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INTRODUCTION

The coconut palm, Cocos Nucifera Linn. 1= one of the greatest gifts of

nature. Of the cultivated tree species in the tropics, thel majestic, tall
growlng coconut palm is the most widespread. Because of the usefulness of each
and every part of this palm and the vast rultitude of people that it supports
through small scale and ancilliary Industries, the Indian classics have
rightly given the eulogistic ephithet of ‘Kalpa Vriksha’~ the tree ofl heaven.,
The coconut Industry i1s closely linked with the So;'.io-ecotltomic life of
coconut producing coumtries. |

In terms of geographical distribution this crop ranks first among the oil
vielding crops of the world, It is grown in as many as 76 tropical countries.
The coconut oil ranks 6th among vegetable oil production and fourth among
international trade of edible oil. The production of oil from umit area of
this crop is next only to that of oilpalm (Nayar, 1983). Total world
production of coconut was estimated to be 36 350 million nuts from 8.49
million ha during 1982-83 (FAO0, 1984), India produced about 5641.6 million
nuts from 1,123 million ha during the same period. The production and area
under the crop in different states of the country are given in Tabie 1.1, It
is evident £from the table that the four southern states viz., Kerala,
Karnataka, Tamil Nadu and Andhra Pradesh accounted for the Qb per cent of the
total production of coconut in the country, It contributes about one sixth of

the total annual income and one third of the agricultural income of Keraila,



Table 1.1
Area and Prodaction of cocomut in the different
states of Imdis (1932-33)

State Area Production
(000 ha) (million nuts)
Andha Pradesh 44,6 178.8
Asgam 6.5 45,9
Kammataka 178.9 930.1
Kerala 670.0 2443,3
Maharashtra 10.2 6l.1
Orissa 22.5 93.8
Tamil Nadu 143,0 1650.0
Tripura 1.4 1.7
Weet Bengal 3.3 28,4
Andaman & Nicobar 21.3 87.0
Goa, Diu & Daman 18.7 160.0
Lakshadweep 2.3 15.5 v
All TIndia 1123.2 5641.6

Source: Coconut development Roard(1984)

1.1 Crop weather Studies

The realizatiocn of the impact of weather om crop production 1s of wvital
importance for proper planning of producticn and distribution of important
crops. Though man has no control over the climatle factors, an adequate
kncwledge of the influence of these factors on crops helps to dexive maximm
benefit  through planned measures. Although controlled experiments are
neccessary for precise understanding of crop—weather relationship, the need to
investigate certain techniques that are capable of extracting useful
information from readily available data cannot be neglected, This calls for an
investigation into statisticsel charescteristics of crop-weather relationship.

Crop—waather analysis models are practical research Itools for the
analysis of crop responses to weather and climatic variations, Generally
conventional statistical procedures are used in such modelé to study crop

responses to climatic changes.



1.2 Coconut and the Weather

The coconut palm being a crop of humid tropics, climatic factors like
rainfall, Temperature, hmmidity, Sunshine hours etc., play an important role
in its growth and productivity. Short term variation in coconuit production is
generally attributed to these changes in climatic factors. Other factors
vhich cause changes in production are gradual in effect and do not influence
the changes in production between one year and the next. 'An indisputable
factor in the growth of coconut crop is a good rainfall, distributed uniformly
round the year (Marar and Pandalai, 1957).

Yield 1s the result of the interaction of genetic and environmental
factorse It is observed that a short periocd of adverse climatic condition is
reflected in the succaeéing harvest of coconut. It may be recalled that the
dravght experienced in Kerala during 1981-82 and 1982-83 have drastically
reduced the coconut production in the subsequent years, raising the prices of
coconut and o611 to an all time high. The coconut production in Kerala
declined from 3036.4 million nuts in 1980-81 to 3005.7 willions and 2443,3
million nuts during 198]1-82 and 1982-83 respectively.

The coconut palm produces peremnnially one inflorescence per month and each
of these have to undergo a series of developmental stages lasting nearly 45
wonths from the primordia initiation to harvest of nuts(Child, 1964)., Any
fluctuation in - the climatic factors during these stages of growth is expected
to affect the production with cumulative effect, Certain critical stages in
the growth cycle have been idemtified and these are extremely susceptible
to small climatic variations. A clo;e evaluation of these ' critical stages
provide an insight into the influence of climatic factors on final vield.
Seéeral workers have reported that yield is a éumnlatiye fimection of
geasonal conditions prevailing in the preceeding period of 44-45 months

since the spadix primordia imitiation to harvest of mature nuts. Hence one
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has to consider the changes in the climatic factors .of the foregone seasons for
studying the influence of weather on coconut production,

O0f all the climatic factors influencing coconut production the
prepondarant effect 1s that of water supply for which rainfail plays the
pivotal role, However rainfall alone can’t ensure a good crop even if the
optimm condition of amount and distribution are reallsed. There are yet a
host of other factors that regulate the water intake by plants. The storage of
available water as soil moisture will depend on the topography and the soil
texture, Soil evaporation will depend upon the vapour pressure gradient, the
soll temperature and plant cover, The intemsity of transpiration will depend
on wind, temperature and nmidity of the air and on the plant itself, Besides
this there are other dominant factors such as sunlight, wamth and plant
nutrients. A .clear idez of the interplay of all these factors i1s essential
before making an effort to study their influence on the crop,.
1.43 Objectives of the study

Although several workers have studied the influence of rainfall and its
distribution on coeconut yield, no attempt has so far besn made to understand
the interplay of cumlsative effeet of wvarious climatie factors on coconut
production., Hence the present study was undertaken envisaging the following
objectives

1. To investigate the extent of influence of differemt climatic factors

on coconut production.,
2, To ldentify the lag pericds of climatle factors influencing coconut
vield.
3, To evolve a suitable regression model so as to forecast the yield of

cocomnt based on weather parameter.
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REVIEW OF LITERATURE

Literature on crop—weather studies in perennial crops is scanty. But
much work has been done In  annual crops. Coconut production 1s greatly
influenced by variations in climatic factors such as temperature, relative
humidity, sunshine hour, wind wvelocity, rainfall etc. But influence of
rainfall and its distribution on coconut production has been studied with
more emphasis than other climatic varlables. However, the past attempt at
quantitively demonstrating the obvious relationship between rainfall and
cocomut yield did not yield a complete and precise information. Uere, a cross
section of the studies made on crop-weather relationship of cocomut, oil palg,
tea and some annual crops is briefly reviewed.

2.1 éoconut

Park(1934) observed that a severe draught lasting eight months affected
the coconut crop even two years later. Patel(1938) obsereved that primordia
inflorescence can get aborted due to draught. Abeywardane(1955) reported that
the weather parameters of different months of an year do not contribute'to the
yield of the next years’ production to the same degree because in the cycle of
developement of a bunch there are certain periods (phases) which are extremely
susceptible to weather changes,

The climatic requirements and quantitative effects of weather on the
perfomance of the coconut crop are briefly reviewed by Marar and Pandalai
(1957). They discussed that it was not possible to explain the influence of
Seasonal climatic changes in terms of individual weather factors. Salter and
Goode(1967) in a review of crop responses to water, éointed out that, with
50 great a2 time lapse between the initliation of 1leaf and inflorescence
primordia and flowering, . and with many other inflorescencg$ present at

different stages at the same time, it was difficult to relate growth
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flowering.or yield to any partlcular climatic condition accurately (Child,
1971},
2.1.1 Rainfall

Shepherd(1926) observed a significant positive correlation between
rainfall over a six month period and the size of the nuts after one year. An
attempt to study the rainfall and~yield in the coconut was made by Patel and
Anandan(1936)., They pointed out that yield in any particular year is
influenced by the January to April rains during the year of harvest, and the
preceeding two years. The rainfall in first three months of a calender year
was reported to be influencing yield of the crop, in the next year in Malaya
(Cocke, 1953).

Abeyawardane (1955) stated that rainfall alone cannot ensure good crop
even if the optimm condition of amount and incidence are realised. He
further observed that one of the factors ideal for coconut growing will be a
uniform annual rainfall with a little rain and bright sunshine occuring in
swift alternation with emphasis on the absence of pronounced dry spell. He
further stated that for a particular bunch of coconut the first three months
after inflorescence opening are susceptible to weather changes. Thereafter
the weather can affect the yield only minimum, He observed that after the phase
of maximm susceptibility there is a steep drop and become neglegible by eighth
month., Thereafter the weather has a bearing mostly on the quality of nuts and
not on the mumber of nuts, Working on an yearly basis he pointed that
current yvears” crop is decided mainly by the rainfall during the previous year
and the first quarter of the current year.

