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The MPE Challenge 
ÅLearning to live sustainably on Earth is 

going to require enormous advances in our 

understanding of the natural world, the 

human world, and their inter-relationships. 

ÅTo acquire that understanding, progress in 

the mathematical sciences is essential.  

 

 

Dust storm in Mali 
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The MPE Challenge 
ÅThe human population is swelling toward 10 

billion. 

ÅAll of these people need food, clean water, 

housing, energy, health care, safety, (jobs), 

etc. 

ÅTo stay within the planetôs carrying capacity, 

we are going to have to be extraordinarily 

clever about how we use the earthôs resources 

and human resources. 

 

 

Dust storm in Mali 
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The MPE Challenge 

ÅNeed to understand 
ï Impact of our actions on environment 

ï How natural world functions 

ï How human processes function 

ï How we can deal with inevitable  

     changes coming 

ÅDoing so requires answering extremely 

complex, multidisciplinary questions in 

the emerging science of sustainability. 

ÅThat science requires the precise insights 

that the mathematical sciences provide. 
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NSF SEES: Science, Engineering, and 
Education for Sustainability 

Å National Science Foundation initiative begun 2009. 

Å I served on NSF Advisory Committee on Environmental 

Science and Education ï as a representative of the 

mathematical sciences 

Å The two-way interaction of human activity with 

environmental processes now defines the challenges to 

human survival and wellbeing. Human activity is 

changing the climate and the ecosystems that support 

human life and livelihoods.  
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NSF SEES: Science, Engineering, and 
Education for Sustainability 

Reliable and affordable energy is essential to 

meet basic human needs and to fuel 

economic growth, but many environmental 

problems arise from the harvesting, 

generation, transport, processing, conversion, 

and storage of energy. 
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NSF SEES: Science, Engineering, and 
Education for Sustainability 

Climate change is a pressing anthropogenic 

stressor, but it is not the only one. The 

growing challenges associated with  

    climate change, water and energy availability, 

emerging infectious diseases, invasive 

species, and other effects linked 

    to anthropogenic change are causing 

increasing hardship and instability in  

    natural and social ecologies throughout 

    the world.  
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ÅExperiment 

ïXx 

Åyyy 

US ï China Computer Science 

 Leadership Summits 
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US ï China Computer Science 
Leadership Summits 

ÅFall 2005: Peter Freeman (NSF Asst. Director) 

suggests US-China CS Leadership Summit 
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Beijing, June 14-15, 2010 



11 

The Third Summit:  
ÅMinisymposium on CS & Sustainability 

ïDiscovery of patterns in global earth science 

data, including challenge of climate change 

ïUse of CS methods to track & decrease 

energy use 

ïUse of PDAs to encourage green behavior 

ïCS & design of ecosystems 

 

 Symposium organizer David 

Shmoys provided overview 
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Mathematics of Planet Earth 2013   
ÅA joint effort initiated by North American 

Math Institutes: MPE2013 

ÅBut the problems of the planet are world-

wide problems. 

ÅMore than 100 partner institutes, societies, 

and organizations in UK, France, South 

Africa, Japan, and all over the world 

Åwww.mpe2013.org 
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Mathematics of Planet Earth 2013   

ÅActivities world-wide throughout 2013 

ÅSponsorship by UNESCO 

ÅSupport from Simons Foundation 

ÅWorkshops, tutorials, competitions, 

distinguished lectures, educational programs 
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Some Themes of MPE2013+ 
ÅMPE continues beyond 2013: MPE2013+ 

ÅThemes: 

- Global Change 

- Sustainable Human Environments 

- Natural Disasters 

- Management of Natural Resources 

- Data-aware Energy Use 
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Theme 1: Global Change 
ÅThe planet is constantly changing. 

ÅBut the pace of change has accelerated as a 

result of human activity: 

- Construction and deforestation change 

habitats 

- Over-fishing reduces wild populations 

- Fossil fuel combustion leads to atmospheric 

greenhouse gas buildup 

- Commerce and transport introduce non-

native species.  
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Global Change 

ÅWe need to: 

- Monitor global change to understand 

processes leading to change 

- Learn how to mitigate and adapt to its effects 

- Determine if we are meeting goals for our 

planet 

- Get early warning of dangerous trends 
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Global Change 
ÅThe Age of Observation: 

- The unprecedented amount of data about 

health of the planet provides great 

opportunities but also poses immense 

challenges 

- How do we choose what to observe and what 

data to save? 

- What are appropriate sampling and 

monitoring designs? 

- How to reconcile so many different variables 

with so many different spatiotemporal 

characteristics? 
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Global Change 
ÅEffects of Global Change: 

- Goal is not so much to describe the many 

effects of global change as to understand: 

ü Interface between change in one sector on 

another ï e.g.. to understand Lyme 

Disease spread into Canada, need 

understand tick life cycles, bird 

migrations, climate change 

üRisk-based comparison of alternative 

adaptation and mitigation strategies ï e.g., 

for control of invasive species or for more 

severe weather. 
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Climate and Health 

ÅSome early warning signs: 

ï Malaria in the African Highlands 

ï Dengue epidemics along the 

   Rio Grande & in Brazil 

 

 

 
 

Dengue Fever 
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Climate and Health 
ÅSome early warning signs: 

ï Cholera affected by sea surface temperature 

ï Increase in Lyme disease in Canada 

ï St. Louis Encephalitis (Florida outbreak) 

ï Animal and plant diseases too 

ïComplex interaction among climate, life cycle of 

hosts and vectors, migration patterns, etc. 

