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Abstract
This paper examines the potential costs a country faces when it fails to develop
domestic arms manufacturing. I examine these costs using the historical example of
Canada’s decision to not develop domestic naval shipbuilding capacity prior to World
War II. Canada’s primary naval responsibility during World War II was to escort convoys between the United Kingdom and North America. However its lack of advanced
domestic shipbuilding capacity, and the congestion at allied shipyards, meant that
Canada could not manufacture the relatively advanced destroyer class vessels necessary for convoy duty. Instead it had to rely on less advanced corvette class vessels,
which were simple enough to be manufactured domestically. Using a unique data set,
created for this project, I match convoy movements and German U-boat locations to
the types of escort ships and the number of merchant ships lost. This data set allows
me to estimate the relative e↵ectiveness of corvettes versus destroyers. The metric is
the loss of civilian convoy ships that resulted from using corvettes instead of destroyers
as escorts. I compare this loss to the hypothetical cost of establishing and maintaining an advanced shipbuilding industry in Canada prior to the war. By examining this
example, it is possible to comment on whether the cost of maintaining domestic arms
industries may be worthwhile in times of peace.
JEL classification: N42, F51, F52, H56, H57
Keywords: Canadian Navy, World War II, Convoys, Domestic Arms industries.
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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 contract with Canadian firms. These governments believe that the benefits from having
domestic arms industries outweighs the necessary cost of maintaining them. This paper
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 result
from arms industries. Second, there is prestige associated with having a domestic arms
industries. 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 o↵ 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 comparisons
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
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between North America and the United Kingdom.2 Canada was not the only country
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.3 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 su↵ered as a result.4 It is clear
that corvettes were qualitatively worse ships than destroyers, but here I am interested
in quantifying this di↵erence. What was the cost born by Canada and its 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 Marine.
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 e↵ective as corvettes at preventing merchant ship losses. Under a counterfactual
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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 di↵erence 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 compliments 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 di↵erent human lives and
how the US military used di↵erent weapons to accomplish di↵erent 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
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 di↵erences. Additionally, his descriptions
of the adoption of new technologies into Allied navies provides insight into the di↵ering
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 German’s 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 Uboats.
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 of the
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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 e↵orts 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 di↵erence 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

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 shipbuilding
capabilities, and the di↵erence between corvettes and destroyers. Familiarizing oneself
with this background information will make understanding the analysis easier.
The most important points to take away from the following section are the following.
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
5

convoys in question mainly faced o↵ 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 intelligence and reconnaissance to avoid
U-boats failed. Lastly, corvettes were qualitatively worse than destroyers in terms of
size and strength. Whether or not this di↵erence translated into a reduced number of
merchant ships lost is the purpose of this study.

2.1

Convoys

Here I provide information about the three convoy routes that I examine, and describe
how they di↵ered 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 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.5
Convoy routes di↵ered 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 e↵ort. Canadian ships were used as escorts in a number of convoys, but by
far their largest e↵ort was reserved for convoys traveling to and from North America.
These convoys were frequent, relatively large, and extremely vital to the allied war
e↵ort.6 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 su↵ered a
5
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successful attack, with a total of 175 ships sunk or damaged. 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.7
The second inbound route to the UK convoy was the SC series, designed for ships
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 su↵ered losses,
with 150 ships being lost or damaged by the enemy.
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 su↵ered at
least one ship sunk or damaged, with a total of 123 ships sunk or damaged.
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
foodstu↵s. Note that they did not carry soldiers.
For the purpose of my analysis, the key points to understand from this subsection
are that three di↵erent convoy routes are examined, each of which su↵ered 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.

2.2

Development of the Royal Canadian Navy

In this subsection I describe how the Royal Canadian Navy (RCN) developed during
the war.
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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.8
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 corvettes9 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, 1941.10 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 1941.11 Table 1 provides the size and
composition of the RCN for various dates during the war. 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.12 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
8
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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 RN. 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.
Examining Figures 1 and 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 Canadian
yards was 5 minesweepers produced at 5 di↵erent shipyards across Canada. By the end
of the war, over 25 shipyards had produced escort-capable ships. As Table 2 shows,
260 RCN escort-capable naval vessels were built in Canada during the war.13 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 Coast14 produced escort
vessels during the war.15 Others have noted that this was because these shipyards
were mainly used for repair work or for the construction of merchant ships.16 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.17
The key points to understand from this subsection are that Canada began the war
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,
13
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it is important to note that Canadian shipbuilding was geographically dispersed, but
that certain larger shipyards, mostly in Quebec, played a more important role than
others.