Balasubramanian(1956) studied the rainfall and coconut yield in South
Kanara district. He observed that :

1. Rains received in January influences the performance of coconut



plantation appreciably. Rains in September are important at Kasaragod
whereas rains of October and November are important at Pilicode.

2. February rains appears to be important_ at Kasargod than Pilicecde,
However rains in march and April are important in Pilicode.

3. The differential response in yield to the monthly and seasonal rainfall
in these two stations may be due to the difference in the soil build up.

Abeywardane(1962) considered that there is a maximm rainfall In a month
upto which the crop may respond beyond which it makes no difference under the
assumption that water loss take place by runoff, pe;colati?n and surface
evaporation, Basézmgﬁ th;; assumption he worked out an effective quantity of
rainfall. He developed a rain distribution index as a better indicator of
rainfall distribution considering the mmber of rainy days as an index.

Laksmanachar(1963) briefly reviewed the effect of rainfall on coconut
crops. He observed significant correlation between six to eight months’
cumulative rainfall and yield 12 months hence from the months first considered
for the successive cumlation.

Further attempt to quantify the relation between rainfall and coconut
yield is that of Abeywardane(1968), using data from 32 years record of rainfall
and crops on the Bandipura estat; of Sri Lanka; considering the separate
influence of sub-periods of the critical precropping period of a year or more.
Abeyawardane(1968) observed that rainfall above a certain level have a
depressing effect on yield, He also obgserved that the flower primordia
initiates as far back as 32 wonthis prior to the opening of an inflorescence.
Hence there is a likelihood that rainfall two year prior to the harvest has
more influence on the yield than any other year under consideration. However,
rainfall during the year of harvest 1s stated to be correlated with the annual
yield. He argued that some of the bunches maturing at the end of the year

will have their critical stages of growth during the early part of the year of

8




harvest. He further went on to state that the rainfall during successive

year contributes to the yield additively as well as cumulatively.

Seasonal variation in yield, nut character and copra contents in a few
cultivars of coconuts was studied by Pillay and Satyabalan(1960). They found
that mumber and size of nuts are low during north-east monsoon compared to
the other seasons. Biggest and maximm number obtained during summer,

Rao(1982) studied coconut yield and rainfall in the Pilicode region.
He made an attempt to study the relation between the annual coconut yield and
rainfall trends using twenty years moving average. The study indicated that
both high rainfall during the months of June,July and August as well as the
absence of pre and post monsoon showers adversely affect the subsequent
years yield.

Davis and Ghosh (1982} made a brief study on the influence of rainfall on
coconut production,

Bhaskaran and Leela (1983) reported that seasonal varia£ion in yield
and nuts characters are attributed to the cyclical influence of varying seasons
on differentl critical stages during the spadix development f£rom spadix
primordia imitiation to maturity of nuts. Seasonal rains affecting spadix
growth at five critical stages are found to influence the yields in different

seasons of succeeding four years. The different stages of growth which are

reported to be important in the development of inflorescence is given below

(Child, 1972):

1, Primordium opening . First month

2. Male, female flower 20-24 months
differentiation

3. Elongation of the 26-28 months

internal spathe



4, Opening of inflorescence 32-36 months

5. Harvest of nuts 42-45 months
Temperature, Relative humidity, wind and sunshine houré have only conjoint
influence with the main effects of rainfall on yield., Effects of seasonal
rains is more pronounced in TxD indicating that this cultivar is more semsitive
to low and erratic rainfall, Ultimate cause~ effect relationship indicates
that coconut yield is related to soil moisture status, and that by providing
optimal moisture at critical stages, stabilisation and enhancement of seasonal
yields are possible.
2.1.2 Temperature

According to Marar and Pandalai(1957) the coconut palm likes equable
temperature neither very hot nor very cold. The optimm mean annual
temperature for best growth and maximum yield is stated to be around 26~270C
with a diurnal variation of 7-8°C.

2.1.3 Humidity

Copeland(1931) sums up that relative humidity, though obviously related
to rainfall, temperature and iInsolation, should be such as to permit the most
active transpiration without the palm suffering from loss of water, He has
established that cloudiness arrests the rate of respiration considérably.

Marar and Pandalai(1957) cited that the coconut palm likes a warm, humid
climate, According to Copeland(1931) the prevalance of high humid condition
throughout is not favourable for the palm. It is stated that humidity reduces
transpiration and thereby reduces the uptake of nutrients.

2.1.4 Sunshine

Copeland(1931) has made extensive observation on the effect of sunlight

and transpiration which in turn is a vital growth process in the plant. BHe

established that cloudiness arrests rthe rate of transpiration considerably.
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Sunlight has also been shown to raise the temperature of leaf surface thereby
promoting better activity.

Salgado(1955) pointed out that day length has a dominant influence over
other factors for maximum harvest of coconuts during April, May and June in
Sri Lanka. Wickremasuriya(1968) related accelerated developement of spadix
primordia to day length in west Sri Lanka.

2.,1.5 Wind velocity

According to Copeland(1931) the effect of wind on the palm depends 'upon
soil moisture condition. A dry and windy atmosphere conduces to the best
growth of the palm provided soil moisture condition is favourable, Windiness
will accelerate transpiration and thus help in the uptake of nutrients in the
soil solution. §trong winds are not desirable and do considerable damage to the

plantation,

2.2 Effect of climatic factors on other perennial crops
2.2,1 0il palm
The climatic need of o0il palm is very similar to that of coconut '
preponderant influence being that of water supply and thus rainfall, The
sunshine hours(day length) is onme of the important climatic factor which has
a significang effect on production in palm oil, Reviews on climatic effects
on production in palm oil were made by Hartley(1967) and Ferwerda(1977). But
a comprehensive understanding of climatic influences on oil palm is lacking.
Deve%ﬁﬁst(lQﬁS) found positive correlation between annual yield and the
sum of monthly rainfall up to 300 mm during the consecutive 12 months, 33
months before harvest., Hemptimee and Ferw%?a (1961) found a negative
correlation between bunch yield and precipitation 31 wonths earlier and
positive correlation 12 months earlier in a northern plantation in West Afrieca

but quadratic relationship of yield to precipitation 33 months earlier and no
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effect at 12 months earlier in a southern region,

Turner(1976), Brockman(1957) and Corley(1973,1976) noted that draught
caused floral abortions and reduction in sex ratios after two years.
Irrigation during long dry spell in Africa led to huge increase in yield
(Desmarest, 1967),

Sparnaaije et al.(1963) found positive correlation between sunshine
hour per annum and yield of friut bunches. Though Ferweda(1977) noted that
the result may be due to moisture stress, Robertson and Foong (1976)
indicated that solar radiation was least influential on the yield of oil palm.
Ferweda (1977) further reported that the highest yielding plantation
appeared to be in the region with the smallest wvariation of monthly mean
temperature. In general temperature effect on oil palm are not well studied
(Hartley, 1963;Ferweda, 1977; William, 1975).

Effects of rainfall and dry spell on oil palm were often studied.
Prolonged draught is regarded as dangerous to crop production (Ferweda, 1977);
Ochs(1977) reported that annual variation in rainfall is shown to affect the
sexualisation of inflorescence and consequently have repurcussion on bunch
production with'a time lag of about 28 months. It can also play a part in the
abortion of the inflorescence and the growth of the bunches in the period
preceeding harvest by as little as six months. Knowing the mean annual water
defecit in a given place, it was possible to estimate potential yileld fairly
well.

An explanatory identification analysis was introduced by Ong[1982(a),
1982(b)] as a systematic and objective method of determining the relationship
between the oil palm bunch yield and changes in rainfall, dryspell,temperature
and sunshine of various months(or lags) before harvest .

