working together, many days had only

Canadian ships escorting the convoy, or only non-Canadian ships. This can be seen

in the final two rows of the table, where the percent of convoy-days where the escort

was predominantly from Canada or the UK is recorded. As one can see, on average

30% of the convoy days involved a predominantly Canadian escort, and around 25%

of the convoy days involved a predominately British escort.

This table also reveals just how much more Canada relied on Corvettes than other

nations. The average number of Canadian Corvettes in a convoy is around 2.53,

whereas the average number of Canadian Non-Corvettes is just over 0.5. Comparing

these values to those for non-Canadian countries reveals that they tend to use fewer

Corvettes, around 2.09 per convoy, and many more Non-Corvettes, around 2.03.

Table 2.9 examines the same statistics as Table 2.8, but only for the convoy days

where a loss was suffered. The first thing to notice is that the total number of escorts

seems to fluctuate. For HX convoys, the total number of escorts is on average lower,

whereas for SC convoys it is higher. For ON convoys there is no difference. Looking

at the nationalities of the ships when losses occur reveals that losses do not seem to

occur as much when the ships are predominantly from one nation. This speaks to

the ability of escorts to work better as a team when they are from the same nation.

What might explain the odd results in the SC convoys, where sinkings occur where

there are more escorts, is to look at the national composition. There, the ratio of

Canadian Corvettes to Non-Corvettes explodes in the case of a sinking. Canadian

Corvettes may have been just so poor quality that they were not able to contribute
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in a significant way to the defence of a convoy.

With these statistics in mind I run some regressions to analyze the data in a more

thorough manner.

2.5 Analysis

The goal is to quantify how much better Non-Corvettes were than Corvettes at pre-

venting merchant ship losses. This is a difficult measure to quantify, as it is not clear

what aspects should be included. For instance, during an attack, Non-Corvettes may

be better able to intercept enemy U-boats forcing them to turn back, which lowers

the number of merchant ships sunk. Additionally, Non-Corvettes may be better at

sinking U-boats, as their speed affords them more time to try and sink a U-boat

before being forced to return to the convoy. These additional U-boat sinkings could

potentially lead to fewer future merchant ship losses. Although this second statement

is likely true, I focus solely on the first. I run a number of different regressions to

quantify this difference in ability. My results indicate that Non-Corvettes are any-

where from 1.24 to 2.34 more effective than Corvettes at preventing merchant ship

losses, with my preferred results, using a probit regression, measuring the difference

as 2.04.

As mentioned, my preferred approach is to use a probit regression to quantify the

different abilities of the two types of ships. Although I am not making use of the full

information available, this approach is reasonable as it may be the case that what is

important is not how many ships were sunk, but rather whether or not a ship was

sunk. If a U-boat does manage to elude the escorts long enough to launch torpedoes

against the merchant ships, the number of merchant ships sunk may be dependent on
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how skilled or lucky the U-boat commander was. So, instead of running a regression

on how many ships were sunk, a regression is run where the dependent variable is a

binary variable that takes on a value of one if a positive number of ships were sunk

or damaged for a given convoy-day observation and zero otherwise.

The log-likelihood function to be estimated in this case is given by:

ln L (β) =
n∑
i=1

(
(yi) ln (F (Xiβ)) + (1− yi) ln (1− F (Xiβ))

)
(2.22)

where yi is a binary variable that takes a value of 1 when a ship was either sunk or

damaged in a given convoy on a given date. Xi is the set of independent variables. In

the first specification they include the number of Corvettes escorting the convoy, the

number of Non-Corvettes escorting the convoy, the number of U-boats within 200nm,

a dummy variable that takes on the value of 1 whenever 75% or more of the escorts

were in the RCN, and a dummy variable that takes on the value of 1 whenever 75%

or more of the escorts were in the RN. In the second specification, the Corvette and

Non-Corvette variables are broken down into Canadian and non-Canadian variables.

F (Xiβ) is equal to the CDF of the standard normal distribution. β is coefficients to

be estimated.

The results of these probit regressions are given in Table 2.10. Recall, that the

unit of observation is a convoy-day given that a U-boat was within 200nm. Regres-

sion 1 indicates that the probability of a merchant ship sinking is decreasing in both

Corvettes and Non-Corvettes. The coefficients on the other variables indicate that the

probability of a merchant ship sinking is increasing in the number of U-boat attacking

the convoy and that having the escorts being predominantly from one nation, is cor-

related with a lower probability of sinkings, with a larger return for a predominantly
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British escort.

Regression 2 examines the effectiveness of escort ships taking their nationality into

account. The results reveal that Canadian Corvettes perform especially poorly when

compared with non-Canadian Corvettes. Also, Corvettes in general perform worse

than Non-Corvettes in both sets of countries. Again, increased U-boat presence is

associated with a higher probability of merchant sinking and there are large dividends

to having the escorts being predominantly from a single nation.

Evaluating how much more effective Non-Corvettes were than Corvettes, using the

regressions results from Regression 1, depends on the values of the other independent

variables. Evaluating the equation at the mean of the variables, produces a value

of 0.0216. So, at the average value of all the variables, the likelihood of a convoy

suffering a loss on a given day is just over one in fifty. If an additional Corvette were

added, this value would fall to 0.0197. If instead an additional Non-Corvette were

added, the value would fall to 0.0177. Comparing these differences, reveals that, at

the mean values, a Non-Corvette is approximately 2.04 times as effective as a Corvette

at preventing a successful attack on a convoy.

Given a sinking occurred, it may not be the case the number of sinkings was a

factor of luck, but rather a function of the escort composition. If this is the case,

improved regression results can be obtained by using the full information available

regarding the number of ships lost or damaged, and making use of statistical methods

to analyze count data. One’s first instinct may be to use a poisson regression model,

however, testing the data immediately indicates an overdispersion in the dependent

variable. Thus, I instead use a negative binomial regression model to analyze the

data. This distribution better matches that of the overly dispersed data. The results
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of these regression are presented in Table 2.11.

Examining Regression 3 reveals a similar pattern to the previous regression results.

In this estimation, Non-Corvettes are estimated to be about 1.42 times as effective as

Corvettes, if evaluated at the means of the other variables. Again, additional U-boats

lead to higher number of sinkings, and there are significant returns to having escorts

from a single nation. Results in regression 4 vary somewhat from the probit results.

Here, Canadian Corvettes do not appear to be as ineffective as in the previous cases,

being both more effective than Canadian Non-Corvettes and non-Canadian Corvettes.

Non-Canadian Non-Corvettes are still more effective than non-Canadian Corvettes.

A possible reason for this result is the large number of zeroes present in the data.

So much so, that the negative binomial distribution does not fit the data well. I adjust

for the large number of zeroes using a Zero-Inflated Negative Binomial Regression.35

The idea behind this regression is that there is an underlying, unobserved process

that is leading to the large number of zeroes present in the data. Thus, two separate

regressions are run.

First the potential source of the zeroes must be identified. The observed zeroes can

be the result of two possibilities. First, although U-boats were close to a convoy (less

than 200 nautical miles), perhaps the convoy just simply was not attacked. Second,

if the convoy was attacked, the zero could be the result of the action by the escorts.

I am interested in the second case, and thus control for the first by running a logit

regression on a binary variable of loss or no loss, using the number of U-boats as the

regressor.

Table 2.11 displays the results of the zero-adjusted regression. The upper half is a

negative binomial regression of the number of ships sunk or damaged on the standard

35See IDRE (2011) for an excellent overview of the procedure.
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variables. The lower half is a logit regression of whether or not the dependent variable

is zero regressed on the number of nearby U-boats. Analyzing this section first reveals

that in Regressions 5 and 6 the estimated value of the coefficient on U-boats is nearly

identical in both cases, at about -0.307. This indicates that the log-odds of being an

excessive zero (that is a zero that results from no battle having occurred), decreases

by 0.307 for each additional U-boats. Thus, the more U-boats around, the more

likely the zero that results is caused by the work of the escorts, as expected. The

more U-boats around, the more likely there was a battle.

The top half of the regressions reveals results that are closer to the previous

regression results. Regression 5 indicates that, at the mean, Non-Corvettes are about

1.24 times more effective than Corvettes at preventing losses in convoys. Again,

an increased U-boat presence is correlated with more sinkings, and there is a large

return to having escorts from the same nation. Regression 6 provides similar results.

Again, Non-Corvettes are more effective than Corvettes in both Canada and the

rest of the world, and that Canadian ships on average perform worse than their

respective counterparts. In these regressions, the difference between Corvettes and

Non-Corvettes is not as large as in probit case.

Despite making use of more information, the results in this table are not preferred

to those of the probit regressions. There is simply not enough variance in the number

of ships sunk or damaged to provide the precision required for this analysis. The

results in this table are still useful, as they support the results of the probit regressions.

Non-Corvettes still outperform Corvettes at preventing the losses of merchant ships,

with Canadian ships proving to be less effective than non-Canadians. More U-boats

are correlated with increased sinkings. Finally, there are significant returns to having
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the composition of escorts being predominantly from a single nation.

As a final robustness check, the data will be analyzed using OLS and panel tech-

niques. Table 2.12 displays the results of these regression. Regression 7 shows that an

additional Corvette in the escort force is projected to reduce the number of sinkings

by 0.0091 ships, whereas an additional Non-Corvette is projected to reduced sinkings

by a larger amount, 0.0147. This implies that Non-Corvettes were 1.61 times more

effective than Corvettes at preventing sinkings. Regression 8 in the same table, again,

breaks up the escort ship data by country. Here it is revealed that the inefficiency of

the Corvettes came predominantly from Canadian Corvettes. An additional Canadian

corvette is correlated with a reduction of only 0.0044 merchant ships sunk, whereas a

non-Canadian Corvette is correlated with a reduction of 0.0135 sinkings. The quality

of Non-Corvettes is constant between Canadian and non-Canadians. Again, there is

still a large dividend to having the escorts from a single nation.

It might be the case that each convoy had unique features which made it more or

less likely to suffer from a loss. This leads me to using panel techniques to estimate

the coefficients. I am unable to use fixed effects due to how short many of the convoy

observations are, with some only having a single or a few observations associated with

it. Thus, I rely on random effect estimators when running the regression. Using the

same independent variables as in Regressions 7 and 8, I run Regressions 9 and 10

using panel techniques. The results are very similar. Regression 9 shows that Non-

Corvettes are much more efficient than Corvettes at preventing losses in the convoy.

Here the measure is 2.34 times as effective. Looking at Regression 10, it is once again

observed that a larger gulf exists between these values when focusing on Canadian

ships. Additionally, the result that additional U-boats lead to higher likelihood of
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sinkings, and there are large dividends to having escorts from a single nation, are

observed once again.

Of course, there is reason to be concerned about the validity of these estimates.

Since the dependent variable is a discrete variable that is predominantly zero, with

some positive values, it is known that the error terms will not be normally distributed

as required. However, the results nonetheless do provide further evidence to support

the notion that Non-Corvettes did outperform Corvettes in the protection of merchant

ships.

All the regressions indicate the same result. Non-Corvettes tend to be better than

Corvettes at preventing losses in convoys. The measure of this varies between the

models. As already mentioned, my most preferred models are the probit regressions.

There is a lot of uncertainty involved once a U-boat breaches the escort screen, and

the number of ships sunk is not necessarily indicative of the quality of the escorts.

Additionally, there is a concern that there is simply not enough variation in the data to

properly capture the relationship. For these reasons, the probit results are preferred.

The measure of the difference varies between 1.24 to 2.34 across all regressions, but

my preferred regression places it near the middle at 2.04.

Overall, the regression results support the notion that Canadian Corvettes were

particularly poor at protecting convoys. The quality of Canadian Non-Corvettes are

on par with those of the rest of the world. Additionally, more U-boats quite clearly

are correlated with increased sinkings. Finally, there is a large return to having the

ships forming the escort being predominantly from one country, with a larger boost

coming from them being from the UK. Working with other ships that share similar

training routines and operational procedures has a high return.
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With this measure in hand, I can now turn my attention to analyzing a counter-

factual scenario, wherein Canada invested in Destroyer production facilities during

the years leading up to the war.

2.6 Counterfactual

With a quantitative measure of the ability of Non-Corvettes over Corvettes in hand,

I can investigate a counterfactual scenario, wherein Canada developed domestic pro-

duction capabilities of Non-Corvettes, specifically destroyers, in the years before the

war. This is no easy task, as it requires detailed analysis of construction capabili-

ties of Canadian shipyards. My results indicate that, using my preferred estimation

measurements, 33 merchant vessels could have been saved for a net benefit of $28.7

million 1940 Canadian dollars. Given that the 1939 Canadian defence budget stood

at $36.3 million, the potential savings were quite substantial.

The counterfactual scenario proceeds as follows. In the early 1930s the Canadian

government approaches Canadian shipyards and asks them to construct a number

of destroyers. Peacetime allows the shipyards to acquire the necessary human and

physical capital to construct these ships. Later, when war does occur, these ship-

yards would possess the ability to construct destroyers. I will thus need to create a

counterfactual construction scenario for these shipyards during the war years.

I make three assumptions at this point. First, the ability to produce destroyers

will not migrate to other Canadian shipyards. Certainly it is possible that other

shipyards could acquire this ability if other Canadian shipyards already possessed

it. However, this migration of ability from British to Canadian shipyards during the

war was not observed, despite strong incentives. The second assumption is that the
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ability to produce destroyers does not affect the construction schedules of the other

yards. So, I assume that yards which cannot produce destroyers exhibit no change in

behaviour. Certainly, one could imagine a scenario where their output would adjust

due to the increased naval strength afforded by destroyers. Third, I assume that the

German and allied navies also do not react to the changes in Canada’s navy. This is

not unreasonable due to the relative small size of Canada’s navy vis-a-vis that of the

UK and other Allied nations.

With these counterfactual outputs in hand, I can then examine the impact this

counterfactual Canadian navy would have had on merchant ship sinkings. I can then

compare the cost of the counterfactual naval program to the value of the merchant

ships that would be saved.

The first question to answer is how Canada would have developed and maintained

destroyer production facilities during the 1930s. The best way to do so would be sim-

ply through a destroyer production program. Examining the 1930s destroyer output

of the RN reveals that they produced 106 destroyers during the decade.36 Typically,

each year, 9 destroyers of a particular type were ordered and then constructed. Ex-

amining Canada’s pre-war destroyer count, reveals that they had 6 destroyers upon

entering the war. It stands to reason that they would likely place an order of at least

that size. I assume that they place a pre-war order for 9 destroyers, as that order

size seemed standard for the time. In some ways this is a conservative estimate, as

just prior to the start of the war the Canadian government had decided to procure

18 Tribal class destroyers for the conflict that by then seemed unavoidable.37

36Helgason, Corijn, and Viglietti (2014)
37Macpherson and Milner (1993)
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The next challenge is to identify where these would be constructed. Canada pos-

sessed a large number of shipyards. Up until the war only 5 naval ships (minesweepers)

had been built in Canadian shipyards. The yards that received the contracts to build

these minesweepers provides some evidence as to which yards might receive contracts

for destroyers. The first was Collingwood Shipyards. This can be ruled out as it

was barely possible to move corvettes down through the Great Lakes to the ocean,

and is unlikely that larger destroyers would be able to make the journey. Morton

Engineering and Dry Dock in Quebec City, Yarrows Ltd in Esquimalt, and Burrard

Dry Dock Co. Ltd in Vancouver were the other yards, and all three would be suitable

locations.

It is also useful to examine which yards ultimately produced frigates during the

war. These yards might have a comparative advantage at producing larger more

complex ships, so they may be the more likely candidates to win pre-war destroyer

contracts. The 5 yards that produced frigates were Davie Shipbuilding and Repairing

Co Ltd. in Lauzon, Canadian Vickers Ltd. in Montreal, Morton Engineering and Dry

Dock Co. in Quebec City, George T. Davie and Sons Ltd. in Lauzon, and Yarrows

Ltd. in Esquimalt. Additionally, Halifax Shipyards Ltd. produced the only Canadian

destroyers during the war, and may have produced additional naval ships if its docks

were not otherwise engaged with ship repair.

Decisions such as these are often made for political reasons. If procurement was

made in such a manner, it would be helpful to know which ridings each of the can-

didate shipyards were located within. Yarrows Ltd, Halifax Shipyards Ltd, Davie

Shipbuilding and Repairing Co Ltd, and George T. Davie and Sons Ltd. were all
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located in ridings which voted in a Conservative member in the 1930 election. Cana-

dian Vickers, Morton Engineering and Dry Dock, and Burrard Dry Dock Co. were

in Liberal held ridings. With a Conservative government in power in the first half of

the decade, those yards in Conservative held ridings may have been more likely to

receive the contracts.

The procurement of the pre-war minesweepers indicates the desire to spread the

work amongst as many shipyards and across as many geographic regions as possible.

Thus, the counterfactual scenario presented here will be one in which 9 destroyers

are constructed at the following four yards: Yarrows Ltd., Davie Shipbuilding and

Repairing Co. Ltd., Canadian Vickers, and Halifax Shipyards. For a variety of

reasons, the evidence suggests that these are the ones most likely to receive the

contracts.

I can thus examine the output schedules of these four yards during the war and

examine the potential output schedule if the yards had the ability to produce destroy-

ers. Note, that I assume that the Halifax Shipyards continue to focus on the repairs

of damaged ships as opposed to constructing warships. This assumption is debatable,

considering the value of destroyers, but there was a tremendous demand for repair

facilities on the East Coast.

By examining the actual production schedule of these yards, I can construct a

counterfactual production schedule based on the time it takes to construct destroyers.

On average, because of their increased complexity, it takes longer to manufacture

destroyers. To determine how long it takes to produce a destroyer, I examine wartime

manufacturing records for British shipyards. First, to compare their efficiency to those

of Canadian yards, I examine the average time it takes to construct corvettes, from
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laying down the first piece to its commissioning. This period is 333 days long for

UK shipyards and 343 days long for Canadian shipyards, nearly identical. I conclude

from this that the average time it takes to construct a destroyer in the UK is a good

estimate for the length of time it would take to do so in Canada. This time is 600

days. Their increased complexity requires both additional manufacturing time and

additional time fitting the ship with all the necessary equipment.

In the counterfactual case 39 corvettes and minesweepers are no longer produced

at the three shipyards, and instead 28 destroyers are produced in their place. I assume

that once frigates can be built that they are built as they are a less expensive and

assumed to be equally as effective way of guarding convoys compared to destroyers.

Table 2.13 shows a comparison of the actual year by year commissioning of ships

into the RCN to that of the counterfactual scenario. This table makes clear that the

tradeoff between Corvettes and Non-Corvettes is not one to one.

Estimating the probable number of merchant ships that would be sunk with the

new output schedule is not as straightforward as one might expect. Since Corvettes

were not replaced with Non-Corvettes at a one to one ratio, it is not simply a matter

of replacing a Corvette for a Non-Corvette in the independent variable that describes

convoy escorts. Additionally, a few additional factors concerning the use of destroyers

must be accounted for. First, one of the advantages of destroyers is their ability to

stay with a convoy longer before needing to depart to refuel and rearm. On average,

a Corvette would remain with a convoy for 6.24 days during the sample period,

whereas a Non-Corvette would remain on average for 7.01 days, or 12% more time.

Additionally, destroyers were used more intensively than corvettes and minesweepers.

This could be the result of needing fewer refits and repairs or simply a natural response
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to the incentive to get the high quality shipped turned around in port faster. On

average, corvettes were starting new missions every 28 days. On the other hand,

destroyers that were assigned to escort duty were beginning missions, on average,

every 23 days.

Taking into account these differences, a new average escort profile was created.

Table 2.14 presents the average number of escort ships by type in the actual and

counterfactual scenarios. As one can see, because of their ability to stay with the

convoy longer and their faster turnaround time, the average number of escorts per

convoy actually increases, despite fewer ships being constructed. Also, the ratio of

Canadian Corvettes to Canadian Non-Corvettes balances out in the counterfactual

scenario.

I can then use this counterfactual average escort data to estimate the predicted

number of sinkings under the counterfactual scenario. Here of course, I assume that

the Germans and other allies do not change their behaviour based on the addition of

Canadian destroyers. During the sample period, 245 ships were lost in convoy across

the three convoy routes. Depending on the regression used, the predicted number

of ships saved varies from 9 to 43. The lowest value comes from Regression 4. It is

clear why this value is so low by examining the parameter estimates. That regression

estimates no difference in the ability of Canadian Corvettes versus Non-Corvettes.

The savings of 9 ships simply comes from the increased number of escorts available.

On the other hand, the high estimate of 43 comes from Regression 10 where there

exists a huge difference in the estimated ability of Canadian Corvettes and Non-

Corvettes. My preferred method, the probit regressions of 1 and 2 predict a savings

of 30 and 20 ships respectively, while the zero-inflated negative binomial regressions
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predict slightly lower savings at 17 and 15 respectively.

At this point, it is necessary to comment on the potential for saving ships in the

time period September 1939 to October 1941 and January 1945 to May 1945. These

time periods are not covered in the estimation. Let me first address the latter of

the two time periods. During that time there were no losses in either the ON or SC

convoys. The HX convoys suffered 7 losses in the period after the data set ends, that

is from July 1944 onwards. At most one additional loss may have been prevented in

this period in the counterfactual scenario.

The period before November 1941 is slightly more difficult to deal with. 203 ships

were lost in the three convoys during this period. Since the first Canadian ships

were not commissioned until late 1940 and early 1941, there is unlikely to be any

change in the predicted sinkings for 1939 and 1940. The only difference was the

additional 3 destroyers to have been produced during the 1930s. Canada’s pre-war

destroyers were used extremely intensively during the early years of the war. Even

an additional 3 would have made a major difference in the escort composition. On

the other hand the counterfactual scenario for 1941 would not be in Canada’s favour.

The first counterfactual destroyers to be built during the war would have only been

commissioned in October of 1941, whereas the corvettes they were replacing were

commissioned in early 1941.

Additionally, it is difficult to apply the regression results to the pre-sample period

as I do not have full information concerning U-boat movements during that time. It

is known the U-boat fleet was a quarter of the size to that of the 1942/1943 time

period. If I assume that U-boats were just as likely to encounter a convoy, then I

can use the regression results to predict the losses during the pre-war period and the
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expected savings from the new production schedule. Depending on the regression

used the estimated savings is very low, three ships under Regression 1, two under

Regression 2, and zero under Regressions 5 and 6. Given the uncertainty regarding

U-boat movements, these numbers must be treated with the appropriate level of

skepticism. However the small value does agree with intuition on the matter.

Overall, there is a predicted savings of 33 ships in the preferred specification of

Regression 1. Next, the dollar value of the ships that would have been saved needs

to be measured. The size and cost of the merchant ships sunk during the war varied

greatly. During the sample period, the largest ship sunk was nearly 17,000 tons, while

the smallest was under 1,400 tons. On average, the size of ship lost in the convoy was

5,934 tons.

Note that all the following dollar figures are in 1940 Canadian dollars, unless

otherwise stated. The ubiquitous Liberty merchant ship cost $2.2 million to build

during the war, however its enormous size at 14,500 tons makes it a poor comparison.

In 1941, Canadian shipyards were able to build a 10,000 ton vessel for $1.785 million.

Later in the war, the cost of these same ships fell to between $1.279 and $1.42 million.

Additionally, Canadian shipyards built a 4,700 ton vessel for just over $1.2 million.38

An estimate of $1.3 million for the replacement value of the merchant vessel will be

used.

On average, half of the ships sunk were carrying cargo, those in the HX and SC

convoys. Typically the value of cargo is considered equal to that of the vessel.39 Thus,

the value of the ships that could have been saved was $42.9 million and the estimated

value of the cargo was $21.45 million.

38Pritchard (2011)
39Poirier (1999)
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Next, it is necessary to measure the value of the lives lost onboard the merchant

ships. On average 17.4 deaths occurred with the loss of each merchant vessel.40 With

a prediction of 33 ships sunk, this gives a loss of 574 men. Valuing human life is very

difficult, especially during a time of war. Today the value of statistical life is given as

$7.5 million USD. Converting that to 1940 Canadian dollars gives just over $600,000.

Rohlfs (2011) examines the value that the US government placed on the lives of

infantry men and armoured troopers during the same war. He finds that the US

government valued infantry men at between $0 and $40,000, and armoured troopers

at between $159,000 and $476,000. Using the estimate of $40,000, this gives a value

of human life of $22.96 million. If instead I use the private sector value of life used

in the 1940s of $120,000 this figure jumps to $68.88 million.

There are additional benefits to the counterfactual program that are more difficult

to measure. First, when a ship is sunk, not only are the ship, crew and cargo lost,

but so too are all additional trips made by that ship. Depending on when during

the war it is sunk, this could translate into dozens of additional trips available to

the Allied countries. Placing a value on these voyages is difficult, but it is hardly

a trivial amount. Another variable that is difficult to measure is the increase in U-

boat sinkings that destroyers might be able to achieve. The regression results show

that destroyers outperform corvettes at chasing U-boats away from convoys, but they

are also more capable at sinking enemy submarines. Each additional U-boat that a

destroyer sinks translates into lower threat for future convoys. This benefit is difficult

to quantify and has not been done so at this time.

Turning now to the cost side of the equation, the first step is to calculate the

additional cost of producing destroyers instead of corvettes and minesweepers. The

40Hague (2000)
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cost of constructing corvettes and minesweepers varied by yard. At the three yards

of interest, the price was lower at the St. Lawrence yards with an average cost of

around $570,000 per vessel, and higher at Yarrows Ltd. with an average cost of

around $650,000. The cost of minesweepers was similar, but slightly higher.41 The

cost savings of producing 23 fewer corvettes and 16 fewer minesweepers is equal to

$22.9 million.

This savings must be compared to the cost of producing the 31 destroyers that

replaced these ships. The cost of a destroyer is difficult to obtain as there are so

many varieties produced. British built Tribal class destroyers cost $2.26 million to

build during the war. The US built Fletcher class destroyers cost $2.64 million to

build. Using these as a comparison is unfair as they were two of the most advanced

destroyers constructed during the war. Both were large departures from traditional

destroyer designs that were built in the 1930s. Poirier (1999) estimates the cost of

1930 destroyers to be closer to $1.22 million. Given the immaturity of Canadian

shipyards, I will use a value of $2 million for the cost of a destroyer. This puts their

total cost at $62 million. For a net difference in warship construction of $39.1 million.

The operating costs of destroyers varied from that of corvettes and minesweepers.

First, to man the ships an additional 1350 sailors would be required. At an average

yearly cost of about $825 per sailor, this additional wage bill is $4.5 million for the

years 1942 to 1945, when the ships would have been in operation. The additional

operating cost in terms of fuel and supplies for these ships is also estimated to be

approximately $4 million.

A few additional costs and benefits can also be considered. First, the residual

value of a destroyer is higher than that of a corvette. In theory, it would have been

41Pritchard (2011)
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possible for the RCN to sell destroyers in the post war market for a higher return.

Additionally, the ships would have been of greater use in the Korean War which was

to follow shortly after. However, the post-war market was flooded with warships so

the additional selling price is assumed to be very negligible. Additionally, the Korean

War had very limited naval engagements so the benefit of better ships during that

war would have been low. I assume a value of $0 for both of these values.

Setting up the shipbuilding industry during the 1930s might have cost more than

simply the cost of the ships. Since the ships could not be built during World War

II due to the lack of necessary human and physical capital, the cost of acquiring

these must be accounted for. On some level, the acquisition of the human capital

can be achieved through on-the-job learning. Simply by building high quality ships

during the 1930s, the employees at that yard gain the knowledge of how to build

high quality ships more efficiently. Thornton and Thompson (2001) provide strong

evidence that on the job learning was a significant source of productivity growth in

American shipyards during World War II.

