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INTRODUCTION
The Zombie Apocalypse has captured public imagination, interacting with real-world scares of
global pandemic and introducing the lay person to mathematical population modeling to predict
the consequences of outbreaks. However, the most common model, the venerable Susceptible-
Infected-Removed (SIR) model [2], poorly describes the course of a zombie apocalypse because
zombies act more like hunting animals than passive repositories of disease. In this poster we
use techniques of predator-prey modeling and model competition to uncover the mechanisms
driving a zombie apocalypse, using data collected from the Humans vs. Zombies (HvZ) game
of moderated tag played at USU in Fall 2011 [3] to judge competing models and determine most
likely mechanisms. Models were fit to data using minimum sum squared error (SSE) and judged
in relation to observations using Bayesian (Schwartz) Information Criterion.

HVZ: RULES GOVERNING THE CAMPUS APOCALYPSE (2011)
• Players divided: 846 humans, 15 zombies

→ No new humans

• Zombies attack humans

→ One new zombie per attack

→ Zombies never recover

• Hunting allowed from 7am to 9pm
• Academic buildings off limits
• Zombies starve without daily attacks
• One zombie gets credit per attack
• Humans can quit since human

population is calculated, not observed
• Humans fight back with Nerf guns

FAILURE OF SIR MODEL TO DESCRIBE HVZ
• Transmition modeled using Law of Mass Action
• Starvation equally likely for each zombie
• Effective model for measles, mumps, rubella

Ḣ = −aHZ
Ż = aHZ −mZ
Ṙ = mZ
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(a) Human Population (Hobs)
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(b) Zombie Population (Z)

Best fit of SIR model to 2011 USU HvZ data. Transmission via random encounter is inaccurate. The model
would predict virtually no survivors when in reality 30% of the population survives the apocalypse.

GOVERNING MECHANISMS FOR 28 MODELS

Attack mechanism A(H,Z)

Random Encounter aHZ Mass Action (SIR)

Saturation due to Prey ’Handling’ aHZ
1+athH

th = handling time

Zombie Competition for Prey aHZ
1+atcZ

tc = competition time

Handling & Competition aHZ
1+athH+atcZ

Effective Hunting Strategy a
(
H
H0

)θ
Z θ < 1 [5]

Strategy & Competition
a
(
H
H0

)θ
Z

1+athH+atcZ

Human Clumping aHZ(
1+

rAZ

kA

)kA kA >> 1→ humans evenly distributed [4]

Starvation S(H,Z)

Per-Capita Starvation mZ m = starvation parameter

Uneven Attack Distribution mZ(
1+

rSH

kS

)kS kS >> 1→ humans evenly distributed [4]

Quitting Q(H,Z)

None 0

Per-Capita Quitting qH q = quitting parameter

MODEL COMPETITION TO DESCRIBE DATA [1]
Distribution of Bootstrapped BICs
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All Other

Models
Strategy & Competition

BIC = -615

Human Clumping

BIC = -586

Competition

BIC = -576

Competition & Handling Time

BIC = -572

Results of 10,000 bootstrap samples indicate that the Strategy & Competition model performs better than its
closest competitor, the Human Clumping model, and much better than any other considered model. Best-
performing models ALL included Per-Capita Quitting and Uneven Attack Distribution among zombies.

FOUR MOST SUCCESSFUL MODELS

Attack Starvation Mechanism S(H,Z)

Mechanisms Q(H,Z) = 0 Q(H,Z) = qH

A(H,Z) mZ mZ(
1+ rH

kS

)kS mZ mZ(
1+ rH

kS

)kS
aHZ -163 −179 −414 −223

aHZ
1+athH

−159 −193 −410 −409

aHZ
1+atfZ

−377 −534 −464 -576

aHZ
1+athH+atfZ

−373 −526 −400 -572

a
(
H
H0

)θA
Z −435 −484 −437 −480

a
(
H
H0

)θA
Z

1+atfZ
−437 −561 −471 -615

aHZ(
1+ rZ

kA

)kA −391 −524 −469 -586

Plotted below are the four
most successful models
compared with data.
Each of the four includes
per-capita quitting and
non-random distribution
of attacks among zombies;
the best model (red) re-
flects better-than-random
hunting strategy as well
as competition among
zombies for human prey.
BIC ranged from -572 to
-615 for these models; by
comparison the BIC of the
best fitting SIR model was
only -163.
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(a) Human Population
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(b) Zombie Population

MODELING HVZ AS A PREDATOR-PREY SYSTEM

Ḣobs = − A(H,Z)︸ ︷︷ ︸
Zombie attacks

, Ḣ = − A(H,Z)︸ ︷︷ ︸
Zombie attacks

− Q(H,Z)︸ ︷︷ ︸
Human quitting

, Ż = A(H,Z)︸ ︷︷ ︸
Zombie attacks

− S(H,Z)︸ ︷︷ ︸
Zombie starvation

Models are fit to data by minimizing

SSE =
N∑
n=1

((
Hobs(tn)−Hn

)2)
+

N∑
n=1

((
Z(tn)− Zn

)2)
over the space of relevant parameters using fmincon in MATLAB.

BAYESIAN INFORMATION CRITERION [1]
BIC is an info-theoretic metric balancing goodness of fit and model complexity as measured by
number of parameters; lower BIC is better. For N data points and K parameters

BIC = 2N ln(2πσ2) +
1

σ2

N∑
n=1

(
(

data︷︸︸︷
Zn −

prediction︷ ︸︸ ︷
Z(tn,θ))

2 + (

data︷︸︸︷
Hn −

prediction︷ ︸︸ ︷
Hobs(tn,θ))

2
)

︸ ︷︷ ︸
goodness of fit

+ (K ln(N))︸ ︷︷ ︸
parameter penalty

CONCLUSIONS REGARDING HVZ MECHANISMS

Ḣobs =−
a
(
H
H0

)θ
Z

1 + atcZ

Ḣ =−
a
(
H
H0

)θ
Z

1 + atcZ
− qH

Ż =
a
(
H
H0

)θ
Z

1 + atcZ
− mZ(

1 + rSH
kS

)kS
Fitting of our best model gives parameter values of a = 1.39, tc = 51.74, θ = .36, m = .041,
rS = 8.59, ks = 1.48, and q = .017. From this we determine that zombies compete for prey,
as tc 6= 0. The game rules dictate that if a group of zombies attack a human only one zombie
registers a kill so this makes sense. Additionally, since θ < 1, zombies hunt with a strategy
that is more productive than random encounters. Further, since ks = 1.48 attacks are not evenly
distributed among zombies. Thus a minority of zombies are responsible for a majority of attacks.
Finally, humans are quitting the game at a rate of 1.7% of the population per game hour. Residual
variability seems to follow a diurnal cycle, with slightly higher attack rates later in the day. The
diurnal variability has not yet been explored but it may explain the small fluctuations of the data.
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