Monthly oll palm yields were studied for relationship between monthly

1,2



rainfall and dry spell as far back as 42 months (or lag 42) before harvest
through a series of simple correlationsand then reevaluated through a series
of partial correlations. Ong identified the oil palm yield to be associated
with rainfall at lag 5-7,16-18, 22-23, 28-30 and dry spell at lag 5-6, 9-12,
16-18, 22-23and 29-30; Rainfall at iag 16-18, 22-23 and dry spell at lag 29-30
has association with bunch yield which were partially independent but the other
variables interacted completely with at least some of the other. He suggested
that an effective way of 1dentifying the spurious variable was to partially
correlate the variables against the variables having maximum association with
yield. When some climatic factors were partially correlated against variables
of the other climatic factors, no new iﬁfo?mation arose except the
identification of one more variable as spurious,

Ong[1982(a)] determined the relationship between the oil palm monthly
vield to temperature and sunshine of various lags using a series of simple and
partial correlations The yield was associated with diurnal temperature range
at lag 7-9, 13-16, 25-29, Maximum temperature at lag 7-11, 14-17, 25-29
minimum temperature at lag 16-18, 22-24, 28-31. Spurious . variables and
interaction among variables were studied by making use of partial correlation.
The result indicated that initiation of floral primordia would be facilitated
by cool night, sex differentiation of feméles favoured by the warm summer
weather, early developement of sexually differentiated tissue stimilated by
wet condition., Spear development enhanced by warm sunny weather, floral
abortion increased by hot dry weather and anthesis facilitated by warm nights.
The variables interacted with each other and only five lags viz.,lag 14-17,-
minimum temperature at lag7-9, maximum temperature at lag 14-17, minimum

temperature at lag 6-8 and 36-41 had some independant association with bunch

yield.
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2,2.2 Tea

Research and observation on how climate affects the growth and yleld of
tea plant were briefly reviewed by Carr(1972). 1In Ceylon, Portsmouth (1957)
studied 21 months crop data in relation to a range of climatic factors and
found, for clonal plants of tea variety, that the weight of individual plucked
shoots was positively correlated only with the rainfall recorded one, two and
three months prior to plucking. In Malawi, Laycock(1958) found that there was
no correlation between annual rainfall or monthly "~ rainfall and annual yield,
but by splitting the year into three distinct parts he was able to fit the
following highly significant Multiple regression equation of yield on
rainfall ;

Y=0,091E + 0.047M + 0.06D + 1.79 e ()

where Y was tea yield in 100 kg/ha

E early rains (November — December)

M main rain (January - May)

D when soil dry (June - October)
For each unit of rainfall received, the early rain was found to be twice
productive as the main rain, whereas the dry season rain had a depressing
effect on yield.

Laycock(1964) later found a hipghly significant linear relationship between
a weather parameter(E+M) and annual yield from several areas of unshaded tea in
Malawi, Eden(1965) observed that if the monthly rainfall average fell below 50
cm, crop production suffered severely for several months.

Sen et al. (1966) adopted an approach similar to Laycock(1958) while
attempting to correlate yields with climate in an unshaded area at Tocklai
reseach station, Twenty one years crop data(1921-41) were studied in relation
to Rainfall, Sunshine hour, mean air temperature, diurnal range in temperature

and Relative humidity as well as to the age of plant. They split the year into
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and Relative humidity as well as to the age of plant. They split the year into
four main season based on the relative soil moisture availlability. Of all the
climatie factors studied, rainfall in the period January to March and the rise
in mean temperature during the same time proved to have the greatest influence
on early crop, which in turn led to an increase in wain crop. An increase in
rainfall during this period was not beneficial when the mean air temperature
has high, but apparently no correlation between yield and other climatic
factors studied. However they observed that Ap;il to June rainfall depressed
the late crop while during October — December it was beneficial.

An emperical expression for tea was proposed by Devanathan(1975) which
relates vegetative growth to the product of rainfall and bright sunshine hour
over a specified period., The expression obtained to predict yield was;

Y= 0,255 RS - 0,87 =0,97 ... ()

where R rainfall and § sunshine hour,

2.3 Crop weather models

The crop weather models may be defined as a simplified representation of
the complex relationship bekween weather or climate on the one hand and crop
performance (such as growth, yield components), on the other hand by using
established mathematical or statistical technique(Baire, 1979)

Newman (1974) distinguished basically two approaches : l. modelling based
on mathematically formilated relationship with emperical constant - when
neccessaryf# ( deterministic approach) and 2, modelling usually involving some
type of statistical regression technique for fitting statistically the best
possible emperical relationship between climatological wvariables and crop
production {stochastic approach).

Least square regression has formed the backbone of quantitative research
in crop-weather relationship. The general approach has been to regress a time

series of the dependent variable(yield) against independant variable comprised of
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variables selected for trisl im regression analysis vary from simple, raw
measurenents of temperature and preclpitation to composite variables dorived
fxom these. Usage of composite varlables as the pradi‘ctor variable wag
guggested by Doll(1967). The foundation for Doll’s index is that yield is im
some way dependant upon condition pre;railiug in discrete periods in the growing

;Beasons of crop. The general form of the model 1s expressed as follows:

Yt f{Eﬁij(S)xij(S)dS} seBasweS 3
' where ¥, ie yield in year t and wj(s)xij(s) is = weighting function
i

evaluating the effect of the meteorological variables X upon final yield at a

'poinl: of time S in period j(-l 2,000,k).

‘) [ bjxij jw (S)Xij(S)dS sevrens q—
) ‘80 that 'Y, = f(Eth}.

By assuming tj to be linear function of xij and yield # quadratie
function of th, Doll applied the model to estimate rainfall influence on

Missouri corn yield for the period 1930-63.

Williams et al.,(1975) proposed that in view of the possible application
of crop—weather studies in macroscale agro-climatic analyse's, a model including
weather, soil group, soll tenture, topography and tremd may he ucilise;d.
The general form of the model 13 as follows:

Y-fi(c,Ri,Ei,'rx,Tp,sg,T) Pt S

where Y is yield
C = Conserved precipitation prior to May for the crop distriet and
year calculated from precipitation data‘ for the preceeding 21 months.

Ry = May, June , July rainfall for the crop distriet and year.

E; = Estimated PE during May, Jume and July

T; = Topography index which is highest for flattest topography

SE = Tnformaticn on seil group

A linear Yime drend

16



S8 = Information on soil group
T=A4A liﬁear time trend.

McQuigg (1976) described two basic approaches to modelling the impact 'of
meteorological variability on crop yield 1., The physiological or causal
appraoch which is based on the detailed knowledge of the biological or physical
process which take place within a given interval in the plant / soil systems in
the imnediate enviormment of the plant, and 2, The statistical or correlative
approach which is based on the application of some sort of statistical, mostly
regression technique to a sample of yield ffom an area and a sample of weather
or climatic data from the same area.

Jones (1982) reviewed some of the methodology employed for investigating
aggregate crop weather relationships togetﬁer‘with the problems encountered.
He used the chi-square test to determine the seasonal significance of weather
variables which are then subjectéd to Principal Component analysis. Employing
these components as the explanatory variables iIn multiple regression the
utility of the approach for exploring the economics of the agricultural climate
is assessed.

Vaidyanathan (1981) vreviewed the agromstereologists’ research work
explaining the influence of weather on crop-yields . This review gives a good
account of the methodology adopted by research workers engaged in crop-weather
studies in annual crops. Deshpande (1981) presented a bibliography on the
crop~weather studies on annual crops.

A suitble statistical methodology was developed by Agarwal et al.,{(1980)
to forecast the yield of rice using 25 years yield data and weekly weather
variables. Weighted averages of weekly weather variables and their interaction
using powers of week numbers as weights were used in the first model. The
respective correlation coeffecients with yield in place of week number were

taken in the second model. The step-wise regression analysis was followed for

¥77



obtaining the forecast model.

Mustafi and Chaudhari (1981) developed a monthly tea crop production
stochastic process as function of stochastic wvariables like past values of
monthly tea crop production and also of both past and current values of
meteorological parameters. This work involves generation of regression
polynomials of optimum complexity through the use of a heuristic method known

w
as multilayer group method of data handling., This methed provides a prediction
of tea crop production‘ a month ahead of crop’s picking.
2.3.1 Crop weather analysis models in coconut

M Barliest attempt to study the crop-weather analysis. model in coconut
was mada by Patel and Anandan(1936), They computed the correlation
coeffecients for 20 different coﬁbinations of rainfall, The highest magnitude
(r=0.81) was obtained for the combination ‘JHF#1 of X2 and X3, J,F,and M are
rainfall during January, February and March respectively. X2 and X3 stands for
total rain in same months during the year prior to harvest and two year prior
to harvest. The correlation coefficients for seven other combinations were
also found significant. Using partial repressicn the following relationship
was calculated for the deviation of yield ¥ in terms of the duration of
respective rainfall total from their mean., The model fitted is :

Y = 2,34k} +3.99x2 40.85%3 R2= 0.80 e (B
where X1 total rainfall in the same month during the year of harvest,
X2 total rainfall in the same month during previous year of harvest
X3 total rainfall in the same period of two years prior to harvest,
Y is the estimated yield of coconut
They found that the relationship between vield and rainfall is not linear.
Therefore a second degree function of the closest fit parabola was

estimated using ordinary least square methods.
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Abeywardane (1968) attempted to quantify the relation between rainfall and
coconut yield based on certain assumptions. A prediction equation was obtained
based on two assumptions, l. For most of the perennial crops the period of
fruit set is considered as moisture sensitive. Therefore aﬁ adequate
supply of water during the period of fruiting is important. 2. For The
rainfall to be effective it must be well distributed. On the basis of these
assumptions it was believed that crop in a given year is governed by the total
rainfall and mmber of rainy days of the previous year. The model is ,

Y = 51.93+0.24%1-0.06x2 R%=0.19 @D
where Y is expected yield of coconut

X! Rainfall of previous year

X2 Number of rainy days
Another model suggested by Abeywardane{1968) was based on the assumption of
effective rainfall and rainfall distribution index.

