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CONTEXT
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IPCC AR6

CLIMATE CHANGE

“With every increment of 
global warming, changes 
get larger in regional 
mean temperature.” 

HIGHER AVERAGES
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IPCC AR6

CLIMATE CHANGE

“Projected changes in 
extremes are larger in 
frequency and 
intensity with every 
additional increment 
of global warming.” 

GREATER EXTREMES
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THERMAL BIOLOGY OF VECTORS

SPATIOTEMPORAL SHIFT IN DISEASE 
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While scientists “cannot conclusively predict changes in incidence based on temperature alone”, 
the thermal biology literature argues that temperature change will promote transmission of 
certain diseases even as it limits transmission of others. 

Dengue (and Zika)  
transmission  

by Ae. aegypti  
peaks at 29°C

MORDECAI  EA ET AL (2019)



NEW CLIMATE AND DISEASE REALITIES —> NEW TOOLS NEEDED

SHIFT ALSO REQUIRED FOR CONTROL
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Genetic-based technologies: Alter the genes of a species 
or change the expression of certain traits.



RESEARCH 
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SOFTWARE 

VÁSQUEZ ET AL, IN PREP (2023)

SOFTWARE INFORMED BY SCIENCE
PHILOSOPHY OF DEVELOPMENT AND DESIGN  



SOFTWARE 
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SOFTWARE INFORMED BY SCIENCE 

GENEDRIVE.JL

Operational focus: genetic-based tools 

• Characterize environmentally sensitive dynamics  

• Define optimal policies for biocontrol

VÁSQUEZ ET AL, IN PREP (2023) 



GENEDRIVE.JL

• Open source 

• Extensible and scalable  

• Documentation including 
examples 

• Collaborators welcome   

SOFTWARE INFORMED BY SCIENCE 

VÁSQUEZ ET AL, IN PREP (2023) 
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1.  Data model: An abstraction used to define simulation inputs, store them, and dispatch methods. 

2. Dynamic model: An ordinary differential equation formulation of the biological system. 

3. Decision model: A discretized implementation of the biological system as a nonlinear mathematical program.

1: define
2: simulate

3: optimize

GENEDRIVE.JL
A THREE-PART FRAMEWORK

VÁSQUEZ ET AL, IN PREP (2023) 



RESEARCH AREA #1 
12



THERMAL BIOLOGY OF GENETIC-BASED INTERVENTION: WOLBACHIA (WMEL)

TECHNOLOGICAL: WHAT TOOLS ARE (CLIMATE) APPROPRIATE? 

ROSS PA ET AL (2019) 13

• Wolbachia infection: maternally inherited, and pathogen blocking.  

• Key phenotype enabling use as a public health tool is weakened by cyclical heat stress. 

• High temperatures can cause the infection to fall out of the population entirely past 35°C

Most widely deployed 
bacterial strain

Egg hatch proportions Density in adult females Density in adult males



TECHNOLOGICAL: WHAT TOOLS ARE (CLIMATE) APPROPRIATE? 

14MORDECAI  EA ET AL (2019) ROSS PA ET AL (2019)

Temperature sensitiv
ity

 of  

disease vector (+) 

THERMAL BIOLOGY OF GENETIC-BASED INTERVENTION: WOLBACHIA (WMEL)

Temperature sensitiv
ity

 of 

technological solutio
n (-)
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• Empirical research is essential: both laboratory and field studies furnish fundamental insights.  

• To evaluate findings in the necessary context (e.g., future climate realities), models are required. 

• Models facilitate hypothesis testing:  

❖ Explore uncertainties in empirical data  

❖ Extrapolate to include new scenarios

VÁSQUEZ ET AL, IN PREP (2023)

EVALUATING WHETHER TOOLS ARE (CLIMATE) APPROPRIATE 
THE CASE FOR SOFTWARE 

Formalize in software for “modular” modifications,  
scientific replicability  



SOFTWARE TO ELUCIDATE THE TEMPORAL RESOLUTION OF TEMPERATURE EFFECTS 

REQUIREMENT: EXPLORE UNCERTAINTIES  

Start experiment
(Day 1) Stop experiment

(Day 7)

Dynamics
between start/stop

???

VS.

“Truth” A “Truth” B

wMel titer

VÁSQUEZ ET AL, IN REVISION (2023) 16



SOFTWARE TO EXAMINE INTERVENTION EFFICACY UNDER FUTURE TEMPERATURES 

REQUIREMENT: EXTRAPOLATE TO NEW SCENARIOS

VÁSQUEZ ET AL, IN REVISION (2023) 17



GENEDRIVE.JL: THE DATA MODEL 

SOFTWARE DESIGNED TO MEET RESEARCH REQUIREMENTS 

In principle:  

• Straightforward to change or add new 
information as it becomes known  

• Composability enables co-evolution with 
scientific discovery  

In practice (for this research):  

• Alternative functional forms: Wolbachia’s thermal 
sensitivity, distinct from its Ae. aegypti host 

• Alternative data inputs: Temperature time series 
for 2030s, 2050s, etc. (averages and heatwaves) 

18VÁSQUEZ ET AL, IN PREP (2023)
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FINDING: WOLBACHIA IS ROBUST TO FUTURE CLIMATES
THERMAL BIOLOGY OF GENETIC-BASED INTERVENTION: WOLBACHIA (WMEL)

VÁSQUEZ ET AL, IN REVISION (2023)



RESEARCH AREA #2 
20
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STRATEGIC:  WHAT IS THE “BEST” ALLOCATION OF TOOLS?
DEFINING “BEST”: THE ECOLOGICAL CONSIDERATIONS 

VÁSQUEZ ET AL, IN REVIEW (2023) 

Location-specific factors are changing with shifting climates and land use practices (e.g., urbanization).