 

 

 
 

cholera Tick carrying Lyme Disease 
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Malaria  

ÅThe challenge of climate change: Malaria springs 

up in areas it wasnôt in before. 

ÅHighlands of Kenya 

ÅPotential for Malaria in the US ï Texas, Florida, 

Washington, é 

ÅA project at Morgan St. 

ÅA key role for modelers: 

Aid in early warning: 

Surveillance. 
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Theme 2: Sustainable Human 
Environments 

ÅIn 1900, only 13% of the worldôs population 

lived in cities. 

ÅBy 2050, it is predicted that 70% will.  

 

 

Dust storm in Mali http://citadel.sjfc.edu/students/rnr00577/e-port/msti260/urban.htm 
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Sustainable Human Environments 
ÅRapidly growing urban environments present 

new and evolving challenges: 

- Growing needs for energy and water 

- Impacts on greenhouse gases 

- Public Health 

- Safety 

- Security 

ÅAs rapid city expansion continues, 

mathematical scientists can play key roles in 

shaping sustainable living environments ï in 

collaboration with scientists from many fields 

 

 

Dust storm in Mali 
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Sustainable Urban Environments 
ÅOne Example: Safety and Security 

ÅMath Science Challenges: 
- Understanding crime patterns and deploying police 

- Modeling evacuations from large gathering places 

(stadiums, transportation hubs) 

- Inspection procedures for people entering 

restaurants, stores, stadiums, transportation hubs 

- Location and optimization of new security 

initiatives: cameras, barricades, street closures 

- Role of randomization 

- Interface between security and commerce 
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Sustainable Urban Environments 
Å One Example: Safety and Security 

Å We did a project in Lower Manhattan near World 

Trade Center 

Å What is effect of putting access control into apartment 

buildings? Metal detectors in front of Barnes and 

Noble? Bag inspections at subways?  

Å Got us to inside of NYPD Lower Manhattan Security 

Initiative Command Center and new WTC complex. 

 

 



Example: Safety and Security at 
Sports Stadiums and Other 

Large Gathering Places 

26 

Å I have worked with all major sports leagues: MLB, 

NFL, NBA, NHL, USTA, NASCAR, Special 

Olympics, LA Coliseum 

 

 



Itôs Gotten Me and Our students to Some 
Interesting Places 

ÅTo 50 yard line MetLife Stadium 

with DHS Deputy Under Secretary 

Dan Gerstein and to sideline to see 

Tom Brady warm up 

ÅProgressive Field, Cleveland 

ÅTraining First Responders at USA 

Special Olympics 

 



Security at Sports Stadiums & 
Large Gathering Places 

ÅExample: safety and security at sports stadiums 

and other gathering places. 

ÅExample: modeling and simulation of sports 

stadium evacuation (in collaboration with Regal 

Decision Systems) led us to close collaborations 

with NFL security and stadium operators. 

- Worked with 6 NFL stadiums and  

      Indianapolis Super Bowl 

- Work applied during lightning  

      storm at an NFL stadium 
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Security at NFL Stadiums 
ÅExample: Inspection of entering patrons 
ïModeling 

ïData Analysis 

ïSimulation 
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Stadium Inspection: Data Issues 

ÅNFL asked all stadium security operators to 

perform 100% wanding of patrons. 

ÅThis didnôt always work. Close to kickoff time, 

lines got too long. 

ÅMet with NFL Security 

ÅBegan analysis of security procedures at one 

stadium 
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ÅStarted by looking at three types of inspection in 

use at NFL stadiums; later worked with all major 

sports leagues (MLB, NBA, NHL, MLS, etc.) 
ïWanding 

ïPat-down 

ïBag inspection 

ÅObserved stadium inspections and gathered data 

about each type of inspection, in particular how 

long it takes 

32 

Stadium Inspection: Data Issues 



Stadium Security: Simulation as a 

Planning Tool 

ÅWalkthrough Metal Detectors 

üWhen wanding wasnôt sufficient, the NFL started 

to investigate use of walkthrough metal detectors 

like those in airports. 

üSame now for MLB 

 

33 

33 



Stadium Security: Simulation as a 

Planning Tool 

ÅWalkthrough Metal Detectors 

ÅWe are in the process of analyzing the strategy of 
going to 100% use of walkthrough metal detectors 
(WTMDs) 

ÅIssues: 
ïProject number of WTMDs needed to deal with largest 

expected throughput challenges 

ïObserve time required for throughput 

ïModel physical location 

ïConsider effect of weather on performance 

ïObserve how WTMDs work in less than ideal 
conditions 
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CEIA Robotic Tester 

Invitation to Use it for Testing  

35 

Proprietary 



CEIA Robotic Tester 

Invitation to Use it for Testing  
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Proprietary 

Proprietary 



Stadium Security: Simulation as a 

Planning Tool 

ÅSimulation modeling ï strategic planning:  

üBased on the information obtained from the data 

collected during in-person observation and video 

analysis, we have developed a simulation of 

entrance queues. 