The cost of the necessary capital is difficult to price. However, during the war the

Canadian government spent over $40 million expanding shipbuilding capacity in the

country.42 It is not unreasonable to believe that these costs would not have been much

different if they were incurred a decade earlier. In fact with less overall demand, it

may have cost the government less to finance the necessary physical capital for these

four shipyards during the 1930s.

Additionally, the cost of maintaining the skilled labour in the shipyards after the

initial construction was complete, but before the war, must be calculated. Typically,

policy makers hope that these firms can sustain themselves through selling to other

42Pritchard (2011)
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countries or through selling to the private sector. Given the state of the economy

during the 1930s this would not be very likely. I estimate the cost of maintaining the

yards in a productive state and maintaining the skilled labour force at approximately

$10 million. This is based on maintaining four yards for five years by providing them

with contracts for government owned ships.

One final note, is that given the state of the 1930s economy, it can be argued

that there is additional value to the government financing these shipyards to provide

manufacturing jobs. Ship construction typically generates many spinoffs, and there

may be a boost to the local economies from the government intervention.

I can now sum up these costs and benefits to determine the value of the counter-

factual policy. Table 2.15 summarizes these figures. The total benefit of the program

is revealed to be $87.3 million compared to the cost of $58.5 million, for a net benefit

of $28.7 million. This would indicate that were the Canadian government to have

invested in the production capabilities to construct destroyers during the 1930s, they

would have reaped significant benefits during the war. Of course this benefit does

not include the issues discussed above concerning additional benefits from having the

surviving ships making more passages and increased U-boat sinkings.

2.6.1 Robustness Check

This result is robust to a number of changes. Table 2.16 presents the possible ranges

for the values in the analysis. First, the number of ships lost depends on measure

of effectiveness of Non-Corvettes versus Corvettes. My preferred regression results

predict 33 ships lost. However, regression 6 predicts a savings of only 15 ships while
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regression 9 predicts a savings of 51 ships.

The replacement value of a ship ranges from a low of $1.2 million to $1.785 million.

These are based on the Canadian construction cost of ships either smaller or larger

than the average size of ship lost. My estimate of $1.3 million is therefore fairly

conservative. The estimated value of the cargo also varies depending on the cargo

lost and the particular need in the UK at the time of losing the ship. A range of

$600,000 to $900,000 is appropriate with the preferred estimate being $650,000. The

value of human life estimated by Rohl’s varies between $0 and $475,000 per person.

With 17.4 lives lost per sinking, this works out to a range of $0 to $8.2 million per

sinking. I use a low estimate of $40,000 per person.

Putting this all together indicates the value of a lost ship ranges from $1.8 mil-

lion to nearly $11 million, depending primarily on the value placed on human life.

Depending on which regression is used, this sets the range of total benefits of be-

tween $27 and $558 million. Thus, it is clear that my preferred estimates are quite

conservative with a total benefit calculated at $87 million.

In terms of the ranges of the cost of the replacement ships. By using Poirier’s

estimate of $1.2 million for the cost of a destroyer, then the construction program only

costs $17 million. If instead the cost of the more advanced Fletcher class Destroyers

is used, at $2.6 million, a net cost of nearly $59 million is obtained. My estimate is in

the middle at $2 million, with a total cost to the program of $39 million. Operating

costs will not vary greatly, however the cost of maintaining the industry could vary

greatly. For instance if the shipyards were successful in finding additional business

the government would not have to pay anything to maintain the yards. On the other

hand, if they had to pay to maintain them idle yet keep the workers trained, it could
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cost as high as $15 million. The total costs thus could vary as well, to be anywhere

from $24 million to $83 million.

Even with the worst case scenario of costs and the best estimates of the benefits

the program would still have a net benefit. Additionally, the total benefit is con-

servative as it does not include those additional benefits mentioned above that are

difficult to estimate. The results here are quite clear, the Canadian government could

have benefited substantially from developing destroyer production capabilities prior

to World War II. Of course, as the model made clear, the choice to invest in arms

manufacturing facilities depends on the probability of war. The Canadian govern-

ment in the 1930s could have believed that war was so unlikely that they believed it

optimal to not invest in Canadian shipyards.

2.7 Conclusion

This paper attempts to answer the question as to when a country should invest in

domestic military production facilities during peace time. To do so, I examined the

cost to Canada during World War II of being unable to produce destroyers and being

forced to rely on corvettes.

I created a data set that matched the movement of convoys and its escorts to

the location of German U-boats. I then ran a variety of regressions to measure

how much more effective Non-Corvettes were than Corvettes at preventing losses of

merchant ships in the three main North Atlantic convoy routes of World War II. By

determining that Non-Corvettes were twice as effective as Corvettes at preventing

losses in convoys, I calculated that this implied that 33 merchant ships could have

been saved had Canada invested in domestic production facilities during the 1930s. I



CHAPTER 2. CANADA’S WWII NAVY 69

based this conclusion on an in-depth analysis of Canadian shipyards and their ability

to produce naval ships during the war. Factoring in all the costs of such a program,

I determined that the net benefit would be $28 million 1940 Canadian dollars.

Given there was such a high potential payoff from the construction of destroyers,

why did Canada not invest in the ability to construct them during the 1930s? This

question can be answered partly through the examination of the theoretical model

presented in the paper. The model predicted that the likelihood of investing in high

quality weapons was increasing as the cost of the investment fell, as the quality

of the weapons that could later be produced rose, as the payoff from winning the

war rose, and as the likelihood of war rose. First, it may have been the case that

for most of the 1930s, the Canadian government thought the likelihood of a future

war was low. Additionally, as mentioned earlier, some influential members of the

government desired that Canada follow an isolationist policy, so that even if a future

war was likely, Canada’s involvement may have been limited. Second, there was

much uncertainty regarding the potential investment. It may have been the case that

Canada would find it costly to develop destroyer production capabilities, and it was

also quite possible that the quality of Canadian destroyers would have been low. If

the Canadian government believed this to be the case, they would have optimally

decided not to invest in destroyers during the 1930s. Finally, Canada could have

been limited in what it was able to invest in. Simon S. Kuznet famously warned

the American military during World War II that their ambitious production schedule

threatened to create severe shortages in the civilian sector.43 Perhaps Canada simply

could not afford to invest in advanced military production during the 1930s. These

three factors provide some explanation as to why the Canadian government ultimately

43Fogel (2001)
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did not invest in domestic naval construction prior to the war.

If the Canadian government had full information regarding the financial costs

and technical benefits of constructing destroyers, was not constrained in its ability to

devote resources towards the military, and did not have strong isolationist members

of government, then they would likely have found it worthwhile to invest in domestic

shipyards in the 1930s.

The conclusion of this paper is not that all countries should immediately begin

investing in the development domestic arms manufacturing facilities. In some sense,

this study was of a worst case scenario, where the war was large and the cost of losing

may have been very high. For limited conflicts, with a potentially low payoff from

winning, it may not be necessary to invest in the facilities, instead one could simply

purchase the equipment from foreign firms. Additionally, if the likelihood of future

conflict is low, it is unlikely that the investment will yield dividends.

An additional problem would be to determine which weapon system to invest

in. Had Canada invested heavily in technologies related to zeppelins or cavalry, the

payoff would likely not have materialized. Even in the case of convoys, it was not

the destroyer that ultimately won the Battle of the Atlantic, but it was instead the

development of long-range aircraft that allowed for complete air coverage. It was the

development of Radar that hindered the ability of U-boats to close in on convoys.

Sonar too made the cost of a failed attack high for U-boats as escape was much

more difficult. Finally, it was the the development of Ultra intelligence that allowed

convoys to be routed around U-boats. When all these failed, having destroyers instead

of corvettes did save ships and lives, but it was these other technologies which won

the Battle for the allies.
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Overall, there are situations that with luck and good foresight, the benefits of

developing domestic production facilities could yield a net benefit, as clearly shown

in the example in this paper. One must be careful though to understand the costs

and benefits of such a program, and the model developed in this paper can certainly

help in this regard.
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2.8 Figures

Figure 2.1: Number of Commissioned Ships in the RCN

Description: The number of commissioned ships by type in the Royal Canadian Navy on the first
of each month. Note how the number of destroyers remained consistently low throughout the war.
Also note the delay from the beginning of the war until the first new corvettes and minesweepers

were commissioned into the navy.
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Figure 2.2: Commissioning of RCN Ships by Month

Description: This table chart is a count of the number of ships commissioned into the Royal
Canadian Navy by month. The bulge in 1941 was the first round of corvettes and minesweepers

originally ordered in early 1940. The late 1943 through 1944 bulge is a result of the second major
round of procurement by the RCN.
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Figure 2.3: Number of Commissioned U-boats

Description: A count of the number of U-boats currently commissioned with the German Navy,
recorded on the first of each month. Note the consistent rate of growth throughout 1941 and 1942,

with a leveling out in 1943.
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Figure 2.4: Number of U-boats Launched and Lost

Description: A count of the number of U-boats launched and lost each month throughout the
war. Note that the leveling off seen in 1943 in Figure 2.3 resulted mainly form an increase in

losses, rather than a reduction in output.
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Figure 2.5: Game Tree

Country A’s payoffs.

1.

Y1 + Y2 − FH − Px2 + πH

2.

Y1 + Y2 − FH − Px2 + πL

3.

Y1 + Y2 − FH +
πH + πL

2
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4.

Y1 + Y2 − Px2 + πH

5.

Y1 + Y2 − Px2 + πL

6.

Y1 + Y2 +
πH + πL

2
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Figure 2.6: German Naval Grid

Description: A portion of the German naval grid that U-boats used to report their location. A
U-boat located at the mouth of the Thames River would report its location as AN79.
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2.9 Tables

Table 2.1: Composition of the RCN
Date Destroyers Corvettes Frigates Minesweepers Civilian Total
September 1st, 1939 6 0 0 4 0 10
January 1st, 1940 7 0 0 5 0 12
January 1st, 1941 12 4 0 4 8 28
January 1st, 1942 13 66 0 31 6 116
January 1st, 1943 13 76 0 66 6 161
January 1st, 1944 20 85 16 70 6 197
January 1st, 1945 19 114 68 84 6 291
May 1st, 1945 19 112 67 82 5 285

Description: Number of escort-capable commissioned ships in the RCN by type for selected dates.
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Table 2.2: Naval construction in Canada during the war
Shipyard Location Corvettes Minesweepers Frigates Total

St. Lawrence River and East Coast
Davie Shipbuilding and Repairing Co. Ltd Lauzon 10 10 14 34
Canadian Vickers Ltd. Montreal 8 6 16 30
Morton Engineering and Dry Dock Co. Quebec City 16 0 8 24
Marine Industries Ltd. Sorel 15 4 0 19
George T. Davie and Sons Ltd. Lauzon 4 0 5 9
Saint John Dry Dock and Shipbuilding Co. Ltd Saint John 3 0 0 3
Chantier Maritime de St. Laurent Ile d’Orleans 0 2 0 2
Total St. Lawrence River and East Coast 56 22 43 121

Great Lakes
Port Arthur Shipbuilding Co. Port Arthur 9 18 0 27
Collingwood Shipyards Ltd. Collingwood 14 4 0 18
Kingston Shipbuilding Co. Kingston 9 2 0 11
Midland Shipyards Ltd. Midland 5 1 0 6
Dufferin Shipbuilding Co. Toronto 0 6 0 6
Six Other Great Lakes Yards Various 0 7 0 7
Total Great Lakes 37 38 0 75

West Coast
Yarrows Ltd Esquimalt 5 0 17 22
North Vancouver Ship Repairs Ltd. Vancouver 0 12 0 12
Burrard Dry Dock Co. Ltd Vancouver 4 6 0 10
Victoria Machinery Depot Co. Ltd. Victoria 5 0 0 5
Six Other West Coast Yards Various 0 15 0 15
Total West Coast 14 33 17 64

Total 107 93 60 260

Description: Number of each type of naval ship produced at Canadian shipyards for the RCN
throughout the war.

Table 2.3: Corvettes, Destroyers, and Frigates Compared
Category Corvette (Flower) Destroyer (A) Frigate (River)
Displacement (tons) 925 1337 1370
Length (feet) 205 320 283
Speed (knots) 16 35 20
Range (nautical miles) 3500 5000 7200
Compliment (crew) 85 138 107

Description: Various attributes of three escort vessels used extensively during the war.
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Table 2.4: Convoys of Focus
Series Convoys Convoy Days
HX 140 1,976
SC 113 1,827
ON 226 3,592

Description: The number of convoys and convoy-day pairs where data is fully available.

Table 2.5: Merchant Marine Losses by Convoy
All Convoys Convoys of Focus

Series 0 1 to 2 3+ 0 1 to 2 3+
HX 310 31 22 126 8 6
SC 141 21 15 97 8 8
ON 278 15 15 199 12 15

Description: A count of the number of convoys that suffered a given number of sinkings during
their crossing. The data is broken up into the full set of convoys and the convoys to be used in the

study.

Table 2.6: U-boat-Convoy Engagement Statistics
Convoy HX SC ON

Convoys that had at least one engagement (# of Convoys) 133 108 213
Convoys with 1 to 2 days of engagement (# of Convoys) 22 15 20
Convoys with 3 to 6 days of engagement (# of Convoys) 63 38 83
Convoys with 7 to 9 days of engagement (# of Convoys) 44 37 69
Convoys with 10+ days of engagement (# of Convoys) 4 18 41

Total convoy-days with engagement (Days) 698 701 1445
Average number of days of engagement (Days) 5.25 6.49 6.78

Average Crossing time (Days) 14.11 16.15 15.59

Description: A count of the number of convoys in the sample that were engaged by U-boats for a
given number of days during their crossing. For instance out of the 140 HX convoys used in the

study, 4 of them were engaged by U-boats on at least 10 days during their crossing, while 22 were
only engaged on 1 or 2 days.
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Table 2.7: Convoy-days with given number of U-boats within range
1 U-boat 2-3 U-boats 4-9 U-boats 10+ U-boats

HX 270 193 127 108
SC 269 207 135 90
ON 622 415 272 136

HX (Loss) 3 2 5 14
SC (Loss) 4 3 2 20
ON (Loss) 5 6 18 24

Description: A count of the number of convoy-day pairs in the sample that saw the convoy
engaged by a given number of U-boats. This data is also presented for those convoys that suffered
a loss. For instance, there were 90 convoy-day pairs in the SC convoy route that saw 10 or more

U-boats engaged with the convoy. On 20 of these days, a loss was suffered by the convoy.

Table 2.8: Escort Statistics
HX SC ON

Average number of escorts by convoy-day 7.60 7.25 6.71
Average number of Corvettes by convoy-day 4.56 4.82 4.49

Average number of Non-Corvettes by convoy-day 3.04 2.46 2.22
Average number of Canadian escorts 3.07 3.05 3.09

Average number of non-Canadian escorts 4.53 4.22 3.62
Average number of Canadian Corvettes 2.48 2.55 2.57

Average number of Canadian Non-Corvettes 0.59 0.50 0.52
Average number of non-Canadian Corvettes 2.08 2.27 1.92

Average number of non-Canadian Non-Corvettes 2.45 1.95 1.69
Percent of convoys-days where greater than 75% of Escorts were Canadian 28.37 31.24 34.67

Percent of convoys-days where greater than 75% of Escorts were British 27.08 28.67 23.32

Description: A count of the average number of escorts on convoy-day, for a given convoy route.
The data is broken up by ship class and nationality. Also, a percentage of the number of

convoy-day pairs where the escort was predominantly from one a particular nation is included.
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Table 2.9: Escort Statistics for Convoys which Suffered a Loss
HX SC ON

Average number of escorts by convoy-day 7.21 8.24 6.72
Average number of Corvettes by convoy-day 4.29 5.45 4.36

Average number of Non-Corvettes by convoy-day 2.92 2.79 2.36
Average number of Canadian escorts 1.92 3.00 3.02

Average number of non-Canadian escorts 5.29 5.24 3.70
Average number of Canadian Corvettes 1.71 2.83 2.42

Average number of Canadian Non-Corvettes 0.21 0.17 0.60
Average number of non-Canadian Corvettes 2.58 2.62 1.94

Average number of non-Canadian Non-Corvettes 2.71 2.62 1.75
Percent of convoys-days where greater than 75% of Escorts were Canadian 8.33 13.79 22.64

Percent of convoys-days where greater than 75% of Escorts were British 33.33 13.79 11.32

Description: A count of the average number of escorts on convoy-day, for a given convoy route
conditional on a merchant ship being sunk. The data is broken up by ship class and nationality.

Also, a percentage of the number of convoy-day pairs where the escort was predominantly from one
a particular nation is included.
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Table 2.10: Probit Regression Results
Dep. Var: Binary (1 if Ship Sunk or Damaged) (1)Probit (2)Probit
Corvettes -0.0387∗ .

(0.0228) .
Non-Corvettes -0.0828∗∗∗ .

(0.0277) .
Canadian Corvettes . -0.0316

. (0.0325)
Canadian Non-Corvettes . -0.0594

. (0.0646)
Non-Canadian Corvettes . -0.0494∗

. (0.0291)
Non-Canadian Non-Corvettes . -0.0888∗∗∗

. (0.0322)
U-boats 0.0838∗∗∗ 0.0844∗∗∗

(0.0073) (0.0075)
Dummy for a mostly Canadian Escort -0.4103∗∗∗ -0.4748∗∗∗

(0.1302) (0.1693)
Dummy for a mostly British Escort -0.6117∗∗∗ -0.5713∗∗∗

(0.1383) (0.1598)
Constant -1.6870∗∗∗ -1.6770∗∗∗

(0.1419) (0.1463)
R-Squared 0.1861 0.1865
Log Likelihood -368.4271 -368.2412

Description: 2844 Observations. Robust Standard Errors in Brackets.
Two-tailed test: * 10% Significance. ** 5% Significance. *** 1% Significance.

The regressors which include the terms “Corvettes” and “Non-Corvettes” are a count of the
number of escorting ships of that type that are currently with the convoy. “U-boats” is a count of
the number of German U-boats within a 200nm radius of the convoy. The dummy variables take

on a value of 1 whenever 75% of the escort was comprised of ships from a single nation.
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Table 2.11: Negative Binomial Regression Results

Dep. Var: Number of Ships Sunk or Damaged Negative Binomial Zero Inflated Negative Binomial
(3) (4) (5) (6)

Corvettes -0.1482∗∗∗ . -0.1325∗∗ .
(0.0519) . (0.0606) .

Non-Corvettes -0.2168∗∗∗ . -0.1674∗∗∗ .
(0.0612) . (0.0609) .

Canadian Corvettes . -0.1587∗∗ . -0.1235
. (0.0743) . (0.0765)

Canadian Non-Corvettes . -0.1533 . -0.1528
. (0.1606) . (0.1566)

Non-Canadian Corvettes . -0.1482∗∗ . -0.1428∗∗

. (0.0710) . (0.0716)
Non-Canadian Non-Corvettes . -0.2304∗∗∗ . -0.1672∗∗∗

. (0.0674) . (0.0647)
U-boats 0.2131∗∗∗ 0.2135∗∗∗ 0.0783∗∗∗ 0.0782∗∗∗

(0.0177) (0.0179) (0.0181) (0.0183)
Dummy for a mostly Canadian Escort -1.0772∗∗∗ -1.1364∗∗∗ -1.0643∗∗∗ -1.1158∗∗∗

(0.3505) (0.3807) (0.3299) (0.3821)
Dummy for a mostly British Escort -1.5970∗∗∗ -1.5992∗∗∗ -1.6294∗∗∗ -1.5895∗∗∗

(0.4067) (0.4842) (0.3080) (0.3802)
Constant -2.2784∗∗∗ -2.2433∗∗∗ -0.1891 -0.1873

(0.3467) (0.3468) (0.4299) (0.4254)
Inflated Zeroes . . . .
Submarines . . -0.3076 -0.3071

. . (0.0646)∗∗∗ (0.0644)∗∗∗

Constant . . 2.6760 2.6803
. . (0.3591)∗∗∗ (0.3606)∗∗∗

Log Likelihood -548.4831 -547.9630 -525.4379 -525.4128

Description: 2844 Observations. Robust Standard Errors in Brackets.
Two-tailed test: * 10% Significance. ** 5% Significance. *** 1% Significance.

The regressors which include the terms “Corvettes” and “Non-Corvettes” are a count of the
number of escorting ships of that type that are currently with the convoy. “U-boats” is a count of
the number of German U-boats within a 200nm radius of the convoy. The dummy variables take

on a value of 1 whenever 75% of the escort was comprised of ships from a single nation.
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Table 2.12: OLS and Panel Regression Results
Dep. Var: Number of Ships Sunk or Damaged (7)OLS (8)OLS (9)Panel (10)Panel
Corvettes -0.0091∗ . -0.0059 .

(0.0048) . (0.0050) .
Non-Corvettes -0.0147∗∗ . -0.0138∗ .

(0.0062) . (0.0077) .
Canadian Corvettes . -0.0044 . -0.0031

. (0.0062) . (0.0062)
Canadian Non-Corvettes . -0.0152∗ . -0.0173

. (0.0089) . (0.0112)
Non-Canadian Corvettes . -0.0135∗ . -0.0083

. (0.0078) . (0.0088)
Non-Canadian Non-Corvettes . -0.0150∗ . -0.0130

. (0.0087) . (0.0107)
U-boats 0.0326∗∗∗ 0.0328∗∗∗ 0.0300∗∗∗ 0.0300∗∗∗

(0.0063) (0.0064) (0.0072) (0.0073)
Dummy for a mostly Canadian Escort -0.0802∗∗∗ -0.1003∗∗ -0.0727∗∗ -0.0797

(0.0233) (0.0413) (0.0304) (0.0505)
Dummy for a mostly British Escort -0.1215∗∗∗ -0.1043∗∗∗ -0.1088∗∗∗ -0.1004∗∗∗

(0.0276) (0.0352) (0.0323) (0.0385)
Constant 0.0901∗∗∗ 0.0896∗∗ 0.0774∗∗ 0.0756∗

(0.0346) (0.0365) (0.0377) (0.0405)
R-Squared 0.0832 0.0836 0.0832 0.0834

Description: 2844 Observations. Robust Standard Errors in Brackets.
Two-tailed test: * 10% Significance. ** 5% Significance. *** 1% Significance.

The regressors which include the terms “Corvettes” and “Non-Corvettes” are a count of the
number of escorting ships of that type that are currently with the convoy. “U-boats” is a count of
the number of German U-boats within a 200nm radius of the convoy. The dummy variables take

on a value of 1 whenever 75% of the escort was comprised of ships from a single nation.

Table 2.13: Counterfactual Commissioned Ship Schedule
Reality Counterfactual

Year Corvettes Non-Corvettes Corvettes Non-Corvettes
1939 5 7 5 10
1940 19 14 19 17
1941 110 15 82 28
1942 157 16 118 39
1943 173 40 134 71
1944 220 97 181 128

Description: The actual and a counterfactual commissioning schedule for the RCN by the end of
each year.



CHAPTER 2. CANADA’S WWII NAVY 87

Table 2.14: Average Number of Escorts by Type
Actual Counterfactual

Total 7.06 7.33
Corvette 4.58 3.86
Non-Corvette 2.48 3.47
Canadian Corvette 2.55 1.82
Canadian Non-Corvette 0.54 1.53
Non-Canadian Corvette 2.04 2.04
Non-Canadian Non-Corvette 1.93 1.93

Description: The actual and counterfactual average number of escorts for convoys.

Table 2.15: Costs and Benefits of Counterfactual Building Program
Value of ships saved $42,900,000
Value of cargo saved $21,450,000
Value of lives saved $22,960,000
Total benefit $87,310,000

Net cost of new ships $39,093,000
Operating cost of new ships $9,500,000
Cost of maintaining shipbuilding industry $10,000,000
Total cost $58,593,000

Net benefit $28,717,000

Description: A summary of the benefits and costs of the counterfactual production schedule.
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Table 2.16: Costs and Benefits Range of Counterfactual Building Program
Low High

Ships saved 15 51

Value of ship $1,200,000 $1,785,000
Value of cargo $600,000 $900,000
Value of lives $0 $8,265,000
Total expected value of a sunk merchant ship $1,800,000 $10,950,000

Total benefit $27,000,000 $558,450,000

Net cost of new ships $14,820,000 $58,840,000
Additional operating costs $9,500,000 $9,500,000
Cost of maintaining industry $0 $15,000,000
Total Cost $24,320,000 $83,340,000

Description: The possible ranges for the values used in the cost-benefit analysis.



Chapter 3

Defence Budgets in the Post-Cold

War Era: A Spatial Econometrics

Approach

3.1 Introduction

In this chapter, spatial econometric techniques are used to access the extent to which,

in the post-Cold War era, the defence spending of countries is positively spatially

correlated with the defence spending of other countries. This is accomplished through

the analysis of defence spending data of 124 countries over a 16 year time period.

The results obtained here diverge from those obtained by some authors studying

defence spending during the Cold War. Both the end of the Cold War and strong eco-

nomic growth in parts of the developing world have complicated the issue of budget

setting. The polarization of countries into one of two camps is no longer observed.

89
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Regional powers such as Brazil, India, and Saudi Arabia have developed strong mili-

taries, complicating the world’s power structure. With this paradigm shift, countries

may find it necessary, and prudent, to factor in the defence spending of other countries

when setting their own defence budgets.

During the Cold War economists wrote many papers examining how military

budgets were set. In light of the arms race between the US and the Soviet Union,

the obvious first choice was to develop models where the defence budget of a country

was a function of the defence budget of its rivals, the so called “external approach”.

Other authors instead focused on the political economy aspects of defence budget

setting, known as the “internal approach.”

The modeling of defence budgets as action-reaction processes is traced back to the

1960 book Arms and Insecurity by Lewis Richardson.1 There he develops a model

where the defence spending in country A is a function of the defence spending in

country B, and vice versa. Under this external approach, the primary determinants of

a country’s military budget are factors originating from outside the country’s borders.

These factors can include the spending of potential enemies, the spending of allies,

and the occurrence of war. It is clear why, in the 1960s, one would approach the

problem in this manner. Only a few years earlier, in 1954, US Secretary of State

John Foster Dulles announced a policy of “massive retaliation.” This led both the

US and Soviet Union to invest heavily in a stockpile of atomic weapons in order to

ensure they would be able to enact this policy.

Thus, examining the correlation of defence budgets is necessary to provide support

for the external factors approach. I postulate that a further refinement is needed based

on the relative location of the countries in question. Not only will countries respond

1Richardson (1960)
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to the budgets of potential rivals, but it is important to factor in how feasible it would

be for a country to launch an attack on another. This information is captured by the

relative location of the countries. For this reason, spatial econometric techniques are

used, as they easily facilitate this addition.

Many authors have examined whether defence budget data during the Cold War

fits the Richardson model, but their focus on single countries or small regions over-

looks important determinants of defence spending. For instance, Lambelet (1971)

looks at the Middle East. Similarly, Strauss (1978) tries to fit the model to the spend-

ing of the two Cold War Super Powers. Finally, Smith (1980) adapts the Richardson

model into a neo-classical framework and estimates it for the UK. These papers all

find that the defence spending of each of these countries is correlated with the defence

spending of certain other countries. They do not, however, estimate any immediate

in-year feedback effects of changes in spending, and they do not allow for spend-

ing from countries not in the study to impact budgets. By excluding the spending

of countries outside the sample, they assume that a weight of zero is given to the

spending of these countries. In some cases even immediate neighbours receive a zero

weight. Thus, although they do provide support for the external approach to mod-

eling defence budgets, there is room to pursue the question further. Here, I focus

on the potential interactions amongst a large sample of countries and, furthermore,

I factor in a more realistic interaction profile based on countries’ capacity to engage

one another militarily.