Geographic connectedness, spatial distribution Seasonal, daily temperatures in the location of interest Species lifecycle and adaptations in that location 



22

STRATEGIC:  WHAT IS THE “BEST” ALLOCATION OF TOOLS?
DEFINING “BEST”: THE HUMAN  HEALTH AND ECONOMIC CONSIDERATIONS

VÁSQUEZ ET AL, IN REVIEW (2023) 

• The efficacy of a given public health intervention translates to lives saved and illness 
prevented.  

• Efficiency gains also equate to cost reductions: deployment demands resources   

❖ Potentially fewer or more infrequent trips to the field (labor cost) 

❖ Smaller numbers of organisms released (material cost) 

• Community comfort factor?
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• Again: Empirical research is essential; both laboratory and field studies furnish fundamental insights.  

• But models help evaluate findings in the necessary context (e.g., alternative definitions of “best”). 

• Models facilitate hypothesis testing:  

❖ Explore differences in goals (objectives) 

❖ Extrapolate to include new scenarios 

VÁSQUEZ ET AL, IN PREP (2023)

EVALUATING WHAT STRATEGY IS “BEST” 
THE CASE FOR SOFTWARE 

Coherence within a single framework  



REQUIREMENT: IMPROVE ON THE STATE OF THE ART

• Presently, interventions 
designed based on the results 
of field work & expert opinion. 

• Seeking: 

❖ A cheaper, more 
reproducible way to 
strategize 

❖ Ability to update when 
details change (as they do) 

• Answer: optimization? 

VÁSQUEZ ET AL, IN REVIEW (2023)

Less disease risk, earlier in time 

Different timing allows fewer trips to the field,  
less resource use overall 

The Case for Optimization

SOFTWARE TO MAXIMIZE  AND ITERATE OBJECTIVES, CONSIDERING RELEVANT DETAILS 



Objective function: Various. Here, minimize 
wild vector (females, F) using minimal 
releases (genetically modified, c_ghat) 

Equality constraints: Lifecycle dynamics 

Parameterization: Ecological and genetic 
details  

Inequality constraints: Operational 
restrictions on deployments of c_ghat 

25VÁSQUEZ ET AL, IN REVIEW (2023)

SOFTWARE DESIGNED TO MEET RESEARCH REQUIREMENTS 
GENEDRIVE.JL: THE DECISION MODEL



Corresponding Change in Disease Vector 
Over One Year: Wolbachia (Adult Females)
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FINDING: CAPABLE OF EXPLORING DIFFERENT OBJECTIVES 
RISK REDUCTION ACROSS ENTIRE REGION (NETWORK) OF INTEREST 

VÁSQUEZ ET AL, IN REVIEW  (2023) 

Deployment Schedule Over One Year:  
Wolbachia (Adult Males)



RISK REDUCTION PRIORITIZING SINGLE LOCATION OF INTEREST IN A REGION (NETWORK)

27VÁSQUEZ ET AL, IN REVIEW (2023) 

Deployment Schedule Over One Year:  
Nodes 1, 2, & 3

Deployment Schedule Over One Year:  
Node 4

Deployment Schedule Over One Year:  
Node 5

Release policy in each area of the network is dependent on its connectivity to the node of interest. 

FINDING: CAPABLE OF EXPLORING DIFFERENT OBJECTIVES 



Release policy in each area of the network is dependent on its connectivity to the node of interest. 

RISK REDUCTION PRIORITIZING SINGLE LOCATION OF INTEREST IN A REGION (NETWORK)

28VÁSQUEZ ET AL, IN REVIEW (2023) 

Corresponding  Change in Disease Vector 
Over One Year:  Nodes 1, 2, & 3

Corresponding Change in Disease Vector  
Over One Year: Node 4

Corresponding Change in Disease Vector 
Over One Year: Node 5

FINDING: CAPABLE OF EXPLORING DIFFERENT OBJECTIVES 
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FINDING: CAPABLE OF EXTRAPOLATING TO NEW SCENARIOS 
ALTERED STRATEGY TO ACCOUNT FOR CHANGING CLIMATE

VÁSQUEZ ET AL, IN PREP (2023) 

Schedule of Deployments Over One year (RIDL Males) 
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FINDING: CAPABLE OF EXTRAPOLATING TO NEW SCENARIOS 
ALTERED STRATEGY TO ACCOUNT FOR CHANGING CLIMATE

VÁSQUEZ ET AL, IN PREP (2023) 

Corresponding  Change in Disease Vector Over 
One Year:  The 2°C Difference Result when annual 

average temperature 
increases 2°C, but 

same strategy is used.   

Result when strategy is 
optimized for location-
specific temperature.
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FINDING: CAPABLE OF EXTRAPOLATING TO NEW SCENARIOS 
ALTERED STRATEGY TO ACCOUNT FOR CHANGING CLIMATE

VÁSQUEZ ET AL, IN PREP (2023) 

Schedule of Deployments Over One year (RIDL Males): 
The 2°C Difference 

New schedule 
accounting for 2°C 

perturbation  

Original schedule



32

THANK YOU

CURRENT FUNDING:  
• MICROSOFT RESEARCH PHD FELLOWSHIP 

COLLABORATORS: 
• LARA M. KUEPPERS, UC BERKELEY  
• GORDANA RAŠIĆ, QUEENSLAND INSTITUTE OF MEDICAL RESEARCH (QIMR)  
• JOHN M. MARSHALL, UC BERKELEY 
• DAVID ANTHOFF, UC BERKELEY  
• MICHAEL REDDY, MICROSOFT RESEARCH - HEALTH FUTURES 


