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The Dynamic Model and Chill Accumulation
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California, like many other parts of the world where winters are warm with cycling 
warm and cold periods, often provides too little chilling for optimum dormancy and rest- 
breaking for higher chill-requiring fruit and nut crops.  Research to overcome lack of 
chilling has focused on (1) the use of rest-breaking agents that partially compensate for 
lack of chill accumulation, and (2) how to measure chill accumulation under California’s 
climatic conditions.  

Lack of adequate chilling can result in poor budbreak, spread-out bloom, lack of 
bloom overlap with pollenizers, poor ‘leaf-out’ and weakened trees, and floral bud death.  
The ability to set a crop can be affected as well as the timing of crop maturation and 
whether the crop matures in a coordinated, short time, or spread-out, requiring multiple 
harvests.

A significant contributor to response variation is the amount and distribution of 
chilling accumulated in any given year.  Chill accumulation can be calculated using 
various mathematical models, the simplest of which is the ‘chill hours’ model.  Chill hours 
(CH) = the number of hours equal to or less than 45°F accumulated over the dormant 
season, which has traditionally started on November 1.  

Not all ‘chill’, however, is effective, and this is one problem with the ‘chill hour’ 
model.  When CH alternate with temperatures above 45°F, such as is common in 
California’s fall and winter, a canceling effect can occur for some of that ‘chill’ and there is 
no way to measure this cancellation with the ‘chill hour’ model.

Chill Accumulation: The Dynamic Model and Its Use



Chill Accumulation: The Dynamic Model and Its Use

Since the mid-1990’s UCDavis researchers have tested the Dynamic 
Model as a way of calculating chill accumulation with the support of the 
California Cherry Advisory Board and the cooperation of many growers.  
The model was developed in Israel where temperatures are also mild and 
variable in the dormant season.  

The model calculates chilling accumulation as ‘chill portions’ (CP), using a 
range of temperatures from ~35-55°F (some temperatures are more 
effective than others), and also accounts for chill cancellation by fluctuating 
warm temperatures.  Since we have used this model in field trials and in re- 
evaluating historic data from our trials that began in 1994, we have been 
able to explain some of the variation in response.  

We found that CH vary much more widely from place-to-place in any single 
year and also from year-to-year than do CP.  We also found that we have 
had the best response within a certain range of CP accumulated at 
application of rest-breaking agents.



http://fruitsandnuts.ucdavis.edu/weather_Services

Where to obtain 
additional information 
on Chill Accumulation 
and Its Calculation, as 
well as annual chill 
accumulation for some 
California locations



The Dynamic Model Program

• The program is written as an Excel file 
with easy but specific format to work right.

• You must have hourly data in metric 
(Centigrade, Celsius) units

• You need consecutive dates and times



This is what the model looks like without any data added.  Note that the 
date and time are in the same column.  Your datalogger may produce 
date and time in 2 columns and how your data is entered into the model 
can affect whether the date and time display properly.  For separate date 
and time columns, insert a new column to the left of column A, but note 
then that the instructions at the top of the model will have to be adjusted 
for an additional column (now ‘B’ becomes ‘C’ and so on.



Once the data is 
added in the first 3 
columns, copying 
down as shown in the 
directions (with the 
change in columns as 
explained previously) 
will result in the Chill 
Portions calculated in 
the farthest right hand 
column.



If you only have data in Fahrenheit, you can change it to Celsius with 
the conversion included with the Dynamic Model program download.



Where to get data for the Dynamic Model?
• Your own datalogger in your orchard

– If you have more than 1 orchard at some distance 
apart, you should have a datalogger in each orchard

– If your orchard is colder at one end than the other so 
that you notice a difference in bloom patterns year-to- 
year, you should put dataloggers in the warm and 
cold locations

• Online data sources
– UC Pestcast weather stations and CIMIS weather 

stations 
both found at 

http://www.ipm.ucdavis.edu/WEATHER/wxretrieve.html



Select ‘map’ to 
choose your 
county, and ‘active 
stations only’

Online Data Sources





Choose ‘Map’ to see a map of the 
county and the various weather 
stations by type.  You can choose 
either CIMIS (State-operated) 

or PestCast (farm advisor-operated) 
stations through WEATHERNET.



Lodi CIMIS station was 
selected but only daily air 
temperatures are available, 
which won’t work for the 
model. To get hourly data 
from CIMIS stations you have 
to go to the CIMIS website 
(see in later example)



The Linden station was chosen 
and then ‘Hourly’ data



A date range was chosen, then 
‘Air temperature, average’, 
‘Metric’ and ‘Formatted report’, 
followed by ‘Retrieve data’



The resulting data, which you can highlight, copy and 
paste into a text or Word file (or any word-processing 
file).  Do not copy the top lines, only the data lines.  Do 
not paste it into Excel because it will not be separated 
into columns.  Next open the file in Excel as ‘fixed width’, 
copy the columns of data and paste into the Dynamic 
Model.  The format for date and time will be correct.



