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Phenology and degree-day concepts

Some features of the IPPC "Online weather data 
and degree-days" website at uspest.org/wea

Using the extended climate forecast with degree-
day models

A focus on thermal or vapor pesticide drift

How to set up uspest.org/wea “MyPest Page” to 
forecast drift conditions 

Topics for today's session:



"Who?" and "What?"
Identification keys, diagnostic guides, management guides 

"When?" 
Phenology/degree-day models (crops, insects, weeds), Risk models 
(plant diseases)

"Wait: how many and If?" 
Sweep nets, pheromone traps,
economic thresholds, sampling
calculators.

"Where?"
GIS, precision agriculture

Typical IPM questions/tools:
(Leading up to the decision to treat)



http://uspest.org/wea



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

Degree-days: A simple 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 are in common use for timing of  
sampling and management events in agriculture; a 
cornerstone of IPM

Phenology and degree-day concepts



What to know about degree-days:
Insects have complex life cycles

Eggs
Larvae
Pupae (most)
Adults

-Timing of all stages 
*is often*
predictable using 
degree-days, which are
a two dimensional “Heat
Unit“ of development 
for cold blooded 
organisms



 Lower threshold: the temperature below which development 
stops

 Upper threshold: the temperature above which development is 
reduced according to the cutoff method

– Horizontal cutoff method: assumes development does not 
stop but does not continue to accelerate with even higher 
temperatures

– Vertical cutoff method: assumes development stops 
altogether above this temperature

Degree-day Concepts
Lower and upper developmental thresholds

Typical Temperature – Development Rate
response curve used to build degree-day
models



- Simple average/growing degree-days for most except corn:
= daily (Tmax+Tmin)/2 - lower threshold 

(use a more complex equation if there is an upper threshold)
 - Single and double triangle: simple geometric equation (the 
latter uses tonights min for second half of today)
- Single and double sine curve: more complex use trig functions
- Growing degree-days for corn: use simple average but 
substitute the lower threshold in place of daily Tmin (if Tmin is 
lower), substitute the upper threshold in place of daily Tmax (if 
Tmax is higher)
- Heating and Cooling degree-days: used by the power industry

Types of degree-days
Used for insects, plants, plant diseases, other uses



Degree-day calculations – all attempt to
Integrate temperature over time

Single triangle compared with 
typical daily fluctuation

Look at that first one fly!



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



Method Degree-Days 
4/20/17 to 5/26/17

Single Sine (codling moth default) 253

Double Sine 248

Single Triangle 237

Double Triangle 232

Simple Average (GDD) 201

Corn GDD 299

   

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



Work best in temperate regions for populations that have 
relatively few, non-overlapping generations

Degree-day models: accumulate a daily "index of 
development" (DD total) until some event is expected (e.g. 
egg hatch)

DD models often require a "biofix" - biological monitoring 
event used to initialize the model

Degree-day Modeling Concepts



Weather and Degree-day Concepts
1)Degree-day models: accumulate a daily "heat unit index"    
(DD total) until some event is expected (e. g. egg hatch)
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uspest.org/wea



Increases in online access to Degree-Day models



Degree-day Models –
New Features w/

uspest.org/dd/model



Degree-day Models –
New Features w/

uspest.org/dd/model:

New Extended 
Seasonal forecasts -

Thanks to NMME



Dec-Jan-Feb
2016-17

Dec-Jan-Feb
2017-18

NMME NWS



Temperature anomalies Dec-Jan-Feb 2017 Precipitation anomalies Dec-Jan-Feb 2017

La Nina
Again!



NMME Forecast Verifications Available: Example for Jan-Feb-Mar 2017 Temperatures



uspest.org/dd/model 
condensed output w/new 
multiple forecast output 



Degree-day Models - Using graphs

New interactive graphs – multiple forecasts
Example compare date of 1st nymphs 2016 data vs 7-month extended forecast:



Degree-day Models - Using graphs



Degree-day Models - Using graphs

Feature: turn off/on data by clicking on legend entry:

Off: CFSv2, 2015 observed, NMME forecasts



uspest.org/wea

To Run “MyPest Page”
Click here



Weather Data for Pest and Drift Management –
setting up MyPest Page for Drift Forecast Conditions

Set 
thresholds 
for Temp 
(70F), RH 
(40%), and 
Wind speed 
(3 and 10 
mph)



