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[bookmark: _Toc359526006] ABSTRACT 
This paper goes over the effect that natural and terrorist disasters have on the GDP growth rate and aims to pinpoint the factors that affect it the most. It looks over a simulator that uses summarised versions of these factors to calculate the change in GDP growth for the year of the attack and the years after. It looks at 3 different terrorist attacks as well as 3 different earthquakes and 2 tornados. thought the simulator was only built to look at the 3 terrorist attacks as well as 2 of the earthquakes; it summarised the main factor to look at to see how changing that factor will affect GDP growth. This paper looks at the attack and all factors, like unemployment and international support, as well as many others, in order to determine which factors affect each other in order to put them into a calculation To determine GDP growth.
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[bookmark: _Toc115362546]INTRODUCTION 
This project aims to create a economic disaster simulator that simulates the change in the value of the a country's GPD based on a range of different variables that contribute to the fluctuations of currency, and compare the effect of slight changes in specific variables and how the change the overall difference in expected GPD  .The final aim of this project is to have C++ code that will show the percentage change of currency(pound) that closely emulate the economic effects of similar real-world events for this project the events will, including natural disasters and terrorist attacks like 9/11, the goal is to have the similar results as we would see in the real world situations, then an option to change the code to enter new variables to each of the values, for example, the variables are the severity of the disaster, inflation, investor confidence, the response from the bank, as well as government spending on top of a few others. These variables are set with specific values to be as accurate as possible. Throughout this project I will look in to a review a vast number of different article that go over the economic effect of terrorism and natural disasters on a country's economy, in order to accurately create the simulator.
[bookmark: _Toc421850437]RESEARCH & REVIEW OF LITERATURE 
[bookmark: _Toc882695544]Terrorism
Through researching the economic consequences of both large- and small-scale disasters, looking at both natural disasters and terrorist attacks, the sources I've seen revealed a mix of long- and short-term impacts, ranging from the effects on the GDP in comparison to the real-time forecasted GDP to the effect on jobs looking at the unemployment rate. These factors are standardised through all of the attacks and always have some effect on the economy as a whole, although it varies based on the severity of the attack. 
One of the papers that gave great insight into the effects of terrorism is Terrorism and the World Economy by Alberto Abadie and Javier Gardeazabal, which looks at why terrorism, which may have only a small direct impact on a country's money, seemingly has much larger economic effects on the country as a whole. It argues that the main reason for this elevated impact on the economy is that after a disaster, it makes the country a risk for investors, resulting in capital/investments being pulled out of the country due to the massive increase in uncertainty that is then surrounding the country and its future. The paper also goes over the main effects of terrorism, the first of which is that the attack destroys infrastructure and equipment, as well as usually causing many deaths or injuries; these reduce the amount of productive assets a country has at its disposal. Following that, it leads a country to spend more resources on counterterrorist measures, things like police, surveillance, and other technology to increase the defences against a similar attack, subsequently sapping resources for other sectors that can help grow the economy, thereby slowing economic growth. As well as that, the heightened risk of terrorist attack dissuades investors from putting money into projects and businesses for that country, causing those businesses to delay expansions or hiring extra employees, usually resulting in an increase in the unemployment rate. It also has a massive impact on tourism, as people don't tend to want to travel to a place they don't feel is safe, and a massive amount of businesses may suffer because of this, usually resulting in massive layoffs by these companies in order to stay afloat.