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
higher ratio of destroyers to corvettes when compared to the RCN. Additionally, their
ships were typically more technologically advanced.18 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.19 The vast size
18
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of the opposing Royal Navy largely prevented the German surface fleet from engaging
Atlantic convoys.20
It was the German U-boats that were the major menace to allied shipping. The
German navy operated 1153 U-boats during the war.21 As Figure 3 shows, the German
navy was growing very quickly throughout 1941 and 1942. The leveling o↵ 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 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 did continue, no
major successes were scored by the German’s after this point.22
Germany possessed a variety of U-boat types. The most common were the Type VII
and Type IX.23 The Type VII was designed to operate in the North Atlantic, and thus
most convoys in this study faced o↵ 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 o↵ 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 di↵erence. 179 of
these types were commissioned.24
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.
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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 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.25
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 weapons 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.26
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 equipping radar, and
when they did, their versions were inferior.27 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
25
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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 Atlantic.
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.

2.5

Corvettes and Destroyers

In this final subsection, the qualitative di↵erences 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
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 di↵ered from one another in some small way, the
Flower(rev.) class di↵ered 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.) class 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 o↵ 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
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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.28
With all the di↵erent types of destroyers, it is difficult to draw direct comparisons.
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 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.
It is helpful to remember that the corvette was based on the design of a whaling
ship. With whales and submarines possessing similar characteristics, naval architects
felt that the design provided a good starting point for development. 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, there 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.29 It is not unreasonable
to believe that the quality of the ship adversely a↵ected 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 exists 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.
The previous subsections were designed to provide the necessary context to understand 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 superiority gave
28
29

Milner (1985) and Macpherson and Milner (1993)
Macpherson and Milner (1993)
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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.

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 payo↵s are received. If war does occur, 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 5
shows the possible choices that Country A can make and the associated payo↵s. 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 payo↵s. If war does occur,
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Country A can then construct weapons to use during the war. It can choose any
a↵ordable 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 a↵ected by its decisions.
Thus, the timing of the model is such that the foreign country has 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 payo↵ 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 some portion can 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 una↵ordable. Thus, the resource constraint for
Country A in period 1 is:

Y1 = C 1 + F H

(1)

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

Y2 = C 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 constant. Thus,
the resource constraint for when there is a war is given by the following equation:

Y2 = C 2 + P · x 2
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(3)

Additionally, beyond the endowed resources, there is a payo↵ to both winning and
losing the war. The payo↵ of winning is ⇡ W , whereas the payo↵ from losing is ⇡ L .
Note that ⇡ W > ⇡ L . 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 from having a military, and there is no direct disutility from
a war occurring.
max (C1 + E1 [C2 + P ayof f ])

(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

(5)

S = z · x2

(6)

In the case that it did, S is given by:

z > 1 represents the advantage o↵ered 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 o↵, in the sense that a realization of z less than 1 occurs. Here I limit my
investigation to the case of a known value of z greater than 1.
The probability of Country A winning the war is given by the following formula:

K=

S
S+E
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(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 payo↵. 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 problem
of the decision maker is:
max
x2

C2 + K ⇡ W + (1

K) ⇡ L

s.t. Y2 = C2 + P · x2

(8)

Substituting in the equation for K determines the optimal value of x2 . The optimal
choice of x2 , denoted x⇤2 equals:

x⇤2

=

q

(⇡ W

⇡ L )zE
P

E

z

(9)

Of course, if the fixed cost is not paid, the value of z is simply 1.30
A few things can immediately be observed from this equation. The larger the gap
between the payo↵ from winning and losing, the more weapons Country A will purchase.
The e↵ect of E on x2 is ambiguous. For low levels, raising E induces Country A 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. The
impact of z is also ambiguous as there are two competing e↵ects. First, since it makes
the weapons more e↵ective, there is incentive to purchase fewer of them as you need
30

