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Framework for Pest Forecast

 Framework: Containers for pest models

 Each pest is unique, but all have shared features   
 Spread means

 Infestation/infection rates

 Climate

 Hosts 

 Biology 

 A spatial analytic framework needs to be flexible 
enough to accommodate a wide range of pests

 Because we can’t model and predict pest 
natural events exactly, we must be able to 
address uncertainty associated with forecasts



Spatial Analytic Framework for Advanced Risk 
Information Systems

 The SAFARIS is a framework for pest forecast models that is 
designed for research, risk analysis, decision/policy making, 
rapid-response, and land management applications in need 
of streamlined and tractable forecasts. 

 Key elements of SAFARIS
 Minimize data processing efforts 

 Easy to share data, models, and outputs

 Transparency

 Uncertainty evaluation

 Climate change effects added to pest predictions



SAFARIS Environment



SAFARIS: Web-based models and tools

 Phenology Models

 Multiple sources of climate data 

 Biology database that contains 
degree-day requirements and 
threshold temperature for multiple 
species

 Different methods to calculate 
degree-days

 Analytic Tools

 Temperature & Precipitation 
suitable/unsuitable condition 
mapping tools

 Insect Population Dynamics Models

 Stochastic Spread Models



SAFARIS: 
Adding Climate Change Effects into Pest Forecasts



Model Comparisons

 In order to compare pest models, we should 
use same source of climate data

 Each model uses different format of the 
climate data

 SAFARIS provides tools to generate CLIMEX 
climate data and Bioclim data



Uncertainty Evaluations within SAFARIS

Appropriate methods to communicate uncertainty associated 
with pest forecasts for a regulatory agency need to be 
established and made available within SAFARIS.

 Methods:

 Estimate uncertainty associated with Lymantria dispar L. (gypsy moth) suitability 
under climate change.

 Evaluate appropriate ways to display uncertainty associated with pest forecasts.

 Prioritize US counties based on pest suitability and uncertainty level for a improved 
pest management and better allocation of budget.



SAFARIS: Uncertainty

Pest Biology Data
Development 
Requirements
Growth Rate
Mortality Rate

Pest Forecast Models
Phenology model
Population dynamics 
model
Climatologically 

suitable/unsuitable 
mapping tools

Climate Data
PRISM
METDATA
TopoWX
CFSv2

Uncertainty 
Estimates

Pest Biology Data
• Errors in the nature of 

biology
• Errors in experiments

Pest Forecast Models
• Errors in mathematical 

algorithms

Climate Data
• Errors in interpolation 

methods
• Uncertainty in climate 

variations

Overall 
Uncertainties

Combination of 
errors from pest 
biology, pest 
forecast models, 
and climate data

• Stakeholders
• Risk Analysts
• Decision 

Makers

SAFARIS Environment



Uncertainty from Climate Data and Models



Uncertainty from Climate Data and Models



Uncertainty Evaluation within SAFARIS

 Mean-Variance Frontier Method

 Objective is to gain biological information to reduce uncertainty



Uncertainty Evaluation within SAFARIS



Impacts of SAFARIS

Did the idea of a spatial analytic framework really work for regulatory 
and management agencies, e.g. APHIS, ARS, USFS, and others?
 Key Features

 Flexibility among species

 Allows to address Uncertainty

 Assist to forecast Climate Change effects

Assisting APHIS activities
 Currently SAFARIS is supporting

 New Pest Advisory Group assessments

 Agricultural trade activities

 Domestic program evaluations

 Supporting CAPS (pest survey) groups

 USDA climate hub (ARS, APHIS, USFS)



Summary

Main research objective is to develop a spatial analytic framework 
that can assist science-based regulatory agency decision making  

 The framework is able to predict pest behavior at current and future climate 
conditions and to evaluate uncertainty associated with pest forecasts.  

 I created the Spatial Analytic Framework for Advanced Risk Information Systems to 
address above needs and enable expansion and ability to test and replicate model 
advancements (new forecasting algorithms driven by weather and pest biology). 

 SAFARIS allows multiple analyses with minimum effort of user input due to framework 
flexibility.

 SAFARIS is a transparent system.  Analysts can evaluate results and fine-tune 
algorithms based on newly available data and information.  Model comparison is 
possible for the first time in an open source product.
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