[bookmark: _Toc694552064]9/11
The 9/11 attack was a terrible tragedy that consisted of a terrorise group know as al-Qaeda managed to hijack four commercial planes with each of the flights \set to destroy a different target location the first flight American airlines flight 11 crashed into the north tower of the world trade centre in new York following that the united airlines flight 175 crashed into the south tower of the world trade centre, they to flights and the subsequent attacks were completely devastating, and one of the worst acts of terrorism in recorded history they resulted in a staggering 2753 deaths, but that wasn't the end because the 3rd aircraft American airlines flight 77 then crashed into the pentagon this attack killed another 184 people Finally, the 4th flight, United Airlines Flight 93, crashed in Shanksville, Pennsylvania. This crash was believed to be due to the fact the passengers fought back, as the belief is that this attack's original target was the White House in Washington, DC, meaning although this crash still resulted in the deaths of 40 people, if the passengers of Flight 93 hadn't fought back, hundreds more would have died. In total the 9/11 attacks resulted in the deaths of 2977 people, excluding the 19 terrorists. As well as those staggering death numbers, there were likely hundreds of thousands of injured people that were affected by the attack.
Looking at the aftermath of the attack, it had devastating both immediate and long-term effects. Looking first at global policy, this attack led to the US and the majority of the western world declaring a “war on terror, resulting in military action in Afghanistan and Iraq. As well as many countries, including the US, massively increasing their spending on anti-terrorism, this also resulted in a massive increase in airport security, as well as increasing the government surveillance powers, meaning they were legally allowed to do further searches of homes and people if they were believed to be a terrorist threat.
This attack also led to many changes within the rules of aircraft, the main one of which is that now, no matter how many hostages a terrorist may kill, a pilot will never relinquish the cockpit. This was due to the change in mindset; ordinally, the goal was to protect the lives of the passengers, but it has now become to protect the most lives possible, meaning giving up the cockpit would put more lives at risk.
There are also the health concerns of the people that survived with severe injuries and likely with massive psychological damage, which has a massive impact on the mentality of a country and more explicitly can spread further fear as those who survived or were just affected spread the word through friends and family, resulting in countrywide fear, meaning not only were jobs going to be affected through layoffs, but many people were left in a state where they may take years to be able to work again, if ever. 
Obviously, there was a massive economic impact. That being the immediate cost of damages with the destruction of lower Manhattan, which is a major financial district, it caused a significant economic impact resulting in massive drops in stock holdings, causing massive impact to the company and subsequently causing massive layoffs.
Though not all the effects were negative and tragedy tends to bring people together, and something on this scale brought the whole country together, it caused a massive increase in US patriotism and over-unity. But the anger and fear that unified all of those people led to massive discrimination towards the Arab and Muslim community.
Obviously, this attack had an effect on the GDP growth of the country due to both its large scale and its social impact. The total cost of all of the damages came to a cost of 21.6 billion dollars; this was spread between 1.5 billion dollars for cleanup and restoration. 16.4 billion dollars went to the replacement or total repair of damaged buildings, and the remaining 3.7 billion dollars went to repairing infrastructure. But that was just the initial cost just to rebuild there due to the attack. The effect it had would have resulted in additional losses from all of the earnings that were lost, estimated to have cost between 11.4 billion and 14.2 billion dollars.
Looking at the effect it had on unemployment rates, it had a massive effect, increasing it from 3.99% in 2000 to 4.73% in 2001; this would have meant the loss of more than 600,000 jobs, but then it rose again in 2002 and 2003, going to 5.78% and 5.99%, before dropping back in 2004 to 5.53%. The percentage changes show that the attack clearly had an effect on the unemployment rate, which subsequently has an effect on the GDP growth. 
Now looking at the effect on the country's GDP growth in the year 2000, before the attack, the growth rate was 4.08%, which would serve as a baseline to show how this disaster affected the country's growth. In the year of the attack, 2001, it very clearly dropped due to all of the aforementioned factors down to 0.96%. The following year, 2002, it was clearly beginning to improve, rising from 0.96 to 1.70%, showing a slow rebuild of the economy after the disaster. Then it rose again to 2.80% the following year on a continued upturn as it returned back to the standard range. Then in 2004 it reached 3.85%, showing that the majority of the effects other than the psychological effect on victims had been resolved.
 
 
2015 Paris Attacks 
The Paris attacks consisted of 3 different parts, the first being a group of 3 bombers attempting to gain access to a French football stadium that had 80,000 people in it; fortunately, they were unable to gain access, and it resulted in the detonating outside, resulting in the first of the deaths from these attacks. Just over 10 mins later, a team of gunmen began shooting at French bars and restaurants down the 10th and 11th arrondissements. The initial shooting resulted in many casualties and injuries, and then the final part of the attack was when the attackers stormed the Bataclan concert, where they opened fire on the audience and took hostages. This final part of the attack was the most deadly, and it is pretty clear that the first 2 attacks were designed to divert police attention from the final attack. 
The result of the attack was 130 people were killed, as well as another 350 injured, 100 of whom were left in critical condition. Obviously, there was widespread fear after these attacks, and the country was placed in a state of emergency. The attack affected many things, the first of which was the drastic increase in security measures throughout the country. It started increased discussion on police changes for natural security and immigration as well as the increase in France's role in the coalition against ISIS. 
 