It 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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fewer to perform the same task. On the other hand, this increased e↵ectiveness creates
the incentive to purchase more as it increases the probability of winning the war.
In order to ensure that this term is non-negative, the following restriction is imposed:
p
(⇡ W

p

⇡L)

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 una↵ordable. 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 payo↵s 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, and setting B = ⇡ H ⇡ L , then the expected payo↵s from the two cases
are:
Fixed cost paid:

H

Y1 +Y2

FH +r⇡ L +(1

r)

⇡ +⇡
2

L

0q

rP @

BzE
P

E

z

1

0

A +rB @1

E
q

BzE
P

1

A (10)

Fixed cost not paid:

H

Y1 + Y2 + r⇡ L + (1

r)

⇡ +⇡
2

L

rP

r

BE
P

E

!

0

+ rB @1

1

E
q A
BE
P

(11)

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 payo↵ from the scenario when the fixed cost is paid, greater than that
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when it is not.
Looking at the di↵erence in the two expected payo↵s, it is clear that it breaks down
into three di↵erent components. The first is the cost that must be paid in the first
period. That is:

FH

(12)

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:
r

EP
B

✓

1

1
p
z

◆

(13)

Since z > 1, the increased probability is indeed positive. This leads to an increased
expected payo↵ of:
p

r BEP

✓

1

1
p
z

◆

(14)

The final term is the di↵erence in cost of the second period weapons programs. As
mentioned previously, the e↵ect of z on x2 is ambiguous as there are two opposing
e↵ects. Thus, it is not clear whether a country will produce more or fewer weapons in
the second period given the increase in quality. The di↵erence in the cost of the high
quality and low quality program is given by:
p

r BEP

✓

1

1
p
z

◆

✓

rP E 1

1
z

◆

(15)

It is easy to verify that the sign of this term is ambiguous.
Thus, the expected payo↵ from developing the high quality weapons will be given
by the sum of Equation 12, 14, and 15.
With this in hand, I analyze how the various variables a↵ects the decision to pay the
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fixed cost. The first thing to notice is that, as expected, increasing the fixed cost leads
to a reduced payo↵ 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 e↵ect of increasing the di↵erence between the payo↵ for
winning the war ⇡ H and the payo↵ from losing the war ⇡ L , the variable denoted B.
Increasing this di↵erence has two e↵ects. First, the expected payo↵ 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 payo↵ 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 e↵ect. Thus, the total e↵ect of increasing
the spread is to make the expected payo↵ from developing the weapons higher. So, if a
country believes that the future payo↵s 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 e↵ects. First, the higher the value of z, the
higher the probability of winning the war. The military of Country A becomes more
e↵ective, leading to a higher probability of receiving the high payo↵. The second e↵ect
is the impact on the number of weapons the country buys in the second period. As
mentioned before there are two e↵ects 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 payo↵ 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 e↵ective 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 e↵ect of a higher
weapons price is ambiguous. As prices rise the optimal output in the second period
falls, this 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 e↵ects work against each other leading to an ambiguous result.
The second ambiguous result concerns the e↵ect on the size of the enemy force. This
stems from the fact that a larger enemy military has ambiguous e↵ects 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
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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.
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 12, 14, and 15 is ambiguous, it is easily shown that the sum of
equations 14 and 15 is positive. This implies that given the fixed cost has already
been paid, the benefits of having high quality weapons available is positive. Since these
benefits only accrue if war occurs, its 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 e↵ective, the
reward from winning is high, and the cost of development is low.
With this model in mind, I can now begin the analysis of the data, and examine
whether Canada should have developed high quality weapons during the 1930s. Certainly 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 develop shipyards early in the 1930s may have been rational. The payo↵ 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. 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 di↵erence 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.

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 locations
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.
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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.

