
Chemeketa CC – IPM Class 
Guest Lecture - Nov. 7, 2019

Len Coop
Assistant Professor (Practice)

Hort. Dept. and Integrated Plant Protection Center

“Phenology Modeling Basics for IPM”



 Introduction to phenology modeling (25 min)

 Introduction to running models at USPEST.ORG (20 min)

 Class assignment: bronze birch borer modeling (40 min)

Topics for today's session:



 Phenology: the study of how organisms develop through stages 
over time

 Growth is a slightly broader concept: a plant growth model might 
predict yield, whereas a plant phenology model would simply 
predict timing of plant stage development

 Degree-day: a unit of heat whereby temperature is integrated 
over time, often referred to as “physiological time”

Phenology and degree-day concepts



René A. F. de Réaumur 
(1683-1757)
• Used daily mean temperatures to 

predict plant development in mid 18th 
Century

• The importance of threshold 
temperatures was recognized by mid-
20th Century (i.e. Arnold, 1959)

• Threshold temperatures are low or high 
temperatures that limit development 
and growth



 Cumulative degree-days: A heat unit method for recording 
physiological time used to represent development of many plants 
and animals that do not self regulate temperature

 Degree-day models in common use for timing of sampling and 
management events in agriculture; a cornerstone of IPM

Phenology and degree-day concepts



Degree-day calculations – method varies:
Simple avg: (daily max + min)/2 – low threshold

Single triangle compared with 
typical daily fluctuation

How fast are they going?
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Lab data: X-Intercept Method of finding thresholds (Campbell et al. 1974)

1/slope = 1/0.0033 = 305
 ~ DD requirement

X-intercept = -a/b = 10.55 C = Tlow



Comparison of Degree-Day Calculation Methods 
e. g. codling moth (Tlow=50, Tupper=88, method=s. sine, biofix to egg hatch=250 DDs)

Method Dds 4/20-5/26 2017

Single Sine 253

Double Sine 248

Single Triangle 237

Double Triangle 232

Simple Average 201

Corn GDD 299

Cooling DD 201
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Field Data: Lowest C.V. Method of Finding Tlow (Arnold 1959)
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Lab rearing at constant vs. alternating temperatures



Comparison of Upper Cutoff Methods 
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Lab rearing at constant temperatures and 3 humidity levels



Cucumber
50/90F, SSHCO

Type 2 true 
leaves

Early 
flowering

First 
harvest

Accuracy 
(± days)

Cobra (DS) Slicing 339 665 964 2.5

Marketmore-76 (DS) Slicing 364 784 1211 1.1

Marketmore-76 (TP) Slicing - 344 805 1.9

Dasher II (DS) Slicing 365 731 1060 1.8

Zapata (DS) Pickling 380 688 984 2.7

Extreme (DS) Pickling 366 692 946 1.2

Supremo (DS) Pickling 366 677 981 0.8

CROPTIME - Thermal time to maturity

~12 days diff. 
between 
varieties

± 1-3 days 
accuracy
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Systems
modeling
 “Key 
Feature”:
Conceptual 
Modeling: e.g. 
corn earworm
development
and damage 
to processed 
sweet corn

Using diagrams 
to conceptually 
describe a 
system with its 
subsystems or 
parts to 
consider the 
knowns and 
unknowns of 
each part
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Conceptual Model example: “Online IPM” 
(from Haynes et al. 1973 & Croft 1983)

Research
 & 

Development

Predictive 
models

Decision 
making unit

Management 
Program

Agro-
ecosystem

Biological 
Monitoring

Environmental 
Monitoring
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Step 1.
Draw the
organism’s
life cycle

Step 2a.
Begin adding 
environmental 
stress factors 
or constraints 
if known
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My first draft 
of SWD 
conceptual 
model (dont 
expect your 
first version 
To be the last)
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Step 3.
Add 
management 
practices

Steps 4&5.
Document 
and Refine



  20

1997
2010 - 2019

2001

2004
2007

History of USPEST.ORG home page



USPEST.ORG
Mypest page 
– 150 models
   128 phenology/ 
          degree-day
   22 hourly driven 
   e.g. plant disease
   Infection risk

- 29,000 weather
  stations



USPEST.ORG
Mobile & Web App
uspest.org/dd/model_app
- 128 phenology/ 
          degree-day
- 29,000 weather
  stations
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In beta testing: register for 
email “push notifications” for 
hop powdery mildew – w/Dan 
U. & Dave Gent, USDA ARS
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Class exercise: use DD model/calculator to compare two models



Chemeketa CC – Intro to Phenology Models

Questions? Ready for Exercises?

Len Coop
Assistant Professor (Practice)

Hort. Dept. and Integrated Plant Protection Center
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