The dangers we are likely to face:

1977- approximately 72 hours after the initial outbreak, smoke can be seen in the distance billowing out from dozens of fires around town. Sirens are barely audible over the screams of the living, and the groans of the undead. The streets are filled with abandoned cars, debris, and the bodies of the dying and undead.  

Social order had collapsed; all forms of communication with the outside world had been cut off.  The dead were no longer dead; but were converted into monsters with but two purposes: kill, eat, and consume all living flesh,  and to transmit the Solanum virus to new human hosts to increase the ranks of the undead.

That was the conditions faced by the community of Monroeville Pennsylvania during the last large scale outbreak of Solanum. Tens of thousands died before the disease was contained and it's undead carriers were destroyed. Of the dead, a surprisingly small faction died due to direct confrontations with the undead. Most died from exposure, starvation, and other conditions relating to the collapse of basic infrastructure.

Though Solanum is nothing new; indeed there have been recorded outbreaks from at least 500 BC from Hano of Carthage journey around africa (Brooks 184). However there had only been one large scale outbreak before Monroevile where a society survived and rebuilt. This outbreak happened in 121 AD In a Roman occupied territory, now known as Scottland. That outbreak was contained by military intervention by a prepared Roman army; and the zombies never made it to any Roman controlled townships.

Monroevile presents us with a unique opportunity in all of history: the chance to see what we would face in a full scale outbreak that manages to impair or collapse our social infrastructure. After reviewing records and interviewing survivors, it can clearly be seen that most of those that did survive and eventually rebuilt the community had been those most prepared for disaster. 

The Monroevile  outbreak has since been contained. However, reports of a newer, more infectious strain of the Solanum virus has since broken out in pockets New York City amongst the homeless population. This new strain seems to keep the bodily fluids from congealing, dramatically increasing the risk of infection from splatter when encountering gouhls. Unfortunately, the government has been slow to react as they have been in the past with all issues involving the homeless. In light of this new potential outbreak, it is now more imperative then ever to prepare. 

For those who wish to discount the records of historic outbreaks as fantasy, or as over blown; living in Massachusetts we not only face the risk of a zombie uprising caused by another outbreak of Solanum; but we live near a tectonic fault line, which has thankfully been inactive, but could spring to life at any moment; live under a jet stream that connects the Gulf of Mexico to Canada, which presents risks of  tornadoes (one hit in through Worcester county in 1953, killing nighty-four, injuring more then  1,200, and leaving over ten-thousand homeless), tempests, and hard blizzards; all of which could be sever enough to strain or shut down societies infrastructure (Suburban, “The 1953”).

It is therefore a wise, and it could be argued a necessary, precaution to prepare now for the many eventual disasters that could suspend or end society and it's infrastructure. This paper looks primarily at what to collect for a survival kit long before a Solanum outbreak to increase your chances of surviving the following: combat and encounters with the undead, preventing starvation and malnutrition diseases, and surviving exposure to the elements over what we feel is a reasonable span of time to prepare for.

The scale and scope of this paper leaves us to need to make some assumptions and simplifications in order to produce a mathematical model; and in the following sections we will discuss the assumptions and simplifications we made and the various mathematical models used.

Starvation and Malnutrition Model:

There are many diseases and illnesses that humans can face from inadequate intake of nutrients; a problem faced by people from around the globe; but that we have thankfully little personal experience.

Most ailments result from inadequate intake of what are known as “micronutrients;” most commonly known as vitamins and minerals. Our bodies store excess amounts of vitamins and minerals inside our various tissues and bones for spans of time when we can get little of these necessary items. And having lived in America, most of us have a large supply that will take a fair while to deplete.

Over the counter “multi-vitamin” tablets include virtually every one of these micronutrients that the human body needs; though they are not as well absorbed and as well utilized and tolerated as natural, in food, sources of vitamins and minerals.

One simplification and assumption that we will make is that a person who previously lived with good nutrition for ears before a disaster, and taking a multi-vitamin pill with an DHA omega-3-fatty-acid supplement is highly unlikely to face any malnutrition ailments from an inadequate supply of micronutrients during a reasonably long span of time; longer then we are modeling for the survival kit.

So; under those assumptions the only risk is from inadequate intake of “macro-nutrients;” general food energy from fat, protein, and carbohydrates (abbreviated as “Carbs”); and water. Since there are many streams around the Pioneer Valley; including an reverse osmosis water filtration pump, there should be ample easily available water sources that will far exceed our needs. 

