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Abstract 

Mass shootings have been increasing at an alarming rate in recent decades. While no 
economic research has currently been completed on the subject, popular literature 
points to a national response of increased gun sales and rising gun stock prices. By 
examining the entirety of mass shootings between 2000 and 2016, I explore if all 
mass shootings elicit a response of increased gun sales, resulting in increased gun 
stock prices. I examine if there are specific traits of mass shootings that evoke a 
national response. The results suggest that not all mass shootings induce a spike in 
gun sales or gun stock prices. However, there are attributes of mass shootings that 
draw a larger response. This study pinpoints the traits of mass shootings that cause 
spikes in both gun sales and gun stock prices. 
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Introduction 

Gun manufacturing and sales represent a large part of economic activity in 

the US, accounting for 263,000 jobs, $13 billion in annual wages, and nearly $43 

billion in total economic activity (Fraser, 2016). Despite the natural feeling of safety 

that a gun can bring, the gun industry thrives on the fear of increased gun regulation 

and the fear of the loss of personal safety. Gun sales generally trend upward like any 

other good, however the occasional spikes of sales are almost entirely driven by the 

fear of increased gun regulation or the fear of the loss of personal safety. These fears 

are primarily spurred by mass shootings.  

The seemingly separate fears, however, are intertwined. When a mass 

shooting occurs, politicians debate over new legislation for more or less access to 

guns depending on the party (Luca et al., 2016). As a result, consumers buy more 

guns due to both fears. The first driver is easy to comprehend; people are afraid for 

their personal safety and purchase guns in order to feel secure. However, the second 

driver is slightly more complicated. Talk of new gun legislation drives consumers to 

contemplate future access to guns. Fear of loosing access to guns can trigger an 

immediate spike in sales. Thus, it is important to note that while both fears can 

independently drive sales, they are also interconnected because mass shootings and 

talk of new gun legislation go hand in hand.  

 Political debates over gun regulation are considered to be the most effective 

tool for increasing gun sales. As Mr. Navellier, chairman of the investment firm 

Navellier & Associates, states, “Mr. Obama is the best gun salesman on the planet.” In 

fact, since Obama took office in 2009, two of the largest US gun manufacturers, 
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Smith & Wesson and Sturm, Ruger, have seen over a 900% increase in their stock 

price, surpassing even Apple’s 800% increase (Creswel, 2016). However, liberal 

discourse over gun regulation isn’t the only way that speculation can increase gun 

sales. Donald Trump’s conservative rhetoric on radical Islam and homeland security 

contributed to increased sales during the 2016 election (Creswel, 2016). Fear of gun 

regulation is a well-discussed driver behind gun sale spikes following mass 

shootings. This study measures the subsequent effects of spikes in gun sales 

following mass shootings and the resulting impact on gun stock prices. 

 While it is currently inconclusive whether mass shootings drive guns sales 

for fear of regulation or fear of safety, the industry agrees that it’s good for business. 

McGuire (2015) writes, “Behind closed doors, speaking with investors and Wall 

Street analysts, the gun industry views mass shootings as an opportunity to make 

lots of money.” The data appears to back up these claims as gun stock prices rose 

over 8% on the day after the worst shooting in US history (Crockett, 2016). In 

another case, “several national retailers saw their sales triple in the two weeks since 

the attack in [San Bernandino] California” (Gutowski, 2015). The list of similar 

instances is long, but they are exactly that, instances. While it may seem conclusive 

that Americans react to mass shootings by buying more guns, it has yet to be 

modeled across longer time horizons. This study’s purpose is to investigate whether 

all mass shootings cause spikes in gun stock prices and sales. Instead of looking at 

individual occurrences, I model gun stock prices and sales against all mass shootings 

between 2000 and 2016. 
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Literature Review 

Diversification of Investments 

Vast literature on stock market analysis shows that stock markets are 

inherently hard to model due to their extreme volatility (Beaudry et al., 2006). Until 

the 1960s, stock market analysis was based on very tangible information (be it 

quarterly earnings, projected earnings, previous history of stock prices, and so on). 

