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ABSTRACT
We investigate a causal relationship between the euro changeover and the change in homicide rates in developing economies using a two-stage least squares strategy and cross-sectional data, instrumenting on imports of small arms and light weapons using the strength of the ties to the original 12 euro-currency countries. Our results are consistent as we find that countries with stronger euro-12 ties saw a change in their firearms imports because of the introduction of the euro in 2002, which in turn caused a significant change in their overall homicide rates in the subsequent years. 
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[bookmark: _Toc47361599]INTRODUCTION
	Complex relationships exist between the countries around the world, which have been found to trade resources, form alliances, wage war, or invade and colonize territories. This complexity is still present today, and with all the new intricacies brought by the 20th century some countries put forward the idea of creating a monetary union in Europe. But it only came to life later and the old continent saw the birth of a new currency: the euro. In 2002, the world welcomed this change, but the extent of its introduction has yet to be studied in several fields of Economics. 
This Economics of conflict research paper examines the complex relationship between the countries that adopted the euro currency in 2002 and developing countries through the arms trade and the homicide rates. Therefore, it is a continuation of the research done by Gilbert Gagné and Hotte (2019), which has filled-in the “gap in research on the impact of the introduction of the euro currency and the arms trade imports,” and “[showed] that undeniably, countries with more ties to euro currency countries saw their arms trade increase before the introduction of the euro.” We extend this study, and contribute to the literature, by examining the impact of such increase in arms trade on the variation of homicide rates, as more guns lead to more gun violence (Duggan, 2001; Miron, 2001; Cook and Pollack, 2017).
When the announcement of the creation of the euro was made, illicit organizations around the globe had to start planning on converting their old currency notes into something else that would preserve the value of their accumulated cash. Obvious possibilities included converting into another currency, such as the United States dollars (USD) or the Swiss francs (CHF), or into gold. However, performing these large conversions in such large quantities and small time frame must have been difficult for all these groups as there was a time limit for exchanging banknotes but also an amount limit per transaction at both retail banks and central banks of all countries involved in the changeover (European Commission, 2020a). Even though we do not have direct evidence that the organizations could have illicitly bought firearms instead, we examine the possibility in this research.
Our focus in this paper is on attempting to uncover this new relationship for developing economies between the change in importations of small arms and light weapons, and the change in homicide rates using the strength of the ties to the original twelve euro-currency countries as our instrument. This identification strategy justifies the use of the two-stage least squares (2SLS) as our estimation technique. We believe that arms imports numbers and homicide rates were impacted by the 2002 adoption of the euro as the new currency for twelve countries, and our results suggest that it was the case. We find that the developing countries with stronger ties to countries that adopted the euro in 2002, defined as a higher percentage of the trade imports coming from such countries, imported more firearms on average before the new currency was introduced. They saw a statistically significant change in their homicide rates the following years because of this increase in circulating arms. We also contribute to the literature with our unique cross-sectional data that we compiled based on longitudinal databases of reputable international organizations: the International Monetary Fund, the Peace Research Institute Oslo, the United Nations Office on Drugs and Crime, the World Health Organization, and the World Bank.
During the modern era of colonialism that started at the beginning of the 15th century, European countries were establishing colonial empires. The countries that adopted the euro are not exempted from this trend. Indeed, France, one of the original twelve euro-currency countries, colonized, among others, Côte d’Ivoire, Morocco, Niger, Senegal, and Tunisia. There are other countries from that group, i.e., Belgium, Germany, the Netherlands, Portugal and Spain, that occupied different regions of the globe, such as Cape Verde, Guinea-Bissau, Mozambique, Rwanda, Suriname, and Togo (Magdoff et al., 2018; Lehning, 2013).
This situation spurred colonial trade with some developing countries under analysis in this paper, and the ramifications were so extensive that countries with former colonial ties continue to trade nowadays. Knowing those criminal organizations could have risen during that colonial era and that trade with the twelve euro-currency countries could potentially be residual colonial trade linkages, we think it is even more important to investigate our research question.
The paper proceeds as follows. Section 2 documents the existing literature on the subject and presents a brief history of how the euro was introduced. Section 3 outlines the data used. Section 4 details the methodology. Section 5 presents the results. Section 6 proposes a robustness check. Finally, we conclude with Section 7.


[bookmark: _Toc47361600]MONETARY UNION, GUN TRADE, AND HOMICIDES
[bookmark: _Toc47361601]2.1 CRIMINAL ORGANIZATIONS AND CASH
It has often been argued that large denomination paper currency notes benefit criminal organizations as they allow them to conduct illicit trade more easily knowing that the real value of these notes is high (Rogoff, 2016). Criminal organizations around the world are believed to hold large stocks of paper currency notes. Rogoff estimated in 1998, i.e., before the euro currency was introduced, “that 45-50% of USA currency is held abroad [implying] that $200 billion are held by non-residents,” and attested that “a plausible (if admittedly quite speculative) estimate is that developing countries hold roughly 25-30% of all OECD currency – $300-400 billion – with the US dollar accounting for more than half of the total” (Rogoff, 1998). Thus, the $100 bill of the United States possibly made the USD the currency of interest for underground economies. But the issuance of the larger euro notes of up to 500 euros[footnoteRef:1] might possibly make the euro the new currency of interest for criminal organizations in developing countries upon its introduction. Our work contributes to the literature by establishing a link that has not yet been uncovered between the 2002 adoption of the euro currency and the change in homicide rates of some developing countries.  [1:  The 500 euros banknotes have stopped being issued by all members since April 27, 2019 (European Central Bank, 2020a). ] 

Gilbert Gagné and Hotte (2019) argued that, among all the goods that the criminal organizations could have bought in illicit manners to capitalize their paper notes, such as firearms, drugs and art, criminal groups did turn to buying small arms and light weapons because “the European Union is one of the primary exporters of small arms by value, thus making it easy for [them] to convert large amounts of paper money to small arms in a short period of time.” Therefore, the first part of our working hypothesis is that criminal organizations must have resorted to buying arms. The dataset that we employ, and that was used in another form by these authors, does not distinguish the use for the arms. The assumption we are making is that some of it goes to criminal organizations or that it at least reflects the quantities that go to them. 
Our approach differs from Gilbert Gagné and Hotte (2019)’s work mainly because we define the links with euro-currency countries differently. Indeed, there is one potential bias in the authors’ research as Gross Domestic Product (GDP) is not accounted for in their explanatory variable of interest, that is, the ratio of average arms trade before and after the euro rollout. We account for this statistical issue by computing the arms imports of each year over the country’s GDP instead of over the country’s total imports. On the other hand, we base the first stage of our empirical strategy on the results of these researchers as we have the common idea of estimating the average effect of the strength of the ties to the twelve euro-currency countries on the arms trade.
Gilbert Gagné and Hotte (2019) find that increasing “the percentage of total imports that come from the 12 countries using the euro” by 1 percentage point is associated, on average, with a decrease of 2.790 percentage points in “the ratio of average arms trade between 2005-2008 over average arms trade between 1998-2004.” We will use their result, which is statistically significant at the 1 percent level, to validate our own results and we will apply it to the case of homicide rates.
Head et al. (2010) assessed the question about the evolution of colonial trade linkages following independence using the same bilateral trade data as us (i.e., the Direction of Trade Statistics database) for the years 1948 to 2006. They found that “on average, trade between a colony and its metropole declines by about 65% during the first 40 years of independence [and that] trade between siblings falls by a similar amount” (Head et al., 2010). This information is useful to our research because it supports the idea that, for the former colonies in our sample, trade with the twelve euro-currency countries could potentially be linked to what remains of the years of colonial trade. Also, Head et al. (2010) found that “hostile separations lead to large, immediate reductions in trade.” All in all, we can hypothesize that this deterioration of post-colonial trade is only a sign of equilibrium for our measure of ties with the euro-currency countries, which makes the variable more comparable between countries.