4.1

Data Sources

The data for this project comes from a variety of di↵erent 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 is 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 convoys crossing including any re-routing to avoid Uboats.31
From this 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
31
Lawson (2013) and Holdoway (2014) are additional sources of information regarding convoy size,
names of escorts, and merchant ship losses.
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would periodically alter course to prevent interception by U-boats. However, the data
is rich enough and the speeds of convoys are reliable enough to ensure that interpolating
between known points provides reliable location data. Additional data sources for
certain convoy routes is also available, and matches 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 is 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 di↵erentiate 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 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.
Each grid section is 54 nautical miles tall, 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.
32
33

Admiral (later President) Karl Dönitz
Mason (2014)
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Unfortunately, the data series are not all complete. Of the 364 HX convoys, data
is only available for the first 299. Thus, this data series only runs from September
39, 1939 through to June 19, 1944. There is 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 o↵ 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 e↵ectiveness 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 4.

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. Additionally,
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 su↵ered
a mechanical failure. Many merchant ships were lost in this manner, but these losses
were not a function of the composition of the escorts.
34

A total of 3 between the three convoy routes.
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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 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.

4.3

Preliminary Data Analysis

Table 5 provides summary data concerning the number of merchant ships lost on each
convoy route, both in and out of sample. Analyzing Table 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 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 o↵ 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 range
of the convoy, I also examine how many U-boats were within range on a particular day.
Table 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
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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 8 shows that the
average daily number of escorts for a convoy was 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.
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 9 examines the same statistics as Table 8, but only for the convoy days where
a loss was su↵ered. 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 di↵erence. Looking at the
nationalities of the ships when losses occur reveals that losses do not seem to occur as
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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 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.

5

Analysis

The goal is to quantify how much better Non-Corvettes were than Corvettes at preventing 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 a↵ords 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 di↵erent regressions to quantify this di↵erence in ability. My results indicate that Non-Corvettes are anywhere from 1.24 to 2.34
more e↵ective than Corvettes at preventing merchant ship losses, with my preferred
results, using a probit regression, measuring the di↵erence as 2.04.
As mentioned, my preferred approach is to use a probit regression to quantify the
di↵erent 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
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 results of these probit regressions are given in Table 10. Recall, that the unit
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of observation is a convoy-day given that a U-boat was within 200nm. Regression 1
indicates that the probability of a merchant ship sinking is decreasing in both Corvettes
and Non-Corvettes. Additional regressors include the number of U-boats engaging the
convoy and a dummy variable if the escorts were predominantly Canadian or British.
The coefficients on these 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 correlated with a lower probability of
sinkings, with a larger return for a predominantly British escort.
Regression 2 examines the e↵ectiveness 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 e↵ective 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 su↵ering
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 di↵erences, reveals that, at the mean values,
a Non-Corvette is approximately 2.04 times as e↵ective as a Corvette at preventing a
successful attack on a convoy.
Given a sinking did occur, 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 of these regression are
presented in Table 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 e↵ective 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.
29

Here, Canadian Corvettes do not appear to be as ine↵ective as in the previous cases,
being both more e↵ective than Canadian Non-Corvettes and non-Canadian Corvettes.
Non-Canadian Non-Corvettes are still more e↵ective 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 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
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 e↵ective 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 e↵ective 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 di↵erence between Corvettes and Non-Corvettes is
not as large as in probit case.
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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. NonCorvettes still outperform Corvettes at preventing the losses of merchant ships, with
Canadian ships proving to be less e↵ective than non-Canadians. More U-boats are
correlated with increased sinkings. Finally, there are significant returns to having the
composition of escorts being predominantly from a single nation.
As a final robustness check, the data will be analyzed using OLS and panel techniques. Table 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
e↵ective 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 su↵er from a loss. This leads me to using panel techniques to estimate
the coefficients. I am unable to use fixed e↵ects 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 e↵ect 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 e↵ective. 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 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.
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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 di↵erence 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.
With this measure in hand, I can now turn my attention to analyzing a counterfactual scenario, wherein Canada invested in Destroyer production facilities during the
years leading up to the war.