Perold (2004) states that, “the empirical measurement of risk and return was in its 

infancy until the 1960s, when sufficient computing power became available so that 

researchers were able to collect, store and process market data for the purposes of 

scientific investigation.” His point is that, prior to the 1960s, stock market analysis 

was based on surface level statistics. Changing theories during this time frame 

resulted in the diversification of investments, as it allowed investors to maximize 

expected returns while negating risk. As diversification blossomed in the investing 

world, the Sharpe Ratio became the gold standard of investing (Perold, 2004). In 

order to improve the Sharpe Ratio, William Sharpe (1964) developed the Capital 

Asset Pricing Model (CAPM), which has become the standard economic model for 

stock prices. 

Early econometric analysis of stocks was conducted at very broad market 

levels. An early study found that the S&P 500 is a leading indicator of industrial 

production across several large western economies (Pearce, 1983). Additionally, 

Comincioli (1996) produced evidence on how the S&P 500 granger-causes GDP, 

displaying its role as a lead indicator of the economy. Bjornland (2009) found that, 

in his native home of Norway, a 10% increase in oil price would result in a 2.5% 
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increase in the stock index price. This result is difficult to extrapolate upon because 

Rarag and Muharam (2013) found that oil prices and stock prices have no 

correlation. Accompanied by various other contradictions, the key takeaway for 

modeling against stock prices is that context is vital. The field of economics reflected 

upon these inherent issues of modeling stock prices, and, as a result, event studies 

became the standard for more specified analysis. 

Event Studies and the CAP-M Model 

Event studies are used to measure the impact of an event on stock prices, 

either for an individual firm or for a specific industry sector. Stephen Brown and 

Jerold Warner introduced the concept of event studies into finance when they 

looked at the effect of firm-specific events and the resulting changes in stock price at 

monthly levels, while later expanding their work to daily data (1980, 1985). As 

MacKinlay (1997) wrote, “the effect of an event will be reflected immediately in 

security prices. Thus a measure of the event’s economic impact can be constructed 

using security prices observed over a relatively short time period.” To measure the 

impact of the event, normal returns are generated through historical data prior to 

the event date. The deviation from that trend is then used to measure the impact of 

the event. The most common forms of economic models used to generate the normal 

returns are Capital Asset Pricing Models (CAPMs) or Arbitrage Pricing Theory (ABT) 

(MacKinlay, 1997). Since then, a study by Cable and Holland (1999) proved that the 

CAPM specific Market Model is the most efficient model despite its simplification. 

While the majority of the literature on event studies is prior to 2000, more recent 

reports have confirmed the earlier findings (Khotari and Warner, 2006). Thus, event 
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studies have continued to be the industry norm for modeling stock price 

fluctuations due to specific events or news on a firm or sector.  

Current Research on Mass Shootings 

There is currently only one study pertaining to the effects of mass shootings 

in the US. Luca et al. (2016) examine the effect of mass shootings on gun policy. 

Their findings suggest that a mass shooting in a particular state will lead to a 15% 

increase in gun bills within that state in the next year. While this is the only 

scholarly article on the subject, popular literature addresses the relationship 

between mass shootings and gun sales. Vox’s Zachary Crockett (2016) interviewed 

James Hardiman, an analyst who closely covers the firearms industry, about his 

theory on the issue. He stated, “Handgun sales are a good indication of how people 

feel about their personal safety, whereas long guns sales are more of an indication of 

the fear of regulation” (Crockett, 2016). Hardiman’s theory questions what is 

driving the increase of gun sales and rising stock prices; is it fear of personal safety 

or fear of regulation? Over the course of this paper, I examine how mass shootings 

affect gun stock prices and sales. 