[bookmark: _Toc47361602]2.2 GUNS AND HOMICIDES
Duggan (2001) examined the prevalence of guns and its relationship with crime, which is defined by homicides because “guns are involved in nearly 70 percent of all homicides [in the United States of 1982-1998].” Using several strategies, such as analyzing gun magazine (ammunition) sales data, the author found “that increases in gun ownership lead to substantial increases in the overall homicide rate [in the United States]” (Duggan, 2001). More importantly, the author’s identification strategy suggests “that the results are not driven by reverse causation or by omitted variables” (Duggan, 2001) but that his findings are driven entirely by gun homicides. Although this research is focused on the case of the United States for a time period slightly earlier than ours, it establishes a clear positive relationship between the volume of guns in circulation and the gun homicide rate within a country, which could potentially lead to an increase in the overall homicide rate of the country. This investigation reinforces the second part of our working hypothesis: the incidence of violence should increase if there are more arms circulating in a country. In other words, one would expect to see an increase in the homicide rates in the countries that imported more arms, because, like Cook and Pollack (2017) said, “Guns intensify violence.”
Evidences from another study show similar results for Australia. Indeed, Chapman et al. (2016) analyzed Australian firearm deaths before and after major national gun law reforms were implemented in 1996. The authors found that the number of gun-related deaths declined before the reforms, i.e., from 1979 to 1996, “whereas [from 1997 to 2016], no mass shootings occurred, and the decline in total firearm deaths accelerated” (Chapman et al., 2016). More precisely, their findings reveal that a more rapid decline in firearm homicides occurred after the reforms but that it was not statistically significant: “The rate of firearm homicide was declining by a mean of 3% per year; this rate of decline accelerated to a mean of 5.5% per year after the introduction of new gun laws” (Chapman et al., 2016). This research seems to corroborate Duggan (2001)’s insight, even though it is not possible to attribute the change in Australian firearm deaths to a reduction in the number of firearm homicides because nonfirearm deaths also declined. Hence, the more restrictive gun laws are, the less the number of guns seem to be found on the streets of Australia, which in turn would be associated with a decrease in firearm homicides.
Miron (2001) is also taking a deep look at the links between guns and violence, and obtains similar results through a different approach. His cross-sectional data analysis has the objective to determine whether gun control and availability are behind the significant differences in homicide rates across countries. The author exploits “data on homicide rates, drug prohibition enforcement, and gun control policy for a broad range of countries” (Miron, 2001). He estimates the level of violence through an Ordinary Least Square (OLS) using these three data sources, and find suggestive evidences for these 66 countries that “differences in drug prohibition enforcement explain differences in violence [without causing it], [and] that restrictive gun control regimes can themselves increase violence” (Miron, 2001). The author made the assumption that restrictive gun laws can drive illicit underground gun markets, and that countries can respond to violence with more rigorous gun laws. The reasoning behind these findings is that restrictive gun laws result in less illicit arms if combined with low drug prohibition enforcement, which explains the difference in homicide rates between the United States and Europe (Miron, 2001). Thus, we learn from this paper that it is important to keep in mind that countries have different regulations affecting directly their homicide rates. And, studying this indicator of violence also implies taking a critical look at the multiple dimensions surrounding the world of crime.
Comparing Dutch data on 979 offenders involved in organized crime cases and on 153,252 offenders registered in the Judicial Documentation System without being officially involved with criminal organizations between 1995 and 1999, Kleemans and de Poot (2008) stated that their sample was overrepresentating the older age groups[footnoteRef:2] as the most common group for the offenders in organized crime was the 30 to 39 years old (43%) followed by the 40 to 49 years old (23%). There is a striking difference because the other offenders in the population were mostly in the 30 to 39 years old group (25%) followed by the much younger 18 to 24 years old group (22%). “In [their] view, this particular age distribution reflects the fact that [they] are dealing with a highly specific group that [is not frequent for this type of study]” (Kleemans and de Poot, 2008). The authors classify criminals into two groups: the ones that offended only during “one part of their life course” and the offenders that choose a criminal career. We can assume than some offenders could have had a youth where they did not always comply with the laws. Additionally, juvenile offenders were sometimes more involved in criminal organizations than noted by police information (Kleemans and de Poot, 2008). With this notion in mind and knowing that “older offenders were of course once young themselves” (Kleemans and de Poot, 2008), we learn that in a developed country such as the Netherlands organized crime is possibly composed of many young people. Moreover, Kleemans and de Poot (2008) highlight that “the literature on crime is largely unanimous about the fact that crime is mostly a male activity.” [2:  Male and female offenders were both part of the sample.] 

In terms of homicide offenders in the United States, the “criminal involvement seems to have shifted to younger ages over time, into the late teens” (Ulmer and Steffensmeier, 2014), i.e., the 20 to 24 years old age group. More interestingly, Ulmer and Steffensmeier (2014) report that according to “the FBI’s Uniform Crime Report (UCR) arrest data (1935-1997) […] the median age is younger than 30 for most crimes.” The authors also show through the literature that “if age differences in crime vary across countries, then this likely points to the importance of sociocultural factors.” They support their argument using Hiraiwa-Hasegawa (2005)’s research: the decrease in the predominance of the 20 to 29 years old age group for homicides through time seems to be associated to the disruption of the Japanese society by the Second World War. 

