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[1] https://www.myhighplains.com/news/laredo-hospitals-at-capacity-mayor-says-things-are-critical-after-10-more-
covid-19-deaths/

[2] https://www.al.com/news/2020/08/just-15-of-alabama-icu-beds-are-available-and-officials-are-concerned.html
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[5] https://abc7ny.com/nyc-hospitals-javits-center-coronavirus-news/6080435/ [6] https://www.miamiherald.com/news/nation-world/world/americas/article244728677.html
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[7] https://www.nytimes.com/2020/04/03/nyregion/coronavirus-nypd.html

[8] https://www.wsj.com/articles/new-york-police-fight-coronavirus-in-department-as-1-in-5-go-out-sick-11586366632

[9] https://fox8.com/news/coronavirus/12-nypd-members-die-from-coronavirus-20-of-uniformed-officers-sick/

[10] https://www.cnbc.com/2020/04/01/more-than-1000-new-york-city-police-officers-are-infected-with-coronavirus.html



1. Introduction, Situation, Problem 
COVID causes a multitude of stressors for systems and services

Possibility of Collapse and or System Transition

Tipping Point

=

How to find/define?
⇨ Research Gap
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Provides predictive power ⇦

Quantifiable and Objective Assessment of Tipping Points



1. Introduction, Situation, Problem 
Complexity

Complexity

• Size

• Connectivity

• TopologyShort Term

Behavior 

unpredictable

due to 

non-linearities

Long Term
Evolvement

over time

and adaptation

to environment

4

A large number of interacting components, whose emergent "global'' behavior is more than can be 
explained or predicted from understanding the sum of the behavior of the individual components.

Dynamic Structural
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Attributes of Complex Systems

• Potential for unexpected behavior

• Non-linear interactions

• Circular causality and feedback loops

• Potential logical paradoxes and strange loops

• Small changes may lead to emergence unpredictable behavior [11]

• Often associated with increased fragility and vulnerability

• Distinguished from complicated systems by emergence and      

self-organization

complexity metric C3 values are associated to these system
architectural patterns:

C3 < 1⟶ centralized architecture,
1 ≤ C3 < 2⟶ hierarchical architecture,
C3 ≥ 2⟶ distributed architecture

4

A conceptual example of how topological complexity
relates to architectural patterns is shown in Figure 3.

3. Results

The questionnaire was submitted to experts belonging to
online groups of systems engineering and by individual email
invitation. Eventually, we collected 54 usable surveys. The
average ranking of elegance and perceived implementation
effectiveness is reported in Table 3. The sample for each ques-
tion is 27 subjects because participants were randomly
assigned to answer either the elegance or the implementation
effectiveness question.

The two rankings are perfectly correlated (Spearman
rank correlation is equal to 1), which means that independent

experts considered the most elegant diagrams as the ones that
turned out to be also easier to implement.

The first experimental hypothesis predicts the presence
of correlation between preference judgments on implementa-
tion effectiveness and structural complexity measures (most
preferred diagrams are the least structurally complex).

Table 2: Strength levels of the artistic strategies in the eight ATM architectures.

Diagram
Strategies

Subtract details X1 Symmetry X2 Grouping X3 Split X4 Emphasize X5 Power of center X6 Contrast/balance X7
A 6 7 5 4 4 7 7
B 6 6 5 4 7 7 7
C 4 3 2 2 2 4 4
D 3 2 2 2 2 3 3
E 2 6 1 1 1 1 1
F 6.67 7 6 6 5 7 7
G 6.67 7 6 6 7 7 7
H 2.67 6 4 3 1 1 1

“Distributed” architecture

“Hierarchical” architecture

Centralized architecture

Increasing topological complexity
(C3)

Figure 3: Architectural patterns defined in terms of topological complexity (source: Sinha [24]).

Table 3: Average ranking of perceived implementation effectiveness
and perceived elegance (N = 27) on a 7-point Likert scale with
1 =most preferred and 7 = least preferred.