Theory 

 In order to understand what drives gun sales and consequently gun stock 

prices, I first dive into what drives consumption. Consumer theory is used to derive 

demand functions by maximizing a utility function that is subject to some budget 

constraint (Levin and Milgrom, 2004). In the case of guns, the utility function, in 

general form, is as follows: 

𝑈𝑡𝑖𝑙𝑖𝑡𝑦 =  𝑈(𝐺, 𝑀𝑆, 𝐸𝑅, 𝐴) (1.01) 
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 In equation 1.01, G refers to the quantity of guns consumed, MS refers to 

mass shootings, ER refers to expected gun regulation, and A refers to the quantity of 

all other goods consumed. It is important to note that only G and A are endogenous 

variables. In particular, the variable good A is a composite numeraire good, meaning 

that the price is equal to 1 and the good is reflective of “expenditure on all other 

goods” (Levin and Milgrom, 2004). The result is a budget constraint that is 

dependent on the variables G and A, the endogenous variables. Thus, the budget 

constraint is: 

𝐼 =  𝐺 ∗ 𝑃𝐺  +  𝐴 (1.02) 

 The budget equation above is a constraint on income spending (I) against 

two goods, guns (G) at price PG and all other goods (A) at the price of 1. The next 

step is to define the direct utility function in order to develop the series of equations 

needed to derive a demand function for gun consumption. The direct utility function 

for this study is semi-quadratic:  

𝑀𝑎𝑥(𝐺, 𝑀𝑆, 𝐸𝑅, 𝐴) =  𝑈1𝐺 + 𝑈2𝑀𝑆 ∗ 𝐺 + 𝑈3𝐸𝑅 ∗ 𝐺 + 𝑈4𝐴 +
𝑈11

2
∗ 𝐺2  (1.03) 

 With the utility max and budget constraint defined, the next step is to create 

the Lagrangian function to derive demand. The resulting Lagrangian is the solution 

to the constrained optimization problem presented above: 

ℒ = 𝑈(𝐺, 𝑀𝑆, 𝐸𝑅, 𝐴) +  𝜆{𝐼 − 𝐺 ∗ 𝑃𝐺 − 𝐴}  (1.04) 

 To derive the demand function, the Lagrangian is maximized to ensure that 

utility is maximized subject to the given budget constraint. The first step in this 

process is to clarify the first order conditions by setting set each partial derivative 

equal to zero. By solving the series of first order conditions, I define the optimal 
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values of the endogenous variables G and A. The necessary first order conditions are 

as follows: 

1. 
𝜕ℒ

𝜕𝐺
= 𝑈1 + 𝑈2𝑀𝑆 + 𝑈3𝐸𝑅 + 𝑈11𝐺 − 𝜆𝑃𝐺 = 0  (1.05) 

2. 
𝜕ℒ

𝜕𝐴
= 𝑈4 − 𝜆 = 0  (1.06) 

3. 
𝜕ℒ

𝜕𝜆
= 𝐼 − 𝐺 ∗ 𝑃𝐺 − 𝐴 = 0  (1.07) 

The result is a series of equations that allow the isolation of G, thus creating a 

demand function. The algebraic manipulation can be found in the appendix, 

however the transformation yields the demand function for guns. 

𝐺 = 𝛽0 + 𝛽1𝑀𝑆 + 𝛽2𝐸𝑅 + 𝛽3𝑃𝐺  (1.08) 

Here, the demand for guns is a function of mass shootings, expected gun 

regulations, and the price of guns. The theory behind this outcome displays two 

drivers of gun demand, fear of regulation (as represented by expected regulation) 

and fear of personal safety (as represented by mass shootings). While this solution 

explains the drivers of gun sales, it does not account for changing stock prices. The 

gap, however, is not hard to close. Many factors like growth expectations, profit 

levels, and industry trends drive stock prices (Lee, 2006). In a perfectly competitive 

market, profit is defined by: 

𝜋 = 𝑃(𝑄) ∗ 𝑄 − 𝐶(𝑄)   where MR=MC (1.09) 

Given the profit equation defined above, it is clear that a change in the 

number of gun sales will affect profit and thus stock prices; increased gun sales will 

lead to increased profit, which will then lead to increasing stock prices. Thus both 
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gun sales and gun stock prices are driven by the series of factors relating to fear of 

regulation and fear of personal safety.  