Y = 36.3240.26X1+1.52%2 R2=0,33 cee (®)
vwhere Y is expecged yvield of coconut

Xl effective rainfall

X2 distribution index of rainfall
Yet another model suggested by Abeywardane(1968) was based on the assumption
that if a particular sub-period which showed a dry spell is followed by another
dry spell , the crop will be depressed. Similarly if a sub-periocd with good
rainfall is followed by another sub-period with pgood rainfall it will be
reflected favourably on the crop., These favourable results are due to additive
as well as cumulative effects of rainfall during these sub-periods.
The model suggested by him is,

Y =8.9840.02X1 -0,60X2 -0.57X3 -0.6X4 +0.13X5 40.84Xg +0.,027x7 @
+0,02%8 +0.03x9 +0,023%10 -0.013%x11 40,048%12 R2=0,873

where Y is estimated yield of coconut
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rainfall,

X 1l: May-August rainfall(two years prior)
X “: January-April previous year

X 3: May-August previous year

X 4: September-December previous year

X 3: September-December two years prior

X 6: January-May of harvest year

+ Product of Xl and X4

2 4

1 Product of X* and X

X 9: Product of X2 and x?

X 10: Product of X3 and x5

11

X ~7: Product of X5 and X6

X 12: Previos years rainfall with an effective monthly mwaximm of 12,5 cm of

20
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MATERTALS AND METHODS

3.1 Yield and Meteorological data

A total of 167 palms of WCT variety belonging to the age group of 45-50
years was selected from plot No. RS 29 North Block, CPCRI, Kasaragod grown
under rainfed- condition receiving the recommended dose of fertilisers.
Monthly yield data in terms of number of nuts produced by the selected palms

for the period from 1955 to 1933 were obtained from CPGRI farm records.

To obtain a coﬁprehensive idea about the impact of climatic factors on the
coconut production it is neccessary to consider as many climatic factors as are
relevant. So far the study on the influence of climatic factors was carried
out in isolation without considering their possible overlapping or interaction
effects. Most of the studies were concentrated on the influence of rainfall

and its distribution.

There are as many as - 21 weather factors identified to be influencing
crop yield (White,1979). Most of them are highly interrelated and some are
not relevant to our condition. The decision regarding the selection of weather
parameter was based on the assumption that crop yield depends basically on
three agro-climatological variables; solar radiation, temperature and soil
moisture (or evapo-tramspiration). These three variables modify each other on

any particular period of time and produce a positive or negative effect on the

yield.
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The following weather parameters were considered accordingly.

si. Weather Abbre- 51. Weather Abbre-
No. Parameters viation No. Parageters viation
l. Maximm Temperature MXT 9. Relative Humidity(FN) RHFN
2, Minimum Temperature MNT 10. Relative Humidity(AN) RHAN
3. Soil Temperature at © 11, Wind velocity (kmph) Wv
5 cm depth(o C) STFS5
(forencon)
4., Soil Temperature at 12, Sunshine hour 5SH
15 cm depth{o C) STF15
(forenoon)
5. Soil Temperature at 13, Rainfall(wm) RF
5 cm depth(o C) STAS
{Afternoon)
6. Soil Temperature at 14, Evaporation EV
15 cm depth (oC) STAlLS
(Afternoon) 15, Number of rainy days NORD
7. Vapour Pressure 16. Range in temperature RT
(forenoon) VEF
17. Range in Soil temp.(5cm) SIRS
8. Vapour Pressue 18. Range in Soil temp.(l15cm) STR1S
{Afternoon) VPA

These observations were collected from the daily weather chart of
meteorological observatory maintained at CPCRI, Xasaragod for the period
1955-1980(26 years). Daily observations were converted to weekly data as per
standard weeks (see Appendix I).

The data were entered into the computer system (HCL — Workhorse) at the

kevalo
and were verified,

A

In a bid to study the monthly influence of weather parameters weekly

college of Horticulture, Vellanikkara

" observation were converted to monthly average based on standard weeks. But in
the case of rainfall and number of rainy days totals for months were

considered. To study the seasonal influence of weather parameters monthly
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observations were further averaged to four seasons. Following Pillai and Satya
balan (1960), months were grouped into seasons as follows.
December, January and February : lst season
March, April and May : 2nd season
June, July and August t 3rd season
September, October and November : 4th season
The entire study was based on the assumption that all the climatic factors
under study follow a multivariate normal distribution. We suppose that a
p dimensional random vector of the weather varibale and yield X ~ NP(P’E)'
where B is the mean vector of order p x 1 and E is the dispersion matrix of the
order p x p.
3.1.1 Lagped Variables
The term lagged variables denotes past values of the exogenous and
dependent or endogencus variable. It is often more realistic to assume that

the effect of a variable is distributed over several time pericds. If a causal
factor X; produces a component By Xy in Y;, a component B) Xi in Y4y and so

forth upto By Xi in Yt+s, and if this system of reaction is constant over
time, Y in any period may be expressed as a linear function of the previous
values of X, namely,
Y. = By X¢tBiXe—j +ee.tBg Xp—-g g sencesal

under the usual assumption about the distribution of u and the independence of
X and u. .Least square methods will give best linear unbiased estimators.

The lagged variables were used based on tpe following assumptions:

l. The primordium initiation of the coconut inflorescence begins 44 months

prior to the harvest of nuts.

2. Coconut palm produces inflorescence, perennially at the rate of one per

month and each of this undergoes a cycle of developmental stages.
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3. The climatic variations during the developmental stages influence the

_growth of the inflorescence cumulatively.

In other words yield of coconut at a particular point of time (either
month or year) is the cumulative effect of the weather fluctuations in the

preceeding 45 months or twelve seasons i.e.,

Yt=f(xl’ xz,----, Xn) srensrene 2
where Xit = (Xi,t=1, Xi,t-24e0e0s Xi,t—O) eseseanes 3

Xi,t—j is the value of ith independent wvariable at j th lag period.
0 = 45 in the case of weather parameters taken for months and 0O = 12
when they are taken for seasons, and Y, j: the yield of coconut at time t.
The effect of climatic variation in the immediate past upto ten months were not
included as it is assumed to have insignificant influence on yield.
3.2.1 Monthly and Seasonal climatic variation on monthly yield

To identify the climatic factors and their effective lag periods, linear
correlation coefficients between yield and eighteen climatic factors were
worked out for 36 lag months ranging from 10-45 months before harvest.
Similarly to identify seasonal effect correlation between seasonal climatic
factor from 4th to 15 lags were worked out, This may be expressed
mathematically as follows.

A correlation matrix A = (ry:)1gy3s , where rij 1is the coefficients

ofcorrelation between monthly yield and ith climatic factors at (j+9)th lag was

worked out.

A correlation matrix B = (Sij)lsxlz , where sij 1s the coefficients of
correlations between seasonal climate and monthly yield at (j3) lag, was
worked out. Here, A was estimated from 312 data points and B from 103 data
points. A weather factor at any lag period was identified to have influence on

yield, if it has a correlation coefficient significant at 5 per cent level
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with yleld.
3.2.2 Correlogram

With a view to study the hidden pattern of relationship between yield
and climatic variables at different lags correlograms were drawn for monthly
data for all c¢limatic factors.

3.2.3 Month-wise climate and monthly yield of coconut

Simple coefficients of correlation were worked out between monthly yield
and climatic factors of each calender month for a period ranging from 10-45
months prior to harvest. Coefficients of correlation which were significant at

5 per cent level were earmarked.