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 production capabilities of Non-Corvettes, specifically destroyers, in the years before the
war. This is no easy task, as it requires detailed analysis of construction capabilities
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.
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 shipyards would
possess the ability to construct destroyers. I will thus need to create a counterfactual
construction scenario for these shipyards during the war years.
32

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 ability to produce
destroyers does not a↵ect 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 a↵orded 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 simply
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. Examining
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
The next challenge is to identify where these would be constructed. Canada possessed 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.
36
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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 candidate
shipyards were located within. Yarrows Ltd, Halifax Shipyards Ltd, Davie Shipbuilding
and Repairing Co Ltd, and George T. Davie and Sons Ltd. were all located in ridings
which voted in a Conservative member in the 1930 election. Canadian 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 destroyers.
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
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
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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 e↵ective way of guarding convoys compared to destroyers.
Table 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 tradeo↵
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 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 di↵erences, a new average escort profile was created. Table
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
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this value is so low by examining the parameter estimates. That regression estimates no
di↵erence 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 di↵erence 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 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. First, lets deal with the latter of the two
time periods. During that time there were no losses in either the ON or SC convoys.
The HX convoys su↵ered 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 di↵erence 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 di↵erence 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 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
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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.
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
38

Pritchard (2011)
Poirier (1999)
40
Hague (2000)
39

37

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
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 di↵erence 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 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.
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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. Although it would also be necessary to recruit some higher skilled labourers
and professionals.
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
di↵erent 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
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 spino↵s, 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 counterfactual policy. Table 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
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making more passages and increased U-boat sinkings.

6.1

Robustness Check

This result is robust to a number of changes. Table 16 presents the possible ranges
for the values in the analysis. First, the number of ships lost depends on measure of
e↵ectiveness of Non-Corvettes versus Corvettes. My preferred regression results predict
33 ships lost. However, regression 6 predicts a savings of only 15 ships while 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 million 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 between $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 cost as
high as $15 million. The total costs thus could vary as well, to be anywhere from $24
million to $83 million.
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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 conservative
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 government in the 1930s
could have believed that war was so unlikely that they believed it optimal to not invest
in Canadian shipyards.

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 began by developing a model that examines the factors that might lead a country
to invest in a domestic arms industry. The model showed that the likelihood of investing
was increasing as the cost of the investment fell, as the quality of the weapons that could
later be produced rose, as the payo↵ from winning the war rose, and as the likelihood
of war rose.
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 e↵ective 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 e↵ective 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 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.
Matching these results to the model, reveals that if Canada had full information
regarding the future state of the world in the 1930s, they would likely find it worthwhile
to invest in domestic shipyards as the cost of the investment would be relative low, the
quality of the weapons that could be developed was relatively high, the payo↵ from
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having the weapons was very high, and the likelihood of war was very high. Examining
why Canada failed to invest, leads to the conclusion that they most likely believed the
probability of such a large scale war was low. Additionally, if war were to occur, they
most likely believed they could acquire the necessary equipment from foreign sources.
Two beliefs that lead to tragic consequences for many merchant ships during the Battle
of the Atlantic.
The conclusions 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 payo↵ 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 payo↵
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.
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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8

Figures
Figure 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: 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 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 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 o↵ seen in 1943 in Figure 3 resulted mainly form an increase in losses, rather
than a reduction in output.
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Figure 5: Game Tree
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Figure 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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9

Tables
Table 1: Composition of the RCN
Date
September 1st, 1939
January 1st, 1940
January 1st, 1941
January 1st, 1942
January 1st, 1943
January 1st, 1944
January 1st, 1945
May 1st, 1945

Destroyers
6
7
12
13
13
20
19
19

Corvettes
0
0
4
66
76
85
114
112

Frigates
0
0
0
0
0
16
68
67

Minesweepers
4
5
4
31
66
70
84
82

Civilian
0
0
8
6
6
6
6
5

Total
10
12
28
116
161
197
291
285

Description: Number of escort-capable commissioned ships in the RCN by type for selected dates.
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Table 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
Canadian Vickers Ltd.
Morton Engineering and Dry Dock Co.
Marine Industries Ltd.
George T. Davie and Sons Ltd.
Saint John Dry Dock and Shipbuilding Co. Ltd
Chantier Maritime de St. Laurent
Total St. Lawrence River and East Coast