If you want to use CIMIS data 
because a CIMIS station is closer to 
your orchard, you will have to go to 
the CIMIS website through this link 
or directly to the website at

http://www.cimis.water.ca.gov/cimis/



Choose the ‘Data’ tab 
to register as a user 
then choose ‘Hourly’ 
data



Choose a particular station (look at the map 
on PestCast for the closest station to your 
orchard) or your County and ‘Air 
Temperature’ from the sensor list.  On this 
same page you will choose dates in the 
range you want.  We are using October 1 as 
the ‘start’ date for the current dormant 
season because we rarely find any chill 
accumulation prior to that, but we often find 
1-3 CP accumulate in October.



Choose the ‘Reporting 
Method’ as shown and 
when you choose 
‘Submit’ you will be 
asked if you want to 
save or open the file.  
You can do either.



The data file will 
look like this.  
You can delete 
the unwanted 
columns.



Highlight, copy 
and paste the 
data into the 
Dynamic Model 
file and then copy 
down the columns 
as shown to get 
the program to 
work



Chill portion 
accumulation 
will appear in 
the far right 
column



Dataloggers
– There are different commercial dataloggers.  What you need 

a single-channel, temperature logger that allows logging 
hourly, with metric temperature, over a long time (typically 
~300 days) and electronic data downloadable into a 
computer.  Typical models are the Watchdog and Hobo, but 
there are lots to choose from online and they are very 
affordable.

– The example shown in this guide will be the Watchdog from 
Spectrum, the software ‘Specware’ and the radiation 
housing for the datalogger for protection in the orchard.

– If you wish to take temperatures in different locations in the 
canopy, you may wish to get a datalogger with multiple 
stations and probes, but for the purposes of the Dynamic 
Model and chill portion accumulation, that isn’t necessary.



Presenter�
Presentation Notes�
Very simple dataloggers can be used in every orchard to collect hourly temperatures to input into the Dynamic Model program.  These are inexpensive and easy to use.  If you have one in each of your orchards that are distant from each other (miles, not less), you can customize management of your rest-breaking decisions and applications.

Spectrum Technologies makes a Watchdog datalogger shown here and software to run it that will be the ‘model’ for most of this information, however, similar dataloggers can be purchased from other companies, such as the Hobo datalogger.  All you need is one that will reliably record ambient air temperatures in Centigrade on an hourly basis.�



The datalogger is about 
1.5 x 2.5” in size.  The 
Radiation shield and its 
mounting hardware fit 
onto a PVC or metal 
pipe that can be put into 
the tree row.  The 
software is easy to use.



To download from the datalogger 
to your computer you have to 
have a serial connection that 
works for this plug…or…

• If your computer doesn’t have a serial port, you will need a USB to male DB9 
Serial RS232 adapter cable, which you can buy from Spectrum or electronics 
stores

• Manufacturers include Belkin, Sabrant and Startech, and prices are typically 
$15 to $35 for the cable and driver.  Purchase online (CompUSA, B&B 
Electronics, for instance) or at retail electronics stores such as Fry’s.

• You may have to test whether the port is Com 1, 2, 3, or 4 -- instructions come 
with the Spectrum datalogger manual.



When you open the SpecWare program it will look like this.  You have a toolbar 
on top with drop down menus and icons for the functions to use the datalogger 
and to work with data files you download from the datalogger.  Use the File 
dropdown menu to set the preferences that will work with the Dynamic Model 
program and the communication settings that will work with your computer, 
depending on which port you plug your datalogger into.



Use the File dropdown menu to set the preferences for where you want your 
logger files stored (in the Spectrum folder where the program looks by default, to 
a floppy (Drive A) or somewhere else. You can also choose the folder name if you 
don’t want the program’s default name by the logger number.



There are 2 ways to get your Watchdog 
datalogger started (‘launched’), and 2 
ways to download and save your data..  
You have to launch when you get your 
datalogger first, and after each time you 
download data.



Do not disconnect the datalogger from 
your computer without re-launching it and 
waiting for the message that it is safe to 
disconnect!



If you want to open a saved data file 
from a datalogger, you can do it from 
inside the SpecWare program.
Another way to open a datalogger 
file you have saved is from your File 
Explorer in Windows.  Finding your 
datalogger files in the SpecWare 
folder is easy—go to 
C:\Programs\Specware



You can open your datalogger files 
from Excel.  They will be recognized 
as ‘delimited text’ files and when you 
have cycled through the ‘Next’ button 
steps, you will have a file like this 
that can be renamed and saved, 
copied and pasted into the Dynamic 
Model Excel file.



2 ways to view your data:  as a text file in 
the SpecWare software (you can copy and 
paste into a spreadsheet from here) or as a 
graph of the data over time.



Copy and pasting data from datalogger text 
file for the Dynamic Model
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