Unlike with the 9/11 attack, this attack's damage was on a far lower scale, meaning the immediate cost impact was far lower; the only direct cost was the funding paying the victims, which cost about 342 million dollars. The bigger cost of this attack was the fear factor that took over, resulting in there being 1.5 million fewer tourists in the following year, which had an estimated cost of around 1 billion dollars. It also resulted in a 1.6% drop in Europeans travelling the following year, leading to a massive drop in revenue – about 2.5 billion dollars' worth – though this doesn't directly affect France's GDP growth.
Looking at the unemployment rate, this attack didn't seem to have any effect on the unemployment rate % as it actually increased, going from 10.3% in 2014 to 20.4% in 2015, then a slight drop to 10.0% in 2016. This means this attack likely had very little effect on employment rates at all. This may be because of how the record looks, but it's more likely due to the small scale of the attack in general.
Looking at the GDP growth, it shows that in the actual year of the attack, there was an increase in the GDP going from 1.00% to 1.07%. This was likely because the economy had done well in the early stages of the year, so it was able to absorb the effect of the attacks without showing any signs in the initial year, but in the following year, 2016, it did drop to 0.86% before then rebounding and balancing out in 2018, going to 2.08% and beginning to return to normal levels; it dropped to 1.65%, showing the effect of the disaster had ended. 
 
 
2017 Parsons Green Bombing
The Parsons Green bombing was an attack on the London Underground where a man used an improvised explosive on the rear car of a train that was full of commuters. The explosive was kept in a white bag which had knives and screws in it as well that were intended as shrapnel. Fortunately, the reports state that the bomb only partially detonated due to an error in its design; because of this, there were fortunately 0 deaths. It still resulted in 30 injuries, 19 of whom were taken immediately to hospital in ambulances. Though many of the injuries came from the initial blast, some of them were caused by the panic and people running into and over others. 
After the attack, the UK raised the terrorism threat level to critical as another attack was believed to be imminent. During that time the police conducted a number of raids and arrested several individuals.
This was out of the 3 attacks I've researched to develop my simulator, the most minor, which would mean it would have had little impact on the GDP growth [22]. The direct cost of the attack came to around £3.9 million, or around 5 million dollars, meaning that it would be unlikely to have any effect on the GDP growth changes [7]. [6] Looking at the change in GDP before and after the attack, you can see that there is a change, with 2015/16 having the GDP grown at 1.9%, then 2016/17 having it rise to 2.7%. After the attack, it dropped in 2017/18 to 1.4%. This almost makes it seem as if the attack had a positive effect, but it was, like, due to a myriad of other external factors. 
As the lack of impact on GDP clearly makes clear, the unemployment rate was unaffected by this attack as it continued on its downturn at the same pace as before from 2016 to 2019; it went from 4.9% to 3.8% at a very stable rate of change.


[bookmark: _Toc2124802034]Natural disaster 
[bookmark: _Toc1838026162]Earthquake
2004 Indian Ocean earthquake
The 2004 Indian Ocean earthquake was a devastating earthquake with a massive 9.1 magnitude, which makes it one of the largest earthquakes ever recorded; it hit just off the coast of Sumatra, Indonesia. The shake from the quake also lasted an abnormally long time, lasting about 8-10 mins, which subsequently led to a tsunami. This tsunami was one of the most devastating natural disasters to ever occur; it had a staggering death toll of 230,000 across 14 different countries, as well as leaving millions more injured. As well as the devastating human loss, the tsunami also caused catastrophic damage to infrastructure, including homes, roads, businesses, bridges, and so much more. The damage across all of the countries was estimated to have a massive cost, estimated to be billions of dollars' worth of damage.
In the aftermath of the attack, there was a large-scale humanitarian response with many countries sending aid in order to preserve as much life as possible. It also drew attention to the complete lack of a tsunami warning system, which, if it had been implemented, could have saved so many lives, so significant effort and funding were put into developing the IOTWS (Indian Ocean Tsunami Warning and Mitigation System), meaning if a similar disaster ever occurred, there would be countermeasures the country could take in order to mitigate deaths. 
For this study I will only be looking at the impact to Indonesia caused by the earthquake and subsequent tsunami, looking first at the immediate impact of the disaster. There was a short-term negative impact; the damages caused by the attack resulted in a [10]2% drop in Indonesia's GDP, which may not seem too massive, but the actual amount that 2% is worth is around 4.5 billion dollars. Not only that, the estimates show that it dropped their GDP growth by around 0.3% in 2005 compared to the original estimates before the disaster.
Look at the change in the unemployment rate immediately after the disaster unemployment spiked in the local area of Aceh and Nias  to 30% from 6.8%, this is clearly caused by the massive damage to infrastructure, as many business where destroyed, and even though that weren't destroyed due to the damage in the surrounding area it was clean may sales of luxury good would be massively dropped as people will have more pressing issues that lifestyle, to spend money on, as well as damage cause to road would disrupted supply lines making it so some of the remaining business would loss the product they sell meaning thye would also have to lay off employees in order to stay afloat. Looking at a nationwide view of employment, it was obvious that it would also be affected by the aforementioned factor, and the date supports this, as the unemployment rate increased by 0.65%, going from 7.3% in 2004 to 7.95% in 2005, but it shows that though the regional impact was massive, it was diluted on a nationwide scale.
Looking at the offsetting factor, as from the data, it clearly shows little to no long-lasting repercussions. This was due to the fact that there was initial shock and obviously the cost of the damages. The damage only affected a small part of the nation's economy, meaning that they had the resources to compensate for the losses, as well as a massive surge of international aid and reconstruction spending.
Because of these factors, if you look at the country's GDP growth, there is actually no visible effect caused by the disaster [8, 9]; in 2003, the growth rate was 4.78%, in 2004 it was 5.03%, and in 2005 it was 5.69%, meaning there was no visual drop in the growth rate compared to what you would have expected, although the following year, 2006, had a drop. This may have been due to lasting effects of the disaster in terms of government funds being put into rebuilding the year prior and other areas instead of putting them towards GDP growth; the rate that year was 5.50%, but the following years both increased; in 2007 it was 6.34% and in 2008 it was 6.01%. showing this disaster, though devastating, had very little long-term effect on economic growth. 
 