Lauzon
Montreal
Quebec City
Sorel
Lauzon
Saint John
Ile d’Orleans

10
8
16
15
4
3
0
56

10
6
0
4
0
0
2
22

14
16
8
0
5
0
0
43

34
30
24
19
9
3
2
121

Great Lakes
Port Arthur Shipbuilding Co.
Collingwood Shipyards Ltd.
Kingston Shipbuilding Co.
Midland Shipyards Ltd.
Du↵erin Shipbuilding Co.
Six Other Great Lakes Yards
Total Great Lakes

Port Arthur
Collingwood
Kingston
Midland
Toronto
Various

9
14
9
5
0
0
37

18
4
2
1
6
7
38

0
0
0
0
0
0
0

27
18
11
6
6
7
75

West Coast
Yarrows Ltd
North Vancouver Ship Repairs Ltd.
Burrard Dry Dock Co. Ltd
Victoria Machinery Depot Co. Ltd.
Six Other West Coast Yards
Total West Coast

Esquimalt
Vancouver
Vancouver
Victoria
Various

5
0
4
5
0
14

0
12
6
0
15
33

17
0
0
0
0
17

22
12
10
5
15
64

107

93

60

260

Total

Description: Number of each type of naval ship produced at Canadian shipyards for the RCN
throughout the war.

Table 3: Corvettes, Destroyers, and Frigates Compared
Category
Displacement (tons)
Length (feet)
Speed (knots)
Range (nautical miles)
Compliment (crew)

Corvette (Flower)
925
205
16
3500
85

Destroyer (A)
1337
320
35
5000
138

Frigate (River)
1370
283
20
7200
107

Description: Various attributes of three escort vessels used extensively during the war.
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Table 4: Convoys of Focus
Series
HX
SC
ON

Convoys
140
113
226

Convoy Days
1,976
1,827
3,592

Description: The number of convoys and convoy-day pairs where data is fully available.

Table 5: Merchant Marine Losses by Convoy
Series
HX
SC
ON

All Convoys
0
1 to 2 3+
310
31
22
141
21
15
278
15
15

Convoys of Focus
0
1 to 2 3+
126
8
6
97
8
8
199
12
15

Description: A count of the number of convoys that su↵ered 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 6: U-boat-Convoy Engagement Statistics
Convoy
Convoys that had at least one engagement (# of Convoys)
Convoys with 1 to 2 days of engagement (# of Convoys)
Convoys with 3 to 6 days of engagement (# of Convoys)
Convoys with 7 to 9 days of engagement (# of Convoys)
Convoys with 10+ days of engagement (# of Convoys)
Total convoy-days with engagement (Days)
Average number of days of engagement (Days)
Average Crossing time (Days)

HX
133
22
63
44
4
698
5.25
14.11

SC
108
15
38
37
18
701
6.49
16.15

ON
213
20
83
69
41
1445
6.78
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 7: Convoy-days with given number of U-boats within range
HX
SC
ON
HX (Loss)
SC (Loss)
ON (Loss)

1 U-boat
270
269
622
3
4
5

2-3 U-boats
193
207
415
2
3
6

4-9 U-boats
127
135
272
5
2
18

10+ U-boats
108
90
136
14
20
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 su↵ered 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 su↵ered by the convoy.

Table 8: Escort Statistics
Average number of escorts by convoy-day
Average number of Corvettes by convoy-day
Average number of Non-Corvettes by convoy-day
Average number of Canadian escorts
Average number of non-Canadian escorts
Average number of Canadian Corvettes
Average number of Canadian Non-Corvettes
Average number of non-Canadian Corvettes
Average number of non-Canadian Non-Corvettes
Percent of convoys-days where greater than 75% of Escorts were Canadian
Percent of convoys-days where greater than 75% of Escorts were British

HX
7.60
4.56
3.04
3.07
4.53
2.48
0.59
2.08
2.45
28.37
27.08

SC
7.25
4.82
2.46
3.05
4.22
2.55
0.50
2.27
1.95
31.24
28.67

ON
6.71
4.49
2.22
3.09
3.62
2.57
0.52
1.92
1.69
34.67
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 9: Escort Statistics for Convoys which Su↵ered a Loss
Average number of escorts by convoy-day
Average number of Corvettes by convoy-day
Average number of Non-Corvettes by convoy-day
Average number of Canadian escorts
Average number of non-Canadian escorts
Average number of Canadian Corvettes
Average number of Canadian Non-Corvettes
Average number of non-Canadian Corvettes
Average number of non-Canadian Non-Corvettes
Percent of convoys-days where greater than 75% of Escorts were Canadian
Percent of convoys-days where greater than 75% of Escorts were British

HX
7.21
4.29
2.92
1.92
5.29
1.71
0.21
2.58
2.71
8.33
33.33

SC
8.24
5.45
2.79
3.00
5.24
2.83
0.17
2.62
2.62
13.79
13.79

ON
6.72
4.36
2.36
3.02
3.70
2.42
0.60
1.94
1.75
22.64
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.