So the risks of starvation breaks down into the following:

1. Getting adequate energy to allow our organs to function enough to deplete our energy stores and convert lean muscle mass into necessary energy. Without an adequate energy as a catalyst, the human body will simply shut down without doing this.

2. Getting adequate fat to allow many processes to function, including those related to digestion. Without adequate fat a person is substitutable to many malnutrition diseases including, including depression as key fats are necessary to maintain neurons (Whiteny 156).

3. Getting adequate protein. Without enough protien in a person's diet they can suffer from from diseases like Marasmus and Kwashiorkor (though these are most common in children); along with a host of other diseases (Whiteny 198-199).

4. Getting adequate carbohydrates. Without enough carbs, your body has to convert muscle mass and protein into stand in compounds to function; these stand in compounds create toxic byproducts that can build-up and eventually cause permanent damage, a condition known as Ketosis (Whiteny 115-116).

The model selected starts with a base threshold for each nutrient and a desired level based off of dietary guideline recommendations. If a person's daily intake is bellow the threshold, we believe that they will face a 100% chance of coming down with the associated malnutrition disease, and face probable death in our selected time frame, and thus have a 0% chance of survival. If a person eats the threshold amount daily, we are estimating a 50% chance of not coming down with that particular malnutrition disease and thus have a 50% chance of surviving from a lack of that particular macro-nutrient of raw energy intake.

Conversely, if the person meets or exceeds the desired level of intake for the particular macro-nutrient or raw energy they have a 0% chance of getting a malnourishment disease related to it's intake and an 100% chance of surviving a lack of that macro-nutrient.

But our model makes an assumption that there is a diminishing return for each unit of macro-nutrient consumed and a person's chance of surviving malnourishment of that disease. We model the chance of surviving malnourishment for each macro-nutrient with the following equation:

Threshold: this is the base amount that give you a 50% chance of averting malnourishment.

Desired: this is the desired about of the macro-nutrient for a person to get or exceed in their diet, and the level that give a 100% chance of averting malnourishment.

Survival: the chance of surviving in decimal form, with 1 being 100%.
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The Threshold level is based off of limited surviving reports of Nazis concentration camp experiments. Looking for ways to be economical while butchering the enslaved and abused populations, those butchers looks for just such a threshold level to save money on food to feed their victims to use them as forced labor before murdering them.

Few antidoteal records remain of the exact amount; but it seems that the Nazis would serve captives about 450 Cals a day. So we used 500 Cals as the base threshold for raw energy.

The thresholds for the other macro-nutrients are similarly based off of this 500 Cal ratio.

Thresholds:

Raw Energy: 500Cal.

Protein: 50grams/day. This threshold was taken as forty percent of five-hundred Cals at an energy density of four Cals per gram.

Fat: 22grams/day. This threshold was taken as forty-percent of five-hundred Cals at an energy density of nine Cals per gram

Carbs: 25grams/day. The carbohydrate threshold was taken as twenty-percent of five-hundred Cals at an energy density of four Cals per gram.

The desired-level is a highly personal ratio that each person should enter into this spread sheet and re-run the solver to customize it. We took a very high energy level since both authors are male and we are expecting to have to expend a lot of energy in flight and combat against zombies. This level we are taking at three-thousand calories per day.

The other desired-levels of macro-nutrients are based off of the raw energy per day desired-level, using ratios suggested by the FDA.

Desired-Levels:

Raw Energy: 3000 Cals/day

Protein: 112.5grams/day. This is based off of fifteen-percent of a three-thousand-calorie intake at four calories per grams.

Fat: 66.7grams/day. This is based off of twenty-percent of a three-thousand-calorie intake at nine calories per gram.

Carbs: 25grams/day. The carbohydrate desired-level is based off of a twenty-percent of a three-thousand-calorie intake at four calories per gram.

In the spreadsheet and solver, the protein, fat, and carbohydrate desired-levels are determined dynamically, and are derived from the raw-energy desired-level set for the person; making customizing the results for each person relatively easy.

Zombie Combat:

This the most dramatic risk during a Solanum outbreak: dealing with the highly infectious, reanimated carriers of the plague; fighting for your life from the walking dead whose only purpose is to consume living flesh and infect new humans.