2010 Haiti earthquake
The Haiti earthquake was a staggering magnitude 7.0, although less than the previous earthquake; as it hit the mainland, it caused far more damage. The disaster claimed over 300,000 lives, with widespread destruction of infrastructure, including around 250,000 homes and a further 30,000 commercial buildings. The most notable points that were destroyed are the Presidential Palace, the National Assembly building, the Port-au-Prince Cathedral, and the main jail. Their building being destroyed would likely cause massive negative effects to the Conerty's economy, as it would increase the uncertainty of the country's future, giving a similar effect to the fear caused after a terrorist attack.
The aftermath of the disaster resulted in a massive humanitarian crisis, as millions were left without food and water due to the destruction of supply lines as well as the supply routes with many roads damaged or blocked. As well as the lack of food, there was also a definite lack of shelter with the amount of buildings that had been destroyed. This resulted in over a million people being displaced to temporary shelters or camps that had bad living conditions and sanitation. This, on top of the struggles to get medical aid into the most vulnerable areas, resulted in a massive outbreak of diseases, which just stacked on the suffering and loss of life the people of Haiti were already dealing with. 
There were a lot of long-term recovery challenges that the country needed to face. As it was already one of the poorest nations in the western world, it lacked the financial capacity to help the recovery of the necessary infrastructure. There was also massive political instability causing further delays and stiffness. As well as difficulty coordinating the international aid they were receiving. Because of this, there was great criticism of how the aid was being used, leading to reconstruction being massively slowed. They also received a large amount of international aid – around 5.3 billion dollars – from the UN and other sources. But the amount they originally pledged was US$9.9 billion from the UN alone. This does give further credibility to the criticism the government was receiving.
The cost of all of the damage caused by the disaster [11,12]  was estimated to be about 4.3 billion US dollars but that wat all the subsequent losses caused by the decrease in economic activity ended up costing 3.5 billion dollars for massive combined loss of 7.8 billion dollars, which for a poor country is devastating, subsequently it also had a massive effect on GDP growth as you could imagine looking at the date it show that the GDP growth was on a slow turn with it fluctuating but clearly showing a positive trend up until the earthquake the year before the quake 2009 the growth rare was 5.89%, but after in 2010 the growth rare had dropped massively due to all of the costs and massive damages to a and negative growth rate of –5.65%, but due to the amount of internecinal support in 2011 it spiked back up to 5.10% before clearly running out of the fanatical aid or it simply just stopping as in 2012 as it dropped to 0.50, although it dropped it show how effect the international aid was as it allowed them to get out of a spiral that the original damages would have caused, preventing the GDP form continually falling, and allowing the country time to recover to a level where it is more self sustaining. In 2013 it rose again to 4.32% before balancing out in 2014 to a moderate pace of economic expansion at 2.89%.
Looking at the changing unemployment rate, I was very surprised to see that the employment rate had actually declined in the years following the earthquake, which seemingly makes very little sense, as with many of the businesses in the country being destroyed, you would expect to see an increase, but the rate dropped from [13] 15.34% in 2009 to 15.26% in 2010 and dropped again in the following years on a clear downward trend. This surprised me, as the other disaster had had an effect on these factors. When looking for reasons as to why this might be, the information I found suggested that the actual unemployment rate could have been around 60% [14], but due to the way countries determine unemployment rate, which is that they only take into consideration people actively looking for work, it shows a far lower rate, as due to the incident many people were not in a position to be looking for work.
 
