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Presentation conducted during the International Workshop of the Oswaldo Cruz Institute/FIOCRUZ for Leptospirosis
Research Based on Country Needs & the 51" Global Leptospirosis Environmental Action Network (GLEAN) Meeting on
November 10-12, 2015, in Rio de Janeiro, Brazil .
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 Model introduced by Azaele (PRL, 2010) to
describe cholera

* Langevin equation with Gaussian white noise




e b~ ) immigration rate of
infected hosts and contaminated water flow;
proportional to j, (the stressors)

e D~ ) stochasticity of
disease incidence; proportional to W (the connections)

e 1 ~ characteristic time scale of disease decay

b, D, tau found using a least squares optimization for
peaks across Sri Lanka



 b/D = .663+.116

Peak Size
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T el S e, OO
Nearest Neighborhood Model

Wij ~ 1/Aij (width)

Aij=|Ci-Cj| (gradient of cases)
Fij=1/Aij (fluxes)

aij=1if jadjacent to
0 otherwise

Preferential Case Pathways (at a closure point)
max Wij ~ 1/Aij

or min Aij=|Ci-Cj|
max(Fij)=1/min(Aij)

non looping network
Minimum Spanning Tree

R\

4

W(x) only dependent on
Network Topology
(travel time distribution)
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I(7) = A [ Ge(Dpal s * Fr s
I(r) = A / G (W (= 7)dr

jiy = pdf (Ij,y )pdf (TL’Y ) L=network length

Travel Time distribution ~ Arrival Time distribution (of Cases) ~ (Residence Time)?

Convertino, Huang, Liu, 2014, WRR, submitted
.. GIUH from Rodriguez-Iturbe and Valdes, 1979



Socio-environmental
factors
(after metamodeling)

* Topographic Index
* Host Suitability

* Population

e Rainfall

Reddy et al., 2015, submitted to JRS-I

B Topographic Index
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1. Peak incidence




SandJuan - History of Weekly Incidence

SanJuan, PDF of Weekly Incidence SanJuan, CDF of Weekly Incidence

Other cases (non “DEN”’ confirmed
dominate the signal for SJ)
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— Portfolio Leptospirosis
— Portfolio Syndemic

— Portiolio Cholera
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that look at scaling and universality
of emerging disease patterns lead by the
interaction of fundamental factors (Finite
Topologies/Attractors exist in Nature!)

which should be
as simple and accurate as possible — tight to the
objective of study — versus fully mechanistic,
complex and demanding models

(e.g., Low
Probability High Consequence Events) for the
identification of tipping points and potential future
states

rather than just predicting the most
likely one because it is more likely (and useful) to
design an optimal future by embracing the full
uncertainty of the status quo and the range of
possibilities

Cod

“Simplicity is the ultimate
sophistication ... and the
solution of the complex

nature’

4

Leonardo Da Vinci
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Yang Liu, PhD Candidate | { e
Matteo Convertino, PhD Dr.Eng.
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Weekly Incidence Weekly Incidence Weekly Incidence

Weekly Incidence

San Juan - Model Output, # of training years = 17 , Forecast for 07-08 at Week 0
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e Steady state wetness index characterizing the
ecohydrology of ecosystems

Tl = log (Ai/bi)

tang;

A.=drainage area upstream a point

b.=area per unit width orthogonal to the flow
direction

B=slope



* Exceedance probability is the likelihood to
have and event greater than or equal to C

PG = 8)

e Return Period

T(C) =
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Scheme

Criterion 1

Criterion 2

Criterion N

Alternative 1 System
Alternative M State 1
Alternative 1 System
Alternative M State K
Alternatives Criteria System States
State 1 | State 2 State K
Criterion 1 X111 X211 X11
Alternative 1 Criterion 2 X112 X212 Xk,1,2
Criterion N X11nN X2 1N Xk 1n
Xi,min
Criterion 1 Xim1 Xom1 Xkt
Alternative M Criterion 2 Ximz | Xamz Xk,m,2
Criterion N X1MN Xo MmN X MN
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From Hydrology to Ecology

Species ~ Area ?

z = universal exponent independent of details of socio-ecological systems! (at stationarity)
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Non scaling dynamics Scaling dynamics
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Total DF Incidence

Unimportance of NDVI
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* Extreme events are often described via Pareto
or power law distribution using what’s know
as the 80-20 rule or Pareto principle

e “80/20 rule” - 80% of outcomes(cases) come
from top 20% of causes(events)
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The How
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that look at the
scaling and universality of emerging patterns
lead by fundamental collective factors
Interacting together

and
Methods for Analogous Solution
(systemic/inductive (complex systems) vs.
reductionist/deductive approaches)

(e.qg.,
Low Probability High Consequence Events)
because Finite Topologies/Attractors exist in

Nature. Tipping points can be predicted

rather than just predicting the most likely one
because it is more likely (and useful) to design
an optimal future by embracing the full
uncertainty of the status quo and the range of
possibilities

“Simplicity is the ultimate
sophistication ... and the
solution of the complex
nature”

Leonardo Da Vinci
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