The internal approach to analyzing defence spending arose shortly after Richard-

son’s work. It postulated that spending levels were based on the incentives faced by

bureaucrats and politicians rather than the defence budgets of other nations. Nincic
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and Cusack (1979) examined the impact that election cycles have on spending, and

found that upcoming elections are correlated with increased defence spending. Griffin,

Wallace, and Devine (1982) showed that regressions which include internal factors,

such as the size of the government, GDP, inflation, and unemployment, outperform

regressions which focus solely on external factors. Cusack and Ward (1981) also finds

that internal factors, such as elections, aggregate demand fluctuations, and general

economic performance, outperform external factors as determinants of defence bud-

gets, in the US, USSR, and China. Ostrom (1977) compares an external with an

internal model and concludes that both perform rather poorly.

Although there is strong evidence to support the primacy of internal factors in

explaining Cold War spending, it seems unreasonable to believe that the budgets

of potential enemies play no role in the determination of defence budgets. In fact,

I hypothesize that as a result of the uncertainty that exists in the post-Cold War

period, external factors may play a more significant role. International relations

have become more fluid as countries no longer fall into one of two opposing camps.

Economic growth has led to the emergence of regional powers. These are countries

who have a strong influence over their closest neighbours. The militaries of other

countries become a greater threat when one is no longer certain whose ones allies are.

For that reason, this paper focuses primarily on external factors, while controlling for

internal factors.

Recently, a number of other papers have also studied post-Cold War defence spend-

ing. Nikolaidou (2008) examines the demand for defence spending in the European

Union from 1961 to 2005, Solomon (2005) examines Canadian defence spending from

1952 to 2001, Looney and Frederiksen (2000) examines defence spending in Latin
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America from the 1970s through to the mid 1990s, and Douch and Solomon (2014)

examines defence spending for Middle Powers between 1955 and 2007. My focus here

is solely on the post-Cold War period, as the end of that conflict was the beginning

of a new paradigm in global relations. Additionally, some of the data series for the

years prior to 1993 are incomplete, making analyzing the transition from the Cold

War era to the post-Cold War era difficult.

As already mentioned, this paper focuses on the importance of a country’s relative

location on its spending level. Murdoch and Sandler (1984) were amongst the earliest

authors to address this point. An important result that emerges from their study

is the effect that location has on the spending levels of NATO nations, specifically

Germany and Italy as “flanking nations.” Intriligator and Brito (2000) also raises the

issue of geography. They argue that with the end of the Cold War, the behaviour of

regional powers, such as Saudi Arabia and Egypt, have become more important to

the study of defence spending patterns. The impact of a country’s spatial location

on its spending levels will be thoroughly examined. This will enable me to identify

regions with relatively high and relatively low spending patterns.

In contrast to the more regional studies, this paper examines a large sample of 124

countries over 16 years. Thus, a spatial panel data model is used. It is only recently

that techniques to perform this type of analysis have been developed. Few authors

have made use of these techniques and none have examined military spending using

a panel data spatial approach.

Spatial econometrics relies on a matrix that captures how a country factors in

the defence spending of every other country. Three such weighting matrices are

developed here, using the capacity of a country to project its military power beyond



CHAPTER 3. DEFENCE BUDGETS 94

its immediate neighbours as the key component. These weighting matrices can be

used by authors in the future to better examine interactions between countries.

The only other author who also uses a spatial approach in examining defence

budgets is Goldsmith (2007). He examines 120 countries for 1991 only. Two weighting

matrices are used: contiguity and inverted distances. He finds there is a positive

and significant spatial correlation measure, which supports the notion that countries

respond in a positive manner to spending in neighbouring countries.

I extend this approach in two significant ways. First, the analysis is expanded to

a 16 year period. This provides a more robust estimate of spending patterns in the

post-Cold War era. Goldsmith limited his study to a single year, a year that had a

relatively large conflict (the Gulf War), which could bias the results. The use of panel

data also allows me to control for unobserved factors that are unique to each country.

The longer time horizon also allows for an examination of any cyclical patterns and

allows time for countries to respond to the observed changes in defence spending of

neighbouring countries. As the results will show, controlling for these factors provides

a better understanding of defence budgets. Second, and more importantly, weighting

matrices are developed that more accurately reflect which countries each other country

considers as a potential adversary. These changes result in a clearer account of how

defence budgets are set. My results indicate that, given the qualitative structure I

impose on the data, there is strong evidence of positive correlation in defence budgets,

providing evidence of the importance of a country’s relative location and the defence

budgets of its neighbours in the determination of its own defence budget.

An interesting result that emerges from using the spatial approach is the iden-

tification of different behaviours between geographic regions. As expected, we see
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that regions such as the Middle East and North West Africa engage in high spending

behaviour due to the spillover effect. These results match what casual observers may

have predicted. Perhaps more importantly, however, regions that exhibit the oppo-

site behaviour are identified. Such zones are found in Central America, Sub-Saharan

Africa and parts of Europe and Asia. Additionally, one can examine the spatial na-

ture of the spillover effects by examining counterfactual situations. By changing an

independent variable, one can use the estimated parameters to predict how changes

in defence spending by one country spread throughout the system of countries.

The paper is structured as follows. Section 2 provides a brief overview of spa-

tial econometrics. Section 3 discusses the data sources for the variables used in the

regressions. Section 4 describes the development of a number of weighting matrices

examined in this paper. Section 5 is a preliminary look at spatial clustering using

Moran’s I statistic. Section 6 presents the regression results and some robustness

checks. Section 7 discusses the geographical interpretations of the results. Section 8

concludes. All tables and figures can be found at the end of the chapter.

3.2 Spatial Econometrics Overview

Spatial econometrics allows for the analysis of defence spending data in a way that

easily and intuitively incorporates the relative geographic location of a country. It is

natural to think that the threat a country’s military poses is a function of how easy

or difficult it is for that country to actually engage in combat operations against the

home nation. If it is believed that countries respond to one another’s defence budgets

in the same period, and if it is believed that the weights placed on these countries

are a function of their relative spatial location, then spatial econometrics is a useful
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tool, as it easily incorporates these beliefs.2

Spatial econometric techniques conveniently handle the problems that arise when

the dependent variables in a geographic region is a function of the dependent variables

of other regions. As the number of countries rise, simply adding these dependent

variables to the right hand side of an OLS regression equation leads to too many

parameters to be estimated. Spatial econometrics solves this problem by imposing

structure on the parameters. Specifically, it imposes the restriction that all countries

respond with the same magnitude to a given weighting of the dependent variables of

other countries. Although this condition is restrictive, it allows for an examination

of an overall tendency in the data.

The general spatial autoregressive model (SAR) takes the following form

y = ρWy +Xβ + ε (3.1)

Here, y is the vector of dependent variables, X is a matrix of independent variables,

ε is the error term, and β are coefficients to be estimated. The two changes from a

standard regression are W , a matrix of spatial weights, and ρ the parameter estimate

for the variable Wy. In this paper, y will be the defence burden, that is the military

spending of a country as a proportion of total GDP.

The data to be estimated is in the form of an N countries by T years panel given

by Equation 3.2. Here a spatial fixed effect term, µi has been included.

yit = ρ

N∑
j=1

Wijyjt +Xitβ + µi + εit (3.2)

2For excellent references on the subject see Anselin (1988) and Anselin, Le Gallo, and Jayet
(2008).
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Solving Equation 3.2 for y reveals that the error terms will not be independent

from the regressors due to the presence of the weight matrix. As such, OLS cannot

be used to estimate spatial econometric models. Others have shown that maximum

likelihood estimation can provide consistent and unbiased estimates.3 As such, this

paper makes use of the maximum likelihood estimation approached, proposed by

Elhorst (2003).4

It must be emphasized that ρ is a single value that describes the nature of the

spatial relationship present in the data. It is hypothesized that the value of ρ will

be positive. This would indicate a positive spatial relationship, which implies that

defence spending in a country is positively correlated with that of its neighbours, as

defined by the weight matrix.

The weight matrix is a row-normalized square matrix of size N that describes

exogenous factors which determine how we might expect countries in the world to

interact with one another. A typical element (Wij) provides the relative weight that

country i places on country j’s spending. Examining a row of matrix W provides the

relative weights that a country places on all other countries’ defence spending. If an

element Wij is zero, then the spending of country j is not directly factored into the

spending decision of country i. A larger value indicates that more weight is assigned

to that country’s spending, relative to others.

Another difference between spatial econometrics and standard OLS is in the inter-

pretation of the β coefficients. It is not correct to interpret them as partial derivatives,

as one would with an OLS regression, as this would ignore the feedback effects that

3See Anselin (1988) Chapter 6 for details.
4For further information on how the model is estimated see Elhorst (2010) and Elhorst (2012).
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are present in the model. The ultimate effect will depend on factors such as the loca-

tion of the country, especially in terms of the number of neighbours and how closely

they are connected.

In order to properly interpret the effect of changing an observation one can es-

timate the direct, indirect, and total impact that changing an observation will have

on the vector y. The direct effect is a measure of the impact that changing a single

element in the matrix X, say xir, has on yi, including feedback effects. The indirect ef-

fect is the effect that changing xir has on all other ys that results from the interaction

through the weight matrix. The total effect is the sum of these two values.5

At this point it is helpful to reemphasize why a spatial approach is needed. As

with any regression, if Wy is an explanatory variable in the true model and it is left

out, the regression will suffer from an omitted variable bias. It is reasonable to believe

that policy makers account for the budgets of other countries when they set their own

budget. It is also reasonable to believe that different weights are assigned to different

countries depending on the threat which they pose. Thus, there is sufficient reason to

believe that omitting the weighted spending of other countries would lead to biased

estimates.

3.3 Data

I focus on the post-Cold War period, specifically the 16 year period from 1993 through

to 2008. There are 124 countries in the sample. Table 3.1 provides summary statistics

for the data series used in this paper. Data on military spending is obtained from the

Stockholm International Peace Research Institute (SIPRI). Spending as a percent of

5See LeSage and Pace (2009) Chapter 2 for equations and further details.



CHAPTER 3. DEFENCE BUDGETS 99

GDP is the variable of interest, which the literature refers to as the defence burden.

This measure was chosen over a dollar value of spending as it more easily facilitates

cross country comparisons, as it indicates what share of available resources is de-

voted to defence. Additionally, the defence burden also allows for a more appropriate

comparison between countries of different sizes.6

Data on the population of each country was obtained from version 7.0 of the Penn

World Tables. A measure of civil liberties is used to identify countries which are more

autocratic than others. The source of this data was Freedom House’s Freedom in the

World index. Their ranking runs from 1 to 7, where lower numbers indicate more

civil liberties and higher numbers indicate a more authoritarian country. They assign

the value based on factors such as freedoms of expression, assembly, and religion, as

well as factors such as the rule of law and economic freedoms.

A dummy variable for whether or not a country was engaged in a war in a partic-

ular year is another explanatory variable. This was taken from the Correlates of War

project.7 A value of 1 is assigned if a country was engaged in an Inter-State War,

an Intra-State War, or an Extra-State War. These measures include wars between

states, wars within a state, and wars between a state and a non-state entity. The lag

of this variable was used in regressions to mitigate potential endogeneity problems.

Since wars are often planned in advance, increased spending could precede a war.

Some internal factors were also examined in the paper. The first is a measure of

GDP per capita, taken from version 7.0 of the Penn World Tables. Since military

spending is included in GDP, the defence spending for each year was subtracted from

this measure. This variable is in constant 2005 US dollars.

6As a robustness check, defence spending per capita is used as the dependent variable, with very
little difference in the results.

7Sarkees and Wayman (2010)



CHAPTER 3. DEFENCE BUDGETS 100

A second internal factor is economic growth. This is measured by real growth

in the non-military component of GDP. This is computed from the adjusted GDP

measure discussed previously.

A third internal factor found in other papers is the relative size of the government

sector. To calculate this, military spending was subtracted from the dollar value of

government consumption. This was then divided by adjusted GDP. The result was

the fraction of the non-military economy that the non-military government sectors

comprised. The source of government consumption is version 7.0 of the Penn World

Tables.

The final variable considered is a dummy variable for whether an election occurs

in the following year. After determining which elected official or officials are in charge

of setting defence budgets, elections over the time period were documented. If the

budget setter was to be elected in year t, then a value of 1 was assigned to the variable

in year t− 1.

These four internal factors were selected as they were frequently used in the liter-

ature and reliable and complete datasets were available. It was hoped that unemploy-

ment rates could have been used as a fifth variable, however data were not available

for all countries in the study. I made the choice to omit this variable in order to

maintain the maximum number of countries available for the regressions.

3.4 Weighting Matrices

The appropriate choice of weighting matrix is key for spatial regressions. This matrix

must describe the relative weights that a country places on the spending of other

countries when deciding at what level to set its budget. This paper will examine a
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variety of different candidate weighting matrices, which are outlined below. The first

two are used extensively in the cross-country spatial literature. The latter three are

constructed specifically for this paper.

The first matrix considered is the inverse distance between capital pairs of all

countries. This is at one extreme of the spectrum of weighting matrices, as it states

that all countries factor in the spending of all other countries, however a higher weight

is placed on countries whose capitals are nearer to their own. This type of matrix

would be most appropriate if all countries were major powers in the world. It is

conceivable that countries such as Russia, the US, and China do take into account

the budgets of all other countries to some degree. However, it is difficult to believe

that this method describes the thinking of smaller countries. It is unlikely that a small

landlocked country such as Bhutan would react to changes in the military spending

of a nearby small landlocked country, such as Kyrgyzstan.

The second weighting matrix is at the other extreme of the spectrum. To overcome

the problems associated with the previous matrix, this matrix looks solely at countries

which are immediate neighbours. It is a binary matrix where a value of 1 is assigned

if two countries share a border, otherwise a weight of 0 is assigned. For the purpose

of this matrix, maritime borders are included, as are dependencies. This matrix does

a better job at describing which countries smaller nations factor in when setting their

budget. On the other hand, it also implies that the US would not factor in the budgets

of China or Russia, a difficult assumption to accept.

To find a more plausible weighting matrix, countries are classified into two groups.

The first group includes countries that have the ability to project their military power

worldwide. These countries are typically classified as middle powers, regional powers,
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or super powers. They are denoted as Type P countries. The second group includes

those countries which do not fit into the first category. These are labeled Type Q

countries.

In order to determine which countries fall into the former category, the military

equipment of countries in 2010 is examined. This data is obtained from The Military

Balance, a publication which lists the military assets of every country in the world.8

This data will be used to determine which countries have the ability to project their

power beyond their immediate neighbours. There are four criteria which are exam-

ined. A measure of the projection power of the navy, a measure of the size of the air

transport capabilities, a measure of air combat capabilities, and a measure of mobility

of the army.

The first measure examined is the size of the navy. Modern navies have many

different vessels, which specialize in a number of different capabilities. A satisfactory

measure of the navy is not simply the number of ships, as this number can easily be

inflated with the purchase of smaller patrol or coastal vessels. The desired measure is

the number of oceangoing ships, sometimes referred to as the size of the Blue Water

navy. We wish to know the number of ships each country has that are classified as

one of the following: Submarine (both tactical or strategic, but not midget), aircraft

carrier (including helicopter carriers), cruisers, destroyers, frigates, and amphibious

ships (but not amphibious craft), as these are the classes of ships that can be used

to project sea power around the globe.

Out of the 124 countries considered, 59 countries in the dataset have at least 1

ship of the types listed above. Countries which have 10 or more of these ships are

classified as being able to project power with their navy. I find that 32 countries meet

8International Institute for Strategic Studies (2010)
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this criteria.

Next the size of the air force is examined. There are two measures of interest.

The first is a measure of the air lift capabilities of the countries. If countries do not

border one another, and do not have permission to travel through neutral countries

to engage potential enemies, then they must either travel by ship or by air. Thus, a

measure of the number of transport aircraft per country is needed.

The data shows 115 of the countries have at least 1 fixed wing transport aircraft.

A cutoff point of 50 planes is used to determine which countries had the ability to

project their military power worldwide. This cutoff resulted in 33 countries which

satisfy the criteria.

The second component of the air force is the number of fixed-wing combat aircraft.

In 2010, 93 of the countries examined have at least 1 combat aircraft. A cutoff of

100 combat aircraft is used to identify power projection capability in this dimension.

This leaves 34 countries who meet this criteria.

Finally, the mobility of the armies is examined. In modern warfare, there is a need

for military vehicles. Speed and maneuverability have been shown to be essential to

engaging in combat operations. As such, countries which have a large number of

military vehicles are able to engage in combat operations abroad. There are many

different classifications of military vehicles, but only the following types are included:

Main battle tanks, light tanks, reconnaissance vehicles, armoured infantry fighting

vehicles, armoured personnel carriers, and armoured assault vehicles.

All but 5 countries in the data set have at least 1 vehicle of any of these types.

The measure of 1000 vehicles is the chosen cutoff point. This leaves 47 countries

which satisfy this criteria. Table 3.2 summarizes the above information.
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There are 58 countries which satisfy at least one of these four criteria. Of these,

18 satisfy all four, 29 satisfy three or more, 41 satisfy two or more, and 58 satisfy only

one. Countries which satisfy at least 3 of these criteria, are identified as countries

with the ability to project their power globally. Table 3.3 lists these Type P countries

and how many of the four criteria they satisfy.

Now that countries that can project their power have been identified, the next step

is to determine how these countries interact with the other countries of the world.

There are three hypotheses that are all examined in this paper.

The first, is that two groups ignore one another. In this W matrix, countries that

are type P, assign a value of 1 to other type P countries, and a value of 0 to type Q

countries, except if they share a border with that country, then they get a 1. Type

Qs assign a value of 1 to countries with which they share a border, regardless of type.

This matrix assumes that all countries care about what their immediate neighbours

are doing, whether they are type P or type Q. Additionally, type Q countries believe

that they could not compete militarily with type P countries, so they do not even

bother to try. They simply ignore the actions of these countries. Meanwhile, type P

countries view other type P countries as potential threats. This matrix is given the

label, “Two Groups.”

The second method, has type P countries interacting with all other countries, and

type Q interacting with only their neighbours. This can be viewed as a world policing

story. By acquiring the equipment to intervene anywhere in the world it is possible

that type P countries have shown their desire to act as a global police force. Thus,

these countries would be interested in the choices of all other countries, so that they

can maintain the necessary equipment to intervene in any country. Again, type Q
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countries care only about their immediate neighbours, as they have determined that

they cannot compete with the level of spending of these type P countries. This matrix

is entitled, “World Police.”

The final method, is to have all countries give a positive weight to type P countries.

In this case, countries care about those countries that can threaten them, that is their

immediate neighbours and all countries who possess the military capability to project

their power. So, type P countries care about the actions of all type P countries, and

their immediate neighbours. The difference now though, is that type Q countries

factor in the spending of type P countries. It is logical to assume that countries

would be interested in responding to the actions of those countries who could pose a

threat. This matrix is entitled, “Who Can Get Me?”

These three matrices are further augmented by replacing the pairs assigned a

value of 1 with the inverted distance between the two countries’ capitals. This helps

to capture the importance of regional powers.

A second change that is made, in this case to all five weighting matrices, is to

control for alliances. A few issues arise in this regard. The first issue is in identifying

what qualifies as an alliance. Certain countries work closely with one another, without

formalizing their relationship with a treaty. Others are in larger alliances, including

some countries with which they are not on good terms. Other treaties, such as the

African Union, contain provisions for mutual security that in practice are not binding.

Thus, only formal alliances which have proven records or are, up to now, untested

are included. Table 3.4 lists the alliances factored into the weighting matrices.

The second issue is that alliances change over the examined time period. Some

alliances grow, while others contract. Since it is not possible to allow the weighting
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matrix to change over time, a decision as to which countries should be included in

the alliance must be made. If the country was in the alliance for more than half the

period, it is included. The justification is that the process of entering into an alliance

often takes a few years so for most of the period, the countries already in the alliance

would not view the potential new entrant as a threat.

The final issue involves what weight an ally should receive in the matrix. It was

decided that if two countries are allied, that a zero weight will be applied.

One final augmentation is that the matrices are row normalized. That is each,

element of the matrix is divided by the sum of the elements in its row. This is a

standard practice in spatial econometrics. The result is that the sum of the weights

placed on all other countries by a single country, sum to one. If a row is all zeroes,

then no change is made.

Therefore, there are five weighting matrices that serve as potential candidates

for describing the true state of the world. Testing will be conducted using all five

of the matrices. Table 3.5 summarizes the matrices. It should be noted, that my

preferred specifications are the “Two Groups” and “World Police” matrices. The

inverse distance and contiguous matrices have problems that have been addressed

above. The “Who Can Get Me?” matrix is an improvement over these two, and

is rather intuitive, however I believe that it is not the best representation of the

behaviour of smaller nations, as it assumes they react to the actions of all Type P

countries, which is difficult to believe.
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3.5 Preliminary Spatial Analysis

Before regressions are run, it is useful to run a series of tests to determine if spatial

autocorrelation is indeed present in the data. As this section shows, using Moran’s I-

statistic and its local counterpart I am able to provide preliminary evidence of spatial

autocorrelation in the data.9 Moran’s I takes the following form:

I =

∑N
i=1

∑N
j=1 Wijzizj

S0m2

(3.3)

where zi = yi − y, y is the mean of y, S0 =
∑N

i=1

∑N
j=1Wij and m2 = 1

N

∑N
i=1 z

2
i

The statistic increases when two countries that are closely linked (a high value

of wij) jointly deviate from the mean defence burden in the same direction. If two

closely linked countries deviate from the mean in opposite directions, this decreases

the statistic. The expected value of the statistic is:

E(I) = − 1

N − 1
(3.4)

A statistic that is significantly greater than the expected value, indicates that the

data has positive spatial autocorrelation.10 That is to say, neighbouring countries

have positively correlated military spending. This can imply that they both spend a

relatively high amount, or a relatively low amount. If the statistic is significantly lower

than the expected value, this indicates that defence spending is negatively spatially

autocorrelated. This implies a checkerboard type spending pattern, where countries’

spending moves in the opposite direction of their neighbours.

Since this paper analyzes data over a 16 year period, 16 different I-statistics will

9See Pisati (2001) and Anselin (1995) for further details on the subject.
10The standard error measure is found in Getis and Ord (1992)
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be reported for each weighting matrix. Examining the I-statistics in Table 3.6 for the

16 years under each different weighting matrix reveals that in all cases the I-statistic

is positive and significant at the 5% level. This result provides strong indication that

there is indeed positive spatial correlation present in the data.

A related statistic, which is useful in identifying specific regions of arms racing, is

the Local I-statistic. This statistic reveals if there are any regions where the spatial

correlation is particularly strong. The test statistic for a particular country for a

particular year is given by:

Ii =

(
zi
m2

) N∑
j=1

wijzj (3.5)

The expected value of the statistic under the null hypothesis is given by:

E [Ii] = − 1

N − 1
(3.6)

The problem with presenting these statistics is in their shear number. For each

year (16 years) and weight matrix (5 matrices) pair, there are 124 (countries) statis-

tics. That is 9920 Ii-statistics. However, certain patterns emerge across the different

matrices and across the years. A second issue with the local I statistic is that the

exact distribution of the test statistic is still unknown.11 However, the Ii-statistics

are constructed in such a way that their mean is equal to corresponding global I-

statistic.12 This allows for the identification of outliers. A standard approach is to

observe which countries’ local I is greater than two standard deviations away from

the mean. These countries can be described as being more influential in determining

11Variance measure in Sokal, Oden, and Thomson (1998)
12A slight adjustment must be made if there are zero rows in the W matrix.
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the value of the global I statistic.

One set of local Is has been reproduced in the Table 3.7. Matrix 2 “Contiguous,”

for year 1999 was chosen. In this case, the Global I statistic is 0.3441. After adjusting

for the 8 zeroed rows in the weighting matrix, the average Ii-statistic becomes 0.3219

or 116
124

th of the Global I. The standard deviation is then calculated and countries

which are greater than two standard deviations away in either direction are noted. In

this case, the countries of Bahrain, Syria, Angola, Djibouti, Israel, Yemen, Jordan,

Kuwait, Oman, and Saudi Arabia are all greater than two standard deviations away

from the mean. Although these countries test statistics are all greater than 2, it

cannot be said with certainty if they are significant at the 5% level. Nor can it be

said that those countries which do not have test statistics greater than 2 are not

significant.

Save Angola, these countries are all located in or adjacent to the Middle East. A

systematic examination of the countries over all the years and over all the weighting

matrices, reveals that there are two regions of the world which often have local I’s

more than two standard deviations greater than the average. They are the Middle

East and Central America. Although the results of this test alone cannot identify

whether or not these regions are characterized by high spending or low spending, it

is evident that these regions display spending patterns with strong positive spatial

correlation.

These tests lead to the conclusion that military spending is positively spatially

autocorrelated amongst the countries in the sample, given the qualitative structure

imposed by the weight matrices. There are two regions, the Middle East and Central

America, that have positive spatial autocorrelation that is significantly greater than
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the mean of the rest of the sample. Later analysis will reveal that these two areas

are characterized as zones of relatively high and relatively low spending as a percent

of GDP, respectively.

3.6 Results

Since there are five weighting matrices that serve as potential candidates to describe

the true state of the world, there are a number of regression results to examine. Table

3.8 presents the regression results across the five weighting matrices using logged

population, a dummy variable for war in the previous period, and a measure of civil

liberties as regressors. The key result obtained here is that the coefficient on the

weighted defence spending of other nations is positive and significant across all five

weight matrices, as hypothesized.

Comparing the two extremes, the estimates of ρ fall between 0.6265 in the case

where all non-allied countries receive a positive weight, to a low of 0.1951 where

only non-allied bordering countries receive a positive weight. The estimate of ρ in

the other three cases fall between these two values. In the case of the “Who can

get me” matrix, the estimate of ρ is higher than in the other two power projection

matrices. This is not unexpected as this matrix is closer in nature to the inverse

distance matrix, as there are more non-zero values. It is believed that the value for

ρ is higher in the two cases where there are more non-zero elements in the weighting

matrix as the regression is measuring a spurious relationship rather than countries

actually responding to one another.

Although ρ is not a correlation coefficient, it does still hold that larger values

imply increased correlation. This provides strong evidence that the defence spending
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of countries is indeed positively correlated with that of its neighbours in the post-Cold

War era. The value of 0.6265 indicates that if all other countries independently raised

their defence burden by 1% of GDP, then there would be an expected immediate rise

in defence spending of 0.6265% of GDP in the remaining country. The ultimate rise

in spending would be greater as all countries would wish to react to each other’s

spending change.

The regression results indicate that increases in population are correlated with

increased defence burdens, albeit at a small rate. Being in a war in the previous

period is also correlated with higher spending levels. Finally, a reduction in civil

liberties is also associated with a higher defence burden. In order to measure the

magnitudes of these correlations, one must account for the feedback effects associated

with a spatial model. Table 3.9 provides estimates of the direct, indirect, and total

effect of a change in these variables.