[bookmark: _Toc47361603]2.3 THE EURO CHANGEOVER: THE BIRTH OF A NEW CURRENCY
Although a first wave of twelve member-countries adopted the euro as a fiat currency in 2002, the idea of an Economic and Monetary Union (EMU) in Europe predates the concept of the euro currency (European Commission, 2020d). After the end of the Second World War, a sense of cooperation revived amongst European countries. The 1951 Treaty of Paris aimed for an enduring harmony between the European neighbours by limiting the two key natural resources of wartime: coal and steel. It created the European Coal and Steel Community where past enemies of the War had to share their production of coal and steel. This was a first step toward a common market; a goal that would be passed on with the signing of the Treaty of Rome in 1957. The European Economic Community (EEC), which was created upon this milestone, later achieved this goal, leading the way to a more peaceful Europe and to a more ambitious project: an EMU that “involves coordinating economic and fiscal policies, a common monetary policy, and a common currency, the euro” (European Commission, 2020b; European Commission, 2020c).
The following decade was marked by economic growth with a special focus on food security. Countries of the EEC “[stopped] charging custom duties when they [traded] with each other, [and agreed] over joint control over food production” (European Commission, 2020b). In the 1970s, Europeans started to act together against pollution by adopting new laws. And, in order to maintain monetary stability, the EEC adopted an exchange rate regime in 1979: the European Monetary System, which ended in 1999 at the same time the euro was launched (European Commission, 2020c; Eurostat, 2013). By 1986, the European Union (EU) is composed of twelve member countries, and the Single European Act is signed. “This is a treaty which provides the basis for a vast six-year programme aimed at sorting out the problems with the free flow of trade across EU borders and thus creates the ‘Single Market’. […] In 1993 the Single Market is completed with the ‘four freedoms’ of: movement of goods, services, people and money” (European Commission, 2020b). It was achieved due to the 1993 signing of the Maastricht Treaty, which accounted for the provisions of the Delors Report in order to implement the EMU (European Commission, 2020c). 
The implementation of the EMU was progressive and spanned across three different stages as proposed by the Delors Report. The first stage started on July 1, 1990, and prepared the eleven[footnoteRef:3] participating countries to economically converge. The second stage (January 1, 1994) reinforced the work done in the previous stage and made “the preparations required for the establishment of the European System of Central Banks (ESCB), for the conduct of the single monetary policy and for the creation of a single currency in the third stage” (European Central Bank, 2020b). The third and final stage fixed the exchange rates of the old currencies of the participating countries on January 1, 1999, and marked the birth of the euro. It took three more years for the new currency to circulate as coins and banknotes[footnoteRef:4]. “Euro cash was distributed to banks and retailers as from September 2001 to avoid bottlenecks in the supply chain. As a result, it was widely available in all sectors in the first days of 2002” (European Central Bank, 2020c).  [3:  “The number of participating Member States increased to 12 on 1 January 2001, when Greece entered the third stage of EMU” (European Central Bank, 2020b).]  [4:  This paper focuses only on the 2002 changeover of coins and banknotes.] 

By adopting the euro and thus renouncing to their monetary sovereignty, the twelve euro-currency countries benefit from a single central bank that puts all the member countries on an equal footing, and some kind of guarantee of political stability in Europe, as “[beyond its purely economic functions, the single currency is destined to become a powerful symbol of the willingness of European countries to place cooperation above national rivalries]” (Krugman et al., 2015).

[bookmark: _Toc47361604]DATA
The data used in this paper is an amalgam of four databases that each provides information on one of our variables and that we linked together using the International Organization for Standardization 3166-1 numeric codes (ISO, 2020): the Direction of Trade Statistics (DOTS), the Norwegian Initiative on Small Arms Transfers (NISAT), the United Nations Office on Drugs and Crime (UNODC), and the World Development Indicators (WDI). We consolidate the data on intentional homicides using estimates from a fifth database, which is the World Health Organization’s Global Health Observatory data (WHO, 2020).
The first database, the DOTS from the International Monetary Fund (IMF), features bilateral trade data reported by the countries themselves and enriched by the IMF wherever data is missing (IMF, 2020a). This reinforcement of the dataset consists of incorporating data from other international organizations, such as the United Nations Comtrade. We create our instrumental variable using the DOTS’s annual value of importations in constant 2010 USD, which we have converted from the current USD initially displayed. There are two different concepts of imports in the DOTS: one that comprehends the costs of shipping and insuring, and another that excludes these costs. The latter concept, recording imports on a “free-on-board basis” (Marini et al., 2018), is less usual for the countries in the dataset, because it requires more calculations. Therefore, we use the first concept of imports, but because we are interested in the cost of the shipment itself we favour the second concept over the first one whenever the data is available, which turns out to only be occasionally. 
We identify bilateral trade links as trade with a country that first adopted the euro in 2002 if the partner country is one of the twelve following: Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, and Spain (European Commission, 2020d). Additionally, for the regressions that cover years prior to 1997, we had to include the Belgium-Luxembourg Economic Union (BLEU) as a “country” that adopted the euro in 2002, because we only had trade data on the Union prior to 1997 and that data is “not comparable [to the post-Union trade data] due to the employment of different compilation methodologies” (IMF, 2020b). It is important to note that we grouped certain countries together in all databases to preserve the integrity of the data for the examined time period when merging the multiple datasets together. French Guiana, Guadeloupe, Martinique, Réunion, and Mayotte are now grouped with France. Serbia, Montenegro, and Kosovo are now grouped under the Federal Republic of Yugoslavia[footnoteRef:5]. Also, we dropped the following regions as reporting countries from the pertaining databases as they were not present in all of them, and keeping them would have been an issue considering the different methodologies employed: Taiwan, Cook Islands, Montserrat, Netherlands Antilles, Anguilla, Wallis and Futuna, Belgium-Luxembourg, Czechoslovakia, Falkland Islands, Holy See, Saint Helena, Ascension and Tristan da Cunha, and Saint Pierre and Miquelon. [5:  This country is also known as the State Union of Serbia and Montenegro.] 

For our main explanatory variable that is based on weapons imports, we use the NISAT database from the Peace Research Institute Oslo (PRIO), which is the same data source used by Gilbert Gagné and Hotte (2019). We are interested in this database because it offers information on bilateral transfers of small arms and light weapons for 250 states and territories for the years 1962 to 2015 (NISAT, 2017a). If a transfer is identified as occurring over two years, we equally divide the value of the import between the two years. The data comes from various sources such as United Nations reports, national government reports, and press reports, thus explaining how certain weapons imports ended up being recorded twice in the database. There are several occurrences of double-counts even when we examine our sample of interest, that is, the transfers that are labelled “Imports” and “Delivered” that isolate the imports that actually occurred. We try to circumvent this issue by reviewing and eliminating the entries that are double-counts. We find that multiple transfers had indications of their value in the comments present in the database; this is as expected because the database is no longer updated since October 2017 (NISAT, 2017b). Based on those comments, we manually added a value of import for 2,125 entries before converting all values to constant 2010 USD so that they are comparable.
Moreover, we find that sources sometimes could not report a value for a particular transfer, which is what we expected as countries could have incentives not to share detailed information on their weapons transfers, and it is also well known that illegal transfers are happening and are often unreported. Certain transfers recorded are only temporary as it is possible that weapons are imported by a country for repair purposes or that weapons are only transiting to another final destination, but it could be possible that illegal weapons accompany these shipments. Intermediate destinations cannot always be associated to the final destination, and we think that including them in our analysis can provide a better view of the flows happening illegally. For example, if shipments of arms frequently transit through country A in order to get to their final destination country B, we think it could potentially indicate that illegal weapons circulate more easily in country A. We are aware that this database does not provide a definitive picture of the arms transfers occurring in the world but we regard it as our best. This highlights the importance of having multiple sources in this kind of database. 
For our dependent variable of interest, we use homicide data from the UNODC. The data is collected from a wide range of sources, such as the annual United Nations Crime Trends Survey, the World Health Organization Mortality Database, the International Criminal Police Organization and Interpol, and the National Statistical Office to only name a few (UNODC, 2020). We use the rates of victims of intentional homicide per 100,000 population. One potential bias with the homicide data is that certain countries could try to dissimulate or attenuate their homicide rate, but it could simply be that certain deaths are categorized as disappearances instead of homicides. It is also possible that the quality of the reports increases, or decreases, with the coming of a new government. We have to assume that the data is comparable between the years for each country. Certain countries also don’t have data for our period of study. When this situation arises, we entirely replace the data with the estimates of homicide rates from the World Health Organization (WHO, 2020). We use this as a last resort because we only have estimates for the years 2000 and 2005, but this benefits us because we can then keep countries that would otherwise be dropped regardless of whether data on trade and arms imports is available or not. Moreover, we cannot distinguish between gun and non-gun homicides, which is a bias with ambiguous effect in our regressions.
The fourth database that we use is the WDI from the World Bank. It comprises useful information at the country-level such as the male population between the ages 20 to 29 as a percentage of the total male population, which we use as our control variable, GDP, GDP per capita, and midyear estimate of the population level (World Bank, 2020). For the purposes of this paper, we define what a developing country is with the WDI data; if a country has, on average, a GDP per capita less than or equal to 15,000 constant 2010 USD for the time period covered, we consider the country to be “developing” and include it in our analysis.
	Table 1 provides the summary statistics for the sample under study, and Table A1 lists all the countries that are involved in our analysis; there are a total of 90 non-European developing countries but only 89 have data available on trade, arms, and homicides and only 87 have data available for all our variables. Table 1 shows that, for the average non-European developing country, the average homicide rate is 12.14 victims per 100,000 population between 1998 and 2009, and the average arms import is 20,526 constant 2010 USD per 100,000 population for the same period. We find that, on average, imports from the original euro-12 countries represent 4.3% of their GDP from 1998 to 2002 and 21.5% of their total imports from 1994 to 2002. Furthermore, we also find that younger males occupy, on average, less than a quarter of their respective population.