 
Nepal 2015 earthquake
The Nepal earthquake was registered as a magnitude 7.8, though having a higher magnitude than the previous quake, it had far less damage and casualties caused by it. The quake did still result in the tragic deaths of around 9000 people as well as leaving well over 22000 injured.
The quake had devastating effects on infrastructure, destroying about 600,000 homes and damaging an additional 300,000 homes. Leaving hundreds of thousands of people homeless, the estimated number of people that were affected by this disaster is about 8 million people.
The quake also resulted in many landlines being cut, leading roads to be blocked, disrupting supply lines, and making it more difficult to get aid to those who needed it. But it wasn't only the roads that got blocked; so did many rivers, increasing the chance of floods.
In the immediate aftermath of the disaster, temporary shelters were set up to mitigate the effect of the number of now homeless people; they also made it easier to get food, water and medical assistance to those in need of it. There was also significant financial aid sent over from many different countries. The total amount that they received was [15] a staggering 4.1 billion.
Though they received a large amount of money in international support, it didn't come close to covering the total amount of damage that the disaster caused, and they only looked at the immediate cost in order to rebuild what was destroyed, which cost around [18]7.1 billion dollars.
Looking at the unemployment rate, it actually stayed very even from 2014 to 2018, staying within a range of 0.05% from 10.63% to 10.68%, meaning the earthquake actually didn't really affect the unemployment rate at all, but it was stated [21] that 94 million working days in the 2015/16 year were lost due to the disaster. Meaning although the records of unemployment may not have tracked the people then unable to work, their absence would still have had a drastic effect, as the number of people not unemployed had definitely increased.
The disaster clearly had an effect on the economy; looking at the GDP growth, it shows that the year of and the year following the earthquake had a dip. [22] As a baseline, in 2014 the GDP growth was 6.0%; in 2015, when the quake hit, it dropped to 4.0%, obviously due to the quake, but the year following it dropped further as they dealt with the aftermath of the quake, dropping all the way down to 0.4%. This shows the total devastation that the quake had on the economy of Nepal as they rebuild what was lost. The year following, though, it massively raised due to the completion of the majority of the damages, and it jumped to 9.0%, showing a strong rebound of their economy attempting to rebalance itself to where it was. It then, in 2018, continued on strongly with a 7.6% sowing continued recovery.



[bookmark: _Toc1002121798]Tornado
Joplin, Missouri tornado  2011
The 2011 Missouri tornado was rated as an EF5-class tornado, which means that it had the highest possible rating. The rating means that it would have had wind speeds that surpass 200mph along with having a massive range, having a width of nearly a full mile. It also remained on the ground for about 21 miles, and though it travelled, it caused an estimated 2.8 billion dollars' worth of damages. But along with the damages, it also killed 158 people as well as injuring around 1200 people.
The tornado caused significant damage to infrastructure, destroying over 8,000 buildings. One of the most devastated buildings was one of the 2 hospitals in Joplin, which needed to be entirely rebuilt. The aftermath of the tornado search and rescue was immaturely sent out to try and save as many lives as possible, as well as the fact that the National Guard was also deployed.
Looking at the economic impact that the tornado had, it was much harder to tell, as with the small scale of the damage as well as the effect it hit in the US, which is very used to tornadoes. It neither had the fear factors nor enough damage to do any meaningful change to the US GDP growth, but looking on a smaller scale at the state of Missouri in the 2011 year and a 1.06% growth, which may signify that it did have some localised effect, as the national growth rate was 1.56%. But due to the location of this attack in the states, even though there was large damage and many deaths, the US had the funds and the manpower, as well as plenty of experience dealing with tornadoes, meaning that it had almost no effect. Even when it came to the unemployment, around 4000 people were affected, but the government issued a grant to create temporary jobs; they created about 2200 jobs. This cost about 36 million to achieve, which shows how if you have enough resources, you can almost completely mitigate the adverse effects of disaster, assuming it doesn't create widespread fear.
 
