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As the variation of rainfall is generally considerable, it is very important to 
consider the distribution of rainfall throughout the year. This will provide more useful 
information to the experimenter. Further, though rainfall measurements are recorded 
daily at the experiment site (or at a place within the close range of the experiment 
site) these data have very seldom been used in formal analysis. Abeyasekara and 
Seneviratne (1983) highlighted the many inherent limitations in the use of monthly 
and yearly rainfall data. 

This paper proposes a method for using daily rainfall in analysing data from 
long-term experiments. The successive years of the experiment are classified into two 
states namely, "Good year" and "Bad year" depending on the distribution of rainfall 
in the years. The risk of long dry spells, start of the rains and end of the rains in the 
two rainy seasons, Yala and Maha are used to classify years. The importance of these 
parameters to agriculture have been discussed by Stern et al. (1982a;1982b). A basis 
for classification of years is defined for coconut. However this definition can be 
adjusted for any crop, depending on its requirements. The total period of the 
experiment is broken into four groups depending on the state of the previous year 
and the current year. The analysis is then carried out separately for the four groups 
using a simple analysis of variance, without adding "year effect" into the model. 

This method is illustrated using a data set from an irrigation experiment carried 
out at the Coconut Research Institute at Ratmalagara Estate in Puttalam district 
(Abeyawardena, 1979). 

Data Set 

The annual yield data from 1975-1984 of the 'medium' palms of the experiment 
were used. The experiment design was a fully randomized design with four treatments 
including the control. The data were analysed initially using a two-way Analysis of 
Variance (ANOVA) model considering years as blocks. 

The daily rainfall for 30 years (1958-1987) at Ratmalagara was used to classify 
years being "Good" and "Bad". The date of the start of rains, end of rains and 
length of rainy period in both Yala and Maha seasons and the probabilities of long 
dry spells were calculated for each year. A threshold value of 0.5 mm was chosen and 
a day was classified as being wet if the amount of rain falling on that day was greater 
than or equal to the threshold value. If not, a day was classified as being dry. The 
data were then analysed separately for the four possible states without considering 
years as blocks. 

RESULTS AND DISCUSSION 

(a) Approach without considering climatic effect 

The yield data were analysed using the two-way ANOVA model including the 
year effect as blocks. The ANOVA is given in the Table 1. 

As can be seen, the treatments are statistically significant and there is high 
variation between years that could affect the treatments. This is mainly due to 
changes in weather between years. More details of this effect cannot be obtained 
because the effect of rainfall was not included directly in the analysis. Consequently, 
the information of the treatment effects gathered by the experimenter is often 
incomplete. From the above standard error it is clear that the three watering 
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treatments are significant in comparison with the control and the t reatment 1 is 
significant when compared with both t reatments 2 and 3 , regardless of the climatic 
changes over the duration of the experiment. 

Table 1. Two-way ANOVA 

DF MS F-Value 

Year 9 401.98 17 .21*" 
Treatment 3 529.38 22.66*** 
Error 27 23.36 
Total 39 

Means: Treatment 1 73.06 
Treatment 2 69.06 
Treatment 3 67.34 
Control 56.00 

SE for difference between any two means (16 df)= 2.16 
*** Denotes values which achieved significance at P<0.001. 

(b) Analysis using the climatic effect 

The average annual rainfall at Ratmalagara Estate is around 1750 mm and the 
general rainfall pattern is bimodel with two peaks in Yala (April-June) and Maha 
(mid September to end November) seasons. As far as coconut is concerned, it is 
known that a good rainfall year is followed by a good crop year and poor rainfall year 
is followed by a poor crop year. The parameters for a good rainfall year for coconut 
are not known. An evenly distributed total rainfall of about 1500 mm in a year is 
favourable for coconut. Therefore in this preliminary study, the start, end and the 
length of rain in both Yala and Maha seasons have been used together with data on 
the risk of long dry spells between the periods from the end of Yala to the start of 
Maha and end of Maha to the start of Yala in order to categorise the years. 

(c) Start of the rains 

Defining an event like the start of rains or end of the rains is difficult, because 
of the intermit tent and patchy nature of tropical rainfall. This definition is based 
solely on daily rainfall. .Such an event could be defined in different ways for different 
crops. However , the rainfall requirement at different stages of the development cycle 
of coconut and the minimum dry period for the palm to exert moisture stress etc. are 
not known exactly. 

