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Introduction
• Expected impacts of CC to pests
• Observed and modeled effects of CC to pests
• Temperature-based phenology modeling

Methodology
• Data collection and data analysis using ILCYM software

Results
• Model parameterization and validation
• Risk mapping worldwide and for the Andean region under different

climate change scenarios

Conclusions





 Range expansion of existing pests and invasion by new pests.
• Accelerated pest development leading to more pest cycles per season. 

• Disruption of the temporal and geographical synchronization of pests 
and beneficial insects that increase risk of pest outbreaks. 

• Promotion of minor pests to primary pests brought about by reduction in 
host tolerance and changes in landscape characteristics and land-use 
practices. 

• Increase damage potential from invasive alien species. 

• Susceptibility to pests increases in drought stressed plants.



An increase in extreme climate events, changes in moisture 
conditions, temperature rise, elevated CO2 concentrations, are 
expected to magnify pest pressure on agricultural systems through:

(adapted from Padgham, 2009; Discussion paper - The World Bank) 





Pest Climate Dimension Cropping 
System/Region Reference

INSECTS
Brown locust
(Locustana pardalina)*

Increased outbreaks during 
ENSO events.

Crop/rangeland, S-
Africa Todd et al. 2002

Leaf miner (Caloptilia sp.) Range expansion projected. Coffee, Brazil Magrin et al. 2007

Southern pink bollworm
(Pectinophora gossypiella)

Increased winter tempera-
tures predicted to increase 
range and damage potential.

Cotton, SW-US Gutierrez et al. 
2006

Southern pine beetle
(Dendroctonus frontalis)

Increased winter/spring tem-
peratures predicted to in-
crease range and damage
potential.

Forests, S-US Gan 2004

White fly
(Bemisia tabaci, and B. afer)*

Increased outbreaks during 
ENSO events.

Tuber crops, 
Andean region

Shapiro et al. 
2007

Potato tuber moth
(Phthorimaea operculella)

Temperature increase of 2°C–
3°C expands distribution by 
400–800 km to the north and 
accelerates damage intensity.

Potato, globally Sporleder et al. 
2007

(Padgham 2009)



  


(Cisneros and Mujica 1999)

1 = absent; 2 = slight; 3 = medium; 4 = severe; 5 = extreme infestation. - = no information

Name Scientific name Degree of infestation
Potato 1996 1997 1998
Leafminer fly Liriomyza huidobrensis 4 2 4
Bud midge Prodiplosis longifila 2 5 3
Broad mite Polyphagotarsonemus latus 3 4 3
Potato tuber moth Phthorimaea operculella 2 3 2
Soybean Looper Pseudoplusia includens 1 3 1

Sweetpotato
White fly Bemisia tabaci 2 4 5
Leafhopper Empoasca spp. 2 3 4
Aphids Myzus persicae 2 3 3
Red spider mite Paraponychus incanus 2 3 2
Sweet potato weevil Euscepes postfasciatus 3 4 4
White grubs Bothynus spp. / Anomala spp. 3 4 4







Crop 1996 1997 1998
Yield loss 

(1996-1998)

Potato 27 (18-35) 12 (1.5-21) 15 (5-20) 55

Sweetpotato 28 (10-40) 16 (2-40) 15 (2-20) 54

Cotton 50 (45-110) 25 (1-60) 35 (10-70) 50

Maize - 6.5 (5-8) 3.5 (2-4) 46

Citrus - 60 24 (14-30) 60

Asparagus 8 7 2 70

(Cisneros and Mujica 1999)





To support farmers and national programs to cope with CC and 
alternating pest problems by:

• Understanding the effects of temperature increase on key pests and 
related beneficial insects in agro-ecosystems by using phenology modeling.

• Developing risk maps for major pests for current and future scenarios 
according to temperature indicating major future pest hot spots.

• Providing tools for pest risk assessments and adaptation planning. 

• Identifying IPM strategies to enhance resilience of vulnerable agro-
systems to CC. 

