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Discussion

1) Frost/Freeze Problem

2) Recommendations

3) Weather Monitoring Systems



1) Frost / Freeze Problem



Goal

• Goal of Frost/Freeze Protection is to 
prevent plant parts (particularly flower and 
fruit) from being damaged by temperatures 
that drop below a critical level.

• Critical temperature is a function of crop, 
variety and growth stage.



Factors in degree of injury due to 
low temperature 

1) Type of plant
2) Stage of development of the crop
3) Amount of leaf cover over the blossoms 

and fruit
4) Severity and duration of freeze
5) Wind speed



Problem associated 
with irrigation

If humidity is low and wind speed is high 
during freeze, insufficient irrigation may 
cause evaporative cooling which may 
damage crops more than non-irrigated 
fields.



2) Recommendations



Recommendations
• If RH > 90%, little likelihood of worsening 

freeze damage with irrigation

• Open blueberry flowers cannot survive 
T < 28 ºF.  After petal fall, the developing 
berry can be damaged by T < 30 ºF.

• Overhead irrigation can be very effective in 
preventing damage to blueberries if there is 
little wind when temp drops below freezing.



Recommendations 

• If humidity is low, start irrigation at 37 ºF.

• If temp. drops to low 20’s or below or if 
wind is higher than 5 mph, sprinkling can 
cause increased damage.



Recommendations

• If wind rises to 5 mph, an application rate 
of 0.5 in. / hr. will be needed to give some 
protection.

• At wind speeds above 5 mph, more 
damage may be done by irrigating than 
not irrigating



Dew point temperature (TDP)

• Producers need estimates of temperature, 
wind speed, relative humidity (or TDP) 
during critical times of the freeze.

• TDP is useful for estimating moisture 
content of air during freezes.  

• With little wind, the TDP changes little 
between noon and the following sunrise.



3) Weather Monitoring Systems



AEMN

The University of Georgia’s
Automated
Environmental 
Monitoring 
Network

• Dr. Gerrit Hoogenboom
• 58 automated weather stations in rural areas of 

Georgia
• http://www.griffin.peachnet.edu/bae/



AEMN Stations



Equipment

• Campbell Scientific
– CR10/CR10X Measurement and Control 

Module



CR10 Power 
Supply

Air Temperature &
Relative Humidity

Rainfall



Soil 
TemperatureWind Direction

Wind SpeedSolar 
Radiation



Communications

Telephone
• Modem
• Voice modem

• Dedicated land lines
• Cellular 

phone/modem 
combination



Data Recording

• Collect data every second on:
– Air temperature
– Relative humidity
– Soil temperature (4 depths)
– Wind speed
– Wind direction
– Solar radiation
– Vapor pressure deficit
– Soil moisture



Data Recording

• Sensors are scanned at a one-second
frequency

• Data are stored at 15-minute intervals
– 15-Minute Average
– 15-Minute Total
– Maximum wind speed 
– Time of maximum wind speed
– First rainfall occurrence



Automated Processing

Communications
• Call all stations,

at least, every hour
• Call local stations at 

15 minute intervals
• Loggernet (Campbell 

Scientific) software for 
data downloading





Simple Applications & Calculators

• Heat Index/Wind Chill (humans & livestock)
• WBGT – Wet Bulb Globe Temperature = Heat 

stress index (humans & livestock)
• Degree Days
• Chilling Hours
• Water Balance Calculator
• Heating Degree Days
• Cooling Degree Days
• Rainfall Calculator
• Average Temperature Calculator
• Soil Temperature Calculator







FAWN 









Approach

• Develop web-based, frost-warning 
Decision Support System (DSS) which 
utilizes current and prior weather data

• Use Artificial Neural Networks (ANNs) to 
develop the algorithms used in the DSS



Standard Three-Layer Back-Propagation Artificial 
Neural Network
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ANN architecture for 
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Two General Categories of ANNs

1) Estimation of a numerical value

2) Classification

We have pursued both types of ANNs
in our research project.



A. Jain, M.S. Artificial Intelligence, UGA

• Developed estimation ANNs to predict air 
temperature in hourly increments from one 
to twelve hours in the future based on 
current and prior weather data.



R. Ramyaa, M.S. Artificial Intelligence, UGA

• Developed classification ANNs to predict if 
frost occurs in a subsequent four, eight, or 
twelve-hour period.



B.A. Smith, M.S. Artificial Intelligence, UGA 
(expected 2005)

• Developed software to allow the automatic 
training of large numbers of temperature-
predicting ANNs using larger data sets.



Initial Study Locations
• Blairsville – North Georgia Mountains
• Fort Valley – Central Georgia
• Alma – South Georgia 

Weather Data
• Model Development: 1993-2000
• Model Evaluation: 2001-2003



Predicted and observed one-hour temperature predictions 
for Fort Valley, 2001 and 2002 data.



Predicted and observed twelve-hour temperature 
predictions for Fort Valley, 2001 and 2002 data.



A Predicted Freeze Event

March 4, 2002 
1200 hrs to 2200hrs
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Predictions made from the Decision Points (DP),
March 4, 2002, 1200hrs to 2200hrs 
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A Predicted Freeze Event

January 8, 2001 
1200 hrs to 2400hrs
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Fort Valley-8 hour prediction
February 24-March 1, 2002
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Fort Valley-8 hour prediction
March 2-7, 2002
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Implementation

During Spring 2004, the temperature 
prediction ANN was implemented on the 
website.





Robert T. Boland Jr., Brantley County Agent

“Brantley County Southern Highbush Blueberry growers 
have an early market window during which they can 
receive higher prices, around $10 per pound.  However, 
with early maturing varieties they face the risk of late 
freezes.  Losses from the Feb. 28, 2002 freeze were a 
whopping 80%, an estimated $115,000 loss to the Brantley 
County Blueberry crop’s early maturing varieties. The 
Georgia [AEMN] is, and will continue to be, a management 
tool which Brantley County Southern Highbush Blueberry 
growers are using to monitor weather conditions...  [It] will 
allow growers to use current and local weather data to 
guide them on when to start freeze protection for their 
blueberries.”
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