In this study the date of the start of the rain in Yala season, in a given year, is 
defined as the earliest possible day after the 1st of April with more than 100 mm and 
less than 600 mm of rain totalled over 20 days. In addition at least 10 days should be 
rainy days and there should not be a dry spell of length 10 days or more in the next 
20 days. A similar definition was used for the start of the rain in Maha season. The 
first day was replaced by the 15th of September. 

The cumulative probability distributions of the start of the rains in Yala season 
and the start of the rains in Maha season at Ratmalagara Estate are shown in Fig. 1 
and Fig. 2 respectively. Fig.l shows that the chance of rains commencing in Yala by 
the day number 123 (2nd May) and 153 (1st June) are 50% and 7 5 % respectively. 

16 



An Alternative Approach for Analysis of Data 

CO 
rr loo 
< 
UJ 
> .80 

U. 

O z o 

O 
0. 
O 
CC 
0-

.60 

.40 

.20 

.00 
60 110 160 210 260 310 360 

DAY NUMBER 
Fig 1: Cumulative Probability of the 

start of the rains in Yala at 
Ratmalagara Estate. 

CO 
rr 
< 
UJ 

> 
LL 
O z o 
rr 
O 
o. 
O 
cc 
CL 

1.00 

.80 

.40 

.20 

.00 
260 280 300 320 340 360 

DAY NUMBER 
Fig 2: Cumulative Probability of the 

start of the rains in Maha at 
Ratmalagara Estate. 

CO 
CC 

S5 
CO 

1.00 CL 1.00 

.80 
UJ 
>-.80 • 

O
F 

' .80 

.60 .60 .60 NO
 

.40 / RT
I .40 

.20 .' or
\ .20 

.00 R
D

 
nu

 

.00 
120 160 200 240 280 320 360 0. 

DAY NUMBER 
Fig 3: Cumulative Probability of the 

end of the rains in Yala at 
Ratmalagara Estate. 

) 50 100 150 200 250 300 

DAY NUMBER 
Fig 4: Cumulative Probability of the 

end of the rains in Maha at 
Ratmalagara Estate. 

CO 
5 1 0 0 
UJ 

.80 

.60 

CO 
CC 
< 
UJ 

>-
u. 
O 

1.00 

.80 

£ - .40 

.20 

.00 
15 30 45 60 75 90 105 

LENGTH OF DRY SPELL 
Fig 5: Cumulative Probability of dry 

spells between end of Yala and 
start of Maha at Ratmalagara 
Estate. 

CC 
O 
QL 
O 
CC 
CU 

.40 

.20 

.00 
10 20 30 40 50 60 

LENGTH OF DRY SPELL 
Fig 6: Cumulative Probability of dry 

spells between end of Maha and 
start of Yala at Ratmalagara 
Estate. 17 



T. S. G. PEIRIS and E . K. S E N E V I R A T N E 

Similarly Fig. 2 shows that the chance of rains starting in Maha season by day number 
292 (18th October) and 304 (30th October) are 50% and 7 5 % respectively. 

(d) End of the rains 

The end of rains is also an important event for any crop which depends on the 
quantum of daily rainfall. The date for the end of the rain in Yala season was defined 
as the first day of at least 15 consecutive dry days after first of June . The end of the 
rains in Maha season was taken as the first day of at least 25 consecutive dry days 
after first of January. The cumulative probability distribution of the end of the rains 
in Yala season and the end of the rains Maha season at Ratmalagara Estate are 
shown in Fig. 3 and Fig. 4 respectively. Fig. 3 shows the chance of the end of the 
rains occurring in Yala season by day number 189 (7th July) and by day number 203 
(23rd July) are 5 0 % and 7 5 % respectively. Fig. 4 shows that the 50% and 7 5 % points 
for the Maha season are 9th January and 26th January respectively. 

The years in which rains commence after the dates at which 50% of years had 
started rain and the rains end before the dates at which 50% of years had finished 
rain in both Yala and Maha seasons are classified as bad years since the length of the 
rainfall period is shorter than normal. Similarly, the years in which rains commence 
before the dates at which 50% of years had started rain and rains end after the dates 
at which 5 0 % of years had finished rains in both seasons are classified as good years 
since the length of the rainfall period is longer t han normal. 