As said before, there is evidence of a new mutation in the Solanum virus that makes it more dangerous; a rare strain that does not congeal the bodily fluids, but keeps them flowing, making for dramatically easier transmission.

For the purposes of this project combat has been modeled in three levels; long range, short range, and melee. Each weapon is given three ratings for the purpose of modeling: “Killing Rate,” Max Effective Range, and “Attraction Risk.” Additionally we are giving one likely value to the zombies themselves; “Z-Speed,” an estimate of how fast an freshly reanimated ghoul without significant bodily trauma can travel: about 230 feet per minute (Ma 27).

Killing Rate is an estimate of how quickly our experts think the weapon could dispatch a zombie; and it is based off of three estimated values. “Hit Chance:” this is an estimate of how likely a novice would be able to make a necessary strike to an undead assailant's head, and this is given as a percentage. “Destruction Chance:” this is an estimate of how likely that successful strike to the head would cause enough trauma to sufficiently destroy the ghouls gray and white brain matter to cease its reanimation and render it inherit.

Max Effective Range is practically self explanatory; it is a range estimate from the consulted experts for the greatest distance a novice would likely to be able to dispatch a ghoul where the Killing Rate estimate would hold reasonably true.

Attraction Risk is a tricky value to determine. It is an estimate of how likely the use of a particular weapon is to attract another undead assailant from the sounds and flash from its use. Zombies are run by instinct, and when newly reanimated, hear and see about as good as a regular human. When they hear sounds or see light, they explore the source in search of prey. So each time a gun is fired, there is a risk that an undead will hear the crack or see the muzzle flash. This risk is an estimate of how likely each attack with a particular weapon is to attract a zombie, divided by how likely an attack is to kill a zombie (Hit Chance x Destruction Chance). We feel this yields an estimate of how likely you are to attract another zombie for each zombie you kill with the weapon.

Since we are modeling combat off of a full infestation of Solanum victims, we will assume that zombies attracted by the use of a weapon will come from outside your field of focus while engaging the original oncoming attackers. So zombies you attract you will not be engaging until the next level of combat.

Combat will be simulated in three ranges: Long Range, Short Range, and Melee.

Long Range focuses on the longest range weapon that is in the kit. The added range provides safety from infection and gives you more time to kill your enemy before they can close range. This is combat where you take a static position and shoot at your undead opponents from a very safe and long range. Long range combat ends when it is estimated that zombies will start entering into Short Range combat range.

We are modeling this combat for the number of zombies killed as follows:
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Up to the total number of zombies you are facing in Long Range combat.

The amount of zombies attracted to you from long range combat we modeled as:
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The number of zombies that a survivor is then likely to face in short range combat is the number of total zombies that were engaged, less the zombies killed at long range, and with the addition of the zombies attracted from the noise of fighting at long range.

Short Range combat is similar to Long Range combat except that you are “backpedaling;” that is backing up to get more space between your undead adversaries between shots. One thing to note is that your ability to backpedal is based off of a fraction of a normal walking pace (selected to be thirty feet per minute), and the weight a person is carrying. We modeled that you are engaging in short range combat when zombies are between seventy-five and five feet from you. When a ghoul gets within five feet of you, we are modeling that you'd switch to using your Melee weapon.

We are modeling Short Range combat for the number of ghouls killed as follows:
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Up to the total number of zombies faced in short range combat.

The number of zombies attracted from close range combat is similarly modeled to the number of zombies attracted from long range combat, and is as follows:
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The number of Solanum carries is then likely to face in close-quarter melee combat will then be the number of zombies a survivor engaged in short-range combat, less the number of zombies killed in short-range combat, and with the addition of zombies attracted from the noise of fighting at short-range.

Melee is close quarters combat with a hand-held weapon. The remaining zombies faced in melee combat are those who were lucky enough to get by the short and long range barrages. 

This is the only form of combat in which Solanum is likely to be transmitted; and it can be transmitted in one of three ways: infectious-fluids form a ghoul can splash into a survivor's eyes or mouth, an undead-combatant can bite into the survivor, or infectious-fluids can splash onto an open wound of a survivor. If a person was going into combat naked against a single ghoul, we are estimating there is about an 50% of any of these fatal events happening within a span of ten minutes.

The other risk is actually being beaten to death by a ghoul or by accident, such as tripping and knocking your head against the ground. The actual risk is somewhere near one tenth of a percent.