Examining population first, one observes that the total effect of an increase in

population ranges from 0.0577 to 0.0118. The main difference between the estimates

coming from the indirect effects of a change, that is the change in spending in other

countries. Focusing on the “Two Groups” case, an increase in population of 10% in

country i would lead to an increase in defence burden in that country of less than one

tenth of one percent. If country i’s defence burden was 2.5% prior to the change, its

new defence burden would be 2.502%. The indirect effect is even smaller. Population

thus does not appear to be a significant determinant of defence burden.

The effect of being in a war has a much larger impact on the defence burden,

as might be expected. Countries that engage in war are expected to devote more

resources to defence for three reasons. First, there is a cost from expending munitions
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and from increased maintenance on weapon systems. Second, a country that was in

a war in the previous period may still be in a war this period. Lastly, a country that

was in a war that has now ended, must spend resources to demobilize, and may wish

to keep some assets in a heightened state of alert in case the conflict begins again.

The direct effect is relatively constant across the five matrices, with an average of

approximate 0.115. This implies that if country i were to be in a war, the expected

effect on its defence spending would be an increase of 12%. So if country i had a

defence burden of 2.5% prior to the war, the increase would bring it to 2.80%. This

value may seem small, but one must realize that the size of the war has not been

controlled for. Larger wars are expected to be correlated with larger increases in the

defence burden. Of note is the predicted impact that country i’s action has on the

spending of its neighbours. Depending on the weight matrix used, the indirect effect

is larger than the direct effect. In fact it is possible to map out the spending effects as

it moves through the neighbouring countries. The closer the relationship is between

another country and country i, the larger the expected change in defence burden for

that country.

Finally, note the impact that a reduction in civil liberties has on the defence

burden. An increase in the measure of civil liberties is associated with a decline in

freedom, or in other words a movement towards a more authoritarian regime. Table

3.9 indicates that this is correlated with an increase in the defence burden. In fact

a one point decrease in freedom has only a slightly smaller impact on the defence

burden as going to war has.
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3.6.1 Robustness Checks

The first robustness check involves including various internal factors that may act as

determinants of the defence burden. The results of these regressions can be found

in Tables 3.10 and 3.11. The variables included here have all been used in other

studies to test if internal factors play a role in the determination of defence budgets.

Adjusted GDP per capita, that is GDP with the defence budget removed, provides

a measure of the available resources of the economy. Others have shown that during

the Cold War higher GDPs have been correlated with larger dollar values of military

expenditures.13 First, higher GDPs indicate that there are more assets to defend,

and second that with more resources available, budget setters may be able to acquire

a larger share. It is not clear if the effect will be the same as on the Defence Burden,

as increases in GDP, holding military spending constant, would cause the defence

burden to fall.14

Similarly, GDP growth is included to see if the budget setters can claim a larger

share of new resources available.15 The Upcoming Election variable measures whether

defence burdens rise in years before an election is held. It has been hypothesized that

budget setters can use the defence budget to reduce unemployment by hiring soldiers

or increasing procurement.16 Finally, the government size variable is a ratio of the

non-defence component of government spending as a percentage of non-defence GDP.

Several authors have suggested that countries with larger government expenditures

represent an increased ability to finance the defence departments.17 Thus, larger

13Murdoch and Sandler (1984), Looney (1989).
14Goldsmith (2003) shows a positive correlation between GDP per capita and Defence Burdens.
15Goldsmith (2003).
16Nincic and Cusack (1979), Griffin, Wallace, and Devine (1982).
17Maizels and Nissanke (1986).
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government sizes are hypothesized to be positively correlated with increased defence

burdens.

The results do not support the hypotheses presented by the internal factor liter-

ature. First, GDP per capita is negatively correlated with the defence burden. This

might be the result of increasing returns to scale in military spending. The size of gov-

ernment is also negatively correlated with the defence burden. This can be explained

by the fact that countries with large government sectors, are most often countries with

a large welfare state. Health and education may be crowding out defence expendi-

tures. Finally, growth and elections appear completely uncorrelated with the defence

burden. The parameter ρ, remains positive and significant when these internal fac-

tors are included, suggesting that external factors are more important determinants

of defence burdens.

It is not known with certainty why the internal factors fail to perform the same

way as in previous studies. One possibility is that with the use of spatial econo-

metrics, it is possible to handle defence budgets of neighbouring countries in a more

appropriate manner. Accounting for the spatial location of countries may go a long

way in explaining defence budgets. The evidence suggests that spending is positively

spatially correlated, and that internal factors provide little assistance in explaining

the defence burden when these external factors are properly accounted for. A second

explanation might be in the time frame of the data. The post-Cold War time period

may be fundamentally different than the Cold War. During the Cold War, the world

was in some ways simpler. There were two main adversaries, and most countries

aligned with one or the other. This made it clear who’s ones allies and enemies were,

simplifying spending decisions. With increased economic growth in the developing
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world, regional powers have sprung up in various regions. The world is no longer

polarized, and this may lead to countries no longer seeing clear battle lines. The

result may be to rely more on external factors when setting budgets.

As an additional robustness check, the regressions were run on a year by year basis

under the same specification as in Table 3.8. The estimated value of rho for each year

is presented in Table 3.12. Of course, as these regressions are cross-sectional, no

location fixed effect was included. Instead, a constant was included. For this reason

the estimated values of rho in the year by year case are not centered on the estimated

rho for the full data set. The important thing to notice from this table however, is

the relative constant nature of rho for each weight matrix. Although some yearly

variation exists, the estimates of rho are fairly constant across time. The estimated

values of the Betas on a year by year basis are consistent with the results in Table

3.8.18 These results indicate that by using panel data as opposed to a simple cross-

section, I am able to account for a potential upward bias in the measure of ρ by

controlling for time-invariant variables within each country.

Another robustness check was to examine the data for certain regions only. This

presents two challenges. First, with fewer observations for each regression, the effi-

ciency of the estimates will be reduced. Second, by only examining certain countries,

the implicit assumption is that the defence spending of countries outside these re-

gions do not impact the spending levels of the countries within each region. Table

3.13 presents the regression results for four regions: Latin America, Europe, The Mid-

dle East, and the rest of Asia. Overall, the results are fairly robust to this analysis.

The value of rho is positive and significant for most regions, indicating the continued

presence of positive spatial correlation. The estimates of rho vary from those found

18Full regression results available upon request
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in Table 3.8, but this is likely the result of omission of the other countries’ defence

spending.

One final robustness check was to re-run the regressions with a different dependent

variable. Instead of the defence burden, defence spending per capita in constant 2005

US dollars was used. The results are presented in Table 3.14. Again, we immediately

see that the estimate of rho is both positive and significant, indicating the presence

of positive spatial correlation in the data. The estimates of rho are similar to those

found in Table 3.8 for four of the five matrices examined, thus providing more support

to the results found there.

3.7 Geographic Analysis

With the regression results in hand, it is now possible to examine the data from a

geographic perspective. The local Moran Is provided an indication of what regions

showed strong evidence of positive spatial autocorrelation. These were the Middle

East and Central America. One method to further study the geographic nature of

the results is to examine the residuals from the regressions. The residuals are given

by:

Residual = y − ρ̂Wy − β̂X (3.7)

Notice that the residual include the fixed effects. Since the interest is in comparing

the results of the model between countries, leaving the fixed effect estimate in the

residual term allows us to more accurately observe how countries differ from one

another. A second variable is created by multiplying the vector of residuals by the
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weighting matrix used in the regression.

Thus, for each regression there is a vector of residuals paired with a vector of values

which weights the residuals of all the neighbours of the country, where neighbour is

defined by the weighting matrix used in the regression. For each regression there are

16 pairs for each of the 124 countries.

These pairs can be interpreted as follows. The residual indicates how much more

or less a country is spending on the military than is explained by the model. If the

model is correct, the countries which have positive residuals are countries which tend

to spend more than what would otherwise be expected. On the other hand, countries

with negative residuals are spending less than what otherwise would be expected.

If the value of the matrix weighted residuals for a country is positive this indicates

that its neighbours are spending more than what otherwise would be expected. On

the other hand, if this value is negative its neighbours are spending less than what

otherwise would be expected.

Consequently, a country can be described by one of four characterizations. If both

values are positive, this country could be described as being in an arms race. It is

spending more than predicted, and so too are its neighbours. If both of the values are

negative, then the opposite event is occurring. The country and its neighbours are

both spending less than expected. This anti-arms race could be the result of a mutual

agreement to keep spending low. If the country’s residual is positive but the weighted

residuals is negative then the country can be seen as one that is spending more on

the military while its neighbours are spending less. Finally, if the residual is negative

but the weighted residual is positive, we observe that a country is underspending

according to the model whilst its neighbours are overspending.
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In each year, a country can be classified as one of these four types. It is often the

case that a country is the same type in all 16 years. It is impractical to present the

results for each year and each weighting matrix. Thus, these data are presented for

only three of the five weighting matrices. Additionally, instead of looking at each of

the sixteen years, the average residual and weighted residual were calculated for each

country. By using this method any chance of observing a country changing its type

over the period of the data is abandoned. For most countries this is not an issue.

To analyze the results, only the regression results from Table 3.8 will be presented.

The three chosen matrices were “Contiguous,” “Two Groups,” and “World Police.”

The latter two were chosen as they are the preferred matrices of the three that were

created for this paper. The “Contiguous” results are presented as a reference.

These data are best understood through use of a map. Figures 3.1, 3.2, and 3.3

share many results. In all three cases there is clearly certain areas that display cluster-

ing. If the regressions fully supported the hypothesis, clustering of green countries,

which indicates positive clustering at high levels, and clustering of blue countries,

which indicate positive spatial clustering at low levels, would be large and separated.

Between these would be countries of yellow and red. Yellow countries are those who

spend more whilst their neighbours spend less, and countries who are red spend less

whist their neighbours spend more.

In all three cases, there is clearly a swath of green through the Middle East and

surrounding area, including the Balkans and Northern Africa. Smaller regions of

high spending clusters include parts of Southern Asia and Northwest and Southwest

Africa. This certainly aligns with the traditional views of these areas. The Middle

East is obviously a high spending area due to the numerous conflicts in its recent
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history. The India-Pakistan rivalry also causes spending in that area to be higher.

The region of Northwest Africa has also had conflicts, specifically over the territory

of Western Sahara.

Clustering of blue countries in various regions is also observed. These include

Central America, parts of Europe, Eastern Asia, and parts of Africa. The Americas

have generally been peaceful thanks to the Monroe Doctrine. The existence of NATO

has allowed some European countries to mutually lower their spending. The African

regions may come as a surprise, until one realizes that most of the conflicts in the

region are within state conflicts. Wars between neighbours are rarer.

The identification of these low spending zones is useful in a number of ways. If

the goal of some countries is to move away from a high spending equilibrium to a low

spending equilibrium, it is necessary to identify zones that are low spending so that

one can understand how they reached this point. Additionally, these low spending

zones may identify regions where more formal cooperation is possible. If a group of

countries have existed in a relatively low spending equilibrium for a number of years,

they may wish to move towards more formal mutual defence agreements. Finally,

for investors it serves to identify countries where investment may be less likely to be

destroyed in an international conflict.

So, although the data may not fit the hypothesis perfectly, as the clustering is not

entirely clean, there is strong evidence to support the notion that there are clusters

of high spending and low spending countries.

A second form of geographic analysis reveals how spending changes move through

the system. Figure 3.4 shows the average percentage change in the defence burden

for all countries in the counterfactual case that Syria was engaged in a civil war in
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all periods in the data set, under the assumption of the Inverse Distances Matrix.

Clearly, countries who are closer to Syria experience a larger change. Although the

overall effect may seem small, the cumulative effect is an increase in spending over

the 16 years of nearly 82 billion US dollars. Of this, Syria only accounts for just

under 10 billion. This implies, if this model is correct, the indirect effect of Syria’s

civil war would be an increased defence spending of 72 billion dollars over a 16 year

period. On a per year basis, this is roughly equal to the spending of a country such

as Egypt or Pakistan.

Another interesting counterfactual would be to suppose that Eastern Europe did

not transition towards democracy after the end of the Cold War. Suppose that

Estonia, Latvia, Lithuania, Belarus, Ukraine, Moldova, Romania, and Bulgaria all

remained authoritarian after the end of the Cold War (Assume civil liberty measure of

7(max) for all years of sample). If that were the case, and if the model estimated under

the Two Groups Matrix was correct, the resulting change in defence burdens predicted

by the model would appear as in Figure 3.5. As would be expected, those countries

and their neighbours would all spend a considerable amount more on defence. The

model predicts an additional spending of nearly 300 billion US dollars over the 16

year period, nearly half of which comes from countries outside the eight with changed

behaviour.

Obviously, these examples are rather extreme. It is unlikely that all else would

remain unchanged if these shocks occurred. Regardless, they show the potential

contagion effect that results from shocks internal to a country. If countries actually

are responding to each other’s spending in the manner shown here, it shows that

policy makers must tread carefully when changing defence budgets. From the point
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of view of neighbouring countries, weapons purchased to quell a domestic uprising

can just as easily be used to invade.

3.8 Conclusions

This paper uses spatial econometric techniques to analyze defence spending patterns

of 124 countries during the post-Cold war period. In this period, the analysis indicates

that there was significant evidence of positive spatial correlation in the data, given

the qualitative structure imposed by the weight matrices. These results stand up to

a number of robust checks, including focusing on fewer years, smaller regions, and

differing sets of explanatory variables.

An important component of this paper was the development of weighting matrices

that specifically factored in the ability of countries to project their power abroad.

Three potential weighting matrices were crafted that took account of this factor.

Although it is not possible to say with certainty which weighting matrix represents

the true state of the world, the results from all three are consistent and lend support

to the model. Future work in defence budget research can use this classification and

associated weighting matrices to better understand how countries interact with one

another.

The results also point to the benefit of using a panel data set. By using country

fixed effects, I am able to control for the time-invariant unobserved variables that

influence defence spending. As the robustness check that examines the year by year

variable shows, the spatial correlation is fairly constant, but is biased upwards by

the omission of the fixed effects.19 Identifying what these unknown time-invariant

19In regression results not presented here, a similar upward bias is found when the complete panel
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country specific characteristics could be an interesting future area of research.

Overall, positive spatial correlation was found in the data, under the imposed

neighbourhood structure. That is the spending in a country was positively correlated

to the value set by neighbouring countries, as defined by the weighting matrices.

Changes in population were found to have a small impact on the defence burden.

Additionally, two societal measures of civil liberties and whether the country was at

war in the previous year, are both positively correlated with the defence burden.

Analyzing the regression results allowed us to identify regions of the world that

display different spending trends. The Middle East, Southern Asia, and parts of

Africa all displayed positive spatial correlation at high levels. That is to say that

countries in that area spent more than the model predicted. These regions can be

classified as areas where arms racing is occurring. There are also regions that have

countries spend less than the model predicts. These areas include Central America,

parts of Europe Europe, parts of Asia, and Sub-Saharan Western Africa. These can

be described as zones of peace, or areas of anti-arms racing.

The results were subjected to a number of robustness checks, including the ad-

dition of a number of internal factors that other authors have had success using, as

well as yearly and regional analysis of the data. The results were robust to these

additions. Though internal factors may also play a potential role, the analysis here

clearly showed that in the post-Cold War era, external factors were significant. With

the removal of the Soviet Union, there is no longer a polarization of the world. This

has allowed for regional powers to develop. The result is that there are no longer

clear battle lines, so countries must take into account the spending of more countries

than they otherwise would have.

data set was analyzed without country fixed effects.
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My findings emphasize the need to factor in spatial location when examining de-

fence budgets. Although advanced weapon systems allow countries to launch limited

strikes anywhere in the world, the threat of invasion is highest from those countries

who have the opportunity and ability to move large number of forces to a given coun-

try. A realistic assessment of this ability was included in this paper. By adhering to

this approach, the regression results provide a clearer picturer of the co-movement of

defence burdens.

Overall, the results presented here make a few things clear. First, external fac-

tors are significant determinants of defence budgets. Authors who omit the budgets

of other countries in their regressions could suffer from an omitted variable bias.

Second, spatial econometrics, and the weighting matrices presented here, allow us to

more thoroughly examine and understand the interaction of defence spending between

countries. Finally, different areas of the world exhibit different spending patterns. The

approach of looking for common trends is helpful at identifying regions that could be

examined independently in the future. An important caveat however, is that regions

of the world do not exist in a vacuum. Though the countries of Central America may

spend less collectively because of mutual cooperation, it is likely they still factor in

the decisions of countries outside of this region when making their decisions. Thus,

it is recommended that further use be made of the spatial econometric techniques. It

allows for a formal and convenient way to account for the action-reaction nature of

defence spending.
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3.9 Figures

Figure 3.1: Residuals and Weighted Residuals (Contiguous)

Description: A map of the 124 countries in the sample, where the colour indicates the defence
spending behaviour relative to that of its neighbours, as defined by the weight matrix. Green:
High spending country with high spending neighbours. Blue: Low spending country with low

spending neighbours. Red: Low spending country with high spending neighbours. Yellow: High
spending country with low spending neighbours. White: No data. Note the grouping of green
countries in the Middle East and parts of Africa and the grouping of blue countries in Central

America, parts of Africa, and parts of Asia.
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Figure 3.2: Residuals and Weighted Residuals (Two Groups)

Description: A map of the 124 countries in the sample, where the colour indicates the defence
spending behaviour relative to that of its neighbours, as defined by the weight matrix. Green:
High spending country with high spending neighbours. Blue: Low spending country with low

spending neighbours. Red: Low spending country with high spending neighbours. Yellow: High
spending country with low spending neighbours. White: No data. Note the grouping of green

countries in the Middle East, and parts of Africa, Europe, and Asia. Also, note the grouping of
blue countries in Central America, and parts of Africa and Asia.
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Figure 3.3: Residuals and Weighted Residuals (World Police)

Description: A map of the 124 countries in the sample, where the colour indicates the defence
spending behaviour relative to that of its neighbours, as defined by the weight matrix. Green:
High spending country with high spending neighbours. Blue: Low spending country with low

spending neighbours. Red: Low spending country with high spending neighbours. Yellow: High
spending country with low spending neighbours. White: No data. Note the grouping of green

countries in the Middle East, and parts of Africa, Europe, and Asia. Also, note the grouping of
blue countries in Central America, and parts of Africa.
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Figure 3.4: War in Syria (Inverse Distance Matrix)

Description: A map of a counterfactual scenario, wherein Syria was engaged in a civil war
throughout the sample period. The colour indicates the average annual percent change to the

defence burden of each country that would result from such a scenario. Note that, as the inverse
distance matrix is used, the change to the defence burden radiates out from Syria, with closer

countries increasing their defence burden relatively more.
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Figure 3.5: Authoritarian Eastern Europe (Two Groups Matrix)

Description: A map of a counterfactual scenario, wherein Eastern Europe did not transition to
democracy after the fall of the Soviet Union. The colour indicates the average annual percent

change to the defence burden of each country that would result from such a scenario. Note that, as
the Two Group matrix is used, type P countries respond more strongly to then non-neighbouring
type Q countries. Of course, the countries closest to the area still experience the strongest change.
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3.10 Tables

Table 3.1: Summary Statistics
Variable Mean Median St. Dev Min Max
Defence Spending (Percent of GDP) 2.44 1.80 2.05 0.2 17.5
Population (Thousands) 46,167 10,306 149,253 73 1,317,066
Civil Liberties (1 to 7) 3.3 3.0 1.7 1.0 7.0
Adjusted GDP per Capita (2005 $US) 11,719 6,491 12,682 314 85,480
Adjusted GDP Growth (%) 4.29 4.13 5.41 -54.93 44.79
Size of Government (% of GDP) 9.45 7.43 7.01 0.10 39.68

Count
War (Dummy) 263
Election (Dummy) 532

Description: Information on the mean, median, standard deviation, min, and max of the
variables used in the regressions.
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Table 3.2: Candidates for Type P Countries
Naval Ships (> 10) Air Transport (> 50) Air Combat (> 100) Army Vehicles (> 1000)
China(236) USA(1296) USA(3609) Russia(54459)
USA(214) Russia(423) China(2026) USA(37005)
Russia(130) China(386) Russia(1909) China(13752)
Japan(71) India(278) India(829) Turkey(9666)
India(47) Turkey(189) Japan(653) Syria(9490)
Taiwan(45) Brazil(186) Israel(640) Israel(9015)
Indonesia(44) Mexico(150) Egypt(589) Egypt(8834)
France(41) Iran(135) South Korea(588) Ukraine(8058)
South Korea(41) Colombia(129) Taiwan(500) Saudi Arabia(7617)
Turkey(37) Japan(124) France(489) France(7140)
United Kingdom(36) Venezuela(123) Pakistan(449) India(6234)
Iran(32) United Kingdom(109) United Kingdom(377) South Korea(6025)
Greece(27) Thailand(108) Syria(365) Pakistan(4046)
Italy(27) Spain(101) Iran(339) Italy(4042)
Brazil(25) Germany(95) Turkey(338) Greece(3962)
Germany(22) Italy(92) Saudi Arabia(296) United Kingdom(3678)
Australia(20) Bolivia(87) Greece(288) Kazakhstan(3192)
Canada(19) Argentina(84) Ukraine(267) Algeria(3110)
Pakistan(19) Greece(75) Italy(263) Poland(3060)
Peru(19) Saudi Arabia(73) Brazil(247) Iran(3028)
Thailand(19) Indonesia(73) Spain(209) Germany(2937)
Chile(17) Ukraine(66) Thailand(186) Spain(2932)
Spain(17) Australia(62) Germany(182) Taiwan(2845)
Egypt(15) Egypt(60) Kazakhstan(162) Singapore(2615)
Singapore(15) Canada(60) Australia(147) South Africa(2353)
Argentina(14) Israel(58) Argentina(143) Jordan(2308)
Malaysia(12) Ecuador(57) Singapore(134) Romania(2060)
Netherlands(12) South Africa(55) Belarus(128) Morocco(2001)
Venezuela(12) Philippines(55) Algeria(125) Yemen(1914)
Norway(11) Chile(53) Jordan(115) Belarus(1890)
Algeria(10) Algeria(51) Sweden(115) Switzerland(1883)
Mexico(10) Morocco(51) Poland(112) Thailand(1808)

Angola(50) Finland(109) Japan(1780)
Venezuela(102) Brazil(1722)

Australia(1653)
Lebanon(1636)
Canada(1546)
Bulgaria(1545)
Malaysia(1466)
Nigeria(1369)
Indonesia(1324)
Angola(1320)
Sudan(1239)
Argentina(1228)
Kuwait(1188)
Sweden(1123)
Azerbaijan(1001)

Description: A list of countries that satisfy each of the four criteria used to identify a type P
country. These criteria are having 10 or more Blue Water naval vessels, 50 or more transport

aircraft, 100 or more combat aircraft, and 1000 or more army vehicles.



CHAPTER 3. DEFENCE BUDGETS 131

Table 3.3: Type P Countries
Algeria(4) Germany(4) Pakistan(3) Turkey(4)
Argentina(4) Greece(4) Russia(4) Ukraine(3)
Australia(4) India(4) Saudi Arabia(3) United Kingdom(4)
Brazil(4) Indonesia(3) Singapore(3) United States(4)
Canada(3) Iran(4) South Korea(3) Venezuela(3)
China(4) Israel(3) Spain(4)
Egypt(4) Italy(4) Taiwan(3)
France(3) Japan(4) Thailand(4)

Description: The 29 countries who satisfy three or more of the criteria identified in Table 3.2.
The number in brackets indicates how many of the criteria each country satisfied.
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Table 3.4: Alliances
European Union NATO CSTO

Austria Belgium Armenia
Belgium Canada Belarus
Denmark Czech Republic Kazakhstan
Finland Denmark Kyrgyzstan
France France Russia

Germany Germany Tajikistan
Greece Greece
Ireland Hungary Pairwise Alliances
Italy Iceland South Korea

Luxembourg Italy United States
Netherlands Luxembourg

Portugal Netherlands Philippines
Spain Norway United States

Sweden Poland
United Kingdom Portugal Australia

Spain New Zealand
SCO Turkey
China United Kingdom Australia

Kazakhstan United States United States
Kyrgyzstan

Russia
Tajikistan

Description: Alliances that were factored into the weighting matrices.
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Table 3.5: Summary of Weighting Matrices
Matrix Description
1. Inverse Distances Values are inverted capital pair distances. All non-allied

countries receive a positive weight.
2. Contiguous Values are binary. Only non-allied contiguous countries

receive a weight of 1.
3. Two Groups Values are inverted capital pair distances. Type Ps give

a positive weight to non-allied Type Ps and non-allied
contiguous countries. Type Qs give a positive weight to
non-allied contiguous countries.

4. World Police Values are inverted capital pair distances. Type Ps give
a positive weight to all non-allied countries. Type Qs
give a positive weight to non-allied contiguous countries.

5. Who can get me? Values are inverted capital pair distances. Type Ps give
a positive weight to all non-allied Type Ps and non-allied
contiguous countries. Type Qs give a positive weight to
all non-allied Type Ps and non-allied contiguous coun-
tries.