Data & Model 

In order to generate two models the data for this study consist of information 

pertaining to mass shootings, gun stock prices, and gun sales between 2000 and 

2016. The first model uses gun stock prices as the dependent variable and the 

second model uses gun sales as the dependent variable. In both models the same 

mass shooting data set is used as the independent variables. The first model gages 

the effect of mass shootings on gun stock prices, while the second model identifies 

which traits of a mass shooting effect the demand for guns. Expected regulation was 

unable to be incorporated into the model due to the scope of this study1. 

The mass shooting data set was pulled from Mother Jones magazine where 

they compiled the information of all mass shootings since 1982 per the US 

government’s definition of a mass shooting, 3 or more deaths (Follman, 2015). The 

mass shooting data is daily data that reports a list of variables from each shooting 

instance, including number of fatalities, number of injuries, total victims, state 

where the shooting took place, location of the shooting, prior signs of mental illness 

in the shooter, whether the weapon was obtained legally or not, and the race of the 

shooter. The data used in the first model with gun stock prices is daily data. 

However, in order to reflect the monthly data needed for the second model, the 

mass shooting data set was aggregated up to a monthly level so that each variable 

reflects the sum for the respective month. The last independent variable required is 

                                                        
1 Extensive data mining required for all national news regarding gun regulation 
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income, which is used as a trend measure in place of the price of guns2. Thus, Real 

Disposable Income Per Capita was pulled from the Federal Reserve Bank of St. Louis 

to reflect the same dates of the background check data, January 2000 until October 

2016.  

Table 1 
Summary Statistics 

 Stock Price Total BCa Handgun BC Long gun BC Income CumFatalitiest30b 

Min $18.91 21,176 6,859 11,909 30,047 0 

Max $128.38 3,308,199 1,201,747 1,224,465 39,371 54 

Average $50.88 1,140,344.95 311,189.74 427,812.65 35,032.29 2.16 

St. Dev. $28.20 535,821.06 180,069.88 154,446.40 2,346.22 5.64 

a BC= Background Checks 
b CumFatalitiest30 reflects the number of fatalities from mass shootings in the previous 30 days 

 
Model 1: Gun Stock Prices 

 The first model’s dependent variable is a US gun stock index that reflects the 

daily sum of the close price of the three largest domestic, independent gun and 

ammo manufacturers3. The stock price data set was pulled from Yahoo Finance’s 

historical data, and it is comprised of daily data from January 1st, 2000 until 

November 4th, 20164. In attempt to operationalize the hypothesized model, I define 

a vector of dummy variables TIMEt, which account for fixed effects by year. 

Additionally, the number of fatalities was transformed to reflect the cumulative 

                                                        
2 Gun prices are unavailable due to the fact that it is private sales data 
3 The US gun stock index is comprised of the Olin Corporation (OLN), Sturm Ruger & 
CO (RGR), and Smith & Wesson Holding Corporation (SWHC) 
4 Missing weekend or holiday observations were filled with data from the previous 
day in order to compile a complete daily data set with 6,153 observations 
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fatalities from mass shootings in the previous 30 days. The regression equation is 

given by: 

𝐺𝑈𝑁𝐶𝑙𝑜𝑠𝑒𝑡 = 𝛽0 + 𝛽1𝐶𝑢𝑚𝐹𝑎𝑡𝑎𝑙𝑖𝑡𝑖𝑒𝑠𝑡30𝑡 + 𝛽{𝑇𝐼𝑀𝐸𝑡}  (2.01) 

 This original regression equation proved insufficient due to issues of non-

stationarity, heteroskedasticity, auto-corrleation, and non-normality of errors. 

Linear regression transformations were attempted, although none proved 

successful. Thus I moved forward with an autoregressive moving average (ARMA) 

model using the first differenced, natural log of the gun stock price as the dependent 

variable. The ARMA equation is given by: 

𝐷. 𝑙𝑛𝐺𝑈𝑁𝑡 = 𝛼0 + 𝛼1𝐷. 𝑙𝑛𝐺𝑈𝑁𝑡−1 + 𝛼2𝐶𝑢𝑚𝐹𝑎𝑡𝑎𝑙𝑖𝑡𝑖𝑒𝑠𝑡30𝑡 + 𝛼3𝑒𝑡−1                (2.02) 

The ARMA model was run across the entire data time and shorter, two-year sub 

sections to account for natural volatility of stock prices5. 

