
Predicting Pest Activity with 
Degree-Day Models 



Outline 

• Temperature effects on 
insect and plant biology 
 

• Degree-days Models 
 

• How forecasting helps 
crop management  
 

• Where to find resources 
 

 



Insect Biology 

• Insects are cold-blooded 
 

• Growth is controlled by temperature 
 

• Minimum temperature for development 
 

• Maximum temperature 



Development rate of 
plants is also 
temperature dependent. 



Temperature & Onion Thrips 

• Survivorship 
 

• Reproduction 
 

• Generation Time 
 

• Population Dynamics  



Onion Thrips Survival, Fecundity and 
Generation Times (Days) at 

VariousTemperatures 
 

680 F 770 F 860 F 

Adulthood 47 days 25 days 13 day 

Eggs / 
Female 

210 165 63 

Generation 
Time 

48 days 30 days 17 days 

Murai (2000) 



Onion Thrips Population Growth 
Number of Females 

Date 680  F 
June1 1 
June 8 
June 15 
June 22 
June 29 
July 6 
July 13 
July 20 210 
July 27 
August 3 
Number generations 1 



Onion Thrips Population Growth 
Number of Females 

Date 680  F 770  F 
June1 1 1 
June 8 
June 15 
June 22 
June 29 165 
July 6 
July 13 
July 20 210 
July 27 
August 3 27,225 
Number generations 1 2 



Onion Thrips Population Growth 
Number of Females 

Date 680  F 770  F 860  F 
June1 1 1 1 
June 8 
June 15 63 
June 22 
June 29 165 3,969 
July 6 
July 13 250,047 
July 20 210 
July 27 15,752,961 
August 3 27,225 
Number generations 1 2 4 



How to Use Development Rates 
in Crop Management? 

• Predict timing of pest populations 
 

• Improve scouting 
 

• Improve timing of pesticide applications 



Quiz 

• How long does it take a codling moth eggs 
to hatch? 
 

a) 8 days 
b) 11 days 
c) 14 days 
d) All of the above 



Degree-Day Models as a Tool 

 
Use to predict when 
susceptible pest 
stages are present to 
maximize control 



Degree – Days 

• Degree-days (DD) are used in models 
because they allow a simple way of 
predicting development of cold-blooded 
organisms (insects, mites, bacteria, fungi, 
plants).  



Degree - Day 

• Degree-day: used to measure insect 
development 
 

• Amount of heat accumulated over a 
specified base temperature during a 24 
hour day. 

• 1 degree-day (DD) – single degree of 
temperature above an insect’s lower 
threshold maintained for 24 hours 



Daily temperature readings can be used 
to calculate growing degree-days, which 
is a measure of accumulated heat. 



• Temperature above which degree-day 
accumulation is calculated 
 

• Ideally, the base temperature is the lower 
temperature threshold for development or 
activity 
 
 

Base Temperature 



Lower Temperature Threshold 

 
Temperature below 
which no growth or 
development occurs 
in the species of 
interest. 

 



Cumulative Degree - Days 

 
• Number of degree-days accumulated 

during a specified time interval (e.g since 
the beginning of the year). 
 

• Calculated in reference to the starting date 
 



Key Point  

 
• Degree-days only have meaning if base 

temperature and starting date are 
specified. 
 



Calculating Degree-Days 

• Average method 
 

• Modified average method 
 

• Modified sine wave 
 



Average Method 

70 + 40 

2 
- = 50 5 DD 

DD =  Average Temp  – Base Temp 
Max = 70, Min = 40 
Base = 50 



Average Method 

80 + 50 

2 
- = 50 15 DD 

DD =  Average Temp  – Base Temp 
Max = 80, Min = 50 
Base = 50 



Modified Sine Wave Method 



Upper Temperature Threshold 

 
Temperature above 
which no growth or 
development occurs. 

 

 



Upper Temperature Threshold 

  



Limitations of Degree-Day 
Models 

• Insect response to temperature is not 
linear 
 

• Thresholds known for very few species. 
 

• Measured temperatures not the same as 
those experienced by the pest. 
 

 



Degree-Day Models 

• Predict timing of events 
 

• Guidelines to help time scouting efforts 
 

• Improve crop management 
 

 



Codling Moth Development 



Predicting Codling Moth 

• Overwinter as 
mature larvae 
 

• Adult flight begins 
around full bloom 
 

• Larvae bore into 
fruit 



Two Methods to Manage Larvae 

Calendar Approach 
• Treat 3 weeks after 

full bloom 

Degree Day Model  
• Monitor adult flight 

with pheromone traps 
 

• Biofix = 1st consistent 
catch of moths in 
traps 
 

• Treat at 250 DD after 
Biofix 



Codling Moth 



Alfalfa Weevil 



Alfalfa Weevil 

• Short time between when the insect 
emerges from its overwintering site in leaf 
litter to depositing eggs into the terminal 
leaders and egg hatch.  
 

• If treatments are timed on a calendar date 
alone, it may not be effective since insect 
development is related to temperature 
 



Alfalfa Weevil 

• Sampling fields can save money by 
avoiding unnecessary pesticide application 
 

• Crop damage can be reduced by using an 
insecticide at the time of greatest 
effectiveness. 



Alfalfa Weevil Development 

Stage of 
Development 

Degree Days to 
Complete Life 

Stage 

Accumulated  
Degree Days 

egg 300 300 
1st instar 71 371 
2nd instar 67 438 
3rd instar 66 504 
4th instar 91 595 
Pupa 219 814 

Base = 48oF Start = January 1 



Degree Days - Alfalfa Weevil Eggs 

YEAR Degree Days as of April 26 

2008 304 

2009 203 

2010 353 

2011 143 

2012 460 

Average of 5 years 292.5 

 
 

(Central Michigan) 



Lygus 2011 vs. 2012 

 

Peak 1st & 2nd instars 

 
5-11-12 



Other Uses for Degree-Day 
Models 

• Crop Maturity 
 
 

• Disease Forecasting 
 



Corn Maturity Relative to 
Degree-Days 



 



Disease Forecasting 

• Temperature 
 

• Leaf Wetness 
 

• Calculate DSV – Disease Severity Values 
 

• Requires monitors for temperature & 
moisture 



Tom-Cast Model 

Mean Daily 
Temp 
 

Hours of Leaf Wetness to Produce 

55 – 63 0 – 6  7 -15 16 – 20  21+ 

64 – 68 0 – 3 4 – 8 9 – 15 16 – 22 23+ 

70 – 77 0 – 2 3 – 5 6 – 12  13 – 20 21+ 

79 – 84 0 – 3  4 – 8 9 – 15 16 – 22 23+ 

DSV 0 1 2 3 4 



Where to find resources? 

USPEST.ORG 



 

http://ippc2.orst.edu/cgi-bin/ddmodel.pl 





BMSB at Hermiston 

 



 







Questions? 
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