Description: A summary of the five weighting matrices used in the paper. Note the numbers
associated with each name, as they will be used in the presentation of the regression results.
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Table 3.6: Global I Statistics

W matrix Year I E(I) Standard Error Test Statistic
1 1993 0.1057 -0.0081 0.0177 6.4246∗∗∗

1 1994 0.1070 -0.0081 0.0177 6.4961∗∗∗

1 1995 0.1034 -0.0081 0.0177 6.2938∗∗∗

1 1996 0.1290 -0.0081 0.0177 7.7275∗∗∗

1 1997 0.1146 -0.0081 0.0177 6.9178∗∗∗

1 1998 0.1324 -0.0081 0.0177 7.9273∗∗∗

1 1999 0.1256 -0.0081 0.0177 7.5466∗∗∗

1 2000 0.1217 -0.0081 0.0177 7.3203∗∗∗

1 2001 0.1150 -0.0081 0.0177 6.9481∗∗∗

1 2002 0.1120 -0.0081 0.0177 6.7806∗∗∗

1 2003 0.1119 -0.0081 0.0177 6.7713∗∗∗

1 2004 0.1261 -0.0081 0.0177 7.5704∗∗∗

1 2005 0.1206 -0.0081 0.0177 7.2620∗∗∗

1 2006 0.1195 -0.0081 0.0177 7.1995∗∗∗

1 2007 0.1121 -0.0081 0.0177 6.7877∗∗∗

1 2008 0.0931 -0.0081 0.0177 5.7146∗∗∗

2 1993 0.3087 -0.0081 0.0704 4.5035∗∗∗

2 1994 0.2745 -0.0081 0.0704 4.0152∗∗∗

2 1995 0.2646 -0.0081 0.0704 3.8738∗∗∗

2 1996 0.3278 -0.0081 0.0705 4.7657∗∗∗

2 1997 0.3227 -0.0081 0.0704 4.6968∗∗∗

2 1998 0.3554 -0.0081 0.0704 5.1666∗∗∗

2 1999 0.3441 -0.0081 0.0704 5.0073∗∗∗

2 2000 0.3356 -0.0081 0.0704 4.8814∗∗∗

2 2001 0.3439 -0.0081 0.0704 5.0026∗∗∗

2 2002 0.3299 -0.0081 0.0703 4.8058∗∗∗

2 2003 0.3317 -0.0081 0.0704 4.8283∗∗∗

2 2004 0.3278 -0.0081 0.0704 4.7728∗∗∗

2 2005 0.3397 -0.0081 0.0704 4.9413∗∗∗

2 2006 0.3445 -0.0081 0.0704 5.0104∗∗∗

2 2007 0.3093 -0.0081 0.0703 4.5137∗∗∗

2 2008 0.2336 -0.0081 0.0704 3.4358∗∗∗

3 1993 0.3651 -0.0081 0.0730 5.1147∗∗∗

3 1994 0.3276 -0.0081 0.0730 4.5982∗∗∗

3 1995 0.3354 -0.0081 0.0730 4.7044∗∗∗

3 1996 0.4103 -0.0081 0.0731 5.7242∗∗∗

3 1997 0.3852 -0.0081 0.0731 5.3833∗∗∗

3 1998 0.4205 -0.0081 0.0730 5.8721∗∗∗

3 1999 0.3987 -0.0081 0.0730 5.5757∗∗∗

3 2000 0.3722 -0.0081 0.0730 5.2064∗∗∗

3 2001 0.3770 -0.0081 0.0730 5.2779∗∗∗

3 2002 0.3786 -0.0081 0.0730 5.3004∗∗∗

3 2003 0.3821 -0.0081 0.0730 5.3455∗∗∗

3 2004 0.3771 -0.0081 0.0730 5.2768∗∗∗

3 2005 0.3900 -0.0081 0.0730 5.4531∗∗∗
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3 2006 0.3937 -0.0081 0.0730 5.5053∗∗∗

3 2007 0.3683 -0.0081 0.0729 5.1607∗∗∗

3 2008 0.3219 -0.0081 0.0730 4.5235∗∗∗

4 1993 0.3343 -0.0081 0.0695 4.9255∗∗∗

4 1994 0.2923 -0.0081 0.0696 4.3186∗∗∗

4 1995 0.3058 -0.0081 0.0696 4.5128∗∗∗

4 1996 0.3791 -0.0081 0.0696 5.5599∗∗∗

4 1997 0.3514 -0.0081 0.0696 5.1649∗∗∗

4 1998 0.3836 -0.0081 0.0695 5.6342∗∗∗

4 1999 0.3664 -0.0081 0.0695 5.3877∗∗∗

4 2000 0.3349 -0.0081 0.0696 4.9292∗∗∗

4 2001 0.3368 -0.0081 0.0695 4.9607∗∗∗

4 2002 0.3410 -0.0081 0.0695 5.0229∗∗∗

4 2003 0.3470 -0.0081 0.0695 5.1066∗∗∗

4 2004 0.3401 -0.0081 0.0695 5.0070∗∗∗

4 2005 0.3525 -0.0081 0.0695 5.1860∗∗∗

4 2006 0.3513 -0.0081 0.0695 5.1689∗∗∗

4 2007 0.3255 -0.0081 0.0695 4.8007∗∗∗

4 2008 0.2854 -0.0081 0.0695 4.2225∗∗∗

5 1993 0.1905 -0.0081 0.0376 5.2898∗∗∗

5 1994 0.1599 -0.0081 0.0376 4.4739∗∗∗

5 1995 0.1645 -0.0081 0.0376 4.5964∗∗∗

5 1996 0.2151 -0.0081 0.0376 5.9366∗∗∗

5 1997 0.1889 -0.0081 0.0376 5.2426∗∗∗

5 1998 0.2052 -0.0081 0.0376 5.6803∗∗∗

5 1999 0.1933 -0.0081 0.0375 5.3644∗∗∗

5 2000 0.1820 -0.0081 0.0376 5.0598∗∗∗

5 2001 0.1838 -0.0081 0.0375 5.1118∗∗∗

5 2002 0.1810 -0.0081 0.0375 5.0377∗∗∗

5 2003 0.1835 -0.0081 0.0376 5.1010∗∗∗

5 2004 0.1907 -0.0081 0.0376 5.2944∗∗∗

5 2005 0.1915 -0.0081 0.0376 5.3158∗∗∗

5 2006 0.1934 -0.0081 0.0376 5.3664∗∗∗

5 2007 0.1817 -0.0081 0.0375 5.0578∗∗∗

5 2008 0.1549 -0.0081 0.0375 4.3431∗∗∗

Description: The global I statistic for each country-weighting matrix combination. The formulas
can be found in Section 3.5. Note that all the test statistics are signifcant at the 1% level(***),

indicating a strong likelihood of spatial autocorrelation. Refer to Table 3.5 for a description
corresponding to each numbered matrix.
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Table 3.7: Local I Statistics (1999 Contiguous Matrix)

Country Ii Standard Error Test Statistic
Moldova -1.0009 0.6946 -1.4293
Jamaica -0.9175 0.5648 -1.6100
Singapore -0.7619 0.6946 -1.0851
Mauritius -0.5977 0.6946 -0.8488
Kenya -0.5090 0.4871 -1.0282
Spain -0.4989 0.6946 -0.7065
United States -0.4869 0.3636 -1.3167
Bangladesh -0.3512 0.9863 -0.3478
Colombia -0.3468 0.3387 -1.0000
France -0.3393 0.2851 -1.1615
Nepal -0.3364 0.6946 -0.4727
Croatia -0.3239 0.5648 -0.5590
Albania -0.2967 0.6946 -0.4154
Taiwan -0.2612 0.5648 -0.4480
Japan -0.2337 0.3944 -0.5719
Chile -0.2295 0.5648 -0.3919
South Korea -0.2126 0.6946 -0.2944
Dominican Republic -0.1865 0.4339 -0.4112
Cambodia -0.1841 0.6946 -0.2534
India -0.1013 0.3636 -0.2563
Malta -0.0818 0.9863 -0.0747
Tunisia -0.0818 0.6946 -0.1060
Cape Verde -0.0812 0.6946 -0.1052
New Zealand -0.0789 0.5648 -0.1252
Russia -0.0705 0.2599 -0.2400
Finland -0.0676 0.5648 -0.1054
Peru -0.0666 0.4339 -0.1348
Argentina -0.0479 0.3944 -0.1009
Ukraine -0.0392 0.3387 -0.0917
Venezuela -0.0369 0.3636 -0.0792
Czech Republic -0.0337 0.6946 -0.0368
Mongolia -0.0331 0.6946 -0.0359
Tanzania -0.0325 0.3636 -0.0671
Laos -0.0272 0.5648 -0.0338
Indonesia -0.0262 0.3636 -0.0498
Bolivia -0.0199 0.4339 -0.0272
Hungary -0.0197 0.3944 -0.0293
Sweden -0.0157 0.3944 -0.0191
Slovenia -0.0148 0.4871 -0.0137
Ecuador -0.0137 0.6946 -0.0081
Italy -0.0115 0.3636 -0.0092
Chad -0.0082 0.5648 -0.0001
Portugal -0.0068 0.9863 0.0013
United Kingdom -0.0064 0.3179 0.0054
Poland 0.0000 0.3944 0.0205
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Belgium 0 0
Canada 0 0
Denmark 0 0
Ireland 0 0
Kazakhstan 0 0
Kyrgyzstan 0 0
Luxembourg 0 0
Sierra Leone 0 0
China 0.0012 0.3179 0.0294
Mali 0.0047 0.4871 0.0262
Romania 0.0054 0.4339 0.0311
Australia 0.0065 0.5648 0.0260
Mauritania 0.0077 0.4339 0.0364
Norway 0.0132 0.5648 0.0378
Brazil 0.0180 0.3387 0.0771
Fiji 0.0195 0.6946 0.0398
Malaysia 0.0203 0.4339 0.0656
Slovakia 0.0235 0.4339 0.0728
South Africa 0.0270 0.4339 0.0810
Uruguay 0.0343 0.6946 0.0612
Thailand 0.0398 0.4339 0.1105
Madagascar 0.0547 0.5648 0.1113
Botswana 0.0557 0.6946 0.0919
Algeria 0.0626 0.3944 0.1793
Senegal 0.0746 0.5648 0.1466
Seychelles 0.0769 0.4871 0.1745
Switzerland 0.1118 0.4871 0.2462
Estonia 0.1174 0.4871 0.2577
Netherlands 0.1200 0.6946 0.1845
Lithuania 0.1206 0.4339 0.2967
Cameroon 0.1277 0.6946 0.1955
Morocco 0.1314 0.4339 0.3216
Uganda 0.1382 0.4871 0.3005
Swaziland 0.1448 0.6946 0.2202
Paraguay 0.1452 0.5648 0.2715
Belarus 0.1456 0.4871 0.3156
Brunei 0.2005 0.9863 0.2115
Latvia 0.2099 0.4339 0.5026
Germany 0.2152 0.9863 0.2264
Philippines 0.2288 0.4339 0.5461
Papua New Guinea 0.2549 0.5648 0.4657
Nigeria 0.2568 0.5648 0.4691
Greece 0.2594 0.4871 0.5493
Mozambique 0.2654 0.3944 0.6936
Austria 0.3063 0.4339 0.7247
Azerbaijan 0.3475 0.4871 0.7301
Bulgaria 0.4074 0.5648 0.7357
Burkina Faso 0.4332 0.6946 0.6353
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Nicaragua 0.4342 0.6946 0.6368
Lesotho 0.4741 0.9863 0.4890
Malawi 0.5851 0.6946 0.8541
Armenia 0.6156 0.5648 1.1043
Burundi 0.6578 0.6946 0.9587
Sri Lanka 0.6672 0.9863 0.6847
Rwanda 0.6727 0.5648 1.2054
Cyprus 0.6754 0.3636 1.8797
Ghana 0.7133 0.6946 1.0386
Turkey 0.7245 0.3003 2.4394
Namibia 0.7382 0.5648 1.3213
Sudan 0.8156 0.3944 2.0885
Egypt 0.8715 0.3387 2.5971
Pakistan 0.8721 0.4871 1.8069
Iran 0.8729 0.3387 2.6013
Mexico 0.8797 0.5648 1.5718
Ethiopia 1.1390 0.5648 2.0309
Belize 1.3257 0.6946 1.9202
Lebanon 1.4041 0.4871 2.8990
El Salvador 1.6541 0.6946 2.3931
Guatemala 1.6949 0.5648 3.0152
Bahrain 1.9731 0.6946 2.8523
Syria 1.9852 0.4339 4.5942
Angola 1.9941 0.9863 2.0300
Djibouti 2.1828 0.6946 3.1542
Israel 2.3065 0.4339 5.3345
Yemen 2.6674 0.5648 4.7370
Jordan 2.7287 0.4871 5.6182
Kuwait 2.8951 0.6946 4.1797
Oman 3.2366 0.4871 6.6608
Saudi Arabia 3.3272 0.3387 9.8478

Description: The local I statistic for each country in the sample for 1999 using the Contiguous
matrix. The formulas can be found in Section 3.5. The results here indicate that countries in the

Middle East and Central America display a disproportionate amount of positive spatial
autocorrelation. This indicates that the regressions results will likely indicate that these regions

display arms racing or anti-arms racing behaviour.
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Table 3.8: Baseline Case
Defence Burden (Logged) 1 2 3 4 5
Rho 0.6265∗∗∗ 0.1951∗∗∗ 0.1990∗∗∗ 0.2047∗∗∗ 0.3763∗∗∗

(0.0480) (0.0271) (0.0263) (0.0276) (0.0413)
Population (Logged) 0.0212∗∗∗ 0.0097∗∗∗ 0.0097∗∗∗ 0.0097∗∗∗ 0.0145∗∗∗

(0.0037) (0.0037) (0.0037) (0.0037) (0.0037)
Lagged War 0.1179∗∗∗ 0.1133∗∗∗ 0.1133∗∗∗ 0.1127∗∗∗ 0.1166∗∗∗

(0.0214) (0.0218) (0.0218) (0.0218) (0.0216)
Civil Liberties 0.0628∗∗∗ 0.0960∗∗∗ 0.0956∗∗∗ 0.0958∗∗∗ 0.0809∗∗∗

(0.0099) (0.0101) (0.0101) (0.0100) (0.0100)
R-Squared 0.8879 0.8833 0.8837 0.8838 0.8856
Correlation Squared 0.1437 0.1609 0.1607 0.1603 0.1689
Log Likelihood 44.6499 7.6096 10.0045 12.0956 23.4897

Description: Standard Errors in Brackets. 1984 Observations. Country Fixed Effects.
* 10% Significance. ** 5% Significance. *** 1% Significance.

Table 3.9: Baseline Case: Effects Breakdown
Defence Burden (Logged) 1 2 3 4 5

Direct 0.0215∗∗∗ 0.0097∗∗ 0.0099∗∗ 0.0096∗∗ 0.0148∗∗∗

SE (0.0037) (0.0037) (0.0039) (0.0038) (0.0037)
Population (Logged) Indirect 0.0362∗∗∗ 0.0021∗∗ 0.0022∗∗ 0.0022∗∗ 0.0088∗∗∗

SE (0.0100) (0.0009) (0.0009) (0.0009) (0.0028)
Total 0.0577∗∗∗ 0.0118∗∗ 0.0121∗∗ 0.0118∗∗ 0.0236∗∗∗

SE (0.0127) (0.0046) (0.0048) (0.0047) (0.0062)
Direct 0.1197∗∗∗ 0.1142∗∗∗ 0.1136∗∗∗ 0.1158∗∗∗ 0.1188∗∗∗

SE (0.0215) (0.0216) (0.0223) (0.0224) (0.0213)
Lagged War Indirect 0.2014∗∗∗ 0.0250∗∗∗ 0.0252∗∗∗ 0.0270∗∗∗ 0.0700∗∗∗

SE (0.0563) (0.0062) (0.0064) (0.0067) (0.0177)
Total 0.3211∗∗∗ 0.1392∗∗∗ 0.1387∗∗∗ 0.1427∗∗∗ 0.1888∗∗∗

SE (0.0720) (0.0264) (0.0275) (0.0278) (0.0362)
Direct 0.0639∗∗∗ 0.0966∗∗∗ 0.0962∗∗∗ 0.0967∗∗∗ 0.0817∗∗∗

SE (0.0100) (0.0098) (0.0105) (0.0101) (0.0103)
Civil Liberties Indirect 0.1073∗∗∗ 0.0211∗∗∗ 0.0213∗∗∗ 0.0225∗∗∗ 0.0480∗∗∗

SE (0.0275) (0.0040) (0.0040) (0.0042) (0.0098)
Total 0.1711∗∗∗ 0.1178∗∗∗ 0.1175∗∗∗ 0.1192∗∗∗ 0.1297∗∗∗

SE (0.0343) (0.0122) (0.0131) (0.0128) (0.0176)

Description: Standard Errors in Brackets. 1984 Observations. Country Fixed Effects.
* 10% Significance. ** 5% Significance. *** 1% Significance.
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Table 3.10: Internal Factors Included
Defence Burden (Logged) 1 2 3 4 5
Rho 0.6245∗∗∗ 0.2022∗∗∗ 0.2000∗∗∗ 0.2116∗∗∗ 0.3793∗∗∗

(0.0486) (0.0267) (0.0261) (0.0272) (0.0410)
Population (Logged) 0.0812∗∗∗ 0.0917∗∗∗ 0.0937∗∗∗ 0.0932∗∗∗ 0.0926∗∗∗

(0.0137) (0.0139) (0.0139) (0.0139) (0.0138)
Lagged War 0.1141∗∗∗ 0.1079∗∗∗ 0.1080∗∗∗ 0.1071∗∗∗ 0.1118∗∗∗

(0.0210) (0.0214) (0.0214) (0.0213) (0.0212)
Civil Liberties 0.0461∗∗∗ 0.0720∗∗∗ 0.0714∗∗∗ 0.0714∗∗∗ 0.0585∗∗∗

(0.0103) (0.0105) (0.0105) (0.0105) (0.0105)
GDP per Capita (Logged) -0.0716∗∗∗ -0.1142∗∗∗ -0.1186∗∗∗ -0.1175∗∗∗ -0.1069∗∗∗

(0.0245) (0.0250) (0.0249) (0.0249) (0.0248)
Upcoming Election -0.0017 -0.0024 -0.0019 -0.0021 -0.0011

(0.0125) (0.0128) (0.0127) (0.0127) (0.0126)
GDP Growth -0.0012 -0.0019∗ -0.0020∗ -0.0020∗ -0.0016

(0.0011) (0.0011) (0.0011) (0.0011) (0.0011)
Government Size (Logged) -0.1752∗∗∗ -0.1610∗∗∗ -0.1590∗∗∗ -0.1594∗∗∗ -0.1637∗∗∗

(0.0221) (0.0225) (0.0225) (0.0224) (0.0223)
R-Squared 0.8923 0.8881 0.8886 0.8887 0.8903
Correlation Squared 0.1804 0.1945 0.1947 0.1948 0.2038
Log Likelihood 84.2057 49.3116 52.3019 54.3808 65.0036

Description: Standard Errors in Brackets. 1984 Observations. Country Fixed Effects.
* 10% Significance. ** 5% Significance. *** 1% Significance.
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Table 3.11: Internal Factors Included: Effects Breakdown
Defence Burden (Logged) 1 2 3 4 5

Direct 0.0823∗∗∗ 0.0921∗∗∗ 0.0940∗∗∗ 0.0941∗∗∗ 0.0931∗∗∗

SE (0.0136) (0.0134) (0.0138) (0.0137) (0.0146)
Population (Logged) Indirect 0.1372∗∗∗ 0.0208∗∗∗ 0.0209∗∗∗ 0.0229∗∗∗ 0.0558∗∗∗

SE (0.0366) (0.0046) (0.0044) (0.0049) (0.0134)
Total 0.2195∗∗∗ 0.1129∗∗∗ 0.1149∗∗∗ 0.1170∗∗∗ 0.1489∗∗∗

SE (0.0460) (0.0169) (0.0171) (0.0175) (0.0259)
Direct 0.1148∗∗∗ 0.1101∗∗∗ 0.1095∗∗∗ 0.1084∗∗∗ 0.1128∗∗∗

SE (0.0210) (0.0213) (0.0216) (0.0208) (0.0220)
Lagged War Indirect 0.1916∗∗∗ 0.0248∗∗∗ 0.0244∗∗∗ 0.0264∗∗∗ 0.0675∗∗∗

SE (0.0539) (0.0062) (0.0060) (0.0065) (0.0176)
Total 0.3063∗∗∗ 0.1349∗∗∗ 0.1339∗∗∗ 0.1347∗∗∗ 0.1803∗∗∗

SE (0.0694) (0.0264) (0.0265) (0.0262) (0.0370)
Direct 0.0468∗∗∗ 0.0729∗∗∗ 0.0727∗∗∗ 0.0722∗∗∗ 0.0597∗∗∗

SE (0.0104) (0.0104) (0.0105) (0.0103) (0.0113)
Civil Liberties Indirect 0.0779∗∗∗ 0.0164∗∗∗ 0.0162∗∗∗ 0.0175∗∗∗ 0.0356∗∗∗

SE (0.0235) (0.0033) (0.0033) (0.0035) (0.0086)
Total 0.1247∗∗∗ 0.0893∗∗∗ 0.0889∗∗∗ 0.0898∗∗∗ 0.0952∗∗∗

SE (0.0317) (0.0127) (0.0129) (0.0129) (0.0184)
Direct -0.0726∗∗∗ -0.1146∗∗∗ -0.1191∗∗∗ -0.1184∗∗∗ -0.1071∗∗∗

SE (0.0243) (0.0244) (0.0248) (0.0245) (0.0257)
GDP per Capita (Logged) Indirect -0.1207∗∗ -0.0258∗∗∗ -0.0265∗∗∗ -0.0288∗∗∗ -0.0641∗∗∗

SE (0.0478) (0.0069) (0.0068) (0.0076) (0.0193)
Total -0.1933∗∗∗ -0.1404∗∗∗ -0.1456∗∗∗ -0.1472∗∗∗ -0.1712∗∗∗

SE (0.0692) (0.0301) (0.0304) (0.0309) (0.0429)
Direct -0.0017 -0.0026 -0.0018 -0.0022 -0.0010
SE (0.0129) (0.0129) (0.0129) (0.0125) (0.0126)

Upcoming Election Indirect -0.0025 -0.0006 -0.0004 -0.0005 -0.0006
SE (0.0221) (0.0029) (0.0030) (0.0028) (0.0077)
Total -0.0042 -0.0032 -0.0021 -0.0028 -0.0016
SE (0.0348) (0.0158) (0.0152) (0.0158) (0.0203)
Direct -0.0012 -0.0019∗ -0.0020∗ -0.0019∗ -0.0017
SE (0.0011) (0.0011) (0.0011) (0.0011) (0.0011)

GDP Growth Indirect -0.0019 -0.0004∗ -0.0004∗ -0.0005∗ -0.0010
SE (0.0019) (0.0002) (0.0002) (0.0003) (0.0007)
Total -0.0031 -0.0024∗ -0.0025∗ -0.0024∗ -0.0028
SE (0.0030) (0.0014) (0.0014) (0.0014) (0.0018)
Direct -0.1770∗∗∗ -0.1618∗∗∗ -0.1600∗∗∗ -0.1615∗∗∗ -0.1662∗∗∗

SE (0.0228) (0.0225) (0.0213) (0.0224) (0.0231)
Government Size (Logged) Indirect -0.2956∗∗∗ -0.0365∗∗∗ -0.0356∗∗∗ -0.0392∗∗∗ -0.0997∗∗∗

SE (0.0749) (0.0080) (0.0072) (0.0081) (0.0229)
Total -0.4725∗∗∗ -0.1983∗∗∗ -0.1956∗∗∗ -0.2007∗∗∗ -0.2659∗∗∗

SE (0.0891) (0.0286) (0.0266) (0.0284) (0.0422)

Description: Standard Errors in Brackets. 1984 Observations. Country Fixed Effects.
* 10% Significance. ** 5% Significance. *** 1% Significance.
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Table 3.12: Yearly Rhos
Defence Burden (Logged) 1 2 3 4 5

1993 0.8375∗∗∗ 0.3711∗∗∗ 0.4460∗∗∗ 0.4547∗∗∗ 0.6394∗∗∗

(0.1048) (0.0874) (0.0817) (0.0853) (0.1202)
1994 0.8804∗∗∗ 0.4112∗∗∗ 0.4670∗∗∗ 0.4856∗∗∗ 0.6624∗∗∗

(0.0794) (0.0890) (0.0819) (0.0850) (0.1213)
1995 0.8515∗∗∗ 0.3362∗∗∗ 0.4200∗∗∗ 0.4407∗∗∗ 0.6284∗∗∗

(0.0975) (0.0923) (0.0844) (0.0876) (0.1265)
1996 0.8805∗∗∗ 0.4032∗∗∗ 0.4930∗∗∗ 0.5056∗∗∗ 0.6964∗∗∗

(0.0792) (0.0907) (0.0812) (0.0844) (0.1147)
1997 0.8565∗∗∗ 0.4012∗∗∗ 0.4590∗∗∗ 0.4697∗∗∗ 0.5863∗∗∗

(0.0945) (0.0921) (0.0858) (0.0894) (0.1379)
1998 0.8515∗∗∗ 0.3881∗∗∗ 0.4610∗∗∗ 0.4756∗∗∗ 0.5733∗∗∗

(0.0972) (0.0930) (0.0854) (0.0888) (0.1374)
1999 0.8516∗∗∗ 0.4032∗∗∗ 0.4800∗∗∗ 0.4977∗∗∗ 0.5964∗∗∗

(0.0972) (0.0914) (0.0831) (0.0860) (0.1343)
2000 0.8555∗∗∗ 0.3952∗∗∗ 0.4360∗∗∗ 0.4427∗∗∗ 0.5564∗∗∗

(0.0947) (0.0907) (0.0857) (0.0894) (0.1390)
2001 0.8285∗∗∗ 0.4031∗∗∗ 0.4410∗∗∗ 0.4357∗∗∗ 0.5634∗∗∗

(0.1111) (0.0902) (0.0852) (0.0898) (0.1394)
2002 0.8555∗∗∗ 0.4172∗∗∗ 0.4681∗∗∗ 0.4796∗∗∗ 0.5934∗∗∗

(0.0949) (0.0911) (0.0852) (0.0887) (0.1359)
2003 0.8225∗∗∗ 0.4161∗∗∗ 0.4550∗∗∗ 0.4657∗∗∗ 0.5803∗∗∗

(0.1146) (0.0897) (0.0853) (0.0888) (0.1366)
2004 0.8595∗∗∗ 0.3901∗∗∗ 0.4280∗∗∗ 0.4286∗∗∗ 0.5854∗∗∗

(0.0923) (0.0921) (0.0878) (0.0922) (0.1364)
2005 0.8585∗∗∗ 0.3722∗∗∗ 0.4070∗∗∗ 0.4076∗∗∗ 0.5624∗∗∗

(0.0930) (0.0943) (0.0902) (0.0950) (0.1405)
2006 0.8575∗∗∗ 0.3691∗∗∗ 0.4170∗∗∗ 0.4017∗∗∗ 0.5864∗∗∗

(0.0937) (0.0948) (0.0899) (0.0958) (0.1374)
2007 0.8495∗∗∗ 0.3452∗∗∗ 0.3940∗∗∗ 0.3947∗∗∗ 0.5464∗∗∗

(0.0988) (0.0965) (0.0918) (0.0963) (0.1447)
2008 0.7845∗∗∗ 0.2402∗∗ 0.3410∗∗∗ 0.3357∗∗∗ 0.4814∗∗∗

(0.1375) (0.1033) (0.0956) (0.1005) (0.1549)
Description: Standard Errors in Brackets. 124 observations per regression.