NWS NDFD Forecast – updated constantly 
(uspest.org only once a day)



USPEST.ORG fills in missing data with “virtual” 
estimated data from nearby stations



Weather Data for Drift Prediction
OSU IPPC Guidelines – thermal drift conditions



A New Tool for
Predicting Thermal Drift 
(Australian Gov. Bur. Meteorology)



3.1 million acres of soybeans damaged
By dicamba in 2017 – Univ. Missouri IPM

Environmental conditions play a large role in how much dicamba will move off 
the target site in the days following application.  Greater problems can be
expected when high temperatures and low relative humidities occur following
application. - Iowa State Extension Agronomy (2001)







(Particle) Drift and Volatility (Thermal or vapor drift) – both cause failure to reach the target, 
are causes of off-site movement.

Drift: physical (particle) movement by wind caused by unfavorable weather.
Most often combination of inappropriate application methods during windy conditions. Drift
Rate is highly depedent upon particle size in microns

a typical particle drift threshold: < 200 microns spray droplets

Volatility: the pesticide changes from a liquid to a gaseous form (even after
deposition on the intended target). The gaseous form then moves off-site with
wind currents.

- The tendency for an organic substance to volatilize is expressed by its vapor pressure; 
The higher the vapor pressure value, the more likely to volatilize.
Dicamba vapor pressure: 4.5 mPa at 25C; is a “moderately volatile compound”
Glyphosate vapor pressure: 0.01 mPa at 25C; considered negligible
Water vapor pressure: 3.17 kPa (=3,170,000 mPa) at 25C; water is volatilizing anytime the
Temperature is higher than the dew point!  

Definitions and Semantics



Delta – T: wet bulb temp subtracted from dry bulb temp.



Determination of Dew Point from 
wet and dry bulb temperatures
(Delta-T is the simple difference)





Degree-day Models – New Delta-T graphs
Choice of forecasts

NWS NDFD Fox Weather LLC





How does Delta-T compare to the 70F/40% RH Rule for Thermal Drift?



USPEST.ORG implementation of
Delta-T

Temp.

R.H.

Perform Lookup
Plot the
Delta-T
with default recommended zones
(High Risk, Marginal Conditions,
Acceptable Range, and too cool/humid)





Weather Data for Drift Prediction



Summary Points: 

 Phenology/degree-day models are important tools in 
pest management

 We have new NMME climate prediction tools
 Use DD models with other IPM tactics: 1) Pest 

sampling 2) Action thresholds 3) Least-toxic chemicals
4) Drift avoidance/mitigation

 Delta-T: new tool for avoiding thermal drift; we are 
working on how we can add vapor pressure of the 
compound into a revised/more fine-tuned tool
 IPPC website uspest.org/wea has evolved as a hybrid 

for support of State, Regional, and National IPM needs.



Weather Data Pest and Drift Management 

– Questions?



Weather Data for Drift Avoidance – Inversion Drift
Conditions indicating possible 
surface inversion:

1) High pressure system, clear skies

2) Temps increase with height;
Suggestion: have a weather station 
with temp sensors at 6”, 5ft, and 30ft

3) Winds light w/minimal mixing

4) Fog, mist, and frost often occur



Weather Data for Drift Avoidance – Inversion Drift
Conditions indicating possible 
surface inversion:

5) Big difference day and night 
temps

6) Evening/nt wind speeds much less 
than during day

7) Sounds seem to carry further

8) Odors seem more intense

9) Smoke/dust tend to hang in the air 
or move laterally



Every day around sunset, the 
ground cools rapidly by radiating
heat upwards. The air cools by 
conduction, making lower layers of 
air cooler than higher layers.

Weather Data for Weed Management –
Sunset Radiation Inversions

Problems include:
- Pesticide spray may stay concentrated for long periods above 
(not on) the target
- Move with the cool air for long distances
- Drain down slopes and concentrate in low-lying regions

For these reasons, there are daily cut-off times for spraying 
certain pesticides.



- frost prevention measure tend to work better 
during inversions

- heaters in particular work well during strong 
inversions – warm air rising from the heaters 
mixes with the air, which pushes the air back 
down towards the ground, helping to prevent 
frost

Weather Data for Drift Avoidance  
Inversions – additional considerations
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