3.2.4 Season—wise climate and monthly yield of cocomt

Coefficients of correlation between monthly yield and climatic factors of
each season for three consecutive years before harvest were worked out to study
the vpattern of relationship. Coefficients of correlation which were
significant at 5 per cent level wers identified.
3.2,5 Month-wise and Season-wise climatic factors and ammual yield

Annual yield of coconut was subjected to square root transformation
(Mathew, 1982), To study the effect of climatic factors for each month of a
calender year on annual yield, simple linear correlations were worked out
between annual yleld (square root) and climatic factors of each calender months
for three previous years. In the same way season-wise climatiec factors and
annual yield were also correlated,
3.3 Forecasting models

The objecltive of the forecasting modei is to estimate an equation which will

account for the dependence of the crop yield on weather, Muitiple regression

analysis is an ideal technique for studying cause and effect relationship.
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However its application to the crop-weather studies is by no means straight
forward. The linear model is of the form,
| Y=XB+¢ ceeereennes &

where ¥ is a nxl vector of the n years of observation,_g is a nxp matrix
of the n year of observation for the E predictor variables,-ﬂ is pxl vector of
regression coeffecients and € is a nxl vector of errors.

A further problem raised by correlated variables is variable selection,
Since there are too many candidates for use as predictor variables in yield
wmodel, it is desirable to exclude predictor variables which apparently do not
have a significant effect on yield. The standard technique wused to perform
variable selection 1is step-wise regression, However, this also becomes
inappropriate when there exist substantial correlations among the predictor
variables (Marquardt and Snee, 1975). Si#ce the significance of an individual
predictor variabie may be masked by its correlation with other predictor
variables, important predictor variables may be ervoneousely excluded from the
model. Therefore, in order to reduce the dimensionality and interdependance
of explanatory variables, Principal Component Analysis was carried out before
adopting step-wise regression. The methods of Step—wise regression and

Principal component analysis are given in section 3.3.% and 3.3.8.

3.3.1 Model for monthly yield from monthly climate

The coefficients of correlation between climatiec factors and monthly
coconut yield showing significant effect for different Ilag periéds were
identified, Since the number of lagged variables identified in this case was
too large (148) principal component analysis could not be adopted straight
away. The following procedue was therefore adopted. Feeters—were—marked—out
brthis-maamer,  These—wariables —were—elasedfied—dnto  seven—proups—as
explained- balow,
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The climatic factors were catagorised into seven groups as showm below so
as to reduce the ﬁumber of variables systematically.
1. Maximum and minimum temperature.
2. Rainfall and number of rainy days.
3. Sunshine hour, evaporation and wind velocity
4, Soll temperature at 5 cm depth
5. Soil temperature at 15 cm depth
6. Vapour pressuré
7. Relative humidity
The lagged variables identified from these groups were later subjected to
Path coefficient analysis for further selection. The wvariables with high
direct effect and those with low direct effect but high indirect effects were
selected as exogeneocus variables to be iIncluded 1in the prediction model.
Twenty six variables thus selected were used as the predictor variables in the
regression equation. The method of Path coefficient analysis is described in
section 3.3.6. The varfables thus selected were subjected to Principal

Component Analysis and step-wise regression as explained earlier,

3.3.2 Model for annual yield from seasonal climate

Crop yield basically depends on three agro-climatic variables namely,
solar énergy, temperature and soil moisture (or evapo-transpiration)[William et
al. 1975]. 1In view of this and the correlation among the climatic factors and
annual yield, six climatic facéors viz., RHAN, SSH, RF, EV, NORD and RT were
identified for developing the model.

Estimation of annual yleld was envisaged in two stages. At the first
stage, models to estimate annual yield(square root) from each of the climatic
factors at different lag seasons was arrived at using step-wise regression.

These estimators were used as predictor variables to arrive at the final model
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again by step-wise regression at the second stage,

The models in the first stage are of the form,

v N es
it = f{Xi,t'_a, ,t'_s-, see Xi,t-n} 151,2 I XN 6 sssvenss LG’S

where Y. i5 the annual yield at year t estimated from ith climatie
factors.
Xi,t-j is the value of ith independent wvariables at the jth

lag period.

The Final model is,

Yt = g{ Yit, ¥2t, ... , Y6t} cerereessees B4
where Y, ig the annual yield of coconut(square root) at year t.

3.3.3 Model for anmual yield from month-wise climate

Annual yield estimates of the crop were obtained from mean month-wise
climatic factors developed in two stages of analysis. The wvariables
influencing annual yield for each month were obtained by performing step-wise
linear regression on weather variables of that month, Annual yield of coconut
for the previcus year was treated as one of the predictor wvariables in each
month, The basis for considering the previous years’ yield of coconut is
that, the yield can be assumed to be the Index of climatic factors of the
previous years. The wvariables of different climatic factors of different
months were selected based on their contribution to the annual yield variation.
Those contributed above 20 per cent were selected as the predictor variables
for the second stage of analysis. WNineteen variables were thus "selected from
the first stage of analysis. The model in the first stage is of the form,

Yit = ai0 + ail Yi,t-1 + Zbij Xij c*evrerees 37

4

where Yit is the annual yield obtained using ith months weather variables Xij (1,3~

=1,2, ... , 12),
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Principal Component Analysis was performed on these selected variables
since it was noticed that variables were highly intercorrelated. In the
second stage of analysis the model becomes,

Yit-_—,co_!.cl Yt_l.l.fdi Wi TeserRERR . l#s
Ww=1,2, eeny 12

where wi, i= 1,2,.., k are the first k components and di’s are their regression
coefficients.

3.3.4 Season-wise variable lag model

Similar to the month-wise wvaribale lag model, climatic factors from four
seasons were selected based on their contribution to the wvariation iIn the
anmal yield of coconut, Here also the model is developed in two stages. 1In

the first stage lagged variables of different climatic factors from four

seasons were identified by performing step—wise 1linear regression. In the

second stage of analysis components of variables selected in the first stage:

was taken as explanatory variables and the final nodel was obtained by
PCA was also pevjormed,So
step-wise regressionﬂthat the interdependence of different lag variables can be

taken care of. The model is similar to that of in section 3.5.3.

3.3.5 Generated lag model

With a view to understand the interactive effect of vdrious climatic
factors influencing yield, 414 generated variables (variables with their
squares, their product combinations) were considered. The climatic factors
considered for generating first order wvariables are STF15, STAL5, RHAN, SSH,
RF(l':’ge), EV, NOR and RT. Four sets of generated variables for four seasons
were separately derived in the first stage of analysis. Coefficients of
cotrelation between annual yield and the generated variables (including the

originally selected variables) were obtained for preliminary screening. Those

variables which showed significant effect on yield at 5 per cent only were
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considered for the second stage of modelling, Step-wise linear regression was
performed on these selected variables for each season separately, The subset
of variables obtained through the step-wise reg;ession from four seasons were
treated as the predictor variables in the second stage of analysis.
The model is of the form,
Ye = a0 45AL Xi +3B] X X1 + C0 Ye-1 + et. vus J5 9

4,)
i=1,2,3,4and j= 1,2, «ss , P in the first stage and,

‘Ye = £{Xil, Xi2, ssse , Xip} cerenssaries 10
in the second stage,
At both stages annual yield of coconut for the previous year is included
as one of the predictor variables since all the lag periods were not considered
in the model.

3.3.2 Path coefficient Analysis

~Ant
Li
The technique of Path coefficient analysis developed by Wright(1921) is
=

useful to study the functional relationship between causal factors and their
effects. This method can be used in the present context to identify the lagged
variables to be retained in the prediction equation.

Path coefficient analysis decomposes of simple linear correlation
coefficient between every causative variable and the effect into its direct
effect and its indirect effect through other causative factors.

Consider the linear model of the form,

Y=w+bl X_1+-.-+bnxn .l...l'.llkll

where bj-¢ are partial regression coefficients and Xi‘’s are the exogeneous

and Y the endogenous variables, The direct effects are nothing but path

coefficients which are standardized regression coefficients, and are given by

— - —_——

T T~
<i3i2:i bi gi/ gy. «1 and ¢y are standard deviations of X and Y respectively.

\-.‘____‘__r_’___’)
The indirect effect of ¥i through Xj is rij Piy* The coefficient of
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correlation, Tyk, can be broken down as,

Tyk = Ply rik + P2y r2k +...+ Pok rnk + Puy ruk

= %Piy I.'ik Il.‘.l.ll.lE‘l

The residual effect may be obtained as follows.
h =\/(1_§Piy riy) oouo-o-nouogls

where h is the residual effect and h2 measures the degree of determination

of Y by residual factors andE?Piy riy measures the degree of determination Y by

the endogenous variables.

3.3.7 Step—wise regression

In many regression situation the researcher doesn’t have sufficient

information about the order of importance of the independant variables X1, X2

3ee Xp in predicting the dependent variable Y.

