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Engineering Systems

Engineering systems are 
characterized by a high 
degree of technical and 
social complexity and they 
aim at fulfilling important 
functions in society.

de Weck OL, Roos D, Magee CL. Engineering 

systems: Meeting human needs in a complex 

technological world. MIT Press; 2011.



4

19th Century

Timeline

20th Century

21st Century

22nd Century ?

Industrial Revolution

“Great Inventions”

Automobile
(1880)

Telephone
(1876)

Lightbulb
(1870)

Other “spines”

Aircraft (1903)
Airports
Air Transport

Vaccines (1796)
Hospitals
Health Care
System

Etc…

Engineering
Systems

Plug-Ins, Outages …

World Population

1 Billion

18th Century
0.7 Billion

2.5 Billion

7.5 Billion

10+ Billion?

Highways
(1950)

PSTN
(1880)

Electrical
Power
Grid

Transportation
(2000+)

Communications
(2000+) Energy

(2000+)
Air

Internet

Rail

Satellites

Nuclear

Solar, Wind
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Flights / Aircraft 
flows

Latent Demand

Infrastructure

Passenger Flows

Wide Body Jets Narrow Body Jets Regional Jets

Business Jets Turboprops Light Piston

Wide Body Jets Narrow Body Jets Regional Jets

Business Jets Turboprops Light Piston

Spatial Decomposition 

Air Transportation: A typical Engineering System

Adapted from: Bonnefoy P. , "Scalability of the Air Transportation System and Development of Multi-Airport Systems: 

A Worldwide Perspective ", PhD Thesis, MIT, Engineering Systems Division, 2008

System Performance and Other Issues
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Capacity 
Inadequacy

Passenger Traffic
- RPMs, RPKs, 
-Passenger counts
- Piggyback cargo (tons)

Aircraft Traffic
-Flight counts
-Airport operations

Infrastructure
-Airport count
-Airport capacity
- Enroute capacity

Intermodal
Transportation

Transportation Demand
- Price of fuel ($/gal)
- Competition (car, train)
-- Seasonal variations

Airline Competition

Emissions

Safety Accidents

Value to
Society

Highway and
Rail Renewal

Delays

Pollution

Bankruptcies
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Impact of COVID-19 on Aviation
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COVID-19 as a Complex System

https://onlinelibrary.wiley.com/doi/full/10.1002/sys.21557

https://onlinelibrary.wiley.com/doi/full/10.1002/sys.21557
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COVID-19 as a Complex System

de Weck O, Krob D, Lefei L, Lui PC, Rauzy A, Zhang X. Handling the COVID-19 Crisis: Towards 

an Agile Model-Based Systems Approach., Systems Engineering, Sept 2020
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Classical Compartment Models: SIRD

Scenario 0:

Population is modeled as a 

single compartment with a 

homogenous population where 

statistically everyone is equally 

likely to interact:

S – susceptible

I – infected

R – recovered

D – dead

Nominal Population Size:

100,000

10 average daily contacts

2.5 % propagation probability

Disease duration: 14 days

Lethality: 4% 

No government intervention
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Looking at the real numbers

>20 

cases
Stay-at-

home
Schools 

closed

Source: Magliarditi, Morgan, Moraguez et al.
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COVID-19 propagating across a Barabási-Albert social network

https://en.wikipedia.org/wiki/Barab%C3%A1si%E2%80%93Albert_model

https://en.wikipedia.org/wiki/Barab%C3%A1si%E2%80%93Albert_model


12

COVID-19 Simulated Scenarios with SIRD compartment model

Scenario analysis with

SIRD model for assessing

total human and 

economic damages: 

n number of daily

contacts, 

r probability of infection, 

t fraction of population 

infected to trigger 

confinement, 

e fraction of population 

adhering to confinement, 

d delay to confinement 

start, g confinement 

duration, t duration of 

epidemic, total number of 

deaths, lost work in 

millions $M, and total 

damages including lost

human lives and lost work

in billions $B

N=100,000 population size
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Response with strong intervention

Scenario 5   Strong Government Intervention and high (but 

not perfect) compliance. Confinement: starts after 5 days, 

duration for 30 days, 83.5% compliance

Example: Singapore (population 5.6M)

229 days
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Value of a Human Life and COVID-19 Interventions

• Perhaps the biggest ethical issue around such tradeoffs is that it would require placing an explicit economic 
value on human lives, as discussed for instance in [34].

• The average value of a human life lost is $1 million (in our paper). This is a nominal assumption somewhere 
between the 3 years of GDP/capita/year recommendation made by the WHO for evaluating medical 
interventions at the low end (this would be about $200,000 based on the $63,000 GDP per capita in the 
U.S. in 2018) and the ~$8-10 million value of a statistical human life used by U.S. government agencies such 
as the Federal Aviation Administration (FAA) (or EPA) at the high end

Source:

https://www.bloomberg.com/graphics

/2017-value-of-life/

$1M



15

Scenario 0: Economic losses scenario 0 

total $4.38B due to 4% lethality

Scenario 5: Economic losses scenario 

5 total $1.22B with a lethality of 0.5%

[…] looking at the total losses including the value of human lives lost (valued at $1M each), 

scenario 5 only incurs 27.8% of the losses of the “do nothing” baseline. In order for a government to 

justify scenario 0 over scenario 5 it would have to implicitly value a human life lost at less than 

$108,600 – only about 10% of the nominal value - which is the marginal difference in the economic 

loss of work divided by the difference in lives lost due to the epidemic

Do Nothing Strong Intervention

Comparing Scenario 0 and 5 in terms of total losses
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Message: We need a “C4ISR” systems for pandemic management

COVID-19 crisis, which is 

a crisis of models. The 

global community is 

indeed focusing on short-

term health-specific 

models to better master 

the crisis, but these 

models are inadequate as 

soon as one wants to 

address the crisis from a 

longer-term society-wide 

perspective which requires 

systemic models. 

F I G U R E 1 1 

Proposal of generic 

systems architecture 

layers for a COVID-19 

decision-aid system 
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Global System-of-Systems
大域的「システム・オブ・システムズ」
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Transportation 
Systems
輸送

Energy 
Systems
エネルギー

Communication
Systems
通信

Nature

Humanity

Agricultural  
Systems
農業

Industrial
Production

Systems 工業生
産

Water Management
Systems
水管理

Health Care
Systems
医療

Educational
Systems
教育

Financial
Systems
財政
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Winners and Losers post-COVID-19

• Winners
– Vaccines and PPE

– Sanitation and Cleaning 
Products

– High Speed Mobile 
Internet Providers

– Online Education

– Personal Mobility 
(cars?)

– Socially-distanced 
Tourism (e.g. RVs)

– Grocery delivery 
services and takeout

– Online Commerce

• Losers
– Aviation (for now)

– Classical Restaurants

– Classical Hotels

– Public Transportation

– Events
• Concerts

• Movies

– In-Person Education

We can expect some “bounce-back” after mid-2021 after a massive 

vaccination campaign but not to the pre-COVID-19 baseline

Community Exceeds 
Original Functionality

Resilience (area under curve)

Community Never 
Returns to Original 

Functionality
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Post-COVID-19 World: A Global Issue

Cohen, Jon. 

"China's vaccine 

gambit." (2020): 

1263-1267.
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Questions?

Comments?

http://systems.mit.edu

http://systems.mit.edu/