The length of the rainy period for each year was calculated by substracting the 
date at which the rain began from the date on which rain ended. It was also observed 
that the correlation between the dates of beginning and end of rain was very low and 
was not significant even at 10% level. Classification of years which do not fall into the 
above was done by judging the risk of dry spells. 

(e) Dry spells 

The occurrence of dry spells is another important variable that cannot be studied 
without access to the daily rainfall data. The maximum dry spell between the date at 
which 7 5 % of years end rain for the Yala season and the date at which 7 5 % of years 
start rain for the Maha season (say period, P I ) were calculated for each year. 
Similarly, the maximum dry spells between the date at which 7 5 % of the years finish 
rain for the Maha season and the date at which 7 5 % of the years start rain for the 
Yala season (say period, P2) were also calculated for each year. The cumulative 
probability o f dry spells for the periods, PI and P2 is shown in Fig. 5 and Fig. 6 
respectively. It can be seen that 50% of years had dry spells of 20 days or more and 
33 days or more in the periods PI and P2 respectively. The dry spell of 20 days and 
33 days therefore is considered as the critical value for those two dry periods. 

Years were classified as good and bad with the combination of dry spells in two 
dry periods and start of the rains and the end of the rains in two rainy seasons. From 
the above critical values, the years 1975, 1976, 1977, 1978, 1984 and 1985 were good 
years and the years 1974, 1979, 1980, 1981, 1982 and 1983 were bad years. Only the 
years between 1974 and 1985 were classified because the experiment had been 
conducted from 1975 to 1984. As a result of the above classification, the years 1976, 
1977 and 1978 belonged to the group of good years followed by good years and the 
year 1979 belonged to the group of bad years followed by good years. These two 
groups were denoted by G/G abd B/G respectively. Similarly the years where bad 
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Table 2. Summary of ANOVAs. 

MS 

Source DF GIG BIG BIB GIB 

Treatments 3 68.07 412.41*" 343.68* 251.38" 
Error 16 93.93 34.54 83.23 41.02 
Total 19 

Means: 

Treatment 1 77.20 79.60 69.65 72.53 
Treatment 2 75.20 74.50 62.90 71.33 
Treatment 3 73.00 71.10 62.60 70.33 
Control 68.60 58.30 49.80 57.33 

SE for difference between any two 

means (16 df) 6.10 3.72 5.77 4.05 

•, ** and *** denote values which achieved significance at P<0.05, 0.01 and 0.001 respectively. 

From the Anova for G/G, it is seen that when both the previous year and the 
current year are good rainfall years the t reatments were not significant. In all other 
three situations, the three irrigation treatments were significant compared to the 
control. Further , when a bad rainfall year followed by a good rainfall year (B/G) , the 
treatment 1 is significantly different from treatment 3 . Treatment 1 also gave the 
highest yield. When the previous year had bad rainfall, irrespective of the current 
year 's rainfall, all three t reatments were not statistically significant. This shows that 
the above results give more useful information of the treatment effects to the 
experimenter than the results obtained in the Section (a) , when different situations of 
climatic groups were considered. 

CONCLUSION 

The data presented illustrate the benefits of using daily rainfall variation in the 
analysis of data from a long-term experiment in perennial crpp. This approach is very 
useful in obtaining valuable agronomic information on the t reatment effects of the 
experiment. It is easy to apply and flexible as the parameters used for classification of 
years can be modified to suit any crop. This approach works well in this particular 
example because of irrigation t reatments . However it would apply equally well to 
other long-term experiments. 

By applying this method to data of a randomized block design experiment, 
additional information of agronomic importance can be obtained and the use of 
complex analyses, such as split-plot or multivariate models in order to consider the 
year-effect can be avoided. These analyses have many statistical limitations. 
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year followed by a bad year were 1980, 1981, 1982 and 1983 and the years where 
good year followed by a bad year were 1975 and 1984. These two groups were 
denoted by B/B and G/B respectively. The analyses were then carried out separately 
for the above four groups, G/G, B/G, B/B and G/B. The mean sum of squares(MS) 
of these four groups along with means are given in the Table 2. 
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If the entire duration of the experiment cannot be grouped into the four possible 
states, the analyses can be carried out for the two groups namely, good years and bad 
years separately. Though the method of classification of years is a subjective one , it 
can be improved by using other climatic factors which affect the crop. This method 
paves the way for assessing the relationship between climatic factors and the yield. 
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