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E.  GROWING DEGREE-DAY

Objectives of Section:


(
Discuss a temperature-based index which has potential utility as an agrometeorological tool in SADC early warning for food security.


(
Provide step-by-step instructions on the application of this important tool.


(
Enhance user understanding of the procedures with exercises.

1.0  Background


The effect of temperature on a crop is the impact it has on the biochemical reactions that control the development of the crop.  Within limits, the higher the temperature, the higher is the development, assuming other factors are not limiting.  Its use is best applied in the temperate climate zones such as the Republic of South Africa, Lesotho and Swaziland.  In these areas, early and late frosts can hamper crop development following planting and towards maturity.  Consequently, given the planting date, it is possible to estimate whether sufficient amount of time remains for the crop to reach maturity.

1.1  Concepts


Growing Degree-Day (GDD) is an index of energy that uses temperature to monitor the development of crops.  It has been found that the development of maize, within defined thresholds, can be monitored as a function of temperature when soil moisture is not severely limiting.  GDD has also been referred to as "heat units", "heat sums", "growth units" and "effective temperature".


The application of GDD compliments the reference of maize varieties depicted by number of days, e.g. 100-day, 110-day, 120-day, etc. maize.  It is well known that temperature can vary significantly from far above average to far below average during the course of the growing season.  Consequently, the use of degree-day on a daily (or dekadal) basis is a more objective way of monitoring the development of maize.  In this way, a 120-day maize variety could be referred to, as for example, a 1200 degree-day maize variety.  This amount could be reached in average of 120 days associated with average temperatures leading to, say 1200 degree-days.  The variety could also mature in less or more than 120 days, depending on whether temperatures were warmer or cooler than average.  

1.2  Conventional Degree-Day Model


GDDb is defined as a "unit based on the difference between a selected base temperature, b and the mean daily temperature".  The mean daily temperature is often derived by the simple average of the maximum and minimum temperature for the day.  Thus,
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where:
GDDb = Growing degree days with base temperature b,



Tx   = Daily maximum temperature,



Tn   = Daily minimum temperature, 


The base temperature can vary, depending on the crop and the variety.  If, for example, the base temperature is 10 degrees and Tx is 27oC and Tn is 7 oC,
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for the day.  Negative values are defaulted to zero.  GDD are accumulated over the growing season, from planting to physiological maturity.

1.3  30-10 Degree-Day Model


Lehenbauer (1914) found that maize seedlings responded very little when the temperature was above 30oC and when the temperature was below 10oC.  Based on this observation, the GDD can be modified to consider this high and low threshold by the following formula:
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Maximum temperatures above 30oC are entered as 30 degrees; minimum temperatures below 10oC are entered as 10 degrees.  For example, for the temperature observations of Tx=27 and Tn=7, 
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If the maximum temperature was 34 degrees and the minimum temperature was 7 degrees, the GDD30-10 is:
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2.0  Data Requirement


The only data requirement to operate the GDD models is the daily (or dekadal mean) maximum and daily minimum temperatures.  Historical temperature data related with the different maize varieties grown in the local region are useful to determine the energy requirement related with the number of days from planting to maturity.  When using GDD, it is assumed that moisture availability is not a major limiting factor.

3.0  Procedure

3.1  Conventional Degree-Day Model: Step-by-Step


Step 1.  Secure the maximum (Tx) and minimum (Tn) temperature for the day.


Step 2.  Find the average temperature: (Tx+Tn)/2.


Step 3.  Subtract the average temperature in step 2 from the base temperature, e.g. 10oC.


Step 4.  Accumulate daily current season GDD10 and compare with historical average GDD10.


Step 5.  Determine the required number of GDD10 for maturity.


Step 6.  Translate the required amount in step 5 into the estimated number of days required for maturity.


Step 7.  Interpret the resultant time frame into the likelihood of frost.

3.2  30-10 Degree-Day Model


Step 1.  Secure the maximum (Tx) and minimum (Tn) temperature for the day.