Model 2: Gun Sales 

The second model’s dependent variable is the number of gun background 

checks, which is used as a proxy for gun sales6. The gun background check data was 

pulled from the National Instant Background Check System (NICS), which is a body 

of the FBI. The data set consists of monthly data from January 2000 until October 

2016. Gun background checks are divided by the type of check. The variables of 

interest for this study are handgun checks, long gun checks, and total checks per 

month. I utilized the first differenced, natural log of background checks as the 

                                                        
5 Each time period requires a different ARMA model based on the respective order 
of the autoregressive and moving average components 
6 Gun sales data is private and thus was unable to be pulled directly 
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dependent variable, and first differenced all right hand side variables to account for 

stationarity. The regression equations are given by: 

𝐷. 𝑙𝑛𝑇𝑜𝑡𝑎𝑙 = 𝛽0 + 𝛽1𝐷. 𝐼𝑛𝑐𝑜𝑚𝑒𝑡 + 𝛽{𝐷. 𝑀𝑎𝑠𝑠𝑆ℎ𝑜𝑜𝑡𝑖𝑛𝑔𝑡}7 (2.03) 

𝑖) 𝐷. 𝑙𝑛𝐻𝑎𝑛𝑑 = 𝛽0 + 𝛽1𝐷. 𝐼𝑛𝑐𝑜𝑚𝑒𝑡 + 𝛽{𝐷. 𝑀𝑎𝑠𝑠𝑆ℎ𝑜𝑜𝑡𝑖𝑛𝑔𝑡} (2.04) 

𝑖𝑖) 𝐷. 𝑙𝑛𝐿𝑜𝑛𝑔 = 𝛽0 + 𝛽1𝐷. 𝐼𝑛𝑐𝑜𝑚𝑒𝑡 + 𝛽{𝐷. 𝑀𝑎𝑠𝑠𝑆ℎ𝑜𝑜𝑡𝑖𝑛𝑔𝑡} (2.05) 

Due to the shorter time horizon, this OLS model proved sufficient and passed all OLS 

diagnostic tests.  

Results 

Model 1: Gun Stock Prices 

 The OLS model yields positive and significant estimates of cumulative 

fatalities as an independent variable. However these estimates are not valid due to 

the failure of OLS diagnostic tests. The results from the OLS model are still worth 

interpreting for a holistic view of the effect of mass shootings on gun stock prices. 

On the opposite end of the spectrum, the ARMA model over the entire time horizon 

yielded insignificant correlation for the independent variable. To further interpret 

these results, I compared the results from the OLS and ARMA models. 

Table 2  

RHS Variable 

OLS Regression w/ Fixed Year 
Effects 

ARMA (1,1) 

Coefficient t-stat p value Coefficient 
z-

stat 
p value 

CumFatalitiest30 0.056685 3.65 0.000***a 0.000013 0.37 0.709 

Adjusted R2 0.9469 ------- 
F-test or Wald Chi2 6,460.47*** 66.57*** 
a * = significant at .1 level, ** = significant at .05 level, *** = significant at .01 level 

                                                        
7 MassShootingt represents the full list of variables recorded for each mass shooting 
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The results appear to show significance and insignificance on the effect of 

cumulative fatalities in mass shootings on gun stock prices. I assert that the issue 

with this model is the time factor. Using a long time horizon is insignificant because 

I correlate a daily upward trending variable against an event variable that occurs 

roughly once a month.   

 To test shorter time horizons, I re-ran the ARMA model over every two-year 

time horizon to check if the results yielded different insight.  

See Table 3 in Appendix 
 
From this table, it is clear to see that there are no two-year time horizons that have 

significance of the independent variable. It is worth noting, however, that the z 

statistics are much lower for the two-year time horizons than across the full time 

horizon. In theory, continuing in this fashion would show that shorter time horizons 

have higher significance.  The results of this model are un-interpretable, but point to 

possible significance in a short run model or in an event study per the literature.  