* 10% Significance. ** 5% Significance. *** 1% Significance.
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Table 3.13: Regional Analysis
Defence Burden (Logged) 1 2 3 4 5

Rho 0.4572∗∗∗ 0.2120∗∗∗ 0.2196∗∗∗ 0.2203∗∗∗ 0.3075∗∗∗

(0.0790) (0.0740) (0.0699) (0.0737) (0.0752)
Population (Logged) 0.0379∗∗∗ 0.0209∗ 0.0198∗ 0.0200∗ 0.0238∗∗

(0.0106) (0.0110) (0.0110) (0.0110) (0.0108)
Middle East Lagged War 0.0622 0.0543 0.0533 0.0540 0.0574

(0.0450) (0.0469) (0.0467) (0.0468) (0.0460)
Civil Liberties 0.1189∗∗∗ 0.1619∗∗∗ 0.1603∗∗∗ 0.1598∗∗∗ 0.1487∗∗∗

(0.0282) (0.0295) (0.0293) (0.0294) (0.0290)
Log Likelihood 41.1330 34.6120 35.1800 35.0600 37.4320

R-Squared 0.8776 0.8677 0.8686 0.8682 0.8722
Correlation Squared 0.3528 0.3849 0.3879 0.3847 0.3999

Rho 0.5221 0.3916 0.3958 0.4379 0.4537
(0.0717)∗∗∗ (0.0569)∗∗∗ (0.0536)∗∗∗ (0.0543)∗∗∗ (0.0575)∗∗∗

Population (Logged) -0.0054 -0.0057 -0.0042 -0.0039 -0.0029
(0.0110) (0.0112) (0.0108) (0.0106) (0.0108)

Latin America Lagged War 0.0767 0.0789 0.0793 0.0784 0.0774
(0.0579) (0.0584) (0.0568) (0.0558) (0.0564)

Civil Liberties 0.0724∗∗∗ 0.0920∗∗∗ 0.0791∗∗∗ 0.0824∗∗∗ 0.0734∗∗∗

(0.0214) (0.0216) (0.0209) (0.0206) (0.0208)
Log Likelihood 86.5260 83.0360 89.4890 93.7400 90.7560

R-Squared 0.9103 0.9086 0.9137 0.9167 0.9149
Correlation Squared 0.1751 0.1767 0.1619 0.1701 0.1646

Rho 0.3745 0.1234 0.0680 0.1301 0.0566
(0.0821)∗∗∗ (0.0581)∗∗ (0.0549) (0.0603)∗∗ (0.0591)

Population (Logged) 0.0058 0.0003 -0.0002 0.0000 -0.0003
(0.0063) (0.0064) (0.0065) (0.0064) (0.0065)

Europe Lagged War 0.1523∗∗∗ 0.1525∗∗∗ 0.1528∗∗∗ 0.1529∗∗∗ 0.1532∗∗∗

(0.0421) (0.0427) (0.0429) (0.0427) (0.0429)
Civil Liberties 0.0688∗∗∗ 0.0843∗∗∗ 0.0896∗∗∗ 0.0852∗∗∗ 0.0913∗∗∗

(0.0193) (0.0195) (0.0196) (0.0195) (0.0196)
Log Likelihood 46.3100 39.5280 38.4160 39.9580 38.1240

R-Squared 0.8154 0.8096 0.8084 0.8099 0.8081
Correlation Squared 0.0852 0.0962 0.0925 0.0965 0.0891

Rho 0.4970∗∗∗ 0.2210∗∗∗ 0.3320∗∗∗ 0.3480∗∗∗ 0.4975∗∗∗

(0.0802) (0.0532) (0.0522) (0.0570) (0.0632)
Population (Logged) -0.0095 -0.0213∗∗ -0.0176∗ -0.0148 -0.0116

(0.0103) (0.0107) (0.0104) (0.0104) (0.0104)
Asia Lagged War 0.1705∗∗∗ 0.1363∗∗ 0.1288∗∗ 0.1245∗∗ 0.1569∗∗∗

(0.0556) (0.0574) (0.0559) (0.0560) (0.0554)
Civil Liberties 0.0903∗∗∗ 0.1254∗∗∗ 0.1189∗∗∗ 0.1109∗∗∗ 0.1034∗∗∗

(0.0280) (0.0289) (0.0282) (0.0282) (0.0280)
Log Likelihood -32.4740 -43.1100 -36.0470 -36.0590 -32.6180

R-Squared 0.8097 0.7974 0.8079 0.8068 0.8113
Correlation Squared 0.1116 0.1025 0.1057 0.1012 0.1371

Description: Standard Errors in Brackets.
* 10% Significance. ** 5% Significance. *** 1% Significance.

Table 3.14: Defence Spending per Capita
Defence Spending per Capita (Logged) 1 2 3 4 5

Rho 0.2685∗∗∗ 0.2122∗∗∗ 0.2200∗∗∗ 0.2247∗∗∗ 0.3294∗∗∗

(0.0407) (0.0211) (0.0211) (0.0216) (0.0322)
Population (Logged) 0.2102∗∗∗ 0.2114∗∗∗ 0.2104∗∗∗ 0.2095∗∗∗ 0.2083∗∗∗

(0.0053) (0.0050) (0.0050) (0.0050) (0.0051)
Lagged War 0.0923∗∗∗ 0.0847∗∗∗ 0.0845∗∗∗ 0.0852∗∗∗ 0.0885∗∗∗

(0.0289) (0.0284) (0.0282) (0.0283) (0.0283)
Civil Liberties -0.0695∗∗∗ -0.0812∗∗∗ -0.0800∗∗∗ -0.0770∗∗∗ -0.0708∗∗∗

(0.0139) (0.0132) (0.0131) (0.0131) (0.0133)
Log Likelihood -540.4000 -518.4100 -507.5800 -508.1900 -508.8100

R-Squared 0.9699 0.9708 0.9712 0.9711 0.9711
Correlation Squared 0.6244 0.6251 0.6278 0.6272 0.6305

Description: Standard Errors in Brackets. 1984 Observations. Country Fixed Effects.
* 10% Significance. ** 5% Significance. *** 1% Significance.



Chapter 4

Defence Spending Behaviour of

Arms Producers and Arms

Importers

4.1 Introduction

The goal of this thesis is to develop a theoretical and empirical framework that aids

in our understanding of how national defence budgets are set. In the previous chap-

ter using a spatial econometric framework I was able to focus on the importance of

external factors, chiefly how a country’s relative location affects its defence spending

decision. I controlled for a number of internal factors in that chapter, but did so in

a rather rigid way. In this chapter I wish to relax the implicit assumption made in

the previous chapter that all countries respond to a change in an internal factor sym-

metrically. Countries differ fundamentally in a number of dimensions, one of which,

as Chapter 2 showed, is whether they produce arms domestically or import them. In
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this chapter I wish to examine the different behaviour between arms producers and

arms importers using a spatial econometric framework.

In the previous chapter it was assumed that all countries responded in a similar

manner to a change in an internal factor, when clearly this might not be the case.

For instance, a country that has a significant domestic arms industry may face fewer

frictions when faced with a sudden occurrence of war, and thus may exhibit a larger

increase in defence spending when entering a war as compared to an arms importing

nation.

It will be revealed in this chapter that nations with significant arms manufacturing

sectors tend to be relatively larger and technologically more advanced when compared

to arms importing nations. Their larger size and greater stock of capital may lead

them to demand a relatively higher level of security. On the other hand, the presence

of the arms industry may lead to a reduced cost in acquiring and maintaining weapons.

Thus, it is possible that any change to an internal variable, such as population, can

have a different effect on an arms producing nation versus an arms importing nation.

To understand this difference, a model is developed that describes how the pres-

ence of a significant domestic arms industry could theoretically affect the defence

spending behaviour of a country. The model’s predictions are then tested using a

panel data set for 124 countries over a 16 year time period. Additionally, this paper

examines the concept that a country is endowed with a base level of security, and the

impact that this measure has on the choice of defence spending is examined.

It is important to identify this difference because as Berkok, Penney, and Skogstad

(2012) point out, many governments have policies designed to create and maintain
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domestic arms industries. When some countries purchase military goods from a for-

eign firm, the contract commonly states that this firm must spend an equal amount of

money with domestic firms. These “offset” policies are designed to integrate domestic

firms into international supply chains.

There are many reasons why a country may wish to have a domestic arms industry.

These can include security of supply, as discussed in Chapter 2, pride, the belief that

weapons manufacturers provide a number of positive spillovers, or even an infant

industry argument. Many countries believe that these firms will be able to operate

without government support if they receive enough work to permit them to move

down their average cost curve. Regardless of the reason, many countries strive to

obtain a domestic arms industries, and their spending behaviour and incentives may

shift once this has been achieved.

This is not the first paper to examine this difference, though it is the first to do

so that also controls for a country’s relative location. Looney (1989) examines the

impact that domestic arms production has on the defence spending of third world

countries. In his earlier work, Looney (1988) finds that countries without arms indus-

tries tend to cut more government programs to make room for an increase in defence

spending, compared to countries with arms industries. With this result in hand, he

runs a series of regressions examining how various defence spending behaviours vary

between countries with and without a domestic arms industry. His results indicate

that the presence of an arms industry encourages the governments of these countries

to maintain a relatively high and stable level of defence expenditure.

In a sperate, but related literature, Treddenick (1985) discusses the idea of military

Keynesianism, that is defence spending that is done for economic reason rather than
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security reasons. He then examines Canadian defence spending in the post-World

War II era using this framework. Countries which have a domestic arms industry

may increase defence spending in an attempt to create jobs during recessions, or

generate economic activity in certain regions of a country.

Besides examining the differences between arms producers and arms importers,

this paper also examines the concept of a base level of security. Base security captures

the notion that a specific country may need to spend relatively more or relatively less

on defence, depending on certain socioeconomic and geographic factors. For instance,

a country with a weak rule of law and powerless institutions may be forced to spend

more on defence to maintain order within their country. Geographic factors can also

play an important role in this measure. Island nations may be able to have lower levels

of defence spending as they face a lower threat of invasion. Switzerland’s location

in the Alps affords it a level of protection that most other countries do not share.

Analyzing the impact of this variable on defence spending is the second contribution

of this paper.

Sandler and Forbes (1980) use an exposed border1 measure when measuring the

cost NATO members impose on their allies. According to this perspective, a longer

exposed border is a larger draw on the alliance’s resources, as longer borders allow for

more invasion points, and thus there is a larger perimeter to protect. Solomon (2004)

argues that such a measure is irrelevant for NATO countries today, as the threat they

face is not from a conventional invasion, but rather from attacks of a similar nature

to those of September 11th, 2001.

To examine these two issues, this paper begins by developing a model that in-

corporates these two elements. The model combines the Smith (1980) neo-classical

1An exposed border is a border that does not face an allied nation
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arms race model with a Ricardian trade model. This allows for the development of

some hypotheses regarding how arms producing and arms importing countries react

differently to changes in certain variables. It also provides a more thorough under-

standing of how defence budgets of countries interact with one another. Amongst

its predictions are that arms producing countries will tend to decrease spending at

a slower rate than arms importing countries when faced with an increase to its base

security, countries will respond to an increase in defence spending in another country

by increasing their own spending, countries with higher values of base security will

respond more positively to a change in their own population, and arms producers will

respond more positively to a change in their own population.

To test the model’s predictions, data on 124 countries over a 16 year time period

from 1993 to 2008 is used. Building on the previous chapter I use spatial econometric

techniques, to capture the interaction of spending between nations. Additionally, I

make use of the three weighting matrices developed in that chapter. The empirical

analysis indicates that defence spending behaviour differs between arms producers

and arms importers in the manner predicted by the model.

The paper is organized as follows. The next section analyzes the data that will

be used in the empirical analysis. This is done first in order to identify arms produc-

ing countries and to note how they differ from arms importers. Section 3 presents

the model and outlines its predictions. Section 4 is the empirical analysis and dis-

cusses how the results match to the model’s predictions. Finally, section 5 concludes.

Appendix A explores the workings of the model in more depth.
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4.2 Data

This chapter makes use of many of the same data series as the previous chapter.

Again, the focus is on the 16 year period from 1993 through 2008, with a sample

of 124 countries. The focus is on defence spending as a percent of GDP, a variable

referred to as the defence burden. This data series is obtained from the Stockholm

International Peace Research Institute (SIPRI). Once again, this variable is chosen

as it best captures the level of resources a country devotes to defence, thus making

cross-country comparison easier.

The effects of a number of independent variables are analyzed. The first is the

population of the countries, which is obtained from version 7.0 of the Penn World

Tables. A measure of civil liberties in each country is taken from Freedom House’s

Freedom in the World index. This index takes on a value between 1 and 7 each

year for each country, depending on factors such as freedom of expression, assembly,

and religion. A lower value for this index indicates more freedom. Finally, a dummy

variable for whether the country was engaged in a war in the previous year is included.

Again, this is obtained from the Correlates of War project.2 Recall that this variable

takes a value of 1 in the case of an inter-state war, intra-state war, or extra-state war.

Since the model looks at the effect of base security on defence expenditures, a few

additional variables are required to examine this effect. Physical geography character-

istics of countries are potential measures of base security. Land border lengths, mea-

sured in kilometres, are obtained from the CIA World Factbook. Coastline lengths,

also measured in kilometres, are taken from the World Resources Institute. Another

geographic measure used is whether or not a country could be defined as an island

2Sarkees and Wayman (2010)
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nation. A country was considered an island nation if is predominantly located on an

island or islands, regardless if shared with other nations. Thus, Ireland is considered

an island nation, despite sharing a land border with the UK.

At this point it is necessary to identify which countries have domestic arms in-

dustries and which do not. Unfortunately national account data on this subject is

unavailable. This is because it is not necessarily clear which firms should be counted

as being in the arms manufacturing industry and which should not. Often firms pro-

duce for both sectors of the economy: an excellent example is Boeing, which produces

airplanes for both military and civilian purposes.

The data that are available allows for the identification of countries that are arms

exporters and countries that are arms importers. SIPRI’s Arm’s Transfers Database

records the value of arms that are traded between countries. They do not use the

price paid by the country, but instead an estimate of the production cost of the

weapon. One reason for this is that arms are often transferred between allied nations

at little or no cost in order to maintain good relations and/or for strategic reasons.

An example of this is the 2013 transfer of 16 F-16s from the US to Egypt as foreign

aid.

Using this import/export data to identify arms producing countries is not as

straightforward as one might expect. Of the 124 countries in the sample, 75 exported

weapons in at least one year during the 16 year sample period. However, when

one examines these data further it becomes clear that not all of these countries are

exporting weapons that they themselves manufactured.

There is a great deal of stratification in the global military system. The richest

countries will typically purchase new equipment. When this equipment becomes
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obsolete it is then sold to poorer nations for their use. Sometimes this equipment is

even resold to another nation after that. So, although Kazakhstan exports weapons

in 9 years of the sample period, the weapons they are selling are not necessarily those

that they have manufactured themselves, but rather are surplus equipment obtained

during the breakup of the Soviet Union.

Further complicating the issue is that some countries have firms which manufac-

ture components of larger weapon systems, but not completed weapons themselves.

Certainly some of these sales exist due to the previously mentioned offset policies.

Finally, countries that export weapons also import other weapons. There is some

intra-industry trade in the arms industry, which is a break from the sharp contrast

assumed in the standard Ricardian model which is used in this paper. However, in

the next section, it will be revealed that this fact has been explicitly incorporated

into the model.

Countries identified as arms exporters are listed in Table 4.1. The decision to clas-

sify a country as an exporter is based on how frequently they exported weapons and

the nature of their exports. Countries that are classified as exporters have exported

military goods in at least 12 of the 16 years in the data set. It also had to be the

case that the weapons they were exporting were new, as opposed to simply selling

equipment that had been manufactured by another country for use by the exporting

country.

Average arms exports by these countries is listed in Table 4.2. On average, during

the sample period, 31.5 billion 2005 USD worth of arms were exported by the 124

countries in the sample, each year. By far, the largest share of this is accounted for

by the 5 largest exporters: the US, Russia, Germany, France, and the UK. Over 80%
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of arms exports in this time frame was accounted for by those five countries alone.

For reference, Table 4.3 lists the 20 largest arms importers by average yearly

imports in 2005 USD. Some countries both import and export a great deal of arms,

but there is also clearly a large set of countries who mainly acquire their arms by

importing them from other countries. In fact, 123 of the 124 countries in the sample

imported arms at least once during the 16 year period.

So, although some of the countries identified as arms exporters actually run a

trade deficit in that sector, one must remember that the goal is to identify countries

which have a significant arms manufacturing sector. As such, the focus solely on

the data concerning the exports of weapons is warranted. For instance, Israel runs

a trade deficit in arms, even though it has a significant domestic arms industry. For

this reason, the 31 countries identified in Table 4.1 are considered the countries with

significant domestic arms manufacturers.

To help confirm this conclusion, Table 4.4 lists the 20 largest firms by arms sales

or military services provided. These data is once again from SIPRI. Note that no

reliable data for Chinese firms are available, but some would almost certainly make

the list. Additionally, information on Russian firms is incomplete, and more than

one would likely appear on the list if the data were available. As the list shows, the

largest firms are located primarily in the US, as would be expected considering its

share of arms exports. The list also shows that most firms sell to both the military

and civilian sectors. Examining the complete list of 121 largest arms manufacturers

reveals that only 11 are not in countries identified as arms producers. For most of

these firms the share of sales in the arms industry is very small. Thus, these data

provide support to my selection of arms producing nations.
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Table 4.5 provides summary statistics of the data series used in this chapter. Many

of the series have been broken up between importers and producers. As can be clearly

seen, arms importers tend to devote a slightly larger share of their GDP to defence

spending. Although not included here, it is also the case that the variance of the

defence burden across years within arms importing countries tends to be higher than

that of arms producers. Additionally, arms producers tend to have larger populations

and more civil liberties than arms importers. Finally, arms producers have been in

fewer total conflicts, though they have been in more on a per nation basis (as there

are three times as many importers than producers).

So, as the list of arms producers shows, these countries tend to be larger and

more technologically advanced than arms importers. This fact plays a key role in the

workings of the model and the predictions which go along with it, as will be explained

in the next section.

4.3 Model

As the previous section showed, there is a clear concentration of arms manufacturing

in a few countries. This section develops a model that will provide theoretical insight

into differences between these countries and those without a significant domestic arms

sector.

The model presented here is a synthesis of Smith’s 1980 model and the Ricardian

trade model. The reason for using this particular trade model is that the assumptions

and framework of the Ricardian model best fits the observed data on arms trade. Ex-

amining which countries produce military goods, reveals that it is the technologically

advanced countries of the United States, Russia, Germany, France, and the United
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Kingdom which account for over 80 percent of the value of arms exports in the 1993

to 2008 time frame. The manufacturing of modern weapons is a high tech industry,

and the concept of countries producing their good of comparative advantage fits these

observed facts well.

Although the existence of some intra-industry trade may suggest a Krugman or

Melitz model might be preferable, we abstract from such motives for trade for a

number of reasons. First, though there is some mutual arms trading between some

arms producing countries, most of the trade follows the pattern of producer to non-

producer. Second, there is little taste for variety in the consumption of military goods.

In fact, variety is often avoided as maintenance costs tend to fall dramatically with

scale in the military. Finally, industry and firm level data is simply not available,

making hypothesis testing difficult.

The countries in the model interact with each other through two channels. First

through the trade of goods, and second through their levels of defence spending, which

imposes a negative externality on households in foreign countries. The model has two

countries (A,B); two goods: a consumer good (C) and a military good (M); and one

factor of production (Labour). There is a single period in the model. Superscripts

are used to denote countries.

Each country (i) has a large number of identical utility maximizing households

denoted n = 1...N i each endowed with a single unit of labour. The utility function

for household n in country i is given by:

U i
n = f(Ci

n, S
i) (4.1)

where Ci
n indicates the consumption of the consumer good by household ni and Si
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is a measure of security assumed to be equal for all households within the country.

Utility is increasing in both security and consumption.

Security in country i is given by the following:

Si = g(Ki,M i,M−i) (4.2)

where M i is the amount of the military good consumed in country i, M−i is the

amount of the military good consumed in other countries, Ki is a base level of security

with which each country is endowed. I assume that gKi > 0, gM i > 0, and gM−i < 0.

The base level of security depends on factors such as the geography of the country (ie:

border lengths, whether the country is on an island, the area of the country, etc...)

and societal factors such as the form of government. One can think of this measure as

the additional military spending that would be required to make the households feel

equally secure. For instance, the subjects of the UK may feel more secure because

the English Channel separates them from continental Europe. If the channel were to

suddenly dry up, additional military spending would be required to keep the measure

of security constant.

Each country has the capacity to produce both the consumer good and the military

good. Country A’s technology is characterized by the labour productivity terms xAc

and xAm and the technology for country B is given by xBc and xBm. These indicate how

many units of the consumer good in country i and how many units of the military

good in country i can be produced with one unit of labour. Output of each good in

country i is given by:

Y i
c = Licx

i
cN

i (4.3)



CHAPTER 4. ARMS PRODUCERS 156

Y i
m = Limx

i
mN

i (4.4)

where Lic and Lim are shares of the households’ labour devoted to the production of

the consumer good and the military good, respectively. The household maximizes its

income by dividing labour between the production of the two goods. A household’s

income is given by:

I in = wicL
i
c + wimL

i
m (4.5)

where wic and wim are the wages paid in the consumer good sector and military good

sector respectively, in country i. This income is taxed by their government at a rate

τ i. The untaxed consumer income is then used to purchase the consumer good at

price pic.

Since security is increasing in domestic consumption of the military good, and

since all households benefit equally from this consumption, there exists a free rider

problem typically associated with the provision of public goods. Therefore, I assume

the existence of a government entity with the power of taxation to overcome this free

rider problem. The government’s problem is to maximize the utility of a representative

agent by choosing a tax rate τ i and level of military spending M i, given the response

of the household. This tax revenue is used to purchase the military good at price pim.

The government’s problem is expressed as follows:

max
τ i,M i

V i
n

(
τ i, I in,M

i
)

= U i
n

( (
1− τ i

)
I in, g

(
Ki,M i,M−i) )

s.t. pimM
i ≤ τ iI inN

i

(4.6)

Giving the government control over taxation and military expenditure makes the
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household’s consumption problem trivial. They will simply spend all of their untaxed

income on the consumption good. Thus, an individual household’s consumption level

is expressed as:

Ci
n =

(1− τ i) I in
pc

(4.7)

The labour market is competitive and factors are paid the value of their marginal

products. Full labour mobility within a country is assumed, which leads to wage

equalization between the different sectors within the economy. Labour is fully utilized

in each country as there is no leisure option and no disutility from working. As there

is only one period, no borrowing, lending, or saving is permitted. This implies that,

globally, the two goods markets must also clear.

4.3.1 Solving the Model

In order to solve the model some restrictions must be imposed and some additional

assumptions must be made. Without loss of generality, it is assumed that country B

has the comparative advantage in the production of the military good. That is:

xAm
xAc

<
xBm
xBc

(4.8)

From the standard Ricardian model, it is known that there are three possible types

of equilibria. The type of equilibrium depends on the size of the two economies, their

technologies, and the preferences over the two goods. One equilibrium involves both

countries specializing completely in their good of comparative advantage. The other

two involve one country specializing in their good of comparative advantage and the
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other country producing both goods.

It may seem odd that a country would produce no military good and import its

entire consumption of that good from its rival. Examining the data, we see that most

countries do in fact have a small arms industry, but nevertheless do import a large

share of their weapons from potential rivals. This small arms industry is often a result

of an offset policy designed to promote a domestic arms industry.

To capture this feature the country that does not have the comparative advantage

in the production of the military good, Country A, will force a small share of its labour

force 0 < δ < 1 into the production of the military good. This share is exogenously

given. One can think of it as being chosen by a negotiation between the government

and a lobby group that is concerned about the security of supply of weapons. This

production is modeled as a state owned industry that hires workers at a wage equal

to the outside option, that is the wage paid in the production of the consumer good

sector or the military sector. The output cannot be traded, and will immediately add

to Country A’s security. The government’s problem in Country A thus becomes:

max
τA,MA

r

V A
n

(
τA, IAn ,M

A
r

)
s.t. pAmM

A
r + wAδNA ≤ τAIAnN

A

(4.9)

Note that MA
r refers to the military good purchased on the open market, not total

military spending. Total military spending in country A is now:

MA = MA
r + δNAxAm (4.10)

With this minimum domestic arms production constraint, the set of possible equilib-

rium outcomes has changed.
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This paper focuses on the case where Country B produces both goods, and Country

A specializes in the production of the consumer good.3 This is chosen for two reasons.

The first is that since the consumer good in the model captures all non-military

spending, it becomes clear that the preference for the military good is relatively

small. Second, countries which do produce military goods are larger than countries

which import military goods, as one can see from Table 4.5. The first fact implies that

output of the military good need not be very high. Combining this with the second

fact implies that Country B will not need to devote all of its labour to manufacturing

the military good, and will instead produce both goods. Country A will not wish to

produce any of the military good, above the required share δ, as doing so would be

inefficient compared to simply trading for the good.

The equilibrium is defined as country specific tax rates (τ i), labour allocations

(Lim and Lic), household consumption of the consumer goods (Ci
n), purchases of the

military good (M i), wages (wi), and international price ratio ( pc
pm

), such that the

utility of households are maximized and no country has an incentive to change its

consumption of the military good, given that of the other country. That is to say

that the equilibrium is a Nash Equilibrium. This complication adds some interesting

complexity to the model, as the choice of military spending must satisfy these two

conditions.

In order to proceed any further, I simplify by imposing some functional forms on

the utility and security functions. This is done so that we may work with the reaction

functions of both countries. For utility, a Cobb-Douglas function is employed.

U i
n =

(
Si
)α (

Ci
n

)1−α
(4.11)

3Except for the share of labour δ devoted to the production of the military good.
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It is assumed that 0 < α < 1, so that there is some demand for both goods.

For the security function, I choose the following functional form:

Si = Ki + βi
(
M i −M−i) (4.12)

Again, Ki represents the base level of security. Added to this is the difference of

military spending between the country and the other country weighted by the constant

βi > 0. Clearly security is increasing in one’s own military spending and decreasing

in the spending of the other country.

With these functional forms, it is now possible to fully solve the model, the details

of which can be found in Appendix A.

It is worth examining one of the equations derived in the appendix in slightly more

detail here. This equation is Country A’s demand for the military good produced in

Country B:

MA
r =

αβANAIAn − (1− α) pm
(
KA − βAMB

)
− δβANA

(
αwA + (1− α) pmx

A
m

)
pmβA

(4.13)

Equation (4.13) reveals that the demand for military spending in Country A is in-

creasing in the spending of Country B. The converse results are observed in Country

B’s demand for the military good. This is one of the results that will be tested, as it

predicts that military spending should be positively correlated between countries.

The empirical analysis of this paper focuses on the value of military spending as

a fraction of GDP, so these equations, derived in the appendix, are reproduced here.

They are labeled RA and RB respectively.
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RA =
1

α (2− α) βAβBNAxAc x
B
m

[
αβAβB

[
NA

[
(1 + δ (1− α))xAc x

B
m − δ (1− α)xAmx

B
c

]
+NB (1− α)xBmx

B
c

]
− (1− α)xBc

(
βBKA + (1− α) βAKB

) ]
(4.14)

RB =
1

α (2− α) βAβBNBxBc x
B
m

[
αβAβB

[
NA (1− α)

[
(1− δ)xAc xBm + δxAmx

B
c

]
+NBxBmx

B
c

]
− (1− α)xBc

(
βAKB + (1− α) βBKA

) ]
(4.15)

The interest is in how the behaviour of arms producers differs from that of arms

importers. Before examining the theoretical predictions, some parameters need to

be restricted to ensure a solution exists. These too are presented in Appendix A.

Besides the restrictions on the size and efficiency of the economies that are needed

for any Ricardian model with incomplete specialization, an additional restriction is

needed on the size of the base security measure. It cannot be so large as to make

military spending unnecessary, nor so small as to force a country to devote all of its

resources to the military good. Overall, the restrictions are not unreasonable, and do

not restrict the model’s utility.

4.3.2 Comparative Statics

With the model solved and restrictions in place it is possible to examine how spend-

ing as a fraction of GDP changes with population and base security in these two

countries. The derivatives of equations 4.14 and 4.15 are taken with respect to their
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own country’s population:

∂RA

∂NA
=

(1− α)
[
xBc
(
βBKA + (1− α) βAKB

)
− αβAβBNBxBmx

B
c

]
α (2− α) βAβB (NA)2 xAc x

B
m

(4.16)

∂RB

∂NB
=

(1− α)
[
xBc
(
βAKB + (1− α) βBKA

)
− αβAβBNA

[
(1− δ)xAc xBm + δxAmx

B
c

]]
α (2− α) βAβB (NB)2 xBc x

B
m

(4.17)

The signs of these derivatives are ambiguous, however, one can immediately see that

the derivatives are larger for larger values of base security.

This is easily explained. Imagine two countries equal in every way, except one has

a large value of base security, while the other has a small value. One would expect

the country with a small value of K to spend more on the military to make up for

the deficiency. So the country with a lower value of base security would have a higher

value for defence spending as a fraction of GDP than the other. Next, imagine the

population were to increase in these two countries. The marginal benefit of military

spending in the high base security country is relatively high, as the amount originally

spent on the military good was relatively low. In the low K country, the additional

resources would flow mainly into the consumer good, as the country’s low K had

constrained it to consuming a low level of the consumer good. These results hold true

for both arms producers and arms importers.