[bookmark: _Toc47361605]Table 1: Summary Statistics
	Variables
	N
	Mean
	Median
	Std. Dev.
	Min
	Max

	Euro-12 ties (% of GDP)
	89
	4.336
	2.362
	5.460
	0.195
	27.94

	Ratio of arms imports
	89
	2.000
	0.857
	7.798
	0.00355
	73.91

	Ratio of homicide rates
	89
	1.030
	1.040
	0.259
	0.400
	1.602

	Arms imports per 100,000 population (constant 2010 USD)
	89
	20,526
	7,542
	33,748
	20.28
	197,142

	Arms imports (constant 2010 USD)
	89
	2.652×10⁶
	418,341
	5.221×10⁶
	254.7
	3.049×10⁷

	Homicide rates per 100,000 population
	89
	12.14
	8.750
	11.86
	0.678
	63.35

	GDP growth
	89
	0.868
	0.859
	0.117
	0.599
	1.532

	Population growth
	89
	0.913
	0.910
	0.0460
	0.816
	1.015

	% of male population aged 20-29
	87
	17.31
	17.35
	1.152
	13.35
	21.04

	
	
	
	
	
	
	

	Variables using parameters adapted for Gilbert Gagné and Hotte (2019)
	
	
	
	
	
	

	Euro-12 ties (% of imports)
	89
	21.47
	14.67
	17.62
	0.320
	70.91

	Ratio of arms imports
	89
	2.941
	0.828
	7.875
	0.00245
	53.24

	Ratio of homicide rates
	89
	1.026
	1.061
	0.273
	0.389
	1.785

	GDP growth
	89
	0.841
	0.829
	0.139
	0.522
	1.558

	Population growth
	89
	0.879
	0.876
	0.0600
	0.764
	1.007

	% of male population aged 20-29
	87
	17.15
	17.24
	0.996
	13.16
	19.78


Note: The sample is restricted to non-European developing countries where data for trade, arms, and homicide is available. We use slightly different periods in the second panel.

In terms of ratios, both homicide rates and arms imports are decreasing on average as their means are greater than 1. But the median for the arms imports ratio is less than 1 and, after verificating, we find that this implies that post-euro arms imports are greater than pre-euro arms imports for the majority of the countries. On the other hand, if we look at the ratio for the countries with stronger ties to the euro-12[footnoteRef:6], i.e., where euro-12 ties are greater or equal to the mean of 4.336, we find that the arms imports ratio has both its mean (1.885) and median (1.570) greater than 1, and that this represents a greater pre-euro arms imports for 62.5% of the countries with strong euro-12 ties. Thus, we can conclude that the developing countries under analysis have reacted differently to the introduction of the euro: some anticipated the change while others did not or did not have because of weaker euro-12 ties. Possible explanations to this phenomenon include that certain countries were less subject to criminal organizations, or that these organizations were less active or turned to other ways to capitalize the old national currencies they had. For example, a criminal organization could have bought gold, drugs or other goods and services instead of firearms before the euro became the sole currency. [6:  There are 24 countries with euro-12 ties that are above the average.] 

For the homicide ratio, the median (1.040) is almost equal to the mean (1.030), and both are greater than 1. After investigating, we find that this translates into the pre-euro average being greater than the post-euro average for 61.8% of our 89 countries. This is a share that increases to 69.6% when we look exclusively at countries with stronger ties to the euro-12. Although this gap between these two groups is smaller than the one associated with the arms import ratio, its existence could potentially be directly related to the gap observed between the arms imports ratio of the sample and the ratio of the countries with stronger euro-12 ties.
We can expand our working hypothesis by adding that the trend followed by the countries with stronger euro-12 ties seems to follow our assumptions but that we cannot infer the same conclusion for all the countries under analysis. Unfortunately, this clouds the interpretation of our results as we cannot verify with confidence whether a variation in arms imports is due to a change in the pre-euro average or in the post-euro value. We would need more data to explore the global trends in arms imports, to expand our interpretations, and to validate our entire working hypothesis. 

[bookmark: _Toc47361606][bookmark: _Hlk44973225]METHODOLOGY
We think that having strong ties to countries that adopted the euro currency notes in 2002 affected developing countries in several ways. Our working hypothesis is that arms imports numbers and homicide rates were changed because of the introduction of the euro. First, as found by Gilbert Gagné and Hotte (2019) with slightly different measures, weapons imports in developing countries were higher for the pre-euro period compared to the post-euro period. We now wish to verify if that increase in weapons imports had a direct impact on the importing country’s murder rate; thus to verify if the introduction of the euro indirectly affected the murder rates of developing countries by exploiting the strength of the ties to the twelve euro-currency countries as our instrument.
Our empirical strategy is based on the two-stage least squares (2SLS), which is a method that would evaluate whether the introduction of the euro currency notes in 2002 affected murder rates in developing countries through its effect on the imports of arms.
We estimate a Local Average Treatment Effect (LATE), that is, the average effect of our explanatory variable of interest on our dependent variable for the developing countries that have seen a change in their small arms and light weapons imports following the introduction of the new currency. The dependent variable is the variation in the homicide rates pre- and post-euro and the main explanatory variable is the variation in small arms and light weapons imports pre- and post-euro, as we assume that the presence of more firearms increases the homicide rate (Duggan, 2001; Miron, 2001; Cook and Pollack, 2017). Also, the instrument is a proxy for the ties that a developing country has with the twelve euro-currency countries; it is the percentage that its trade imports with those twelve countries occupy in its GDP. We believe that this is a good exogenous variable because it should not directly affect the change in homicide rates.
The 2SLS is an appropriate estimation technique for this paper because it is necessary to isolate the predicted effect of the introduction of the euro on small arms and light weapons imports in order to capture the potential effect of those weapons on the homicide rates of developing countries.
Our work is based on a slightly modified version of the causal relationship found by Gilbert Gagné and Hotte (2019) to measure the link between the introduction of the euro currency and the changes in the homicide rates of some less developed countries. Indeed, the link they have uncovered is based on small arms only while we are looking at both small arms and light weapons, and their explanatory variable of interest is calculated using country ’s overall trade imports as the denominator while we use country ’s GDP to reflect how important trade is in country ’s economy.[footnoteRef:7] This difference could potentially result in an effect of a different magnitude, but the sign of the effect should remain the same as we are making the same assumptions. However, we must make three additional assumptions for our approach to be valid (Brodeur, 2020; Gelman and Hill, 2006): [7:  The robustness of our results will be confirmed using Gilbert Gagné and Hotte (2019)’s definition in the Robustness Check section alongside other verifications.] 