Since the statlstic for determining the effectiveness of a set of
independent variables as predictors is the multiple correlation coefficient,
one solution to the above the problem is to regress Y on all possible subsets
yielding largest R. But when the nunber of predictor wvariables i1s large it
becomnes impracticable to determine the best subset. Under such conditions one
solution is the technique of forward step-wise regression in which the
independent variables X; x5 ... , Xp are entered one by one into the equation
according to some preestablished criterion. Once a variable is in the
equation, however it may be swapped with a variable not in the equation. The
set of criteria determining how a variable is entered or swapped is called
stepping procedure. In the present study the standard stepping procedure (F
method ) is adopted as explained by Afifi and Azen (1979) to select the
parsimonious set of variables from the ordered list which has high predictive
capability,

3.3.4 Principal Component Analysis (PCA)

ail
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PCA is a method by which a larger set of observed variables could be
expressed as a fewer set of dérived variables which are orthogonal to each
other. Its ability to reduce interdependence between a group of varibales has
given it considerable respectability in crop-weather studies (Jones, 1982).
The method requires no particular assumption about the underlying structure of
the variables. Each component is simply a linear combination of variables that
account for as much variance as possible displayed by the data. Thus the
first Principal component provides the single best summary of linearity
exhibited by the data. The second componment gives the next best wvariance and
S0 Ol

The characteristic equation of PCA is,

(R - )E)f =0 where R is correlation matrix of order n. The
solution ko the system is based on the determinant |R -~ )Ei = Q.

Expansion of this determinant yields a polynomial of degree n with roots
M, A2, ve. , M. Taking Mp» the largest root, the system is solved for the
vector f, The first Principal component will be ,

Py =f12) +f9 290+ eas + £ 20 sesrennss B 14

Subsequent components are obtained from the remaiﬁaing eigenvectors. It
is then possible to explore the relationship between a given dependent variable
and the regressor variables now expressed in terms of a smaller mumber of
orthogonal components. This may be expressed as,

X* =X A"  where X is the matrix of the original variable of
the order nxp.
A’ is the matrix of eigen vectors of the order pxpsx yihere
? the number of eigen values selected.
X* is the matrix of the generated variables of the order mxp*

The OLS of these new variables is of the form,

Yt=ao+al P1+...+ap Pp+et l.l.ll.gls
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Since most of the correlation matrices obtained from Principal component
Analysis did not show orthogonality, step-wise regression was performed on

these components,
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RESULTS AND DISCUSSION

4.1 Monthly climatic factors and monthly cocomut yield

The coefficients of correlation between 18 weather parameters for a
period ranging from 10-45 months prior to harvest and monthly yield of coconut
were worked out and values significant at 5 per cent level along with lag
months are presented in table 4.l.1. It may be noted that most of the factors
have significant correlation with yield at lags 15-16, 27-28, 33-34 and 44-45.
The influence of different climatic factors on yield are briefly explained

below,

Temperature: MXT showed significant positive effect at 5 per cent level
on yield at lag wmonths 13, 25, 28 and 37 and negative effects at lags 20, 32,
39 and 44-45, MNT positively correlated with yleld at lags 12, 24, 35 and
negatively correlated at lags 15-16, 27-28 and 40,

Soil Temperature: STF5, STF15, STAS and STAl5 influenced the yield
significantly at 5 per cent level at lags 12-13, 20-21, 24-25, 36-37 and 44-45.
Out of these 20-21 and 45 lag perio&s showed negative effects,

Belative Humidity and Vapour Pressure: VPFN and VPAN showed significant
positive effects on monthly yield at lag months 10-11, 15-16, 23, 27-28, 35 and
39-40 whereas RHFN and RHAN showed significant effects at lag months 15-16,
21, 27-28, 32-33, 39-40 and 44-45. Every alternative lag period showed
negative correlétion with yield.

Sunshine hour, wind velocity and evaporation: WV and monthly yield were
correlated significantly only at lag months 32 and 44 months and the
correlation was negetive, S8SH affected the yield significantly at lag periods

10, 15-16, 21, 27, 33, 40 and 44-45. Correlations at alternative lag periods
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begining from lag 10 was negative, EV and monthly coconut yleld were
significantly correlated at lag months 13, 25, 27, 33, 37 and 45, Begining from
the second significant lag group the effect was negative alternatively.

Rainfall and mmber of ralny days: Monthly yleld 'was correlated
significantly to RF and NORD at lag months 10, 15, 20-~21, 27, 32-33,40 and 45. .
Negative effect on yleld was obsereved in lag months 153-17 , 25;29 and 40,

Range in temperature: RT showed significant corrleation .t;r_ith yield at lag
months 10, 15-16, 21, 27-28, 33, 39-40 and 45. STRS5 showed significant effect
on yield at lag 10, 21, 26, 33, 37 and 45, Very few of the 1a-g periods showed
significant correlation between STF15 and yield. . ;

It may be seen from the correlogram [fig 1(a)-1(e)] that all the climatic
factors under study, when considered on monthly basis followed a relationship
with seasonal cyclicity of 12 months., The graph shows that .the relationship

becomes significant every six months alternatively changipg sign between

negative and positive,

Bhaskaran and Leela (1983) also opined that relatiori between weather
parameters and cocomut yleld exhibit a cyclical pattern of relationship and
coincide with the seasonal periodicity of lagged wvariables. lthen the
relationship is of cyclical nature as seen In the present study a reliable
conclusion could not be drawn on the importance of any weather variable.
However a group of weather parameters at varlous lags could be identified to
have sufficient contribution on yield though they are interrelated.
Identification of weather variables based on significant coefficient of
correlation alone leads to unreliable interpretations. Henece path
coefficient analysis was resorted toc for identifying the most important

explanatory variables. .
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Identification of predictor variables is to be achieved by tackling the
problem of interdependence and avoiding the spurious correlations, These
problems were tackled in two ways, i.e., the use of path coefficient analysis
and principal component analysis. Several workers have pointed out that a
gemiine solution to tackle the multicolinearity of stochastic varilables in a
time series is by adopting principal component analysis (Jones, 1982; XKatz,
1979; Huda and Runge,1985; Huda et al., 1985), However literature on the use of
path coefficient analysis to identify explanatory variables in the presence
of milticollinearity is scanty,

About 140 lagged wvariables of different climatic factor_s vhich had
significant correlation at 5 per cent with yield were identified., These
variables were further grouped into seven categories as explained in section
3.3.1. Path coefficient analysis was performed on variables of each group
seperately., Twenty six variables which had either high direct effect or low
direct effects but high indirect effect were further selected and presented in
Table 4.1.2,

Due to the presence of large numbar of explanatory variables and
multicollinearity, Principal Component Analysis was performed on these twenty
six selected variables, The first nine Principal Components which explained
89 per cent of variation were considered for the forecasting model. The eigen
vectors and eigen values corresponding to these components are presented in
Tables 4.,1.3. Contrary to the expectation, orthogonality of derived variables
could not be achieved. Hence step~wilse regression was carried out for selection
of variables 1ﬁ the prediction equation, Variables which contributed one per
cent or more only were included in the model, The prediction model thus formed
consisted of four generated variables and had a coefficient of determination of
0.221. The serial numbers of these explanatory variables, the regression

coefficients, their standard errors, t-vdlues are provided in table 4.l.4.
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-'lmny authors have favoured the use of Step—wise regression technique as a
reliable technique to overcome the defects of multiple regression technique
directly (Dyer and Gilloly, 1977; Katz,1979).

4.2. ¥onth-wise climatic factors and monthly coconut yield

The coefficients of correlation between 18 climatic factors for each
calender month and yield of the crop at different lead months were calculated
and those significant at 5 per cent along with their corresponding lead months
are presente& in Tables 4.2.1 to 4.2.12,

It may be noted from the tables that largest number of lagged variables
are found to exist in May and the least in July. In other words, the climate
during monsoon do not exhibit much influence on yield whereas during summer
months significant influence are found to exist, It may be seen that RH showed
substantially negetive influence on yleld during every calender month, whereas
SSH showed positive relationship throughout, The probable reason for the
increased influence of climatic factors during May could be attributed to the
soil moisture condition prevailing during that month,  Soil moisture during
this months undergo changes due to highly variable weather prior to the onset
of monsoon. It is found that the variability of climatic factors such as RF,
RH and SSH were higher during this wmonth. It is also well known that soil
moisture is greatly influenced by the climatic factors and especially the
rainfall, However, non existance of significant relationship during monsoon
period do not indicate that the climatic factors have no influence, btut the
lower variability of the climatic factors masks the influence.

In the light of the above results it may be worthwhile to mention that the
climatic factors studied here, though important by themselves, affects‘the crop
perhaps more through its influence on soil moisture, It is therefore,
important to study the reactlion of soil moisture to climatic factors to

understand the crop-weather relationship more clearly.
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understand the crop-weather relationship more clearly.