Model 2: Gun Sales 

 The OLS regression for the gun background check data set proved to be 

significant for both the total and handgun model. However it was insignificant for 

the long gun model. The table below displays the results for each OLS regression, 

alternating the dependent variable.  
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Table 4 

LHS Variable 
OLS Regression 

Adjusted R2 F-test # of Significant Variablesa 

D.lnTotal .1073 4.18***b 5 

i)  D.lnHand .0922 4.07*** 4 

ii) D.lnLong .0279 1.61 0 

a  variables with a p-values below 0.1, see Table 4  
b * = significant at .1 level, ** = significant at .05 level, *** = significant at .01 level 
 
While the low R-squared values reflect missing information, the high F statistics 

reflect that the first two models and their independent variables matter. An 

important note of this result is that the coefficient of any significant independent 

variable is unable to be interpreted, aside from sign that stays constant despite the 

quality of the model fit. Another interesting outcome is that the total and handgun 

models show significance, while the long gun model does not. This shows that long 

gun purchases aren’t affected by mass shootings while total and handgun sales are.  

 To further explore how mass shootings drive gun sales, I investigated the 

independent variables that were significant for the total and handgun models. The 

table below contains the independent variables used in the most robust OLS for 

both the total and handgun dependent models. 
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           Table 58 
OLS Regression 

D.lnTotal Model D.lnHand Model 

RHS Variable Coefficient t-stat RHS Variable Coefficient t-stat 

D.Income 0.0000 1.07 D.Income 0.0000 1.35 

D.Louisiana -0.2241 -1.58 D.Kansas 0.0989 0.88 

D.Nebraska -0.1959 -1.84*a D.Illinois 0.1444 1.86* 

D.Hawaii 0.4778 4.48*** D.Hawaii 0.4429 4.19*** 

D.TotalVictims 0.0016 1.95* D.Fatalities 0.0035 1.92* 

D.School -0.0399 -1.06 D.School -0.0642 -1.63 

D.LegalWeapon -0.0535 -2.32** D.LegalWeapon -0.0549 -2.31** 

D.Black 0.0866 1.92*    
a * = significant at .1 level, ** = significant at .05 level, *** = significant at .01 level 

It appears that the state where the shooting took place has the biggest impact on 

sales. However, this is the hardest variable to interpret given that most states have 

less than two mass shootings, meaning the sample size is incredibly small. Total 

victims for the total model, and fatalities for the handgun model show significance, 

proving that the volume of mass shootings in the previous month will affect current 

consumption. In both models, whether the shooter’s weapon was obtained legally or 

not was significant and negative. This suggests that people are more likely to buy a 

gun when a mass shooting happens with an illegally obtained weapon. The last 

significant variable, for the total model, is the race of the shooter. The coefficient 

shows that if a mass shooter is black, US citizens are going to buy more total guns.  

 

 

                                                        
8 Results of Long gun model not included due to insignificance of the model 
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Conclusion 

 The results of both models yield inconclusive evidence for the connection 

between all mass shootings and gun stock prices and sales. However there are 

useful insights to be drawn from the specifics of both models. In the first model, 

there is a gap between the linear regression and time series regression. The linear 

regression showed significance that couldn’t be supported through time series 

analysis. The regression illustrates the problem with using stock prices because of 

their natural volatility. Thus, my model lack significance and I would recommend 

proceeding with the literature’s CAP-M model based around short time horizons. In 

regards to the results of the second model, I would recommend combining variables 

to gage the effect of specific mass shooting traits, for example comparing the effect 

of fatalities by a black shooter against the effect of fatalities by a white shooter. 

There is more information that could be drawn from looking at the specific 

characteristics of mass shootings that draw the largest response. 

 To summarize in short, there is no conclusive evidence that all US mass 

shootings between 2000 and 2016 lead to an increase in gun stock prices and sales. 