• Developing human scientific capacity to work in pest risks assessments 
and adaptive pest management strategies to cope with new emerging pest 
problems.

• Increasing awareness of the impact of CC on pests to improve national 
pest management and quarantine programs.



Real system Model

Abstraction

Interpretation



A model is a tool. It should not be considered as the 
ultimate objective in ecological studies. 

No model is perfect but it can be very useful. 



• Phytosanitary pest risk assessments / Climate change 

• Integrated Pest Management 

- Classical biocontrol: identification of potential release 
sites for parasitoids

- Simulation of field performance of biopesticides and 
application frequencies  

 

Analytical tools for predicting, evaluating and understanding 
the dynamics of insect populations in agroececosystems.





• Collecting life cycle data under constant and 
fluctuating temperature regimes

• Analyzing the data using ILCYM 
- Fitting functions for describing temperature-

driven development processes under 
constant temperatures, i.e. development 
rate, mortality and reproduction (“Model 
Builder”)

- Validating the model using life table data 
established under fluctuating temperature

• Generate risks maps using ILCYM in an GIS 
environment
- Establishment index
- Generation index
- Activity index 

Software package for developing temperature-based insect phenology models 
with applications for regional and global pest risk assessments and mapping.

(www.cipotato.org/ilcym)



 ILCYM offers advanced modeling techniques for insect 
populations and tools for analyzing  models; users do not 
need to be experts in the field.

 ILCYM guides the user interactively through the steps 
developing a phenology/population model and facilitates 
spatial pest risk mapping. 

 User do not need to learn programming languages.

 However, ILCYM restricts users to certain model designs        
and might not provide solutions for every problem. 







•• Development timeDevelopment time
•• MortalityMortality

•• OvipositionOviposition
•• Survival timeSurvival time

(male and female)(male and female)

Constant Constant 
temperaturestemperatures





Each column 
represent one 

individual

Each line 
represent one 

evaluation interval 
(days)



Instead of 
“numbers” for 

oviposited
eggs or “M” for 

males you 
indicate  “A” for 
adult or “F” and

“M” for 
“female” and 

“male”
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- r(T) developmental rate at 
temperature T (°K), 
- R universal gas constant (1.987 cal 
degree-1 mol-1), 
- RHO25 developmental rate at 25°C 
(298.16°K) assuming no enzyme 
inactivation, 
- ΔHA enthalpy of activation of the 
reaction that is catalyzed by the 
enzymes (cal mol-1); 
- ΔHL,H change in enthalpy 
associated with low (L) and hot (H) 
temperatures (cal mol-1); 
- TL and TH temperatures (°K) at 
which the enzyme is half active at 
low and hot temperatures, 
respectively

























The phenology model is stochastically simulated and compared to life 
table obtained from fluctuating temperature 
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LTP are simulated stochastically or deterministically LTP are simulated stochastically or deterministically 
at constant or fluctuating temperatureat constant or fluctuating temperature
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 Total potato 
production area in Peru 
in 2007: 267,000 ha. 

 Potato tuber moth is 
reported from the coast 
and Inter-Andean 
valleys. 

 It is estimated that 
today 120,398 ha of 
potato are affected by 
the potato tuber moth 
(45% of the total potato 
area).



 It is estimated that 
due to CC, the potato 
tuber moth will affect 
potato at higher 
elevations and will 
increase the total area 
of infestation from 
120,398 ha to 179,178 
ha (67% of the total 
potato area).
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45.84 Lat
 11.9°C => 14.0°C




-12.03 Lat
 11.1°C => 12.7°C































30.4   Lat
 21.5°C => 23.8°C



-17.45 Lat
 15.3°C => 16.9°C
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 Phenology modeling and GIS risk mapping might be an 
appropriate framework for assessing insect related effects of CC, 
but:  
- Uncertainties in climate change predictions.
- Worldclim data provide monthly aggregated temperature data; 

interpolation of weather data.
- Regional meteorological data could have higher accuracy. 
- Other factors: e.g., precipitation.
- Interaction of pests and natural enemies
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