Step 2.  Using the threshold Tx=30 and Tn=10, find the GDD30-10.


Step 3.  Subtract the resultant GDD30-10 from the base temperature, e.g. 10 degrees.


Step 4.  Accumulate daily current season GDD30-10 


Step 5.  Compare with historical average GDD30-10.


Step 6.  Determine the required number of GDD30-10 for maturity.


Step 7.  Translate the required amount in step 5 into the estimated number of days required for maturity.


Step 8.  Interpret the resultant time frame into the likelihood of frost.

.

4.0  Sample Calculation

4.1  Conventional Degree-Day Model


Table 1, which consists of daily maximum and minimum temperature for a period of 10-days (dekad) is used to illustrate the calculations involved.  Values for the two methods, conventional (base 10) and 30-10 degree-day models are also calculated.  Procedure to use the 30-10 model is outlined in section 4.2.

Table 1.  Sample 10-day maximum and minimum temperature with 

calculated growing degree days with base 10 and (30-10).

PRIVATE 
DAY
Tx(oC)
Tn(oC)
GDD10
GDD(30-10)

1 
25 
8 
6.5 
7.5 

2 
26 
9 
7.5 
8 

3 
28 
10 
9 
9 

4 
30 
12 
11 
11 

5 
32 
15 
13.5 
12.5 

6 
33 
16 
14.5 
13 

7 
33 
14 
13.5 
12 

8 
30 
10 
10 
10 

9 
29 
12 
10.5 
10.5 

10 
27 
8 
7.5 
8.5 

MEAN
29.3 
11.4 
10.35 
10.2 

   TOTAL     GDD
XXX
XXX
103.5 
102 


Step 1.  Secure the maximum (Tx) and minimum (Tn) temperature for the day.


For example on day 1, Tx=25, Tn=8.  On day 6, Tx=33, Tn=16.


Step 2.  Find the average temperature: (Tx+Tn)/2.


On day 1, the average of 25 and 8 is 16.5.  On day 6, the average of Tx and Tn is 24.5.


Step 3.  Subtract the average temperature in step 2 from the base temperature, e.g. 10oC.


Since the base temperature is 10, the growing degree-days on day 1 is 16.5 minus 10 or 6.5.  On day 6, GDD10 is 24.5 minus 10 or 14.5.


Step 4.  Accumulate daily current season GDD10.


For Table 1, the accumulated GDD10 is 103.5.  Values for each dekad from planting date to the current dekad is accumulated.


Step 5.  Compare with historical average GDD10.


Figure 1 shows the mean dekadal GDD with base 10oC for REWS station "X". Average planting date is the first dekad in November.  Therefore, GDD accumulation begins at that time.  Also shown is the calculated degree days for each dekad from planting (second dekad in December) to the current dekad, which in the example is the first dekad in March.
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1Figure 1.  Comparison of mean growing degree days (base 10 degrees) with current season.  The forecasted GDD after the current dekad (FEB III) is the average GDD for the remaining period of the year.


Step 6.  Determine the required number of GDD10 for maturity.


From Figure 1, the accumulated degree-days through the third dekad in February is approximately 800 degree-days.  The planted maize variety requires 1200 degree days.  Consequently, a total of 400 more degree days is required for maturity.  The question is: can 400 more GDD be reached before the frost sets in?


Step 7.  Translate the required amount in step 5 into the estimated number of days required for maturity.


In Figure 1, the current and mean curves are plotted.  


By plotting the current and mean dekadal growing degree-days, an indication of the number of dekads required for maturity can be estimated.  This is done by drawing (or plotting) a line parallel to the mean dekadal curve until 1200 degree days is reached.  As indicated on the mean GDD curve, this amount is reached around the first dekad of March.  The extension of the mean dekadal GDD from the first dekad in March (noted by "FCST MAR I") through the third dekad of April (noted by "FCST APR III") suggests that 1200 GDD is not likely to be reached unless considerable warming occurs after MAR I.