The news articles that sparked interest in this study focused on the largest mass 

shootings, primarily those with over 10 fatalities. I would recommend future 

research to use CAP-M models and compare the magnitude of effect based on the 

specific attributes of different mass shootings. It seems there is a threshold for 

major news coverage, and thus a national response. Is it simply that, after a certain 

number of fatalities there is national news coverage? Or are there more specific 

attributes that play a role, like the race of the shooter or the location of the 
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shooting? Further research on this subject could reveal many insights into what 

elicits a change in American’s feeling of personal safety. Additionally, it could shine 

light on underpinnings of US society. Are Americans more afraid of shooters from a 

single race? Are they more afraid of shooters in schools versus a workplace? The 

potential extensions of the results from further research are long, and are well 

worth the investigation.  
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Appendix 

Theory  

𝑈𝑡𝑖𝑙𝑖𝑡𝑦 =  𝑈(𝐺, 𝑀𝑆, 𝐸𝑅, 𝐴) (1.01) 

𝐼 =  𝐺 ∗ 𝑃𝐺  +  𝐴 (1.02) 

(1.03) 

𝑀𝑎𝑥(𝐺, 𝑀𝑆, 𝐸𝑅, 𝐴) =  𝑈1𝐺 + 𝑈2𝑀𝑆 ∗ 𝐺 + 𝑈3𝐸𝑅 ∗ 𝐺 + 𝑈4𝐴 +
𝑈11

2
∗ 𝐺2 

ℒ = 𝑈(𝐺, 𝑀𝑆, 𝐸𝑅, 𝐴) +  𝜆{𝐼 − 𝐺 ∗ 𝑃𝐺 − 𝐴}  (1.04) 

1. 
𝜕ℒ

𝜕𝐺
= 𝑈1 + 𝑈2𝑀𝑆 + 𝑈3𝐸𝑅 + 𝑈11𝐺 − 𝜆𝑃𝐺 = 0  (1.05) 

2. 
𝜕ℒ

𝜕𝐴
= 𝑈4 − 𝜆 = 0  (1.06) 

3. 
𝜕ℒ

𝜕𝜆
= 𝐼 − 𝐺 ∗ 𝑃𝐺 − 𝐴 = 0  (1.07) 

𝐺 = (𝜆𝑃𝐺 − 𝑈1 − 𝑈2𝑀𝑆 − 𝑈3𝐸𝑅)/𝑈11 

𝜆 = 𝑈5 

𝐺 = (𝑈5𝑃𝐺 − 𝑈1 − 𝑈2𝑀𝑆 − 𝑈3𝐸𝑅)/𝑈11 

𝐺 = −
𝑈1

𝑈11
−

𝑈2

𝑈11
𝑀𝑆 −

𝑈3

𝑈11
𝐸𝑅 +

𝑈4

𝑈11
𝑃𝐺  

𝐺 = 𝛽0 + 𝛽1𝑀𝑆 + 𝛽2𝐸𝑅 + 𝛽3𝑃𝐺  (1.08) 

𝜋 = 𝑃(𝑄) ∗ 𝑄 − 𝐶(𝑄)   where MR=MC (1.09) 

 

 

 

 



 

Results 
 
Table 3 

RHS Variable 

ARMA (p,q) 
‘00-01 
(0,0) 

’02-03 
(1,1) 

’04-05 
(0,0) 

’06-07 
(0,0) 

’08-09 
(1,1) 

’10-11 
(1,1) 

’12-13 
(0,0) 

’14-15 
(0,0) 

Coef. z Coef. z Coef. z Coef. z Coef. z Coef. z Coef. z Coef. z 

CumFatalitiest30 
0.0003 .193 -0.0001 .463 

-

0.0002 
.184 

-

0.0000 
.646 -0.0001 .529 -0.0002 .234 

-

0.0000 
.598 0.0000 .574 

Wald Chi2 1.69 24.67***a 1.76 0.21 21.86*** 71.63*** 0.28 0.32 
a * = significant at .1 level, ** = significant at .05 level, *** = significant at .01 level 
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