üUsing the data from actual distributions, we have 

used the simulation to evaluate the speed and cost 

of inspection for various alternative policies. 
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The Simulation Model 

Most of the parameters can 
be obtained by choosing a 
representative game 
 

Å Parameters 
ï Arrival rates 

ï Number of lanes 

ï Wanding times 

ï Pat-down times 

ï Magnetometer times 

 

Å Screening Strategy 
ï Switching inspection type 

(Y/N) 
Å Number of patrons in 

queue to switch the 
process, or 

Å Time of switch 

ï Does phase 2 include 
randomization? (Y/N) 
Å Ratio of patrons in each 

type of inspection in the 
randomization 

 

 

The model output file includes: 
 

ï Total Arrivals 

ï Total Arrivals @ kickoff 

ï Maximum number in Queue 

ï In Queue @ kickoff 

ï Queue clearance time 

ï Screening switch time 

ï Number of patrons inspected by different 
procedures 

ï Max Waiting Time per patron 
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Stadium Inspection 
ÅOther Key Security Issues with Math Sci 

Challenges: 

- Access control 

- Credentialing         

- Perimeter control 

- Communications    

- Training and exercising 

- Transportation access  

-  Cyber security   
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Security at Sports Stadiums & Large 
Gathering Places 

ÅI am also working with Port Authority of New 

York and New Jersey on simulation of crowd 

movements 

ÅPort Authority Bus Terminal in NYC has major 

crowd movement issues, especially in case of 

emergencies. 

 

 

Credit: wnyc.org 
Credit: cityroom.blogs.nytimes.com 
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Security at Sports Stadiums & Large 
Gathering Places 

ÅPort Authority Bus Terminal in NYC: worldôs busiest 

bus terminal 

Å 225,000 riders and 8,000 bus movements per day 

Å Critical transit facility to move people between NYC 

and NJ 

Å Central part of any emergency evacuation scenario for 

Manhattan  

 

 

Dust storm in Mali 
Credit: online.WSJ.com Credit: Wikipedia 
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Theme 3: Natural Disasters 

ÅStorms, Hurricanes, Tsunamis 

ÅEarthquakes 

ÅTornadoes 

ÅForest Fires 

ÅFloods 

ÅEpidemics 
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Natural Disasters 

ÅWe anticipate an increase in number and severity of 

extreme events due to global warming. 

ÅMore heat waves. 

ÅMore floods, hurricanes. 
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Hurricanes 

Irene hits NYC ï August 2011 
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Hurricanes 

Irene hits NYC ï August 2011 
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Hurricanes 

 Irene hits NYC ï August 2011 
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Hurricanes 

Sandy Hits NJ Oct. 29, 2013  

  

 

 

 

 

 

 

             My backyard       My block 
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Hurricanes 

Sandy Hits NJ Oct. 29, 2013  

  

 

 

 

 

 

 

             My neighborhood              My block 
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Hurricanes 

Sandy Hits NJ Oct. 29, 2013  

  

 

 

 

 

 

 

      NJ Shore ï from Jon Miller         
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Hurricanes 

Future Storms 

ÅTo plan for the future, what do we need to do? 

ÅHow can we use mathematical modeling, 
simulation, and algorithmic tools of risk 
assessment to plan for the future? 

ÅTo plan for more extreme events 

ÅTo plan for rising sea levels 
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Hurricanes 

ÅUsing mathematical modeling, simulation, and 

algorithmic methods of risk assessment to plan 

for the future: 

- What subways will be flooded? 

- How can we protect against such flooding? 
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Hurricanes 

ÅUsing mathematical modeling, simulation, and 

algorithmic methods of risk assessment to plan for 

the future: 

ï  What power plants or other 

 facilities on shore areas will 

 be flooded? 

- Do we have to move them? 
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Hurricanes 

ÅUsing mathematical modeling, simulation, and 

algorithmic methods of risk assessment to plan for 

the future: 

ï How can we get early warning to citizens that they 

need to evacuate? 

ï How can we plan such evacuations effectively? 
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Hurricanes 

ÅUsing mathematical modeling, simulation, and 

algorithmic methods of risk assessment to plan for 

the future: 

ïHow can we plan placement of utility lines to minimize 

down time? 
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Hurricanes 

ÅUsing mathematical modeling, simulation, and 

algorithmic methods of risk assessment to plan for 

the future: 

ïHow can we plan for getting people back on line after 

a storm? 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Bringing in help from out of state 
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Hurricanes 

ÅUsing mathematical modeling, simulation, and 

algorithmic methods of risk assessment to plan for 

the future: 

ïHow can we set priorities for cleanup? 

  

 

 

 

 

 

 

 

 

 

 

 

 

 