 
Bützow Tornado, Germany, 2015
 The Bützow Tornado hit Germany in the mid-evening. It was classified as an EF 3 rated tornado that had wind speeds of around 210 mph. The tornado destroyed many buildings and damaged many others, like, for example, a hospital that had its windows blown out. There was a report that a car had been thrown 70+ metres. During the disaster, there were 31 people injured, as well as one casualty.
 The response after the tornado was to have all emergency responders, including 140 firefighters, as well as local residents, begin clearing out the debris.
The storm caused a very minor amount of damage in comparison to the other disasters, only costing about 40 million euros. The storm had the same ramifications as the previous tornado but on an even lower scale due to the much less damage and fewer casualties. And although it lightly had some effect on GDP growth, it would have been extremely minor on the scale of a country like Germany, and any effects caused by it would have been extremely short-term, obviously with the cost being immediate as well as a small increase in unemployment in the area due to the damaged buildings, but it is very diluted due to the resources of a country like Germany.


[bookmark: _Toc386356986]RESEARCH AND/OR DEVELOPMENT METHODOLOGY
Throughout this project I used the Research onion model to structure and help define which methodology to use in order to best research the information needed to finish this project as well as which methodology would be the most effective while developing the code. 
For the first layer of the research onion the philosophy lay the pragmatism approach what the most logical choices, the reason for this is because this project has a high need for real-world applicability, which is prioritised when using this approach. For the second layer the research approach I decided to go with abductive reasoning as when starting this project i had a theory on how this program would work and what has certain affects like for example terrorist attacks tend to reduce the countries GDP by about 5%, but through the further observation of data and other events I've been about to adjust the function of my code allowing for it to become more and more accurate with each adjustment. For the methodology I intend to use a mixed approach, as when researching for this project both quantitative and qualitative date is needed. Quantitative is needed because as Acedemic papers and news reports for the time help define another variable that may play a role in in what effects any economic fluctuations.
The strategy for my research will be a case study as i will be looking at an array of different historical disasters for example for terrorism the first is  9/11, this is the logical place to begin as it is one of the most highly recorded acts of terrorism, both give a large amount of information and data to look at when determining the effect a large scale terrorise attack would have on a countries GPD, as well as that i will look in to a marinade of smaller terrors attacks to determine how the severity of the attack effects the overall impact of the GDP, for the more medium terrorist attack the 2015 attack in Paris as compared to the 3000 death for 9/11 it has 130 deaths, and to look at the lower end of the spectrum the 2017 parson green bombing in the England, which only resulted in 30 injury's, using these give the full coverage of the different effects on the economy from different attacks. For natural disasters I will do the same looking at major earthquakes, for example the 2011 quake in Japan which was a major disaster as it was a magnitude 9.1, as well as that  I will be looking at 1994 California earthquake which was a 6.7m, and the 2020 north Carolina quake which was  5.1m. the same will go for tornados and tsunamis, with the 2011 Missouri, 2020 Arkansas and the 2023 California tornados, and 2004 Indian ocean tsunami, which affected multiple country's but I will be look strictly at what effected on Indonesia, as well as that the 2018 Sulawesi tsunami and the 2021 Tonga tsunami
For the development methodology implementation, the rapid prototyping approach, is the most suitable as I create basic versions of the code which as i have gained new information, the code has changed added new variable or framing them in a different way in order to give the code a more better flow, and a more accurate simulation. This show by the original version of the code having the negative affect happen but it remained in a negative spiral, this was because the way the code set the function to low it only reduced the amount by at set amount on each run meaning if it dropped 5% the first time i then would drop 4% the next time as the function begin but it then would just continual dropping 4% as the function didn't act on the new value, which was one of the first corrections on this model.
[bookmark: _Toc1049964465]DESIGN & IMPLEMENTATION	
The simulator was only built to look at the 3 terrorist attacks as well as 2 of the earthquakes. It summarised the main factor into the shock factor, which takes into consideration the fear and distress caused by these disasters as well as all of the other effects of the recovery boost, which is used  to simulator both internal and and government aid in for the earth quake formulas.
Obviously when I made this simulator, I had the expectation that it wouldn't be 100% accurate. This is due to the fact that a simulator on this scale couldn't take into account all of the potential factors that affect a country's GDP growth, as something as far out as a different country changing its policies could affect it in some way, both positively or negatively. There are also a myriad of other factors that could be taken into consideration due to the difficulty in quantifying them; due to this, when designing the formula as well as setting the variable, I adjusted them in a way to compensate for the unexpressed factors. This obviously further reduced the accuracy of the model. But the aim was to get it so that each of the models' original calculations matched up with the real GDP growth of the country in those specific years.
The original version of the code was made just for 9/11 which was the base line of how the code would run the goal being to display the GDP growth change for the year before the attack and 3 years after the original version had many flaw that where slowly worked out starting with the formula it originally all active each turn with no delay this meant that the amount it increased or decreased would stay the same after then adding a way that that it wasn't continues i tweaked the formula and the variable until the reach a similar point as the original GDP growth numbers but the problem was that there where so many factor the could be quantified to simple numbers. Meaning the number that was coming out had no meaning because of this; I simplified the code down to even fewer factors in order to streamline the process and look only at the. They were summarised down to for 9/11.
The final version of the code works using switch cases in order to choose between each of the disasters, which, when created, were each made from scratch as their own individual code, which I also made using a switch case to formulate that, which used summarised-down versions in order to compensate for the fact that it would be impossible in a project of this scale to quantify the data in a way that can be formatted and matched with the actual GDP growth rate.
Each of the code disasters comes close or is accurate to the actual GDP growth on their optional setting, but the way this code is designed, you are able to edit each of the variables that affect the GDP growth in order to determine what effect changing that variable would have on the GDP growth. The code was designed with the ability to change as many of the variables as possible while still keeping it so the code stays realistic.  
Each of the cases are all quite different, both in how the printout of the work is done and how the variable name is used. This is due to an error on my part when making it; for each of them, I didn't go back and update the others if I found a better way of laying it out in the printed format. This results in the later version of the quake being slightly different as well as having a different formula, though the formula was intentional, as The way earthquakes affect the GDP is different from the way terrorist attacks do.   
The key part of the code is this function: void runSimulation. This is the function that performs the calculation. It starts by getting all of the data on the government's spending, the quake's shock strength, the offsetting factor, the recovery boost and the normalisation factor, then it makes a call for each year with the growth being equal to the base growth * the normalisation, which for this disaster 5 would be  
growth = 5.0 × 0.95 = 4.75% 
Then it would run the formula to get the effect of the shock, which uses