1. The instrument ought to be correlated with our explanatory variable without determining our dependent variable (relevance assumption);
2. The instrument only affects our dependent variable through our explanatory variable (exclusion restriction);
3. The instrument is as good as randomly assigned (random assignment assumption);
4. There are no “defiers” (monotonicity assumption);
5. Stable Unit Treatment Value Assumption (non-interference assumption).
The first assumption is verified as Gilbert Gagné and Hotte (2019) have already found that there is a causal relationship between a variant of our instrument and a variant of our explanatory variable of interest. The second assumption cannot be verified with a statistical analysis, but we are convinced that a developing country with stronger ties to euro-currency countries should not see a variation in its homicide rate solely because of the adoption of the euro in 2002; if there is a variation in that rate, it has to be an indirect effect of the introduction of the new currency resulting in a variation in something else, such as small arms and light weapons imports. The third assumption is satisfied as we are restricting our analysis to non-European countries to circumvent any issues coming from the selection of the countries adopting the euro. Finally, we make the assumptions that stronger ties can lead to more arms imports given the mechanisms identified, where countries should not “defy” the treatment ceteris paribus, and that there are no important spillovers, i.e., interference between the countries. We cannot verify these last two assumptions.
For the two stages of the 2SLS estimation, we use the following specifications:
		(1)
			(2)
					(3)
					(4)
					(5)
						(6)
					(7)
The instrumental variable  is the percentage occupied by the trade imports originating from the twelve euro-currency countries[footnoteRef:8] as a part of the developing country ’s GDP, both measures in constant 2010 USD, averaged over the years 1998 to 2002. We are calculating this instrument using these five years, as it is the pre-euro period when the strength of the ties is still defining which countries are more notably affected by the introduction of the euro.  [8:  A list of the twelve countries can be found in the Data section.] 

The explanatory variable  is the ratio of “small arms and light weapons” imports, pre- over post-euro-changeover, for country . This is the measure that we use to quantify the change in arms imports that may have been caused in country  by the euro-changeover, according to our working hypothesis. Arms imports are measured in constant 2010 USD per 100,000 population. For the pre-euro-changeover time period, we use years 1998 to 2003 and take the yearly average as the numerator for . For the post-euro-changeover time period, we use years 2004 to 2008 and take the yearly average as the denominator. Consequently, a value of 1.1 (0.9) for  should imply that arms imports were 10% larger (smaller) just before the euro-changeover as compared to just after, thus corresponding to a decrease (increase) in arms imports.
We use 1998 to 2003 as the pre-euro period because old currency notes are still exchangeable at financial institutions and criminal organizations related to countries with stronger ties to the now euro-currency countries would have been able to buy weapons using the old national currency during that period of time. Indeed, even though the euro currency was introduced on January 1, 2002, the changeover process could have lasted for several years depending on the country as certain countries allowed their citizens to exchange their old national currency for a longer period of time while others restricted this process earlier on, and only allowed exchanges to occur at their national central bank (European Commission, 2020a). With our current sample of developing countries and these definitions of our variables, large sums of old notes were still valuable to criminal organizations of certain countries if traded for arms up until approximately 2003. The opposite is also true when the euro became the sole currency for the vast majority of the twelve countries in 2004, which explains why the post-euro period is identified as 2004 to 2008.
Finally,  is a variable that represents the ratio of the average homicide rate per 100,000 population from 1998 to 2003 over the average for 2004 to 2009 for that country . Because we can assume that the homicides resulting from newly acquired weapons might not occur on the same year as the import, we define the end of the post-euro period as 2009 for the ratio of homicide rates only.
, our first control variable, represents the ratio of country ’s average GDP per capita in constant 2010 USD for the years 1998 to 2003 over the average for the 2004 to 2008 period. Similarly, our second control variable, , represents the ratio of country ’s average population for the same period as . For the remainder of this paper, we will refer to  as the euro-12 ties, to  as the arms imports ratio, to  as the homicide ratio, to  as the GDP growth, and to  as the population growth.  and  represent the error terms.
Our third and last control variable is represented by , that is, country ’s average percentage of males aged between 20 and 29 years old in the total male population between 1998 and 2009. We will also do the additional exercise of running separate regressions that use equations (1) and (2) where the age of the males referred to in  is changed from 20 to 29 years old to 15 to 29 years old, 20 to 34 years old, 20 to 39 years old, and 20 to 44 years old. Including this control variable allows us to verify whether there is a link between the homicide ratio and how many young males are in the country on average for the studied period, and using different definitions of “young” males allows us to confirm that we have the most suited age group to establish that link for our sample. 
As shown in equation (1), the first stage consists of predicting the variation in arms imports () with the ties to the original twelve euro countries (). Equation (2) is the second stage where only the predicted values from the first stage are taken to estimate the average effect of our explanatory variable of interest on the change in homicide rates (). In other words, we use the variation in the arms imports ratio predicted by the proxy, which is the euro-12 ties, to estimate a variation in the homicide ratio. 
The logarithm is used for the ratio of small arms and light weapons, because it is closer to a normal distribution than its identity itself.[footnoteRef:9] This proves helpful when interpreting the results as a normal distribution is symmetrical; Figure A1 shows that the logarithm transformation used is closer to a normal distribution and is more suitable for interpreting the results for that variable. For the ratio of homicide rates, Figure A2 shows that no transformation is required as the “identity” histogram is the closest to a normal distribution. Furthermore, both ratios are calculated using averages, i.e., the average of the homicide rates and the average of the arms imports over approximately six-year periods for each country. We are using the average in order to ensure that the results are not affected by any lacks or discrepancies in the data at the country-level between the years. Certain countries also underreport their imports of small arms and light weapons, or their homicide rate, but using a ratio eliminates this potential bias by making the variations comparable between countries.  [9:  The distributions have been confirmed using the commands “ladder” and “gladder” in Stata, which is a method already employed by Gilbert Gagné and Hotte (2019) for the ratio of small arms.] 

 in equation (1) represents the elasticity of the arms imports ratio with respect to the euro-12 ties of a developing country , i.e., it measures how quickly the ratio changes when the strength of the ties increases.  in equation (2) represents the average effect of a 1 percentage point increase in the ratio of arms imports on the homicide ratio of the country . We expect  in equation (1) to be positive, which means that we expect that an increase in country ’s euro-12 ties, , will lead to an increase in country ’s small arms and light weapons imports ratio, . Moreover, we expect  in equation (2) to be negative as we expect that an increase in the ratio of arms imports, , which corresponds either to an increase in the pre-euro arms import average or to a decrease in its post-euro average, would decrease the ratio of homicide rates, , which in turn translates into either a decrease in its pre-euro value or in an increase in its post-euro average. We are ultimately interested in the latter increase for the homicide ratio, that is, a higher average homicide rate in the post-euro period. This is considering that we restrict our study of the second stage of the 2SLS to the countries who have seen a change in their weapons imports due to the introduction of the euro. 