The reason attributed to the positive relationship exhibited by SSH may be
due to the faect that it iuncreases the activity of the crop through increased
photosynthesls and evapo=transpiration and thereby influences the yield
beneficially. Whereas RH shows negetive relationship on yield ancy‘:he probable
reason for this is due to the fact that as RH incréases evapotranspiration
decreases and hence ths nutrient and water uptake by the: Ilylant is adversely
affected which in turn affects the final yield.

It may also be noted from the tables that BF and NORD, during pre and post
monsoon periods showed increased variahility compared to that during monsoon.
Hence it may me argued that RF and NORD remains the limiting factors in
determining the future yield.

4.3, Season-wise influence of weather on monthly yield of cocomt

It is observed from the table 4,3.1 to 4,3.4 that the ﬁattérn of influence
of weather on monthly yield of coconut shifted from season to season. RHAN
and EV had more number of lagged variables showing significant relationship
with yield during first season( March, April and May). During second and third
seaspng very few lagped variables of different cliq:atic factors showed
significant relationship compared to that of others. Howaver climatic factors
M{T and EV showed increased influence during these seasons.l Climatic factors
viz,, STF5, RHFN, SSH, RF and EV showed significant influence on yleld during
fourth season( December, January and February).

RH predominantly showed negative influence on yield, whereas 8SH had
positive influence. EV also exh:'Lbited significant influence on yield during
monson season. Here, it may be noticed that increased activities of climatic

‘fz;ctors were in evidence during pre and post monsoon period., And the reason
for this phenomena is explained in section 4.2. It may be seen that BH, SSH

and EV plays an important role in influen;iag;mnthly coconut yield.
B
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The classification of seasons used here may not be an ideal one to
explain the relationship between weather and yield. It may be worthwhlle to
study the influence of climate on yleld by using different grouping of seasons,
Present classification of seasons showed, to some exXtent, the inherent
influence of climatic variation during pre and post monscon pericds. It may be
noted that from the comparison of the magnitude of correlation of season-wise
and month~wise climate on yileld that season-wise comparison exhiblted higher
influence than that of month-wise cliwate, Similar observations were made in
0il palm (Ong, 1982a,b). He reported that combined months often had greater
assoclation with bunch yleld of oil palm than an individual month’s weather
variables, This indicates that while a single months change of climatic
factors could be associated with yieid, a larger duration of these could be

more influential due to cumulative effect of the factors involved.

L

4,4, Month-wise climatic factors and Anmual yield of cocomut

Mean valuas of month=wise climatic factors and their standard deviations
are presented in table 4.3.5. Coefficlent of correlation between the selected
climatic factors for each calender month and annual yileld of coconut for the
succeeding years are presented in table 4.4.1. STF15 and STAlS d;.tring April
and December and May and December respectively showed significant correlation
with yleld., While the association for STF15 during April and May was negative,
STA1S showed positive relationship during May and negative during December
month. RHAN correlated significantly with yield during the months of January,
May, September, Qctober and December, Only during December the correlation was
positive. Sunshine hours during February, May, Septemlser, October and Decemtl)er
and annual yield of the succeeding year were correlated significantly. However
SSH of December showed negative relationship with annual yield.
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RF and NORD during December and October showed significant effect on
yield. VWhile rainfall had positive influence, NORD showed negetive influence.
Aonual yield and EV during May, July, August, September and October months of
the previous year showed significant correlation A

RT during August had positive significant correlation and that during
December, negetive significant correlation with anmual yield.

It may be noted that climatic factors during the pre and post monsoon
periods — May, September, October and December show signifi;ant influence on
annual yield of the succeeding years of harvest. Evaporation influenced the
amual yield during rainy seasons, especially during July and August months and
the relationship was positive, |

The cliﬁat:ic factors showing significant association with annual yield in
frequent lag months were RHAN, SSH and EV. An important aspect noticed was the
association of elimatic factors during the pre and post monsoon seasons with
yield, One of the reasons for this could be the high variability of climatic
factors during the period. The absence of significant influence of RF and
NORD during rainy seasons may be due to their low wvariability. There were
high variability for RF and NORD during October and December and they showed
significant influence on yield.

The coefficient of wvariation was noticed to be higher during these months
compared to the other months for this variable. A possible physilological
explanation may be that higher rate of evaporation increases gasseous exchnge
in the plant and thereby increases the photosyntheses, .

A forecasting model for annual yleld of cocomut 'was estimated using
month-wise weather parameters of the yester years. The effects of the previous
lag periods were represented by the anmual yield of cocoﬁut in the previous
year. The assumption underlying 1s that the previous years yield is the result

of cumlative and interactive effects of climatic factors of the foregone
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seasons. However the effect of climatic factors less than ten months prior to
the harvest were not considered in the medel.

Adopting step—wise regression for anmual yield and selected climatic
variables of individual months, 18 lagged variables was selected based on their
contribution to annual yield and are provided in table 4.4.3. In obtaining -
the £inal model, step—wlse regressicn analysis, taking eighteen lagged
variables selected in the first stage and previoqs years’ yield as another
explanatory variable, was performed. The final model included seven lagged
variables and is also shown in table 4.4.4. The coefficient of determination
was 0.853 indicating the predictability of this model.

It may be observed that large contributions to yield were attributed by
S5H, RHAN, EV and STF15, SSH contfibuted highly during April, May and
December, RHAN showed higher contribution to the variablity in annual vyield
during January, August and September. EV contributed significantly during
July, August and October. Climatic factors showing high contribution ware
treated as predictor variables in the 2nd stage of modelling. The higher 2
were obtained during December, Auvgust and Jamuary months i.e., 0.61, 0,58,
0.575 respectively. One of the reasons for the low coefficient of
determination observed during different months may be due to the £fact that
climatic factors affect the yield cumulatively and the effect due to a single
month could not explain the yield wvariability to a desired level. Inclusion of
previous year’s yield as a predictor variable did not add much weight to the
forecast modelling., Non significance of relationship between annual yield and
previous years’ amnnual yileld suggests that they are independent, atleast
linearly.

Another model was proposed using the variables selected at the first

stage of each month to predict annual yield of cocomut by generating a new set

i1



of orthogonal variables through Principal  components.  Nine  Principal
Components which explained 89 per cent of variation was selected to be
considered as explanatory variables at the second stage as shown in table
hoho5. The coefficient of determination, Regression coefficlent etc., obtained °
by using the new set of variables as predictor variables are _present:ed in Table
bbb,

One of the main drawbacks in the above model is that one has to include
all the selected variables from the first stage of modelling and their
corresponding eigenvectors were treated as weighing coefficients in the first
stage, This leads to too much of computation to arrive at the estimate of
yield.

In the first model(month-wise variable model) the method of estimation is
comparitively easier than the second model using principal ecomponents, though
the coefficient of determination can be dncreased by including more
eigenvectors in the second model. The t values obtained to test the regression
coefficients were seen to be significant more frequently in the second model
than in the first n-mdel suggesting the presence of multicollinearity in the
first model which is reduced through principal components in the second model,
4.5. Seasonal climate and annual yield

Table 4.5.1. shows the season—wise mean value of 18 climatic factors for 3
years lag apart with their standard deviations. Coefficients of correlation
between season-wise weather and annual yield of coconut are presented in table
4.5.2, The result shows that weather variables of pre and post monsoon seasons
only. influenced the anmuzl yield, The climatic factors during monsoon did not
influence the yield significantly. RUAN, SSH and EV influenced the yield at
all lag periocds of first and third seasons, Climatic factors of the second and
fourth seasons did not have much effect on yield dur11‘1g all the lag periods

studiede The second belng a rainy season, the variablility of weather
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variables remains low and the imapact remains implicit. The impact of
individual weather variables on annual yield are briefly mentioned below.

Temperature: Annual coconut yield was positively correlai:ed to RT at
third lag of third season. For the sake of simpl;city this 1s denoted as
season (3,3). MXT and MNT did not exhibit significant correlation with annual
yield.

Soil temperature : STF5 and STAS positively correlated.to annual yield
at season (2,1). STF15 and STAl5 did not correlate with yield significantly.

Relative humidity : RHFN, VPAN and REAN showed significant but negative
correlation with yield, VPAN showed significant relatiom at season (2,4).
Relative humidity during season (2,1) and season (2,2) showed significant
relationship. Whereas RHAN significantly correlated with yleld during season
(2,1), season (3,3) and season (2,4).

Sunshine hour : A significant positive correlation was observed between
annual yield and SSH at season (1,1), season (2,1), season (3,1), season (1,3)
and season (3,3).