Step 8.  Interpret the resultant time frame into the likelihood of frost.


From historical temperature data on frost, the probability of temperature being 0oC at one meter above ground (the height of the thermometer shelter) is assumed to have been determined.  From the data, the probability of the first frost occurring in the third dekad of April or the first dekad in May is, for example, 20 percent.  However, since the outlook for above-average temperature is not good, the likelihood that the maize crop will reach maturity is poor.  Consequently, the maize production is likely to be diminished considerably as the maize crop is not expected to mature.

4.2  30-10 Degree-Day Model


Table D.1 is also used to illustrate this method.


Step 1.  Secure the maximum (Tx) and minimum (Tn) temperature for the day.

For example, on day 2, Tx=26 and Tn=9.  On day 6, Tx=33 and Tn=16.


Step 2.  Using the threshold defined in GDD30-10, Tx=30 and Tn=10, find the average temperature to calculate GDD30-10.


For day 2, since Tn is less than 10, it is defaulted to 10.  Therefore the average temperature for GDD30-10= [(26+10)/2]= 18.


For day 6, since Tx is greater than 30, it is defaulted to 30.  Consequently, the average temperature to calculate GDD30-10 is (30+16)/2 = 23.


Step 3.  Subtract the resultant GDD30-10 from the base temperature, e.g. 10 degrees.

From Step 2 and day 2, GDD30-10= 18-10=8.  For day 6, GDD30-10=23-10=13.


Steps 4-8.  See steps describe in section 4.1.

5.0  Limitations

5.1  Assume moisture not limiting.


In many areas of SADC, moisture is the limiting factor in the potential productivity of maize.  If moisture is limiting, the interaction of stress imposed by limited moisture and high temperature will affect its development (likely to speed it up), and consequently, affect the duration of the season.

To what extent the duration is affected depends on the period of stress in relationship to the stage of the crop.

5.2  Use of only maximum and minimum temperatures.


The use of the daily maximum and minimum temperatures to find the average temperature for the day may not be the optimum way to find the surrogate energy for the day.  The same average temperature can result with different maximum and minimum temperatures.  Ideally, it is the integral of the heat energy for the day that is desired.  Other ways to determine the integral of the day have been investigated (e.g consideration of daylength and soil moisture), but for simplicity and practical reasons, only the maximum and minimum temperatures are used.  

6.0  Potential Operational Issues

6.1  If only dekadal temperature values are available, what needs to be done to determine the GDD over this period?


As GDD is accumulated daily, the GDD derived from dekadal mean maximum and mean minimum temperature need to be multiplied by 10.  For example, if the mean GDD for a dekad was 17, the total GDD for the 10-day period is 170 degree-days.

6.2  When does one begin the accumulate degree days?


GDD accumulation begins on planting date.  Therefore, it is essential to determine the general planting date for maize.  This information can be secured from the information gathering process in the agricultural extension service, or from crop cards developed by agrometeorologist in the meteorological department.

6.3  How does one monitor growing degree-days for a region when different varieties are grown?


Two issues are involved.  One is the multivariety issue.  The other is the representation of temperature.  With regard to the multivariety issue, a knowledge of the major variety grown in the area is of interest.  This information can be secured from the agricultural extension service.  It is impractical to monitor all of the varieties.  Given this potential heterogeneity as well as the topographic and climatic variations, it is best to focus on the major variety.


With regard to the representation of temperature, this depends on the number of the reporting network.  Fortunately, temperature (the mean) is less variable than rainfall; therefore, the standard deviation is smaller than rainfall.

6.4  How often should the GDD product be released during the growing season?


Agrometeorological tools are used for monitoring the crop situation.  The most useful information are those that are timely and fit the unusual situation occurring during the season.  This suggests that the most useful information derived from GDD would probably occur sometimes during mid-season, particularly after a late start of planting.  