[bookmark: _Toc47361607]RESULTS
[bookmark: _Hlk45721777]The estimates of equation (1) are presented in Table 2. The dependent variable is the ratio of small arms and light weapons imports, , as defined in the Methodology section. Column (1) does not include any control variable while columns (2) to (6) each include a different version of the percentage of “young” males in the total male population of the developing country  along with country ’s GDP growth and population growth. 
Column (3) is our preferred estimation as we think that the males aged 20 to 29 years old are the most likely to commit murder in the developing countries studied (Kleemans and de Poot, 2008; Ulmer and Steffensmeier, 2014). We find that a 1 percentage point increase in the country ’s euro-12 ties is associated with, on average, a 6.7 percentage points increase in the arms ratio for that country , controlling for GDP growth, population growth and the average percentage of males aged 20 to 29 years old in the total male population.[footnoteRef:10] This is as expected for our first stage: stronger ties to the euro-12 are associated with a larger drop in arms imports after the euro-changeover. Furthermore, we find that there is no link between our change in the ratio of arms that is due to the introduction of the euro and our control variables, which is also as expected because having more “young” males should have no direct impact on whether a developing country is importing less or more arms pre- or post-euro because of its ties with the euro-12; this also applies to the GDP growth as all countries under analysis had an average GDP per capita less than or equal to 15,000 constant 2010 USD for the 1998-2009 period and significant changes are not frequent. Additionally, the population growth behaved similarly to the GDP growth as per the summary statistics in Table 1. Finally, even though the Cragg-Donald Wald F statistic is smaller than 10 for all columns, we consider our instrument to be valid for the purposes of this study. [10:  This only applies to our sample that is restricted to non-European developing countries where homicide data is available.] 



[bookmark: _Toc47361608]Table 2: Small Arms & Light Weapons and Ties with Euro-Currency Countries (First Stage)
	Explanatory variable
	2SLS – First Stage

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	euro
	0.066***
(0.016)
	0.067***
(0.016)
	0.067***
(0.015)
	0.066***
(0.015)
	0.065***
(0.015)
	0.065***
(0.014)

	GDP growth
	
	1.123
(0.936)
	1.127
(0.922)
	1.236
(0.922)
	1.297
(0.960)
	1.290
(0.984)

	Population growth
	
	1.938
(3.016)
	1.837
(2.920)
	1.255
(2.936)
	0.969
(3.008)
	0.958
(3.060)

	% of male population aged 15-29
	
	-0.015
(0.059)
	
	
	
	

	% of male population aged 20-29
	
	
	0.045
(0.118)
	
	
	

	% of male population aged 20-34
	
	
	
	0.056
(0.090)
	
	

	% of male population aged 20-39
	
	
	
	
	0.037
(0.060)
	

	% of male population aged 20-44
	
	
	
	
	
	0.023
(0.043)

	Constant
	-0.590***
(0.180)
	-2.925
(3.777)
	-4.039
(3.689)
	-4.161
(3.555)
	-3.725
(3.301)
	-3.421
(3.145)

	Observations
	89
	87
	87
	87
	87
	87

	Cragg-Donald Wald F statistic
	7.169
	7.092
	6.916
	6.652
	6.467
	6.428


Notes: The variable euro represents the strength of the ties of the developing country with the 12 euro-currency countries. The sample is restricted to non-European developing countries where homicide data is available. Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Moving to our main results, i.e., the second stage of the 2SLS, Table 3 presents the estimates of equation (2). The dependent variable is the homicide ratio, , as defined in the Methodology section. We find that an increase in the small arms and light weapons imports ratio caused by the euro changeover leads to a decrease in the homicide ratio, suggesting that the average homicide rate either increased after the euro changeover or decreased before it. This result is statistically significant at the 5% level. 
In column (3), a 1 percentage point increase in the arms ratio is associated with, on average, a 0.00161 decrease in the homicide ratio for the developing country  whose firearms imports changed because of the introduction of the euro, controlling for GDP growth, population growth and the average share of “young” males.[footnoteRef:11] The magnitude of this effect might not seem impactful a priori, but, considering that the OLS effect (see Table A2) is much smaller and less statistically significant as the p-value of 0.083 is relatively higher and an increase of 1 percentage point in the ratio of the average arms imports is associated with, on average, a 0.00025 decrease in the ratio of the average homicide rate for the investigated period, our findings do suggest that a 0.00161 decrease is economically significant.  [11:  We had similar results when running the regressions using  instead of .] 

Senegal, which used to be a French colony, has imports from the original euro-12 countries that occupy approximately 9.42% of its GDP, which we consider as stronger ties to the euro-12 than average. On the other hand, Uganda, which was a protectorate of the British Empire[footnoteRef:12], has weaker euro-12 ties than the average developing country with euro-12 imports representing only 1.49% of its GDP. Thus, we can alternatively interpret our results using these two countries as an example. The difference between Senegal and Uganda, i.e., a country with stronger euro-12 ties and one with weaker ties, is that Senegal imported more firearms before the adoption of the euro compared to after while Uganda did the opposite. One could expect that Senegal (Uganda)’s gun homicide rate would then become higher (lower) because of such increase (decrease) if we put the pre-existing trend in homicides aside. However, we have to consider that we only have access to the overall homicide rate of each country, that is, the gun and non-gun homicide rates merged together, and that we cannot determine precisely for all countries in the regressions when changes in arms imports occurred (before or after the changeover). Even though Senegal and Uganda reacted as we expected in terms of changes pre- and post-euro-changeover, we cannot attribute the average change in each regression to be due to a pre-euro or post-euro variation. But we ultimately think that a pre-euro increase in firearms should lead to a post-euro increase in the average homicide rate of the non-European developing country .  [12:  The United Kingdom and the other territories of what used to be the British Empire were not part of the countries adopting the euro in 2002.] 


[bookmark: _Toc47361609]Table 3: Homicide Rates and Small Arms & Light Weapons (Second Stage)
	Explanatory variable
	2SLS – Second Stage

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	log (R)
	-0.143*
(0.077)
	-0.161**
(0.075)
	-0.161**
(0.077)
	-0.162**
(0.078)
	-0.163**
(0.079)
	-0.162**
(0.080)

	GDP growth
	
	0.202
(0.275)
	0.199
(0.274)
	0.209
(0.282)
	0.217
(0.292)
	0.210
(0.297)

	Population growth
	
	-0.832
(0.638)
	-0.819
(0.655)
	-0.864
(0.687)
	-0.897
(0.705)
	-0.868
(0.700)

	% of male population aged 15-29
	
	-0.003
(0.017)
	
	
	
	

	% of male population aged 20-29
	
	
	-0.001
(0.029)
	
	
	

	% of male population aged 20-34
	
	
	
	0.003
(0.021)
	
	

	% of male population aged 20-39
	
	
	
	
	0.003
(0.014)
	

	% of male population aged 20-44
	
	
	
	
	
	0.001
(0.010)

