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Background

�AgClimate.org and GDD tool
�ENSO forecasts for thermal time
�FSU RCM forecasts



Thermal Time for Agriculture

�Stakeholder interest in thermal time
�Winter forage production & rotational grazing
�Market opportunities in tomato
�Vegetable seedling production
�Disease management in cotton
�Integrated pest management (IPM)
�Management of deciduous fruit
�Varietal selections in field crops
�Heat stress in poultry, dairy, and cattle operations



Thermal Time for Agriculture

�Peanut (10)

�Cotton(33.8-15.6)

�Corn(48-6.2)

�Tomato(55-10)

�Broccoli(20-0)

�GDD 86°-50°
�Ryegrass(30-0)

�Wheat(0)

�Heating Degree Days(18.3)

�Cooling Degree Days(18.3)

�Insect Populations(lots)

�Fruit Chill Units
�45 °F Chill hours
�Apple(8-3) , Pear(10-0),
Blueberry(15-7.2—2.5) , Peach(14-6—2), & 

Strawberry (7-0)



Methods

�TD3200 Coop Data
�1948-2006
�Hourly temperature

estimation
�Calculation of daily, monthly, and 

seasonal thermal units for crops



• Hourly temperature estimation from: Latitude & Longitude, Max T, Min T
• Non-linear fit using FAWN hourly data for 9 sites (3 coastal, 6 inland)
• Tested on independent FAWN sites: R2 =0.92 (n = 6)

ROJAS AND MARTINEZ, 1990 

Hourly temperature estimation from daily max and min temperature and daylength 
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Historic ENSO Phases 1949-2006
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Thermal Time for Agriculture

�Current : Yearly JMA ENSO (ENSO)

Alternate ENSO classification for months
�Five month running mean of JMA (E5)
�One month Lag of Enso5 (Lag1)
�Two month Lag of Enso5 (Lag2)



Growing Degree Days 86-50
La N iña  anom alies G D D 8650
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Growing Degree Days 86-50
N eutra l anom alies G D D 8650

M onth

J F M A M J J A S O N D

G
D

D
 A

no
m

al
ie

s 
°C

-15

-10

-5

0

5

10

15

20

JM A  E N S O  Yearly
JM A  5  m onth  m ean
JM A  Lag1 5  m onth  m ean
JM A  Lag2 5  m onth  m ean



Growing Degree Days 86-50
JM A E N SO  anom alies G D D 8650
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Growing Degree Days 86-50
JM A E5 anom alies G DD 8650
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Growing Degree Days 86-50
JM A Lag2 anom alies G D D 8650
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Months:  GDD 86-50
RMSE forecast errors for monthly GDD 

accumulations for GDD 86-50
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Years:  GDD for Maize
RMSE forecast errors for monthly GDD 

accumulations for Maize
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Thermal time 
from RCM fields

�FSU Global Spectral Model
�T63 – 200 km2 or 1.8°

�FSU Regional Climate Model
�20 km grid

�Two convection schemes
�With Bias Correction



Contribution of RAS-SAS temperature fields to mean error 
in dry seed yield at nine SE sites
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Thermal time 
from RCM fields

�Hindcast data from 20 
ensemble members
�1987-2004
�Daily Tmax, Tmin
�1 Mar – 30 Sep

�Hourly T estimation
�Daily thermal time estimates
�Bi-weekly & Monthly 
accumulations



FSU RCM model hindcast
RMSE forecast errors for monthly GDD 
accumulations for GDD 86-50 MAR-SEP
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72% as good or better 
 



FSU RCM model hindcast
RM SE forecast errors for m onthly G DD 

accum ulations for G DD 86-50
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F1 1989  Growing Degree Days 86-50
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F1 1989  Cooling Degree Days
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F2 1987  GDD 86-50
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G1 1987  Peach Chill Units
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Conclusions

� Yearly ENSO-based tool provides a probabilistic forecast 
that can be accessed and used by stakeholders

� Alternate forecast techniques based on ENSO 
classification are not clearly superior but certainly no 
worse

� Alternate methods provide different view of late spring and 
early fall ENSO signals

� Currently more questions than answers

� FSU RCM predicts monthly thermal time accumulations 
with less error than ENSO classifications during the warm 
season particularly under JMA ENSO neutral events



Future Directions

�When to employ alternate ENSO class.?
�Cool season performance of FSU RCM?
�How best to apply multi-ensemble info?
�Performance evaluation through specific 

cropping seasons
�Translation of applications to other regions 

with strong ENSO signals