Thus, the data is expected to reveal that the effect of an increase in population on

the defence burden will be relatively higher in countries with a relatively high value

of base security.
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Comparing the value of these derivatives between arms importers and arms pro-

ducers, the model does not say definitively which will be larger. Focusing on the case

where the value of base security is relatively low, all else equal, if the arms producing

nation has a larger population and can produce both goods more efficiently than the

arms importing nation can produce the consumer goods, then the value of the deriva-

tive for arms importing countries is expected to be smaller than for arms producing

countries.

It is not unreasonable to believe that arms producing countries are larger and

more technologically advanced. Examining the list of arms producing countries in

Table 4.1 will reveal that they are on average larger. Additionally, they are generally

the technologically advanced countries of North America and Europe. It is reasonable

to assume that they have an absolute advantage in the production of most goods.

To understand this result further, lets examine the workings of the model. When

the population of Country A increases, there is an immediate increase in output of

the consumer good. This induces Country B to reduce output of the consumer good,

and increase output of the military good. Some of this additional military output is

traded to gain some of the newly produced consumer good from Country A. There is

incentive to do so, since Country A has the comparative advantage in its production,

so Country B is better off trading for it, rather than producing it itself. Thus, both

countries increase consumption of the military good. However, Country A’s GDP has

increased, so it is not necessarily the case that defence spending as a fraction of GDP

will increase as well.

A similar series of events occurs when the population of Country B increases.

With this increase in population, the fraction of labour devoted to the military good



CHAPTER 4. ARMS PRODUCERS 164

will increase in Country B. Output remains unchanged in Country A. The result is

an overall increase in the availability of the military good. Country B trades some

of these away to Country A to obtain more of the consumer good, thus leading to

military spending increasing in both countries. Again, since the GDP of Country B

increases, the direction of the derivative is ambiguous.

The reason the latter of the two cases leads to a larger response is related to the

greater size and efficiency of Country B. When the population of Country A rises,

its relative inefficiency leads to a small increase in the output of the consumer good.

Since Country B is relatively large, there is not much inducement to move labour

away from consumer good production in that country, as Country A has not been

able to supply much more output. Thus, the change in the output of the military

good will be small. Whereas, if the population of Country B increases, its relative

efficiency leads to a relatively large additional output of the military good. Thus, the

derivative of the defence burden with respect to ones own population is expected to

be more positive for arms producers.

Turning next to the derivatives of the defence burden with respect to base security,

one finds that both expressions are negative as expected.

∂RA

∂KA
=

− (1− α)xBc
α (2− α) βANAxAc x

B
m

< 0 (4.18)

∂RB

∂KB
=

− (1− α)

α (2− α) βBNBxBm
< 0 (4.19)

As security increases, there is less need to spend on the military. Comparing

the derivatives between arms importers and arms producers reveals that, given the
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assumptions regarding arms producing countries being larger and more technologi-

cally advanced, the absolute value of the derivative will be larger in arms importing

countries than arms producing countries.

Examining the workings of the model will lead to a better understanding of this

result. As base security rises in Country A it demands less of the military good, as

base security is a substitute. Country B will respond to this by decreasing its own

demand for the military good. This fall in demand induces Country B to shift labour

out of the production of the military good and into the production of the consumer

good. Military spending in both countries will fall as a result. The end result is that,

since GDP remains unchanged, both countries have a lower defence burden. The

exact same chain of events occur if base security rises in Country B.

The reason the magnitude of the change is larger for Country A is a result of

the assumption regarding its relative size. Examining the impact of base security on

actual consumption of the military good, Equations (A.30) and (A.31) show that the

reaction is nearly identical in both countries, only differing by the relative value of βA

to βB. However, since Country A is smaller than Country B, it was originally forced

to spend a relatively high share of its resources on the military good to ensure its

security. The increase in base security allows it to disinvest a relatively large share of

resources away from the military good and towards the consumption good. Whereas,

in Country B, with a relatively high population, a smaller share of its resources were

devoted to the military good, which makes it less able to free up resources from the

increase in base security. So, the reason for the difference is primarily a function of

the GDPs of the two nations.

In this section I developed a model that examined how the behaviour of arms
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producers differs from arms importers. The model generates a number of predictions

that can be tested in the following sections. First, as Equation 4.13 shows, we expect

military spending to be positively correlated across countries. Higher defence spend-

ing from potential enemies should elicit higher domestic military spending. Second,

our analysis of Equations 4.16 and 4.17 indicate that given a low level of base security,

arms producers are expected to respond more positively than arms importers to an

increase in their own population. The same equations also indicate that countries

with a high level of base security are expected to react more positively to a change in

population compared to countries with low levels of base security. Finally, the analy-

sis of Equations 4.18 and 4.19 indicate that both arms importers and arms producers

are expected to decrease defence spending in the face of higher base security, with

arms importers having a large magnitude change of the two.

4.4 Results

As the previous chapter demonstrated, it is necessary to account for the relative spa-

tial location of other countries when factoring in how countries respond to each other’s

military spending. As such, this chapter will also make use of spatial econometric

techniques for panel data.4 The general spatial autoregressive model (SAR) takes the

following form:

y = ρWy +Xβ + ε (4.20)

Here, y will be the defence burden of the 124 countries in our sample over the 16

4See Elhorst (2003), Elhorst (2010), and Elhorst (2012)
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year time period from 1993 to 2008. The matrix X includes variables to measure

population and base security. The major difference from a standard OLS regression

is the term Wy. It is a weighting matrix W multiplied by the defence burden. The

weight matrix describes how countries interact with one another in terms of defence

budgets. The variable ρ is a measure of the spatial autocorrelation present in the

data, conditional on the neighbourhood structure imposed by the weight matrix.

The previous chapter indicated that this should be a positive value, and the model

developed earlier in this chapter makes the same prediction.

The same five weighting matrix candidates from the previous chapter are again

used here. Again, they are the two standard matrices of contiguity and inverted

capital pair distances used in many papers relying on spatial econometrics. The

three additional ones, crafted in the previous chapter, include: “Two Groups,” which

postulates that countries which can project their power abroad care mainly about

the spending of other such countries; “World Police,” which has the countries that

can project their power interacting with all other countries; and finally “Who can

get me?” which has all countries factoring in the spending decisions of the power

projecting countries. Again, all the matrices adjust for alliances. A summary of the

matrices can be found in Table 4.6.

The first set of regressions that are run are summarized in Tables 4.7 and 4.8.

Note that in these regressions, spatial fixed effects are included. Table 4.7 provides

the estimated coefficients of ρ and β, while Tables 4.8 displays the estimated direct,

indirect, and total effect for each variable. Recall from the previous chapter that the

estimated coefficients do not represent partial derivatives as is the case with standard

OLS.5 The dynamic interaction that is present in defence spending is accounted for

5See LeSage and Pace (2009) for more details.
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by examining the feedback effects that are present in the SAR model. The measures

in Table 4.8 indicate the actual impact of a change in an independent variable, once

all the responses and re-responses have been allowed to occur through the weighting

matrix.

The independent variables in these regressions include log population, log popula-

tion for countries which have a high level of base security, a lagged war dummy, and

a measure of civil liberties. Each of these series is broken up between arms producing

and arms importing countries. The countries that have a high level of base security

were determined based on a combination of a number of physical geographic variables

such as the length of borders, area, and a measure or ruggedness. The top quintile are

considered to be those with a high level of base security. This variable will allow us

to separate the effect of a change of population on countries that have a high versus

a low level of base security. Finally, the lagged war dummy and the measure of civil

liberties are two variables that will allow us to examine the effect of a change in base

security on defence spending. The nature of a society and whether or not it is in a

conflict are two excellent examples of socio-economic measures of base security.

The first thing to note from these two tables is that the estimate of rho is positive

and statistically significant across all five weight matrices. Thus positive spatial auto-

correlation is present in the data, as was also discovered in the previous chapter. This

result also conforms to the prediction of the model, which postulated that spending

levels between the two countries would be positively correlated.

Focusing on the correlation between the defence burden and population, we see

that the estimates are positive, but relatively small for both sets of countries. How-

ever, looking at Table 4.8 and comparing the results between importers and producers,
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reveals that the magnitude for producers is much larger than that of importers. The

estimates can be shown to be statistically different from one another.

The magnitude for producers being larger than that of importers matches the

theoretical predictions of the model. In the model this is driven by the relatively

higher output of the military good that results from a population increase in the

arms producers’ population compared with a population increase in arms importing

countries. This process may be driving the result here as well. Population increases in

arms importers may increase the demand for the military good, but this demand must

be satisfied through foreign production. On the other hand, increased population

in arms producing countries is more easily translated into increased purchases of

weapons. This friction may be another possible explanation.

Another way to understand this result, which falls outside the model, is to examine

the lobbying that accompanies arms industries. These lobbies have been typically

very powerful. As such, it is not unexpected that countries with relatively large arms

industries, increase their consumption of arms at a faster rate when the ability to

supply these arms increases.

Note, that the discussion above only applies to countries that have a relatively

small value of base security. Since the model predicted a different response for coun-

tries with large values of K, a new variable was created for those countries which are

endowed with a large base security level. Examining the value of the coefficients in

Table 4.7, reveals that they are positive for both importing and producing countries,

however the results are only statistically significant for importing countries. Thus, as

explained in the previous section, countries which are endowed with relatively high

levels of base security tend to increase their defence burden at a faster rate when
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population rises, than countries with small base securities. This is driven by the fact

that the marginal return to the military sector is higher in these countries, as the

large levels of base security crowds out military spending.

The fact that the magnitude of the change is small is to be expected. A change

in even a small fraction of GDP represent a huge change in dollar value of military

spending. Thus the data supports the notion that arms producers behave differently

from arms importers when faced with increased population. Arms producers react

with a greater increase in military spending as predicted.

In terms of the effect of base security on the defence burden, there are two time

varying variables that are considered. Recall that for both producers and importers,

it is expected that an increase in base security would result in a fall in the defence

burden, with a greater reduction in arms importers.

The first variable of interest is whether or not a country was in a war the previous

period. Table 4.7 shows that under all specifications, the coefficient for importers is

positive and significant. For countries which are arms producers the magnitude of the

coefficient is much smaller and not statistically significant. This result agrees with

the predictions of the model. Arms producing countries are not expected to react as

much to changes in base security. In the model this is driven by the larger population

and absolute technological advantage of producers. Additionally, it may be the case

that importing countries react more as arms producing countries are able to charge a

higher price to these countries in their moment of need. For arms producing countries,

they do not face this same problem as they can produce their own weapons.

Another way to think about this result is in the case of a country ending a war.

The defence burden in importing countries tends to fall more. Again, this effect could
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be the result of a strong military lobby. In arms producing countries it may be more

politically difficult to suddenly lower the demand for military goods, so spending

levels remain relatively high.

A second variable that is used to measure security is the type of government in

place. This is captured by a measure of civil liberties. A higher value in this case is

associated with countries with fewer civil liberties. Again, the results indicate that

importing countries react more strongly to a change in this variable than do arms

producers.

Three additional variables that measure base security are examined next. They

are geographic measures of security that are time invariant. As such the data has

to be pooled, and spatial fixed effects removed from the regression, which is why

the R-squared falls. However, the evidence for the inclusion of spatial fixed effects,

discussed in the previous chapter, imply that the parameter estimates here may be

biased.

These geographic measures include whether or not the country was an island,

the length of the border, and the length of the coastline. There is an insufficient

number of island nations that are arms producers to split this series into producers

and importers. It is expected that being one of the 22 island nations in the data would

afford increased security regardless of whether it produces or importer weapons. Thus,

it is expected that this coefficient would be negative. On the other hand, having a

longer border, whether it be by land or by sea, decreases security. As such the

expected signs of these coefficients is positive.

Table 4.9 shows that the coefficient on being an island is indeed negative for all

five specifications. This lends some evidence that being an island does indeed afford
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an increased measure of security.

Turning to the coefficients for the border lengths, the results show that a longer

border is correlated with increased spending in importing countries, but unexpectedly

it is correlated with decreased spending in arms producing countries. The results for

the maritime borders are closer to what would be expected. They are positive and

significant for all five specifications. There appears to be some evidence that increased

security from geographic conditions does lead to reduced military burdens.

Overall, the results obtained here match the predictions of the model. Countries

do have positively spatially autocorrelated spending, conditional on the qualitative

structure imposed by the weight matrix. This supports the model’s prediction that

defence burdens increase with increases in neighbouring countries. Population in-

creases are correlated with small increases in the military burden, and this effect is

larger for countries with larger values of base security. Additionally, the coefficient

for arms producing countries is larger than for arms importing countries. Finally, the

large number of measures of base security all suggest that as base security increases,

the military burden decreases. There is also evidence that arms importing countries

react more strongly to these changes compared to arms producers.

4.5 Conclusions

This paper theoretically and empirically identifies differing behaviour between coun-

tries which produce arms and countries which import arms. Since there is a clear

asymmetry in size and technological ability between arms producing and arms im-

porting nations, it is wise to examine if their behaviour differs in some systematic way.

Allowing for this difference will aid in our understanding of what factors influence a
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country’s defence budget. This paper also examines the impact that a base level of

security plays in the choice of defence spending level. Finally, it further reinforces the

conclusion of the previous chapter that spatial econometric techniques can be very

useful at examining defence spending behaviour.

By creating a model that combines a Smith (1980) model of defence expenditure

to a Ricardian model with incomplete specialization, this paper identifies differing

behaviour between arms importers and arms producers. The model makes four key

predictions which are then examined empirically. First, that defence spending will be

positively correlated across countries. As a country increases defence spending, other

countries that view this as a threat will react by increasing their defence spending.

Second, given a low level of base security, countries which produce arms are expected

to react more positively to a change in population compared to arms importers. Third,

countries with a high level of base security are expected to react more positively to a

change in population, regardless of whether or not they are an arms producer. Finally,

both types of countries are predicted to react to an increase in base security with a

decrease in defence spending, with arms importers reacting with a larger magnitude.

These predictions are tested using spatial econometric techniques on a data set of

124 countries during the post-Cold War period. Making use of the weighting matrices

developed in the previous chapter, the analysis of the data largely supports the models

predictions. Defence spending is positively spatially autocorrelated amongst neigh-

bouring nations, as defined by the weight matrix. Arms producers increase spending

at a greater rate than arms importers given an increase in their own population and a

low level of base security. Nations with high levels of base security are more inclined

to increase their defence spending when population increases. Finally, using a number
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of different measures of base security, including both geographic and socioeconomic,

the data reveals that arms importers tend to react more strongly to a decrease in

base security compared to arms producers

Identifying these differences between arms producing and arms importing coun-

tries has helped with our understanding of why defence budgets differ between coun-

tries. The larger size and technological efficiency of arms producers results in a

difference in behaviour. When the population of an arms importing nation increases,

its relatively small size and inefficient technology leads to only a small increase in the

demand for military spending. When the population increases in the larger, more

technologically advanced arms producers, there is a much larger domestic demand

for military spending. When base security rises, the small size of arms importers

encourages them to disinvest from military spending at a faster rate then when the

same change occurs in the larger arms producers.

Identifying this difference opens up further research opportunities. Is this dif-

ference in behaviour solely a result of differences in population and productivity,

as set forth by the model, or are there other factors which add to this difference?

For instance, lobbying activity by the arms industries is a well documented activity.

Identifying any institutional differences between arms importing and arms producing

countries would also aid in our understanding of how defence budgets are set.

Regardless of the cause of the differences, they do exist. Arms producers increase

their spending at a faster rate when additional productive resources become available

and decrease their spending at a slower rate when base security increases. Future

analysis of defence spending should account for this asymmetry and seek to discover

other dimensions of asymmetry.
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4.6 Tables

Table 4.1: Countries with a Significant Domestic Arms Industries
Australia Czech Republic Netherlands Spain
Austria Denmark Norway Sweden
Belarus Finland Poland Switzerland
Belgium France Romania Turkey
Brazil Germany Russia Ukraine
Bulgaria Greece Slovakia United Kingdom
Canada Israel South Africa United States
China Italy South Korea

Description: These are the countries that have been identified as having a significant domestic
arms manufacturing sector, as described in section 4.2. Note that they are, for the most part, large

and technologically advanced countries.
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Table 4.2: Average Yearly Arms Exports by Arms Producing Countries
Country Average Yearly Exports

(millions 2005 USD)
United States 12,853
Russia 6,034
Germany 2,514
France 2,447
United Kingdom 1,844
China 848
Netherlands 707
Italy 552
Ukraine 551
Israel 477
Sweden 468
Spain 338
Switzerland 303
Canada 250
Belarus 159
Poland 112
Czech Republic 104
Belgium 101
South Korea 94
Denmark 76
South Africa 74
Slovakia 60
Norway 55
Finland 47
Bulgaria 43
Brazil 38
Austria 32
Australia 31
Turkey 31
Greece 15
Romania 14
Remaining 93 Countries in Sample 305
Total 31,577

Description: The average yearly arms exports of the countries identified in Table 4.1, in millions
of 2005 US dollars. Note the sharp drop off in exports outside the top 5 countries. The other 93

countries in the sample each export, on average, less than 4 million dollars worth of arms each, per
year.
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Table 4.3: Top 20 Arms Importers
Country Average Yearly Imports

(millions 2005 USD)
China 2,617
India 1,937
South Korea 1,792
Turkey 1,653
Taiwan 1,593
Greece 1,365
Saudi Arabia 1,364
Egypt 1,185
Japan 1,110
Israel 886
United States 850
Pakistan 839
United Kingdom 786
Australia 732
Singapore 568
Iran 520
Spain 462
Canada 462
Algeria 443
Italy 398

Description: The average yearly arms imports of the top 20 arms importers of the world. Note
that there exists some overlap with those countries in Table 4.1, along with a number of countries

not listed there.
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Table 4.4: Largest Arms Producing and Military Services Companies
Rank Company Country Arms Sales Arms Sales as a

% of Total Sales
1 Lockheed Martin USA 35,730 78
2 BAE Systems UK 32,880 95
3 Boeing USA 31,360 49
4 Northrop Grumman USA 28,150 81
5 General Dynamics USA 23,940 74
6 Raytheon USA 22,980 91
S BAE Systems Inc. (BAE Systems, UK) USA 17,900 100
7 EADS European 16,360 27
8 Finmeccanica Italy 14,410 58
9 L-3 Communications USA 13,070 83

10 United Technologies USA 11,410 21
11 Thales France 9,950 57
12 SAIC USA 8,230 74
13 Oshkosh Truck USA 7,080 72
14 Computer Sciences Corp. USA 5,940 37
15 Honeywell USA 5,400 16
16 Safran France 4,800 34
S Sikorsky (United Technologies) USA 4,530 68

17 Rolls-Royce UK 4,330 26
18 General Electric USA 4,300 3
S Pratt & Whitney (United Technologies) USA 4,080 32

19 ITT Corp. USA 4,000 36
20 Almaz-Antei Russia 3,950 89

Description: The 20 largest arms producing and military services companies by sales in 2010.
The source for this data is SIPRI. The sales figures are in millions of 2010 US dollars. Figures for
Chinese firms and some Russian firms are unavailable but would most likely appear on the list.

The value “S” in Rank indicates it is a subsidiary of another firm. Note that all of these firms are
located in either the US or Europe. Also note how all but one firm listed maintain some private

sector sales.
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Table 4.5: Summary Statistics
Variable Mean Median St. Dev Min Max
Defence Spending of Importers (Percent of GDP) 2.49 1.80 2.22 0.2 17.5
Defence Spending of Producers (Percent of GDP) 2.30 1.90 1.41 0.8 11.6
Population of Importers (Thousands) 33,117 9,164 110,138 73 1,140,566
Population of Producers (Thousands) 84,784 22,481 224,472 4,312 1,317,066
Civil Liberties of Importers (1 to 7) 3.7 4.0 1.6 1.0 7.0
Civil Liberties of Producers (1 to 7) 2.1 2.0 1.5 1.0 7.0
Length of Land Borders of Importers(km) 2,752 2,013 2,751 0 14,103
Length of Land Borders of Producers(km) 4,267 2,508 5,544 0 22,147
Length of Coastlines of Importers(km) 5,216 1,327 13,636 0 95,181
Length of Coastlines of Producers(km) 27,455 7,268 54,507 0 265,523

Count
War (Dummy) Importers 155
War (Dummy) Producers 108
Island (# of Countries) 22

Description: Summary statistics for the variables used in the regressions. Note how arms
producers have larger populations on average.



CHAPTER 4. ARMS PRODUCERS 180

Table 4.6: Summary of Weighting Matrices
Matrix Description
1. Inverse Distances Values are inverted capital pair distances. All non-allied

countries receive a positive weight.
2. Contiguous Values are binary. Only non-allied contiguous countries

receive a weight of 1.
3. Two Groups Values are inverted capital pair distances. Type Ps give

a positive weight to non-allied Type Ps and non-allied
contiguous countries. Type Qs give a positive weight to
non-allied contiguous countries.

4. World Police Values are inverted capital pair distances. Type Ps give
a positive weight to all non-allied countries. Type Qs
give a positive weight to non-allied contiguous countries.

5. Who can get me? Values are inverted capital pair distances. Type Ps give
a positive weight to all non-allied Type Ps and non-allied
contiguous countries. Type Qs give a positive weight to
all non-allied Type Ps and non-allied contiguous coun-
tries.

Description: A summary of the five weighting matrices used in the paper, developed in the
previous chapter. Note the numbers associated with each name, as they will be used in the

presentation of the regression results.
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Table 4.7: Baseline Results
Defence Burden (Logged) 1 2 3 4 5
Rho 0.6345∗∗∗ 0.1651∗∗∗ 0.1720∗∗∗ 0.1817∗∗∗ 0.3524∗∗∗

(0.0470) (0.0275) (0.0265) (0.0277) (0.0421)
Logged Population (Importer) 0.0128∗∗∗ 0.0020 0.0021 0.0023 0.0062

(0.0044) (0.0045) (0.0045) (0.0045) (0.0045)
Logged Population (Producer) 0.0329∗∗∗ 0.0197∗∗ 0.0193∗∗ 0.0184∗ 0.0241∗∗

(0.0094) (0.0096) (0.0096) (0.0096) (0.0095)
Logged Population x Large K Dummy (Imp.) 0.0198∗∗∗ 0.0150∗∗ 0.0150∗∗ 0.0149∗∗ 0.0168∗∗∗

(0.0062) (0.0064) (0.0064) (0.0064) (0.0063)
Logged Population x Large K Dummy (Pro.) 0.0091 0.0086 0.0117 0.0122 0.0109

(0.0180) (0.0184) (0.0184) (0.0184) (0.0182)
Lagged War Dummy (Importer) 0.1591∗∗∗ 0.1588∗∗∗ 0.1586∗∗∗ 0.1577∗∗∗ 0.1605∗∗∗

(0.0259) (0.0265) (0.0265) (0.0265) (0.0262)
Lagged War Dummy (Producer) 0.0290 0.0192 0.0193 0.0191 0.0227

(0.0371) (0.0380) (0.0379) (0.0379) (0.0375)
Civil Liberties (Importer) 0.0683∗∗∗ 0.1051∗∗∗ 0.1042∗∗∗ 0.1034∗∗∗ 0.0902∗∗∗

(0.0110) (0.0113) (0.0113) (0.0113) (0.0112)
Civil Liberties (Producer) 0.0350 0.0680∗∗∗ 0.0688∗∗∗ 0.0713∗∗∗ 0.0503∗∗

(0.0217) (0.0222) (0.0221) (0.0221) (0.0220)
R Squared 0.8893 0.8840 0.8845 0.8846 0.8866
Correlation Squared 0.1435 0.1674 0.1676 0.1675 0.1746
Log Likelihood 56.2403 14.0376 16.6956 17.1515 31.4247

Description: Standard Errors in Brackets. 1984 Observations. Country Fixed Effects.
* 10% Significance. ** 5% Significance. *** 1% Significance.
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Table 4.8: Baseline Results: Effects Breakdown
Defence Burden (Logged) 1 2 3 4 5

Direct 0.0129∗∗∗ 0.0018 0.0023 0.0023 0.0062
SE (0.0045) (0.0048) (0.0045) (0.0045) (0.0046)

Logged Population (Importer) Indirect 0.0224∗∗ 0.0003 0.0004 0.0005 0.0033
SE (0.0093) (0.0008) (0.0008) (0.0010) (0.0025)
Total 0.0354∗∗ 0.0021 0.0027 0.0028 0.0095
SE (0.0134) (0.0057) (0.0053) (0.0054) (0.0070)
Direct 0.0334∗∗∗ 0.0191∗∗ 0.0194∗∗ 0.0187∗∗ 0.0250∗∗

SE (0.0094) (0.0094) (0.0093) (0.0095) (0.0100)
Logged Population (Producer) Indirect 0.0576∗∗∗ 0.0034∗ 0.0036∗ 0.0037∗ 0.0133∗∗

SE (0.0201) (0.0018) (0.0019) (0.0020) (0.0060)
Total 0.0910∗∗∗ 0.0225∗∗ 0.0231∗∗ 0.0224∗∗ 0.0382∗∗

SE (0.0282) (0.0111) (0.0111) (0.0113) (0.0156)
Direct 0.0202∗∗∗ 0.0149∗∗ 0.0149∗∗ 0.0151∗∗ 0.0166∗∗∗

SE (0.0063) (0.0065) (0.0064) (0.0063) (0.0063)
Logged Population x Large K Dummy (Imp.) Indirect 0.0348∗∗∗ 0.0026∗∗ 0.0028∗∗ 0.0030∗∗ 0.0088∗∗

SE (0.0133) (0.0013) (0.0013) (0.0014) (0.0039)
Total 0.0550∗∗∗ 0.0175∗∗ 0.0177∗∗ 0.0181∗∗ 0.0254∗∗

SE (0.0187) (0.0077) (0.0077) (0.0076) (0.0100)
Direct 0.0098 0.0082 0.0121 0.0122 0.0101
SE (0.0188) (0.0180) (0.0188) (0.0185) (0.0183)

Logged Population x Large K Dummy (Pro.) Indirect 0.0169 0.0014 0.0023 0.0024 0.0054
SE (0.0329) (0.0032) (0.0037) (0.0037) (0.0101)
Total 0.0267 0.0096 0.0143 0.0147 0.0156
SE (0.0514) (0.0212) (0.0223) (0.0223) (0.0285)
Direct 0.1616∗∗∗ 0.1600∗∗∗ 0.1597∗∗∗ 0.1572∗∗∗ 0.1626∗∗∗

SE (0.0259) (0.0269) (0.0273) (0.0262) (0.0265)
Lagged War Dummy (Importer) Indirect 0.2795∗∗∗ 0.0282∗∗∗ 0.0298∗∗∗ 0.0312∗∗∗ 0.0862∗∗∗

SE (0.0747) (0.0077) (0.0074) (0.0077) (0.0208)
Total 0.4411∗∗∗ 0.1883∗∗∗ 0.1895∗∗∗ 0.1884∗∗∗ 0.2488∗∗∗

SE (0.0930) (0.0326) (0.0329) (0.0318) (0.0428)
Direct 0.0303 0.0188 0.0204 0.0200 0.0209
SE (0.0386) (0.0380) (0.0380) (0.0383) (0.0368)

