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The problem

The mosquito Aedes aegypti
(Linnaeus, 1762) is the main
transmitter vector for Dengue,
Zika, Chikungunya and Yellow
Fever

Several factors influence its
population dynamics:
temperature, precipitation, human
action, and others.
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System of PDEs
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Modeling and simulation of the spatial
population dynamics of the Aedes aegypti X/%
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The reality is more heterogeneous! On time
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Yang, HMI, et al. "Assessing the effects of temperature on
the population of Aedes aegypti, the vector of dengue.”
Epidemiology & Infection 137.8 (2009): 1188-1202.
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The reality is more heterogeneous! On space
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Recovering urban form curves

0.06710VTY + 0.20130VTF + 0.7314OVTY = OVTihaus
0.26320VTY + 0.1239 OVTF + 0.6128 OVTY = OV Tiiperdade
0.0704 OVTY + 0.1727OVTF + 0.7569 OVTY = OV Tiieia.

0.0671 ADT, 4+ 0.2013 ADT." + 0.7314 ADTy’ = ADTS s
0.2632 ADTY 4 0.1239 ADT.” + 0.6128 ADTy’ = ADTi}} crdade
0.0704 ADT,Y + 0.1727 ADTF 4 0.7569 ADTyY = ADT;..
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Recovering urban form curves
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Recovering urban form curves
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Recovering urban form curves
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Fitting urban form curves individually

Mechanistic PDE Framework

Three coupled developmental stages:
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e D: spatial dispersal and urban boundaries
® uj,7,e,r: climate-dependent biological rates

e k(x): landscape-dependent carrying capacity

ODE Equilibrium-based Predictor

Basic offspring number:
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Qo =

Qo < 1: population extinction

Qo > 1: positive equilibrium

Stable winged population
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Fitting urban form curves individually

e Temperature controls development and
survival.

e Temperature and precipitation regulate
reproduction and habitat suitability.

e For visualization, maximum activity occurs
near the optimal temperature (v = 27°C).

e Curves also controlled by deviation (¢) and
scale factor («).

Example: egg hatching response
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Fitting urban form curves individually

Reparameterization Strategy
Directly optimizing the mathematical mean (v) and scale () can result in biologically

impossible ranges. We reparameterize using physical thresholds:
Tmax = I'min + f- (Tupper — Tmin)
Where:

® Tin: Minimum temperature threshold below which development stops.
e f €[0.1,1.0]: Dimensionless fraction defining the width of the survival window.

® Tupper = 40°C: Physical upper physiological survival limit.

Mathematical Translation: v = w and 0 = M



Fitting urban form curves individually

Results:

Reparameterization Strategy

Directly optimizing the mathematical mean (v) and scale (§) can result in biologically

impossible ranges. We reparameterize using physical thresholds:

Tmax: min+f'

Where:

(Tupper —

Tmin)

® Toin: Minimum temperature threshold below which development stops.

e f €[0.1,1.0]: Dimensionless fraction defining the width of the survival window.

® Typper = 40°C: Physical upper physiological survival limit.

Mathematical Translation: v =

Timin+ Timax
2

and

— Tmax— Thmin
6= 2

Parameter Parnamirim

Park House Street
/P 8.2448 19.2819 0.1332
Vs 0.8988 0.6813 0.3385
TY. 23.8327 15.8423 26.6386
f7 1.0000 0.4018 0.5922
¥ 13.8021 12.9337 24.8497
fr 1.0000 1.0000 0.1003
Tr’flin 33.3520 32.6983 13.1733
& 0.9998 1.0000 0.2343
TS, 28.3857 27.3018 2.4106
fe 0.2018 0.5304 0.7283
« 1.0000 1.0000 1.0007
T« 36.7867 33.3966 13.6268
T ox 40.0000 25.5483 34.5510
T ox 40.0000 40.0000 26.3697
TE 39.9985 40.0000 19.4588
Te 30.7293 34.0374 29.7868




Fitting urban form curves individually
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Validation

City District ovT ADT OVTxADT
Parnamirim Areia 0.461 0.683 0.4444
Emadus 0.749 0.775 0.6662
Liberdade 0.799 0.730 0.5877
Santarém Jd. Santarém 0.657 0.529 0.7507
Republica 0.546 0.477 0.5701
Santarenzinho  0.687 0.576 0.7316
Nova Iguacu Cabugu 0.758 0.792 0.4581
Ceramica 0.788 0.594 0.4272
Moqueta 0.670 0.406 0.3477
D. de Caxias Saracuruna 0.734 -0.130 0.3183
Primavera 0.599 0.307 0.6925
Bilac 0.724 0.229 0.5627
Campo Grande  Carlota 0.306 0.483 0.6346
Guanandi 0.621 0.441 0.6383
Planalto 0.533 0.639 0.6915

The districts in bold are used for testing; their data were not used during the training
phase. Column OVTxADT shows the correlation between the real OVT and ADT data.

City District Pearson
Parnamirim Areia 0.527
Emadus 0.684
Liberdade 0.590
Santarém Jd. Santarém 0.492
Republica 0.428
Santarenzinho 0.409
Campo Grande Carlota 0.209
Guanandi 0.344
Planalto 0.403
Duque de Caxias Bilac 0.692
Primavera 0.556
Saracuruna 0.619
Nova Iguagu Cabugu 0.793
Ceramica 0.567
Moqueta 0.496

The cities in bold were not used in the training phase.



Questions?

Spatial and temporal prediction of Aedes
aegypti populations with atmospheric and
urban forms dependence
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1. DATA INPUT
Entomological data
(ovitraps and
adult traps)

9 Geographic
N> coordinates

FROM DATA TO PREDICTIONS

2. LANDSCAPE
CLASSIFICATION
Google Maps imagery
automatically classified
into 4 categories

STREETS

WATER

3. SPATIAL
DECOMPOSITION

Proportion of each
landscape type in each
measurement subregion

| [ Park ()

! House (H)
‘ D Street (S) - Water (W)

5. PREDICTIONS

Model generates population
trajectories for each landscape
and aggregates them
according to local
composition

4. PARAMETER
ESTIMATION

Calibrate a climate-driven
mechanistic model for
each landscape type
using field data

CLIMATE INPUTS

666

Temperature  Precipitation

Population abundance

V>

Optimize biological Time (weeks)
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[ Validated across neighborhoods and cities ]