Table 10: Probit Regression Results
Dep. Var: Binary (1 if Ship Sunk or Damaged)
Corvettes
Non-Corvettes
Canadian Corvettes
Canadian Non-Corvettes
Non-Canadian Corvettes
Non-Canadian Non-Corvettes
U-boats
Dummy for a mostly Canadian Escort
Dummy for a mostly British Escort
Constant
R-Squared
Log Likelihood

(1)Probit
-0.0387⇤
0.0228
-0.0828⇤⇤⇤
0.0277
.
.
.
.
.
.
.
.
0.0838⇤⇤⇤
0.0073
-0.4103⇤⇤⇤
0.1302
-0.6117⇤⇤⇤
0.1383
-1.6870⇤⇤⇤
0.1419
0.1861
-368.4271

(2)Probit
.
.
.
.
-0.0316
0.0325
-0.0594
0.0646
-0.0494⇤
0.0291
-0.0888⇤⇤⇤
0.0322
0.0844⇤⇤⇤
0.0075
-0.4748⇤⇤⇤
0.1693
-0.5713⇤⇤⇤
0.1598
-1.6770⇤⇤⇤
0.1463
0.1865
-368.2412

Description: 2844 Observations. Robust Standard Errors in Brackets.
* 10% Significance. ** 5% Significance. *** 1% Significance.
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Table 11: Negative Binomial Regression Results
Dep. Var: Number of Ships Sunk or Damaged
Corvettes
Non-Corvettes
Canadian Corvettes
Canadian Non-Corvettes
Non-Canadian Corvettes
Non-Canadian Non-Corvettes
U-boats
Dummy for a mostly Canadian Escort
Dummy for a mostly British Escort
Constant
Inflated Zeroes
Submarines
Constant
Log Likelihood

Negative Binomial
(3)
(4)
-0.1482⇤⇤⇤
.
(0.0519)
.
-0.2168⇤⇤⇤
.
(0.0612)
.
.
-0.1587⇤⇤
.
(0.0743)
.
-0.1533
.
(0.1606)
.
-0.1482⇤⇤
.
(0.0710)
.
-0.2304⇤⇤⇤
.
(0.0674)
0.2131⇤⇤⇤
0.2135⇤⇤⇤
(0.0177)
(0.0179)
-1.0772⇤⇤⇤
-1.1364⇤⇤⇤
(0.3505)
(0.3807)
-1.5970⇤⇤⇤
-1.5992⇤⇤⇤
(0.4067)
(0.4842)
-2.2784⇤⇤⇤
-2.2433⇤⇤⇤
(0.3467)
(0.3468)
.
.
.
.
.
.
.
.
.
.
-548.4831
-547.9630

Zero Inflated Negative Binomial
(5)
(6)
-0.1325⇤⇤
.
(0.0606)
.
-0.1674⇤⇤⇤
.
(0.0609)
.
.
-0.1235
.
(0.0765)
.
-0.1528
.
(0.1566)
.
-0.1428⇤⇤
.
(0.0716)
.
-0.1672⇤⇤⇤
.
(0.0647)
0.0783⇤⇤⇤
0.0782⇤⇤⇤
(0.0181)
(0.0183)
-1.0643⇤⇤⇤
-1.1158⇤⇤⇤
(0.3299)
(0.3821)
-1.6294⇤⇤⇤
-1.5895⇤⇤⇤
(0.3080)
(0.3802)
-0.1891
-0.1873
(0.4299)
(0.4254)
.
.
-0.3076
-0.3071
(0.0646)⇤⇤⇤
(0.0644)⇤⇤⇤
2.6760
2.6803
(0.3591)⇤⇤⇤
(0.3606)⇤⇤⇤
-525.4379
-525.4128