Lagged War Dummy (Producer) Indirect 0.0522 0.0033 0.0038 0.0039 0.0112
SE (0.0691) (0.0069) (0.0072) (0.0076) (0.0200)
Total 0.0826 0.0221 0.0242 0.0239 0.0320
SE (0.1070) (0.0447) (0.0451) (0.0458) (0.0563)
Direct 0.0691∗∗∗ 0.1071∗∗∗ 0.1052∗∗∗ 0.1044∗∗∗ 0.0914∗∗∗

SE (0.0113) (0.0120) (0.0108) (0.0112) (0.0118)
Civil Liberties (Importer) Indirect 0.1193∗∗∗ 0.0188∗∗∗ 0.0196∗∗∗ 0.0207∗∗∗ 0.0484∗∗∗

SE (0.0313) (0.0043) (0.0039) (0.0043) (0.0105)
Total 0.1884∗∗∗ 0.1259∗∗∗ 0.1249∗∗∗ 0.1251∗∗∗ 0.1398∗∗∗

SE (0.0392) (0.0146) (0.0131) (0.0137) (0.0195)
Direct 0.0361 0.0702∗∗∗ 0.0704∗∗∗ 0.0722∗∗∗ 0.0501∗∗

SE (0.0221) (0.0221) (0.0232) (0.0219) (0.0220)
Civil Liberties (Producer) Indirect 0.0619∗∗∗ 0.0123∗∗∗ 0.0131∗∗∗ 0.0144∗∗∗ 0.0264∗∗

SE (0.0405) (0.0046) (0.0048) (0.0050) (0.0124)
Total 0.0979 0.0825∗∗∗ 0.0834∗∗∗ 0.0866∗∗∗ 0.0766∗∗

SE (0.0615) (0.0261) (0.0273) (0.0263) (0.0337)

Description: Standard Errors in Brackets. 1984 Observations. Country Fixed Effects.
* 10% Significance. ** 5% Significance. *** 1% Significance.
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Table 4.9: Physical Geography Variables
Defence Burden (Logged) 1 2 3 4 5
Rho 0.8715∗∗∗ 0.3801∗∗∗ 0.4110∗∗∗ 0.4177∗∗∗ 0.5614∗∗∗

(0.0182) (0.0224) (0.0213) (0.0223) (0.0332)
Logged Population (Importer) -0.0391∗∗∗ -0.0411∗∗∗ -0.0456∗∗∗ -0.0451∗∗∗ -0.0378∗∗∗

(0.0070) (0.0069) (0.0068) (0.0068) (0.0070)
Logged Population (Producer) 0.0066 0.0148 0.0061 0.0087 0.0054

(0.0103) (0.0101) (0.0098) (0.0099) (0.0102)
Logged Population x Large K (Importer) 0.0043∗∗ -0.0002 -0.0004 -0.0002 0.0024

(0.0020) (0.0020) (0.0019) (0.0020) (0.0020)
Logged Population x Large K (Producer) 0.0025 -0.0003 0.0005 0.0009 0.0027

(0.0037) (0.0037) (0.0036) (0.0036) (0.0037)
Lagged War Dummy (Importer) 0.4235∗∗∗ 0.4254∗∗∗ 0.4155∗∗∗ 0.4140∗∗∗ 0.4290∗∗∗

(0.0475) (0.0467) (0.0456) (0.0458) (0.0475)
Lagged War Dummy (Producer) 0.1363∗∗ 0.0723 0.0826 0.1204∗ 0.1362∗∗

(0.0640) (0.0630) (0.0614) (0.0617) (0.0639)
Civil Liberties (Importer) 0.1733∗∗∗ 0.1832∗∗∗ 0.1743∗∗∗ 0.1781∗∗∗ 0.1803∗∗∗

(0.0099) (0.0099) (0.0097) (0.0097) (0.0100)
Civil Liberties (Producer) 0.0847∗∗∗ 0.0759∗∗∗ 0.0833∗∗∗ 0.0878∗∗∗ 0.0980∗∗∗

(0.0192) (0.0188) (0.0184) (0.0184) (0.0191)
Island -0.1496∗∗ -0.1243∗∗ -0.1544∗∗∗ -0.1504∗∗∗ -0.1897∗∗∗

(0.0599) (0.0590) (0.0575) (0.0578) (0.0599)
Logged Border Length (Importer) 0.0140 0.0146∗ 0.0162∗∗ 0.0168∗∗ 0.0093

(0.0085) (0.0084) (0.0082) (0.0082) (0.0085)
Logged Border length (Producer) -0.0187 -0.0338∗∗ -0.0255∗ -0.0282∗ -0.0192

(0.0161) (0.0158) (0.0154) (0.0155) (0.0161)
Logged Coast Length (Importer) 0.0210∗∗∗ 0.0100∗∗ 0.0134∗∗∗ 0.0157∗∗∗ 0.0188∗∗∗

(0.0045) (0.0044) (0.0043) (0.0043) (0.0045)
Logged Coast Length (Producer) 0.0307∗∗∗ 0.0293∗∗∗ 0.0217∗∗∗ 0.0249∗∗∗ 0.0281∗∗∗

(0.0079) (0.0078) (0.0076) (0.0076) (0.0079)
R Squared 0.3777 0.3977 0.4273 0.4217 0.3791
Correlation Squared 0.1775 0.3110 0.3088 0.3045 0.2462
Log Likelihood -1669.8299 -1658.3468 -1621.4179 -1629.8082 -1676.3073

Description: Standard Errors in Brackets. 1984 Observations. Country Fixed Effects.
* 10% Significance. ** 5% Significance. *** 1% Significance.



Chapter 5

Conclusion

In this thesis I provide a better understanding of the factors that influence defence

budgets. The main theme running through my analysis, is that the defence spending

decisions of foreign countries are a key driving factor behind the determination of

domestic defence expenditures.

The second chapter examines the costs and benefits of insuring oneself against

the prospect of a future conflict. Many industrialized countries maintain policies

designed to create and sustain domestic arms manufacturers to ensure a security of

supply in the event of a sudden surge in global demands for weapons. The difficulty

in evaluating these policies is in measuring the benefits from having been insured.

By developing a model and applying it to the historical examples of the Canadian

navy during World War II, I was able to comment on the benefits and costs of these

policies.

I found that, had Canada invested in domestic shipyards in the decade prior

to World War II, the benefits of being able to construct more advanced warships

would have offset the cost of maintaining the industries in peace. From this specific
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example, and from the model developed in the chapter, I can draw some more general

conclusions. The example shows that there are scenarios where the investment can

pay off, but it depends crucially on a number of factors. First, the weapons that can

be developed must be of a sufficient quality improvement to offset their development

cost. Second, the higher the probability of a war, the more likely the investment will

pay off. Finally, the size and capability of the enemy also factors into the choice.

There is no need to develop the weapons to face off against a substantially weaker

opponent.

With these results in hand, I am in a position to comment on the wisdom behind

Canada’s recent announcement of a large domestic naval procurement program. First,

the policy will only payoff in the event of a war, thus the government must believe the

probability of a future conflict is sufficiently high, and that it would not be possible to

procure these weapons from other nations during this conflict. There are indications

of mounting tensions in certain areas of the world1 that could easily involve the

military of allied arm suppliers, thus making the policy appear reasonable. However,

as mentioned in Chapter 1, the cost of the program is relatively high. Due to the

increased complexity of warships, it is likely that the effectiveness of these would

be much higher than those that could be constructed during a war, if any could be

constructed at all. Overall, when viewed through the lens of the model developed

in Chapter 2, there is evidence to suggest that the program may be cost effective,

however, a more thorough calculation would be necessary to commit one way or the

other.

Factoring in the defence spending of rival nations, while controlling for relative

geographic location is explored in the third chapter. There, post-Cold War defence

1Ukraine, the Middle East, and the western Pacific Ocean to name a few.
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spending is analyzed to examine how much co-movement there is in defence spending

data, using spatial econometric techniques. Most previous studies have crucially

ignored the impact of a country’s relative location in its choice of defence spending. I

create a series of weight matrices that provide a qualitative structure describing how

countries may potentially interact with one another militarily. Using these matrices in

a spatial econometric regression reveals that a major determinant of defence spending

is the defence spending of nations that are considered a threat. This is a sharp

departure from most of the research results from the Cold War era which argues

that internal factors, such as bureaucratic inertia and elections, were more important

determinants of military spending.

This chapter also allows for a regional analysis of defence spending patterns. I

identify regions of both arms racing and anti-arms racing. Further analysis of these

regions may lead to a better understanding of how defence spending is fully deter-

mined.

This estimated framework can be used, for example, to identify how countries

are expected to react to recent events, such as the civil war in the Ukraine. My

results indicate that the civil war will cause Ukraine to increase its own spending by

about 12%, depending on which weighting matrix is used. Again, depending on which

matrix represents the true state of the world, the change in other countries spending

will vary. Using the preferred “Two Groups” matrix, I find the largest increase in the

closest countries. Russia, Belarus, and Turkey are all expected to increase spending

by half a percent. The countries in central Europe are also expected to respond

strongly with increases in spending varying from half to one percent more. Of course,

the longer the war lasts, and the more countries become actively involved, the further
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this is expected to increase.

Finally, the fourth chapter combines the ideas of the previous two in an attempt

to relax one of the more rigid assumptions made in Chapter 3. A model is developed

that analyzes how the defence spending of arms producers differs from that of arms

importers, thus leading to an improvement of our understanding of how defence bud-

gets are set. Additionally, the role of base security is analyzed, to understand how

geographic and socioeconomic factors influence the level of defence spending. All

countries tended to spend less when faced with increased base security. Additionally,

it is shown that there is a different spending behaviour displayed by producers and

importers. Producers reacted less to changes in base security and more to changes in

population than arms importers. The cause of these differences could be the result

of differences in population and productivity, as predicted by the model, or it may

be the case that lobbying efforts by the industries in these countries keep demand

relatively high, when it would otherwise fall.

Overall, these three papers improve our understanding of how defence budgets are

set. A country does not exist in a vacuum, and its defence spending choice is highly

influenced by the choices of other countries. An increase in arms spending could be the

result of an increased investment in domestic industries because the perceived risk of

war with a powerful nation is high, or it could be the result of a neighbouring country

moving towards a more authoritarian regime. Factoring in the defence spending

choices of neighbouring countries, controlling for relative location, and accounting

for the industrial capacity of a country are all essential to understanding the defence

spending of a specific country.
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Appendix A

Solving the Model in Chapter 4

Since I am examining the case of incomplete specialization in Country B, I am im-

mediately able to pin down a few of the variables. The assumption that factors are

paid their value of marginal product imply the following equations:

wBc = pBc x
B
c (A.1)

wBm = pBmx
B
m (A.2)

With labour mobility the nominal wage rates will be equal across sectors.

wB = wBc = wBm (A.3)

pBc x
B
c = pBmx

B
m (A.4)

Rearranging this expression yields the price ratio in Country B. This will also be the

world price ratio, as it must be to induce Country B to trade with Country A.
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pBc
pBm

=
xBm
xBc

(A.5)

(
pc
pm

)W
=
xBm
xBc

(A.6)

These equations allow me to immediately determine the real wage in each coun-

try. For Country B, since there is labour mobility and a single unit of labour, the

household’s income is equal to the wage rate, as shown below. The real income, and

thus real wage rate, can be found using the fact that wages will equal the value of

marginal product.

IBn = LBmw
B
m + LBc w

B
c = wB (A.7)

IBn
pm

=
wB

pm
= xBm (A.8)

IBn
pc

=
wB

pc
= xBc (A.9)

The wages and income for Country A are determined in a similar manner. Note

that since the output of the military good in Country A is not sold on the market, the

value of the marginal product of labour in that sector is unknown. However, unless

the government coerces households to work in that sector, it must at least offer a

wage equal to that in the consumer goods sector. Thus I assume that they do, which

leads to the following results:

IAn = wA (1− δ) + wAδ = wA (A.10)
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IAn
pc

=
wA

pc
= xAc (A.11)

IAn
pm

=
wA

pm
=
xAc x

B
m

xBc
(A.12)

Household’s labour allocation in Country A is also immediately apparent, since

it wishes to devote all of its labour to the production of the consumption good, but

must devote a share δ to the production of the military good.

LAm = δ (A.13)

LAc = (1− δ) (A.14)

To solve for the rest of the variables, the first step is to examine the government’s

maximization problem. Since households simply consume all of their untaxed income,

their behaviour is predictable by the government. The lagrangian for Country A is

as follows:

LA =
(
KA + βA

(
MA

r + δxAmN
A −MB

))α((1− τA) IAn
pc

)1−α

− λA
[
pmM

A
r + wAδNA − τAIAnNA

] (A.15)

Differentiating this expression with respect to MA
r , τA, and λA gives the following

first order conditions:

αβA
(
SA
)α−1 (

CA
n

)1−α − λApm = 0 (A.16)
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(1− α)
(
SA
)α (

CA
n

)−α (−IAn )
pc

+ λAIAnN
A = 0 (A.17)

−pmMA
r − wAδNA + τAIAnN

A = 0 (A.18)

Combining these expressions provides the government’s choice for τA and MA
r .

MA
r =

αβANAIAn − (1− α) pm
(
KA − βAMB

)
− δβANA

(
αwA + (1− α) pmx

A
m

)
pmβA

(A.19)

τA =
αβANAIAn − (1− α) pm

(
KA − βAMB

)
+ (1− α) δβANA

(
wA − pmxAm

)
NAIAβA

(A.20)

The same maximization problem can be examined for Country B. The Lagrangian

is given by:

LB =
(
KB + βB

(
MB −MA − δxAmNA

))α((1− τB) IBn
pc

)1−α

−λB
[
pmM

B − τBIBn NB
]

(A.21)

Differentiating this expression with respect to MB, τB, and λB gives the following

first order conditions:

αβB
(
SB
)α−1 (

CB
n

)1−α − λBpm = 0 (A.22)

(1− α)
(
SB
)α (

CB
n

)−α (−IBn )
pc

+ λBIBn N
B = 0 (A.23)

−pmMB + τBIBn N
B = 0 (A.24)
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Thus, a value for MB and τB can be obtained.

MB =
αβBNBIBn − (1− α) pm

(
KB − βB

(
MA

r + δNAxAm
))

pmβB
(A.25)

τB =
αβBNBIBn − (1− α) pm

(
KB − βB

(
MA

r + δNAxAm
))

NBIBβB
(A.26)

To determine the Nash Equilibrium values, the expression for MB can be substi-

tuted into the expression for MA
r and vice-versa. The result are two expressions, MA

r

and MB, that are no longer functions of one another.

MA
r =

(
1

pmβAβB
(
1− (1− α)2)

)[
αβAβB

(
IAnN

A + (1− α) IBn N
B
)

− (1− α) pM
(
βBKA + (1− α) βAKB

)
− αβAβBδNA

(
wA + (1− α) pmx

A
m

) ]
(A.27)

MB
r =

(
1

pmβAβB
(
1− (1− α)2)

)[
αβAβB

(
IBn N

B + (1− α) IAnN
A
)

− (1− α) pM
(
βAKB + (1− α) βBKA

)
− α (1− α) βAβBδNA

(
wA − pmxAm

) ]
(A.28)

However, they are still a function of endogenous variables: I in, pm, and wA. It is

possible to substiute these variables out of the expression, given the values calculated

earlier. Substituting these into the above expressions yields the following equilibrium

values:
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MA
r =

1

α (2− α) βAβBxBc

[
αβAβB

[
NA

[
(1− δ)xAc xBm − δ (1− α)xAmx

B
c

]
+NB (1− α)xBmx

B
c

]
− (1− α)xBc

(
βBKA + (1− α) βAKB

) ] (A.29)

MB =
1

α (2− α) βAβBxBc

[
αβAβB

[
NA (1− α)

[
(1− δ)xAc xBm + δxAmx

B
c

]
+NBxBmx

B
c

]
− (1− α)xBc

(
βAKB + (1− α) βAKA

) ] (A.30)

Recall that MA
r only includes the military good that Country A purchases from

Country B. Including Country A’s own home production, total military spending in

Country A is then given by:

MA =
1

α (2− α) βAβBxBc

[
αβAβB

[
NA

[
(1− δ)xAc xBm + δxAmx

B
c

]
+NB (1− α)xBmx

B
c

]
− (1− α)xBc

(
βBKA + (1− α) βAKB

) ] (A.31)

With these expressions available, the labour allocation in Country B can now be

solved using the market clearing condition for the military good:

MA
r +MB = LBmN

BxBm (A.32)

The equilibrium values for LBm and LBc are thus:



APPENDIX A. CHAPTER 4 MODEL 201

LBm =
αβAβB

[
(1− δ)NAxAc x

B
m +NBxBmx

B
c

]
− xBc (1− α)

[
βBKA + βAKB

]
αβAβBNBxBmx

B
c

(A.33)

LBc =
(1− α)xBc

[
βBKA + βAKB

]
− α (1− δ) βAβBNAxAc x

B
m

αβAβBNBxBmx
B
c

(A.34)

The tax rates can easily be backed out now that the levels of consumption of the

military good are available. Using these, the consumption of the consumer good in

the two countries can also easily be determined. They are given by:

CA
n =

(1− α)

α (2− α) βAβBNAxBm

[
αβAβB

[
NA

[
(1− δ)xAc xBm + δxAmx

B
c

]
−NBxBc x

B
M

]
+ xBc

(
βBKA + (1− α) βAKB

) ]
(A.35)

CB
n =

(1− α)

α (2− α) βAβBNBxBm

[
αβAβB

[
NBxBc x

B
M −NA

[
(1− δ)xAc xBm + δxAmx

B
c

] ]
+ xBc

(
βAKB + (1− α) βBKA

) ]
(A.36)

Equations A.30 and A.31 imply the following equations for security in the two

countries:



APPENDIX A. CHAPTER 4 MODEL 202

SA =
1

(2− α) βBxBc

[
αβAβB

[
NA

[
(1− δ)xAc xBm + δxAmx

B
c

]
−NBxBmx

B
c

]
+ xBc

[
βBKA + (1− α) βAKB

] ] (A.37)

SB =
1

(2− α) βAxBc

[
αβAβB

[
NBxBmx

B
c −NA

[
(1− δ)xAc xBm + δxAmx

B
c

] ]
+ xBc

[
βAKB + (1− α) βBKA

] ] (A.38)

Substituting equations (A.35), (A.37), the consumption of the consumer good

and security in Country A, and (A.36), (A.38) the consumption of the consumer

good and security in Country B, into the utility function of equation (4.11), yields

the equilibrium level of utility of a representative agent in each country. Thus the

equilibrium has been found. It is a Nash Equilibrium in terms of the consumption of

the military good, and, given this, maximizes the household’s utility.

Recall that the empirical analysis will revolve around the examination of military

spending as a share of GDP. The equations for these expressions are found by dividing

the value of the military spending in each country by the total household income. The

value for these expressions are given below:

RA =
1

α (2− α) βAβBNAxAc x
B
m

[
αβAβB

[
NA

[
(1 + δ (1− α))xAc x

B
m − δ (1− α)xAmx

B
c

]
+NB (1− α)xBmx

B
c

]
− (1− α)xBc

(
βBKA + (1− α) βAKB

) ]
(A.39)
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RB =
1

α (2− α) βAβBNBxBc x
B
m

[
αβAβB

[
NA (1− α)

[
(1− δ)xAc xBm + δxAmx

B
c

]
+NBxBmx

B
c

]
− (1− α)xBc

(
βAKB + (1− α) βBKA

) ]
(A.40)

A.0.1 Necessary Restrictions

First, it must be shown that the assumption of incomplete specialization in country

B is correct. Thus, country B must devote some labour to both the military and

consumption good. The necessary conditions for this to hold are:

αβAβB
[
(1− δ)NAxAc x

B
m +NBxBmx

B
c

]
− xBc (1− α)

[
βBKA + βAKB

]
≥ 0 (A.41)

(1− α)xBc
[
βBKA + βAKB

]
− α (1− δ) βAβBNAxAc x

B
m ≥ 0 (A.42)

These were derived from Equations A.33 and A.34, Country B’s optimal labour allo-

cation

Next the purchase of Country B’s military goods output must be non-negative for

each country. The following two expressions ensure this:

αβAβB
[
NA

[
(1− δ)xAc xBm − δ (1− α)xAmx

B
c

]
+NB (1− α)xBmx

B
c

]
− (1− α)xBc

(
βBKA + (1− α) βAKB

)
≥ 0

(A.43)
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αβAβB
[
NA (1− α)

[
(1− δ)xAc xBm + δxAmx

B
c

]
+NBxBmx

B
c

]
− (1− α)xBc

(
βAKB + (1− α) βAKA

)
≥ 0

(A.44)

These are derived from Equations A.29 and A.30 respectively.

Finally, spending on the consumer good must also be non-negative. The following

two conditions ensure this:

αβAβB
[
NA

[
(1− δ)xAc xBm + δxAmx

B
c

]
−NBxBc x

B
M

]
+ xBc

(
βBKA + (1− α) βAKB

)
≥ 0

(A.45)

αβAβB
[
NBxBc x

B
M −NA

[
(1− δ)xAc xBm + δxAmx

B
c

] ]
+ xBc

(
βAKB + (1− α) βBKA

)
≥ 0

(A.46)

These equations are derived from Equations A.35 and A.36.

These conditions are easier to understand if they are combined together. Com-

bining equations A.41 and A.42 results in the following:

αβAβBNBxBmx
B
c ≥ xBc (1− α)

[
βBKA + βAKB

]
− α (1− δ) βAβBNAxAc x

B
m ≥ 0

(A.47)

Combining equations A.43 and A.45 produces:
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α (1− δ) βAβBNAxAc x
B
m

(1− α)

≥ xBc
(
βBKA + (1− α) βAKB

)
+ αδβAβBNAxAmx

B
c − αβAβBNBxBmx

B
C

≥ −α (1− δ) βAβBNAxAc x
B
m

(A.48)

Finally, combining equations A.44 and A.46 leads to:

αβBβANBxBmx
B
c

(1− α)

≥ xBc
(
βAKB + (1− α) βBKA

)
− α (1− δ) βAβBNAxAc x

B
m − αδβAβBNAxAmx

B
c

≥ −αβAβBNBxBc x
B
m

(A.49)

For the inequalities in A.47 to hold a few conditions need to be met. First, α needs

to be large enough that there is sufficient demand for the military good. Second,

Country B must be large/productive enough to be able to supply both the military

good and the consumer good. On the same note, Country A cannot be too large that

Country B cannot meet its demands. Finally, the base levels of security cannot be so

high as to drive demand for the military good to zero. Intuitively, in order for country

B to wish to produce both goods, it must be the case that there is sufficient demand

for the military good to warrant its production, but not so much that Country B

would be forced to devote all of its labour to its production. Additionally, Country

B must be either sufficiently efficient or sufficiently large, relative to Country A, that

Country A cannot produce enough of the consumer good to satiate world demand.

These conditions are no different than those necessary for this type of equilibrium in
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the classic Ricardian model with incomplete specialization.

Besides the conditions already imposed, the inequalities in A.48 and A.49 state

that the size of the base level of security variables are important. They cannot be so

large that countries do not wish to augment their security by consuming the military

good. They also cannot be so small that the country desires to invest all of its

resources into the military.

It becomes easier to understand these restrictions if the labour equations are

rewritten in the following manner:

LBC =
(1− α)

[
βBKA + βAKB

]
αβAβBNBxBm

− (1− δ)NAxAc
NBxBc

(A.50)

LBM = 1 +
(1− δ)NAxAc

NBxBc
−

(1− α)
[
βBKA + βAKB

]
αβAβBNBxBm

(A.51)

These equations share two common terms. The first term in equation A.50 is

a measure of the base security present in both countries scaled by the preference

parameter (α), the marginal impact that spending has on other countries (βA and

βB), and the potential output of the military good in Country B (NBxBm), the country

with the comparative advantage in the production of the military good. The second

term is the potential output of the consumer good ((1 − δ)NAxAc ) in the country

which has the comparative advantage in that area (Country A) scaled by the potential

output level of the consumer good in Country B (NBxBc ). Equation A.51 shows the

push for Country B to devote its labour into the production of the military good,

with the value 1 in the equation. However, as the value of base security increases

there is less need to do so, so labour in that country is switched to the production of
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the consumer good.

Here it becomes more clear how the the values for base security cannot be too

high or too low. The larger these values are, the less labour Country B wishes to

devote to production of the military good. On the other hand, if these values are too

low, Country B will devote all its resources to producing the military good in order

to ensure a non-negative level of security.

Rewriting the demand for Country B’s military good output as follows also aids

in understanding the model:

MA
r =

NA
[
(1− δ)xAc xBm − δ (1− α)xAmx

B
c

]
(2− α)xBc

+
(1− α)NBxBm

(2− α)

− (1− α)

α (2− α)

(
βBKA + (1− α) βAKB

)
βAβB

(A.52)

MB =
(1− α)NA

[
(1− δ)xAc xBm + δxAmx

B
c

]
(2− α)xBc

+
NBxBm
(2− α)

− (1− α)

α (2− α)

(
βAKB + (1− α) βBKA

)
βAβB

(A.53)

Again, some common terms emerge in both equations. The first term in each equation

is a measure of the size of Country A’s economy. If δ = 0 the expression is equal to the

output of the consumer good in Country A multiplied by the international price ratio.

This is then scaled by different amounts, depending on which of the two equations

is examined. Basically, each country consumes a share of Country A’s output of the

consumer good, expressed in terms of the military good. The parameter δ creates

an inefficiency for Country A which reduces the amount of its own resources that

it can consume. Country B, on the other hand, benefits from A’s inefficiency. The
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second term in each equation is a similar measure but for Country B. Each country

consumes a share of country B’s output of the military good. Finally, the last term

in each equation are similar. They both are a measure of the negative demand for

the military good that results from the base level security.

So, in order to ensure that these terms are non-negative, the values for natural

security cannot be too high. The values of KA and KB cannot be so high, relative

to the size of the economies, that a country would wish to devote no further, or even

negative, resources to military spending.

Finally, express total demand for the consumption good in both countries as fol-

lows:

NACA =

(
(1− α)

(2− α)

)[
NA

[
(1− δ)xAc xBm + δxAmx

B
c

]
xBm

−NBxBc

+
1

α

xBc
xBm

(
βBKA + (1− α) βAKB

)
βAβB

] (A.54)

NBCB =

(
(1− α)

(2− α)

)[
NBxBc −

NA
[
(1− δ)xAc xBm + δxAmx

B
c

]
xBm

+
1

α

xBc
xBm

(
βAKB + (1− α) βBKA

)
βAβB

] (A.55)

The terms in these two equations are nearly identical to the terms in the previous two

equations. The main difference is that, using the price ratio, the values are converted

to be expressed in terms of the consumer goods. Here, consumption of the consumer

good is equal to a constant share of one’s own economic output less the output of

the other country. Finally, the last term represents resources that can be devoted to
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spending on the consumer good because of the presence of a base level of security.

Again, the restrictions on KA and KB become apparent. They cannot be so low

that the demand for the military good drives consumption of the consumer good

negative. That is, there must be enough security to allow the countries to divert

some resources away from military spending to spending on the consumer good.

Overall, the restrictions on the size and efficiencies of the economies that must be

made are no different than those that must be made in the standard Ricardian model

with incomplete specialization. The assumptions on the size of the base security vari-

able may appear to be overly constraining, but in practice they are not. Examining

military spending data reveals that countries do not invest all of their resources into

military spending, and no country devotes zero resources to security. This indicates

that, in practice, the base security that countries possess are neither so high as to

make military spending unnecessary, or so low as to force all resources of an economy

to be devoted to defence.