Protective clothing and armor affects the risk of contracting Solanum by reducing how likely a ghoul is able to scratch or bite into the flesh of a survivor. We are giving a rating for this as a range from 0 to a max of 50% protection from the undead; and are calling this value “Armor.”

So a persons chance of surviving a single ten-minute encounter with a single zombie is modeled as a fraction out of one as:
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We then modeled the risk of engaging with a single zombie for a time different then ten minutes as:
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The melee Kill-Rate is an estimate of how many zombies you can kill in a minute. So it's inverse (1/Kill-Rate) should be how long it takes to kill a single Zombie. So the time fighting a single zombie would be modeled as follows:
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Modeling combat against more then one ghoul is a far messier business. Let's assume that a survivor is fighting two undead assailants for ten-minutes. His chance would be the chance of surviving the first time surviving the second:
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And similarly for fighting three it becomes:
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A survivor's chance of surviving facing Z number of zombies in combat for ten minutes, without killing any zombies becomes:
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Now if a survivor was to fight Z number of ghouls till one was killed, his chance of surviving would then be modeled as:
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Now a survivor having faced Z number of zombies would still have to contend with the remaining ghouls; this leads to the following model:


[image: image13.emf]0.499Armor

Z×Z1

2

×

1

10minutes×KillRate

⇒0.499Armor

Z×Z1

10minutes×KillRate


The specific Armor value used in this equation is an average of how protected a survivor's body is, weighted by how likely that part of the body is to be damaged and infected by a zombie attack. Our model is assuming the new strain of Solanum where bodily fluids do not congeal, and the risk of infection from fluids splattering in the eyes or mouth is very high. We broke up the body with the various weighted risks:

· Head: 16%

· Arms: 32%

· Hands: 32%

· Torso: 4%

· Legs: 8%

· Feet: 8%

And armor is given as a rating of 0 to 0.5; with 0.5 being complete protection from zombie attack.

Scavenging, Gathering, and Hunting:

With limitations on weight imposed by the realities of what a survivor could carry, it becomes an obvious reality that a person could not carry all their food needs for a prolonged period of time. So out of necessity it will be important to collect food while in flight and in hiding from zombies until the outbreak passes. While gathering supplies, a survivor is likely to attract the undead to their location; and the model for this will be discussed shortly.

Food gathering is broken down into three main categories: hunting, using ranged weapons to kill game-animals for food; gathering, harvesting various roots, nuts, berries and other plant foods from the country-side; and scavenging, gathering supplies from the remains of civilization.

To model these three methods of food gathering, we created four new values: Optics, Cut, Pry, and Chop.

Optics refers to the magnification on any device, such as binoculars, telescopes, or gun sights; and is a ratio based off of a 24x max power.

Cut refers to the ability of a survivor to cut things up; with a max of 24 for a strong blade that cuts with surgical precision.

Pry refers to how well an item would allow a survivor to pry open large objects, like creates and doors; and is based on a max of a 24x mechanical advantage.

Chop refers to the ability of a survivor to chop up items; such as chopping off sections of a tree or breaking through a barricaded door frame; and is based off a ratio out of 24, with 24 being equivalent to using a fire-ax..

Hunting:

The food gathered from hunting is related to how much ground a survivor can cover, how likely they are to spot game-animals, and how likely they are to kill that animal with their weapon. As an equation we modeled it as:
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The exposure part of our objective function outputs the probability of survival due to the elements. We figured there are 2 ways to die when not protected by shelter: heat exhaustion and exposure. Since these two ways of death are caused by several factors other than just temperature, several assumptions have to be made. 

First, we have to assume that the risk of heat exhaustion is only likely to occur during the hottest months. Similarly, exposure is a risk only during the coldest months. Both of these risks are changed by any precipitation. In the summer, precipitation would cool you down and reduce the risk of heat exhaustion. Precipitation in the winter (snow if we’re at risk of dying from exposure) lowers the probability of surviving (raising the risk of dying). Exposure also depends on the amount and type of clothing worn.

Other assumptions being made are that you are alone (no zombies), you’re without shelter, and you aren’t hunting or gathering supplies. Shelter greatly decreases any risks involved with being exposed to the elements and would essentially put the probability of surviving near %100 (what fun is that?). Hunting and gathering raises body temperature and would result in a decreased risk of dying in winter months and an increased risk in the summer. These assumptions either are too difficult to model accurately, or affect the overall probability too much to include. 
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