6.5   In what form could the product be presented effectively to the potential user?


The final product could be presented either in a tabular, graphic or in a mapped form, depending upon the station network density, the amount of information conveyed through a bulletin, or the severity of the situation.  A mapped form can be visually scanned by the user and can provide a quick spatial status.  A graphic form allows rapid comparisons to the normal.  A tabular form is effective if the user is familiar with the location and the data conveyed. 

7.0  Exercise

7.1  Given the following temperatures for the day, maximum temperature: 32oC; minimum temperature: 8oC, calculate the GDD by the (a) conventional degree-day model with base 10oD, and (b) by the 30-10 degree-day model.  

7.2  In Table 2 are the current season average maximum and average minimum temperatures from planting for six dekadal periods in December and January at station "X" (columns 5 and 6).  The normal growing degree days (GDD) values for the growing season is also shown (columns 3 and 4).  Find the GDD with the conventional model with base 10oC (columns 8 and 9) to the third dekad in January.  Estimate the number of days it will take for the maize variety that required 1200 degree days to mature under the assumption of normal temperatures until the end of the season.

Table 2.  

PRIVATE 
1
2
3
4
5
6
7
8

MONTH
DEKAD
GDD(10)
Σ(GDD)
MAX
MIN
GDD(10)
Σ(GDD)

NOV I
1 
0 
0 


0 
0 


2 
53 
53 


0 
0 


3 
81 
134 


0 
0 

DEC I
1 
108 
242 
30 
15 

 


2 
117 
359 
31 
11 

 


3 
127 
486 
30 
15 

 

JAN I
1 
131 
617 
32 
17 

 


2 
126 
743 
33 
20 

 


3 
120 
863 
28 
15 

 

FEB I
1 
106 
969 






2 
90 
1059 






3 
87 
1146 





MAR I
1 
71 
1217 






2 
68 
1285 






3 
48 
1333 





APR I
1 
25 
1358 






2 
18 
1376 






3 
7 
1383 





8.0  Answers to Exercise

8.1  Conventional GDD model: GDD10=[(Tx+Tn)/2]-10=[(32+8)/2]-10=10 degree days.  With the (30-10) model, GDD30-10=[(30+10)/2]-10=10.  These two models coincidentally gave the same result.  However, in the GDD30-10 model, the maximum temperature was defaulted to 30 from 32 while the minimum temperature was defaulted to 10 in accordance with the definitions of the methods discussed above.

8.2  Answer to 7.2 (see Table 3)


The mean GDD10 from column 3 has been transferred and added to column 8, to provide the forecasted accumulated GDD for the season.  The accumulated GDD have also been plotted in Figure 2 for easier visual assessment of the progress of the current season relative to the mean growing season.

Table 3.

PRIVATE 
1
2
3
4
5
6
7
8

MONTH
DEKAD
GDD(10)
Σ(GDD)
MAX
MIN
GDD(10)
Σ(GDD)

NOV 
1 
0 
0 


0 
0 


2 
53 
53 


0 
0 


3 
81 
134 


0 
0 

DEC 
1 
108 
242 
30 
15 
125
125 


2 
117 
359 
31 
11 
110
235 


3 
127 
486 
30 
15 
125
360 

JAN 
1 
131 
617 
32 
17 
145
505 


2 
126 
743 
33 
20 
165
670 


3 
120 
863 
28 
15 
115
785 

FEB 
1 
106 
969 



891 


2 
90 
1059 



981 


3 
87 
1146 



1068 

MAR 
1 
71 
1217 



1137 


2 
68 
1285 



1207 


3 
48 
1333 



1255 

APR 
1 
25 
1358 



1280 


2 
18 
1376 



1298 


3 
7 
1383 



1305 


From Table 3 and Figure 2, 1200 GDD will be reached in the second dekad of March, assuming normal temperatures after the third dekad in January.

2Figure 2.
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