Description: 2844 Observations. Robust Standard Errors in Brackets.
* 10% Significance. ** 5% Significance. *** 1% Significance.
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Table 12: OLS and Panel Regression Results
Dep. Var: Number of Ships Sunk or Damaged
Corvettes
Non-Corvettes
Canadian Corvettes
Canadian Non-Corvettes
Non-Canadian Corvettes
Non-Canadian Non-Corvettes
U-boats
Dummy for a mostly Canadian Escort
Dummy for a mostly British Escort
Constant
R-Squared

(7)OLS
-0.0091⇤
(0.0048)
-0.0147⇤⇤
(0.0062)
.
.
.
.
.
.
.
.
0.0326⇤⇤⇤
(0.0063)
-0.0802⇤⇤⇤
(0.0233)
-0.1215⇤⇤⇤
(0.0276)
0.0901⇤⇤⇤
(0.0346)
0.0832

(8)OLS
.
.
.
.
-0.0044
(0.0062)
-0.0152⇤
(0.0089)
-0.0135⇤
(0.0078)
-0.0150⇤
(0.0087)
0.0328⇤⇤⇤
(0.0064)
-0.1003⇤⇤
(0.0413)
-0.1043⇤⇤⇤
(0.0352)
0.0896⇤⇤
(0.0365)
0.0836

(9)Panel
-0.0059
(0.0050)
-0.0138⇤
(0.0077)
.
.
.
.
.
.
.
.
0.0300⇤⇤⇤
(0.0072)
-0.0727⇤⇤
(0.0304)
-0.1088⇤⇤⇤
(0.0323)
0.0774⇤⇤
(0.0377)
0.0832

(10)Panel
.
.
.
.
-0.0031
(0.0062)
-0.0173
(0.0112)
-0.0083
(0.0088)
-0.0130
(0.0107)
0.0300⇤⇤⇤
(0.0073)
-0.0797
(0.0505)
-0.1004⇤⇤⇤
(0.0385)
0.0756⇤
(0.0405)
0.0834

Description: 2844 Observations. Robust Standard Errors in Brackets.
* 10% Significance. ** 5% Significance. *** 1% Significance.

Table 13: Counterfactual Commissioned Ship Schedule
Year
1939
1940
1941
1942
1943
1944

Corvettes
5
19
110
157
173
220

Reality
Non-Corvettes
7
14
15
16
40
97

Counterfactual
Corvettes Non-Corvettes
5
10
19
17
82
28
118
39
134
71
181
128

Description: The actual and a counterfactual commissioning schedule for the RCN by the end of
each year.
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Table 14: Average Number of Escorts by Type
Total
Corvette
Non-Corvette
Canadian Corvette
Canadian Non-Corvette
Non-Canadian Corvette
Non-Canadian Non-Corvette

Actual
7.06
4.58
2.48
2.55
0.54
2.04
1.93

Counterfactual
7.33
3.86
3.47
1.82
1.53
2.04
1.93

Description: The actual and counterfactual average number of escorts for convoys.

Table 15: Costs and Benefits of Counterfactual Building Program
Value of ships saved
Value of cargo saved
Value of lives saved
Total benefit

$42,900,000
$21,450,000
$22,960,000
$87,310,000

Net cost of new ships
Operating cost of new ships
Cost of maintaining shipbuilding industry
Total cost

$39,093,000
$9,500,000
$10,000,000
$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 16: Costs and Benefits Range of Counterfactual Building Program
Low
Ships saved

High
15

51

$1,200,000
$600,000
$0
$1,800,000

$1,785,000
$900,000
$8,265,000
$10,950,000

Total benefit

$27,000,000

$558,450,000

Net cost of new ships
Additional operating costs
Cost of maintaining industry
Total Cost

$14,820,000
$9,500,000
$0
$24,320,000

$58,840,000
$9,500,000
$15,000,000
$83,340,000

Value of ship
Value of cargo
Value of lives
Total expected value of a sunk merchant ship

Description: The possible ranges for the values used in the cost-benefit analysis.
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