System
diagram

Perceived implementation
effectiveness (n = 27)

Perceived elegance
(n = 27)

A 4.2 3.9
B 3.8 3.5
C 5.5 5.2
D 5.9 6.4
E 6.5 7.1
F 3.1 3.0
G 2.6 2.7
H 4.3 4.2

5Complexity

“Distributed”

Architecture

“Hierarchical”

Architecture

“Centralized”

Architecture

Increasing Topological Com
plexity [12]

[11] P. Erdi, Complexity Explained, Springer Science & Business Media, 2007.
[12] K. Sinha, "Structural Complexity and its Implications for Design of Cyber-Physical Systems," Doctor of Philosophy, Engineering Systems Division, Massachusetts Institute of Technology, 2014. 
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Types of Tipping Points

[14]

1. Introduction, Situation, Problem 
Tipping Point

[13] M. Gladwell, The Tipping Point, 1st ed. New York, NY: Little, Brown and Company, 2000.
[14] E. H. van Nes et al., "What Do You Mean, ‘Tipping Point’?," Trends in Ecology & Evolution, vol. 31, no. 12, pp. 902-904, 2016, doi: 10.1016/j.tree.2016.09.011.

Definition:  
When small changes to a system lead to a runaway process that causes major transitions. [13]
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Forum
What Do You Mean,
‘Tipping Point’?
Egbert H. van Nes,1,*
Babak M.S. Arani,1

Arie Staal,1

Bregje van der Bolt,1

Bernardo M. Flores,1

Sebastian Bathiany,1 and
Marten Scheffer1

Over the past 10 years the use of
the term ‘tipping point’ in the sci-
entific literature has exploded. It
was originally used loosely as a
metaphor for the phenomenon
that, beyond a certain threshold,
runaway change propels a system
to a new state. Although several
specific mathematical definitions
have since been proposed, we
argue that these are too narrow
and that it is better to retain the
original definition.

The oldest reference to the metaphor ‘tip-
ping point’ that we encountered was in
studies about racial segregation, to denote
the set of conditions that led to the rapid
flight of the existing white majority class
from neighborhoods in US cities in the

1950s [1]. For decades the term was used
solely in this context. After 2000 the pop-
ularity of the term rose exponentially, espe-
cially in climate science, environmental
sciences, and ecology (Figure 1). This sud-
den increase was most likely induced by
the popular book The Tipping Point [2],
published in 2000.

In this book Malcolm Gladwell describes
various social examples, such as fashion
trends and changes in criminality rates,
where small initial changes led to a run-
away process, causing big transitions. A
more recent example is the bankruptcy of
Lehman Brothers investment bank on
15 September 2008, initiating a global
financial crisis [3]. Such relatively small
events can accelerate in surprising ways
as the transition unfolds. For instance,
after Lehman Brothers fell, confidence in
the stability of the financial systems was

rapidly declining. The rising panic on the
markets led banks to increase their liquid-
ity, which contributed further to transmit-
ting the crisis to other economic sectors
[3]. In ecology there are also well-known
examples of such self-propelled acceler-
ating change. For instance, when tree
mortality opens up the canopy of tropical
forests, grasses might invade, increasing
the chances of wildfires that subsequently
kill more trees, allowing more grasses to
come in, further raising the risk of fire and
propelling the forest system to an alterna-
tive open savanna system [4]. Lake eco-
systems are another famous example. As
a specific case, consider the shallow
Dutch Lake Veluwemeer. After many years
of clear water, gradually increasing nutri-
ent loads raised turbidity to a level that
started to hamper the growth of sub-
merged vegetation owing to a lack of light.
Because loss of vegetation – through a
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Figure 1. The Recent Rise of the Term ‘Tipping
Point’ in the Scientific Literature (Source: ISI
Web of Science). The red line shows the number
of articles that are labeled with the research field
‘environmental science and ecology’.
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Figure 2. Two Types of Tipping Points (after [10]). (A) The original potential landscape. (B) Change in
external conditions until the current state becomes unstable in a bifurcation, and (C) change in state until the
current state becomes unstable in an unstable equilibrium (or saddle point). Red arrows show how the system
changes; black arrows show the accelerated change of the system. We used the well-known model of
overgrazing dx