 shock=quake_shock_strength−offsetting_factor or in this case shock=0.8−0.75=0.05
Then it calclates the growth or the year  using 
growth =(base_growth −shock+spending )×normalization_factor or 
growth =(5.0−0.05+0.35)×0.95
 The formular works the same for all for the following year they just have different inputs based the situation of that year.
This allow for each of the connected factors that all seeming rise and fall together getting set variable that when expressed though this formula it results in the caclulation coming out accurately.





Code link 
https://www.youtube.com/watch?v=Z0WTOMvX-J8
[image: ]
 
[bookmark: _Toc916926886]ANALYSIS 
When running the code, looking at the first disaster first, changing the shock strength from 3.1% to 3.5% resulted in the GDP growth changing from 2000: 4.1% 2001: 1.0% 2002: 1.6% 2003: 2.6% 2004: 3.7% to 2000: 4.1% 2001: 0.6% 2002: 1.2% 2003: 2.2% 2004: 3.3% meaning even such a small change can result in the GDP growth dropping below 1% in 2001 to show the massive effect each of the variables has on the overall effect of the GDP growth rate.  
From the test of the other model, it clearly shows how even slight changes in one of the variables can clearly change the GDP growth rate for all subsequent years, and the shock variable only activates in the year of the attack, but yet even with the normalisation function, it could result in the recovery of the model within the 3 years after the disasters. This would mean even slightly worse disasters could have had effects that were even further widespread, likely causing further casualties as well as  more unemployment meaning the government would have to have put more money in ( the recovery factor ) in order to return back to the original levels 
This effect is clearly since though all of the disasters and they effects seem to be very liner this is likely due to the simplified function not allowing for a wide amount of change 
Looking at the 5 disasters, the earthquake uses slightly different variables, still using shock but under quake shock strength due to the fact that it is a quake, as well as a recovery boost multiplier, which is the same as a recovery boost but I name it differently. Though this has offsetting factors, this is because this quake actually had very little chance of affecting the GDP; this was because of the many other factors that were summarised down to just offsetting but this meant that the effect of the offsetting factors could be fully expressed, as they all have effects on each other meaning that although each of the factor aren't stated the offset still has the same effect as each of them play a role in in why the other one it at the level it this goes for all factors as well as you can see that unemployment rate have a effect on GDP growth and vis versa, unless they are subsidized by another variable which would then lead to the re increase of the connected factor.