	Constant
	0.987***
(0.035)
	1.644**
(0.783)
	1.581**
(0.785)
	1.515**
(0.759)
	1.532**
(0.713)
	1.560**
(0.680)

	Observations
	89
	87
	87
	87
	87
	87

	Cragg-Donald Wald F statistic
	7.169
	7.092
	6.916
	6.652
	6.467
	6.428


Notes: The variable log(R) represents the logarithm of the ratio of small arms and light weapons for the years 1998-2003 and 2004-2008. The sample is restricted to non-European developing countries where trade data is available. Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1

[bookmark: _Toc47361610]ROBUSTNESS CHECK
To better examine our causal relationship, we will separately run new regressions that are based on equations (1) and (2), and use Gilbert Gagné and Hotte (2019)’s definition of our instrument as a robustness check, where  of equation (1) refers to the average percentage occupied by the trade imports with the euro-currency countries as a part of the developing country ’s trade imports for the years 1994 to 2002, while also using the years that are the most suited for our sample. We expect the signs of  and  to remain the same in this replication model. In this section, we will confirm the robustness of our results using this different definition alongside other verifications.
[bookmark: _Hlk45781607]The years for the ratio of homicide rates are different from the ones used for the ratio of weapons because, again, we assume that the homicides resulting from newly acquired weapons might not occur on the same year as the import. Therefore, we define the time periods for the ratio of homicide rates using 1995 for the beginning of the pre-euro period and 2009 for the end of the post-euro period. Additionally, the cut-off for the pre- and post-euro is different from the one for the arms as the effect of the arms being imported from 2002 to 2004 can be ambiguous due to the duration of the changeover process varying from one country to another. For example, it is possible that some less developed countries had strong ties with only a small share of the twelve countries that adopted the euro in 2002, and that it became very difficult to exchange large amounts of old currencies earlier in the process for that share of countries, which resulted in high imports of arms before 2001 and low imports of arms beginning in 2002 for those developing countries; this would also translate into an increase in their homicide rates starting in 2002. For this new sample, it is arguable that the effect of the 2SLS is at its most statistically significant level only when the pre-euro period for the ratio of homicide rates is set earlier than the one for the arms ratio due to the distribution of countries dealing with euro-currency countries that mostly have a short changeover process. Hence, the pre-euro phase for  is 1995 to 2001, and there are three years where the pre- and post-euro periods are overlapping between the ratio of arms and the ratio of murder rates which can be described as the “cross-country changeover period.”
Table A3 shows that regressing the small arms and light weapons imports ratio on the proxy for the strength of the ties with the twelve euro-currency countries, as per our new definition of , results in the same effect found by Gilbert Gagné and Hotte in 2019. Indeed, we were able to reproduce Gilbert Gagné and Hotte (2019)’s main results using the years that are more statistically appropriate for our definition of the weapons involved[footnoteRef:13] and we found that a 1 percentage point increase in the proxy is associated with, on average, a 2.9 percentage points increase in the arms ratio variable (see column (1) of Table A3), which is consistent with their findings[footnoteRef:14] regardless of the control variables they used. Additionally, this result remains at 2.9 percentage points when restricting the sample to countries where homicide data is available (see column (2) of Table A3). These verifications will drive our first stage results of the 2SLS, and are sufficient to validate them. [13:  It is important to note that they were using only small arms while we are looking at both small arms and light weapons.]  [14:  Indeed, they have found an effect of 2.790 percentage points (Gilbert Gagné and Hotte, 2019).] 

In order to verify the robustness of our main results, we proceed to do a 2SLS using the new specifications created with the new definitions and time periods of this section. Table 4 presents the second stage[footnoteRef:15], where we find that a 1 percentage point increase in the ratio of the average small arms and light weapons imports for the years 1994-2004 over the years 2005-2008 is associated with, on average, a 0.00007 increase in the ratio of the average homicide rate for the period 1995-2001 over the period 2002-2009 for the non-European developing country  whose small arms and light weapons imports changed because of the introduction of the euro, controlling for GDP growth, population growth and the average percentage of males aged 20 to 29 years old in the total male population. [15:  Table A4 presents the first stage.] 

First, the statistical significance of this result is not sufficient as the p-value is equal to 0.860. Second, we find that the sign of the effect is the opposite of what we expected and what we obtained with our original specifications. We think that this contradiction is originating from the difference in concepts surrounding the proxy. Effectively, the LATE estimated here differs from the one estimated in the Results section as its instrument is different, thus it isolates our explanatory variable of interest differently than the one that takes into account the GDP. Thereby, we cannot confirm the robustness of our second stage using solely Table 4. Our results would then be suggestive more than conclusive.


[bookmark: _Toc47361611]Table 4: Homicide Rates and Small Arms & Light Weapons (Second Stage)
(Replication Model)
	Explanatory variable
	2SLS – Second Stage

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	log (R)
	0.074
(0.052)
	0.006
(0.039)
	0.007
(0.039)
	0.010
(0.040)
	0.013
(0.041)
	0.014
(0.041)

	GDP growth
	
	-0.010
(0.218)
	-0.044
0.234
	-0.094
(0.241)
	-0.124
(0.236)
	-0.139
(0.228)

	Population growth
	
	-1.037**
(0.465)
	-0.861*
(0.483)
	-0.661
(0.512)
	-0.543
(0.535)
	-0.468
(0.550)

	% of male population aged 15-29
	
	-0.013
(0.015)
	
	
	
	

	% of male population aged 20-29
	
	
	-0.039
(0.026)
	
	
	

	% of male population aged 20-34
	
	
	
	-0.030
(0.018)
	
	

	% of male population aged 20-39
	
	
	
	
	-0.022*
(0.013)
	

	% of male population aged 20-44
	
	
	
	
	
	-0.017*
(0.009)

	Constant
	1.035***
(0.030)
	2.312***
(0.662)
	2.497***
(0.651)
	2.422***
(0.583)
	2.265***
(0.516)
	2.144***
(0.482)

	Observations
	89
	87
	87
	87
	87
	87

	Cragg-Donald Wald F statistic
	10.569
	14.780
	15.151
	14.296
	13.632
	13.269


Notes: The dependent variable is the ratio of homicide rates for the years 1995-2001 and 2002-2009, , and the variable log(R) represents the logarithm of the ratio of small arms and light weapons for the years 1994-2004 and 2005-2008, both as defined in the Robustness Check section. The sample is restricted to non-European developing countries where trade data is available. Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1

[bookmark: _Toc47361612]CONCLUSION
This paper uses five databases to establish a link between the historical event that is the introduction of the euro and the homicide rates of developing countries. To do so, we exploit the two-stage least squares approach and instrumentalize the strength of the ties that the countries under analysis had with the original twelve euro-currency countries on the firearms that they imported. Consequently, we isolated the portion of arms that were imported because of stronger ties with the euro-12 in order to find its effect on the homicide rate. 
We found that the adoption of the euro in 2002 did affect the arms trade in some less developed countries, as initially suggested by Gilbert Gagné and Hotte (2019). Indeed, our first stage shows that the average developing country did see a significant change in its arms import because of its strong euro-12 ties. Moreover, our findings suggest that there is a link between that change in arms imports and in the developing country’s homicide rate before and after the initial euro changeover, which is coherent with the existing literature.
Our results from the 2SLS are accurate but not precise when it comes to determining the period when a change occurred, because certain countries could have reacted differently than assumed due to several factors, such as the prevalence of criminal activities in the country, the predominance of other currencies in the underground economy, and the differences in regulations and institutions between countries. Hence, further research on these topics using data on gun homicide specifically would be required to improve this fairly new literature. Alternative avenues to explore the gun violence and currency change nexus include the use of data on ammunition sales rather than gun sales.
This research could be a starting point for future policies surrounding monetary unions as it provides meaningful information on what possible impacts the creation of a new currency can have on less developed countries. 