dt ¼ x 1" x
K

! "
"c x2

x2þH2; where c = 2.1 or 1.7; H = 1; K = 10, and the potentials are calculated using
the formula of Strogatz [12] (see also Videos V1 and V2).
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2.Model and Methodology
• Simulation approach to dynamically model disease spread

7

• Spread of the disease NOT based on reproduction factor

• Focus on emergency services ⇨ contact rate

• Introduced performance and capacity of emergency services

• Simulation of behavior and implications for the emergency services

⇨ Dynamic Model
• Variable performance/capacity due to prolonged stressors
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2.Model and Methodology
Pandemic Progress Flowchart
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Sg(t) Ig(t) Rg(t)

Hg(t)Dg(t)

General
Population

Equations For Both Sub-System  
(x substitutes g and p):

(I) Susceptible General Population:
·Sx = − βxSx Sx(0) = Sxo ≥ 0with
(II) Infectious General Population:
·Iz = βzSx − γxIx − λxIx Ix(0) = Ixo ≥ 0with

(III) Removed General Population (delayed):
·Rx = γxIx + αxHx Rx(0) = Rxo ≥ 0with
(IV) Hospitalized General Population (delayed):
·Hx = λxIx − δxHx − αxHx Rx(0) = Rxo ≥ 0with
(V) Deceased General Population (delayed):
·Dx = δxHx Rx(0) = Rxo ≥ 0with
so that Sx(t) + Ix(t) + Rx(t) + Hx(t) + Dx(t) = Nx

and ·Sx + ·Ix + ·Rx + ·Hx + ·Dx = 0
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2.Model and Methodology
Police Performance Flowchart

γ

β

α
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Police 
Performance (I) Incoming Call Rate

α Constant or variable dependent on scenario
(III) Completion Rate
γ Dynamic dependent on capacity

(II) Dropped Call Rate
β Percentage of outstanding queue

Cd(t)

Cq(t) Cc(t)



3.Assumptions and Parameter

• Infection Rates based on contact rate derived from Bioterrorism research 
and official service call data of the NYPD

• Simulation Boundaries set to NYC

• Recovery and Hospitalization Rates based on official CDC Dat

• Police Performance derived from official service call data of the NYPD

• Performance Influencing Factors:
- Fatigue due to prolonged stress - 

derived from reaction time studies
- Yerkes-Dodsen Influence for 

performance under load
1



4.Baseline Scenario and General Effects
Verification via Fatalities
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5.Scenarios: Modulated Parameters
A - Increased Police Contact Rate
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B - Increased Police Contact Rate and Increased YD-Influence
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5.Scenarios: Modulated Parameters
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5.Scenarios: Modulated Parameters
C - Constantly Increased Call Volume
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5.Scenarios: Modulated Parameters
D - Varying Call Volume
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6.Conclusion and Outlook
Results and Insights
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• Temporarily increased capacity possible

• System stable and resilient ⇨ can handle temporary overloads

• Higher demand can be compensated 
up to a certain threshold 
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⇨ help needed for utilization

• Fluctuating Inputs/Influences can help the system, but also accelerate 
degeneration ⇨ dependance on phase delay

⇨ Several tipping point behaviors shown



6.Conclusion and Outlook

• Assess impact of possible simulation changes, such as:


- Re-infection due to degeneration of anti-bodies


- Implications of measures and protective gear

Planned Progress and Future Work

18

• Further evaluate observed and simulated thresholds

• Develop objective mathematical foundation for behavior

• Expand simulation to other emergency services and generalize system