[bookmark: _Toc611874829]EVALUATION
The inhered flaws of the design, there are to many variables to account for, to simply that I summarised them do to the key variable, but this also increase the inaccuracy of the model. This is a factor i can't get around as there are an almost infinite number of variables that effect the GDP growth, and may of the have no relation to terrorism or natural disasters, for example wars on the other side of the world can have an effect on gpd growth, if the country in question is actively involved as well as if there not, as it may result in the rerouting of trade routes, or a base change in the products people by, on top of that a change in governing policy can also drastically effect it, very clearing show with the current policy's for Donld trump, and the advise effect they are currently having on the US economy.
The ordinal version of this project also included the tornados but as you can see they have very little effect on the GDP growth other than the initial damage, Hences why there wasn't a function created for them , this was simply a constraint of the scale as with incidences with lower impact nation wide it was almost impossible to set factors that had anything tp do with the disaster, which would have just made it GDP growth rate simulator, but that tend to move into a different preview.
Another major contrariant was aiming to accurately quantify the variable, as it was adjusted to match the 9/11 attack and quantified from that point, though that work and does give analysable data one a project that had more time and man power finding a more accurate way of analysing it would have been effective. The formular used to determine GDP growth rates was also a constraints as the range of other facts that cant always be conceded made it very difficulted to get the simulation to a more accurate point, and without all of the data it was imposable for the simulations to perfectly match up with the original GDP growth rate, though  this doesn't prevent the ability to see how changing the variable may have affected the recovery of lack of recovery caused by caused by each of the factors, as well as 
A mistake I would correct if this project was done again would be to set abound on each of the variable to ensure that unreasonable number from being plugged in to the simulator. This would prevent unessential large growth rate that are unrealistic.
There was also another error that i was able to fix that being the error check as if a unexpected simple is entered, it would get stuck in a look, so another error handling line would have been useful in order to prevent this 
I would also have if it had the necessary time clearly set out a metric system showing how each of the variables are weighted and what factors affect them, for example with the Government spending function the number attached to it are used to compensate for the other factor missing which adequately time I would have set up a clear metric for how much government spending corelated to how much how many point in that area.as well as that i was unable to the unemployment rate into the code which was part of the original intention but due to the fact that i was unable to make it work in any of the formulars it would put of the back burner and it effect was covered over by the shock, which tended to have the larges impact on unemployment. As well as that as you can see from the literature review the original version of this projected intend to had functions for tornados as well but due to the time consternates i was unable to get them completed to a degree were they were worth keeping it as they weren't even close to the actual number that i had stated, meaning they were moved.
The reason  that the summarised variable works, as all of the variables have an effect on each other already; this results in the summarised variable, though not 100%, still providing a large amount of accuracy.






[bookmark: _Toc1125263109]CONCLUSIONS AND RECOMMENDATIONS 
In conclusion, while working on this project, it was made clear how many factors affect their GDP growth rate outside of just the disasters themselves. And when looking at the GDP growth rate, how small changes can have massive repercussions on the GDP as a whole. Though I should have chosen a smaller-scale project, that also fit with my skills as the original proposal did. I understand the amount of information that would be needed to understand the growth rate, as well as the amount of data needed to make it truly accurate.  
My recommendations for this project would have been to begin by setting out Excel spreadsheets to quantify the variables down before making the code; I thought this wouldn't have been possible for this project on a project with great time and manpower. It would have resulted in a more accurate design, not only that but more errors, as I've discovered that the code had weaknesses that I didn't notice when testing due to the fact I hadn't pushed the bounds of the code.
It is also clear that different disasters have very different effects, mainly due to the scale, but even the largest tornadoes don't have the effect of terrorism due to the fact that other countries usually send aid to compensate for losses.    
As well as this, although this paper looks at the disasters strictly as statistics, it is crucial to make the connection to the ethical responsibility of the fact that you're talking about people's deaths and when an injury occurs.  
 




[bookmark: _Toc1598377281]REFLECTION
When creating this project, the aim continually shifted. This resulted in a massive amount of time wasted on unnecessary research. If I had the chance to redo this project, I would have more clearly focused on ensuring that the aims of the project were more clearly set at the beginning, as this project was originally an RTS game with a realistic economy, which shows how much it changed.  
When I look over all I've done and haven't been able to do, the thing that is most clear is that my time management for this project was very poor. This may have been in part due to the fact that the project changed halfway, but it is still something that needs to be worked on for future projects. 
This comes to my next point about the code: I have a lack of error handling, which would likely cause the code to fail with unexpected inputs. This is due to the fact that when I tested the code, I used a number that I would expect to be put in, but looking back, I should have spent longer correcting and testing the bounds.  
As well as that, I could have made the code cleaner if I had used classes to hold the variables rather than having them all in the main; this is another thing I would correct if I had managed my time more efficiently.
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