[bookmark: _Toc47361613]APPENDIX
[bookmark: _Toc47361614]Table A1: List of countries
	Antigua and Barbuda
	Ecuador
	Malaysia
	Seychelles

	Argentina
	Egypt, Arab Republic of
	Maldives
	Sri Lanka

	Bangladesh
	El Salvador
	Mali
	St. Kitts and Nevis†

	Belize
	Eswatini
	Mauritania
	St. Lucia

	Benin
	Ethiopia
	Mauritius
	St. Vincent and the Grenadines

	Bhutan
	Gabon
	Mexico
	Sudan 

	Bolivia
	Ghana
	Mongolia
	Suriname

	Botswana
	Grenada
	Morocco
	Tanzania

	Brazil
	Guatemala
	Mozambique
	Thailand

	Burkina Faso
	Guinea
	Namibia
	Togo

	Burundi
	Guinea-Bissau
	Nicaragua
	Tonga

	Cabo Verde
	Guyana
	Niger
	Trinidad and Tobago

	Cambodia
	Honduras
	Nigeria
	Tunisia

	Cameroon
	India
	Pakistan
	Turkey

	Chile
	Indonesia
	Panama
	Tuvalu*†

	China
	Iran, Islamic Republic of
	Papua New Guinea
	Uganda

	Colombia
	Jamaica
	Paraguay
	Uruguay

	Comoros
	Kenya
	Peru
	Venezuela, Bolivarian Republic of

	Costa Rica
	Kyrgyz Republic
	Philippines
	Vietnam

	Côte d’Ivoire
	Lebanon
	Rwanda
	Zambia

	Cuba
	Lesotho
	Samoa
	Zimbabwe

	Dominica†
	Madagascar
	Sao Tome and Principe
	

	Dominican Republic
	Malawi
	Senegal
	


Notes: *No homicide data available for Tuvalu. †No male population data available. There are a total of 90 non-European developing countries under analysis.


[bookmark: _Toc47361615]Figure A1: gladder Command for R (Main Model)
[image: ]











[bookmark: _Toc47361616]Figure A2: gladder Command for H (Main Model)
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[bookmark: _Toc47361617]Table A2: Homicide Rates and Small Arms & Light Weapons
	Explanatory variable
	Ordinary Least Squares

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	log (R)
	-0.029*
(0.015)
	-0.027*
(0.014)
	-0.026*
(0.014)
	-0.025*
(0.014)
	-0.025*
(0.015)
	-0.025*
(0.015)
	-0.025*
(0.015)

	GDP growth
	
	0.030
(0.255)
	0.045
(0.246)
	0.041
(0.250)
	0.026
(0.255)
	0.014
(0.256)
	0.003
(0.256)

	Population growth
	
	-1.213**
(0.493)
	-1.047**
(0.482)
	-1.011*
(0.517)
	-0.940*
(0.546)
	-0.882
(0.558)
	-0.815
(0.560)

	% of male population aged 15-29
	
	
	-0.001
(0.015)
	
	
	
	

	% of male population aged 20-29
	
	
	
	-0.010
(0.022)
	
	
	

	% of male population aged 20-34
	
	
	
	
	-0.008
(0.015)
	
	

	% of male population aged 20-39
	
	
	
	
	
	-0.006
(0.011)
	

	% of male population aged 20-44
	
	
	
	
	
	
	-0.005
(0.008)

	Constant
	1.022***
(0.028)
	2.104***
(0.518)
	1.969***
(0.578)
	2.095***
(0.566)
	2.063***
(0.551)
	2.007***
(0.527)
	1.961***
(0.508)

	Observations
	89
	89
	87
	87
	87
	87
	87

	R-Squared
	0.0214
	0.0687
	0.0578
	0.0599
	0.0601
	0.0603
	0.0613


Notes: The dependent variable is the ratio of homicide rates, , and the variable log(R) represents the logarithm of the ratio of small arms and light weapons. The sample is restricted to non-European developing countries where trade data is available. Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1


[bookmark: _Toc47361618]Table A3: Small Arms & Light Weapons and Ties with Euro-Currency Countries
(Replication Model)
	Explanatory variable
	Ordinary Least Squares

	
	No restriction on homicide data
(1)
	Where homicide data is available
(2)

	euro
	0.029***
(0.008)
	0.029***
(0.008)

	Constant
	-0.753***
(0.228)
	-0.730***
(0.232)

	Observations
	92
	89

	R-Squared
	0.1189
	0.1083


Notes: The dependent variable is the logarithm of the ratio of small arms and light weapons for the years 1994-2004 and 2005-2008 using Gilbert Gagné and Hotte (2019)’s definition, , and the variable euro represents the strength of the ties of the developing country with the 12 euro-currency countries, both as defined in the Robustness Check section. The sample is restricted to non-European developing countries. Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1


[bookmark: _Toc47361619]Table A4: Small Arms & Light Weapons and Ties with Euro-Currency Countries (First Stage)
(Replication Model)
	Explanatory variable
	2SLS – First Stage

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	euro
	0.029***
(0.008)
	0.036***
(0.010)
	0.036***
(0.010)
	0.035***
(0.009)
	0.034***
(0.009)
	0.034***
(0.010)

	GDP growth
	
	1.498
(0.943)
	1.809**
(0.894)
	2.139**
(0.907)
	2.223**
(0.948)
	2.206**
(0.977)

	Population growth
	
	7.250**
(2.933)
	5.449*
(2.747)
	3.901
(2.781)
	3.512
(2.859)
	3.486
(2.910)

	% of male population aged 15-29
	
	0.131*
(0.070)
	
	
	
	

	% of male population aged 20-29
	
	
	0.373***
(0.133)
	
	
	

	% of male population aged 20-34
	
	
	
	0.243**
(0.092)
	
	

	% of male population aged 20-39
	
	
	
	
	0.145**
(0.062)
	

	% of male population aged 20-44
	
	
	
	
	
	0.096**
(0.045)

	Constant
	-0.730***
(0.232)
	-12.178***
(3.762)
	-13.611***
(3.667)
	-11.939***
(3.385)
	-10.145***
(3.104)
	-9.117***
(2.940)

	Observations
	89
	87
	87
	87
	87
	87

	Cragg-Donald Wald F statistic
	10.569
	14.780
	15.151
	14.296
	13.632
	13.269


Notes: The dependent variable is the logarithm of the ratio of small arms and light weapons for the years 1994-2004 and 2005-2008 using Gilbert Gagné and Hotte (2019)’s definition, , and the variable euro represents the strength of the ties of the developing country with the 12 euro-currency countries, both as defined in the Robustness Check section. The sample is restricted to non-European developing countries where homicide data is available. Robust standard errors are in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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