RF and NORD were significantly and negatively correlated with amual yield
during season (2,1). Also RF at season (1,4) and NORD at (1,3) were also
found significantly correlated with yleid.

Evaporation : EV was positively correlated with annual yield at seasons
(2,1), (2,2), (3,3), (1,3) and (2,3).

The seasonal climatic factors did wnot show a cyclical pattern of
relationship with annual yield of coconut contrary to the observations made in
the monthly yield versus monthly weather., Most of the variables showing a
decreased magnitude of relationship as the 1lag periodl increases. This
evidently explains that some of the climatic factors had shown their importance

during the inflorescence opening and had less importance in the growth stages
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of previous lag periods. However RHAN, SSH, EV and NORD influenced the yield
during the primordial initiation and also at the time of inflorescence opening.
Most of the climatic factors did not influence the growth stages during the
middle of the growth periods ranging upto 36 months after primordium
initiation. During most of the time RHAN showed negative influence on yield
while SSH showed °:.‘*“'B correlation. Allmost all the climatic factors
correlated to yield at ome or the other seasons of different_: lég periods prior
to harvest.
4,6, Model for amnual yleld using season-wise climate

A forcasting model was attempted to predict annual coconut yield using the
selected variables from four seasons of different lag periods. Two-methods—of
approach-was—mede—to—obteintwopredivtion equations,

- In thesfirst method the four lag periods of six climat"ic factors were
considered., Two stages of analysis was envisaged here. 4s a -fjrst stage
climatic factors of first, second, third and fourth seasons were separately
treated as predictor variables. Step~wilse regression techmique was adopted on
these and the variables selected in four seasons are listed in table 4,6.1.

The selected varlables were STAL5, RHAN, SSH, EV, NORD and pre-yileld in
the first season, STAl5, RHAN, EV, NORD and RT in the second season, RF, EV,
NORD and pre—yield in the third season and STA1S, S$SH, RF, EV, NORD, RT and
pre~yield for fourth season. The coefficients of éetemdnations for four
seasons were 0,60, 0.51, 0.31 and 0.64 respectively for first, second, third

and fourth season,

In the 'second stage of analysis the selected variablt.as of four seasons
were together treated as predictor varlables. Step-wise regression analysis was
used on the selected wvariables for further selection., The coefficient of
determination obtained for the prediction equation, in this manner was 0,68.
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The predictiomn eqﬁation with its coefficients are given in table 4.6.2.
4.,7. Model for aomsal yield using seasonal climate

In thes seeend method of forecast wodelling two stages of analysis is
enﬁsaged. All the lag periods of selected climatic factors ( six climatic
factors) were treated as explanatory varlables for each factor separately.
Using step-wise regression technique variables for each fact;)rs ware selected,
In this mamner six prediction equations were obtained for six climatic factors.
The selected lag variables of six climatic factors, their cc};fﬁ}:ients, SE, t
values and other related parameters were presented in Table 4.7.1.

In the second stage of analysis the estimates from the six prediction
equations were treated as explanatory variables and using step-wise regression
technique a final prediction equation was obtained. The final model with their
relevant parameters were presented in Table 4.7.2. The coefficent of
determination of the equation was 0.914,

It may be noted that the final mcdel consists of RHAN and SSH at different
lag periods and these factors together contributed 91.4 per cent of variation
in yield. On examining the model at first stage RHAN alo'r‘xe explained 85.6 per
cent of variation whereas SSH also explained 85.4 per cent of variation in
yield, In other words a reasonably reliable prediction of annual yield can be
made from RHAN and SSH alone.

This may be considered as one of the most successful method described in
coconut to predict annual yleld using RHAN and SSHe Similar results were
obtained in oil palm also. The most successful method described so far in oil
palm would be based on effective sunshine (Sparnaaij et ai.-, 1963), Similar
results were reported in Migeria, where effective sunshine could be used to
predict annual yield of oil palm with considerable success {(Corley et al.,
1976).

4.8 First order gererated variables avd anmal yield
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In a bid to study the interactive effects of selected climatic factors on
annual yield, correlations were worked out between 42 generated variables
(variables with their squares, their product combinations) of the eight
selected climatic factors with annuel yield. The coefficients of correlation
worked out for four seasons are presented in Table 4.8.1.

Climatic factors which showed significant effects on yleld in the first
season were SSH and EV. First order interaction of these variables with others
also showed significant influence on yleld except X754 (product of SSH and
NORD), Xgg (product of RT and SSH), Xyq (product of NORD and EV) and X g¢
(product of RT and EV), The effécts of these variables were positive.

During second season the variables X9 (product of RHAN and STA 15), X ¢4
and X g (product of RT and STF15) showed negative and positive correlation
with yleld respectively. Also Xgg (product of EV and RT) significantly
correlated with annual yield in the same season.

RHAN, SSH, EV and NORD with their f£first order combination with other
varlables showed significant correlation on yield during the third eeason.
However the variables X, , X33 » Xy, X755 X706, Xgiy and Xg7 did not show
significant correlation on yield, The climatic factors RHAN, NORD and the
product of each with the other factors showed 2 negative correlation,

During the fourth season STIFI5S and RT showed negetive significant
correaltion with yield, Their product variables viz., X1 Xg1» Xgyr Xggy were
also found significant with negetive effect.

In this case also the seasons of pre and post monsoon perlod showed
significant effect on yleld whereas climatic factors of rainy seasons didn’t

show significant influence on yield.

4.9 Models using generated variables

A forecasting model was designed to use the selected generated variables
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derived from the féur seasons, From the 42 interactive variables, those
showing significent correlation to annual yield, at S5 per cent were
selecteds  The variables selected are marked with asterix in Table 4.8.1,,
which gives the correlation coefficients of all the generated variables with
annual yleld, This model was envisaged in two stages.

Prediction equation for annual yield with the selected climatic variables
of each season as explanatory varlables were first obtained by step-wise
regression, The estimated amnual yleld using these_four predictor modelswere
used as the explanatory variables for the final model, This model was also
estimated by step-wise regression. The regression coefficients, t-value for
testing the significance and coefficlent of determination for the five
different models are given in Table 4.9.}. It may be observed from the result
that for the first season the variables STF15, STAL5, RHAN, RF(log,) and RT in
combination with SSH came out as the candidates for the prediction equation of
first season., A combination of EV with RF and RHAN also found place in the
selected varlables of first season. The coeffecient of determination obtained
for this season is 0.557.

REAN, EV, RT were prowinant smong selected variableés in the second season.
Here also the combination of RF and EV was selected as one of the predictor
variables. R? for the second season was 0.625,

Nine variables were selected in the third season predominantly occupied
by the combinations of SSH, EV and NORD, R; was 0.65 for the third season.
fmong the sevem variables selected 1In the fourth season RHAN, SSH and RT were
the important climatic factors, Here the coefficlent of determination was
0.797.

It may be noticed that the value of R2 increased as the season advanced,
SSH was one of the very ilmportant variables found to influence the amual yield

beneficially. However, it became deleterious when combined with STF15, RHAN,
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NORD and RT.

EV was another variable which influenced the annual yield of coconut
beneficially. Beneficial effect was noticed even when it was combined with
other important climatic variables, RT, RF, NORD and their combination with
other variables were the next important climatic factors in the prediction
equation.

The prediction model fitted using the weigheted Variableslof four seasons
gave a satisfactory estimate of annual yield (square root) of cocomut with
coefficient of determination of O.SSI{ZExble 4~9'l)

4.10 Comparision of different models

The models attempted in this study were emperical-statistical medels,
where a sample of yield data from an experimental field and a sample of
weather data from the same field are used to estimate the coefficients by
regression technique. The validity and potential application of such data
depends upon the representativenegs of the input data, the selection of

variables and the design of the model.

This approach does’nt easily lead to an explanation of the cause-effect
relationship, but it is a feasible procedure making use of available yield and
climatic variables for weather based evaluatiom of past, present and to some
extent the expected coconut yield statistic.

The criteria used to select the best model were relatively simple, which

had comparatively high R? value,
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Conclusions :

The relationship between monthly climatic factors and monthly yield showed
seasonal cyclicity of 12 month period. An yield prediction model based on
monthly climatie factérs for monthly vield was not successful. Month—wise and
season-wise climatic effect on monthly yield was studied and it is seen that
during monsoon seasons there is lack of influence, Month-vwise and season-wise
climate on annual yield was studied. It is found that predictability increased
when seasonal or season—wise climatic factors were considered. A best linear
predict;on model was developed using seasonal lagged variables of RHAN and
SSH alone. The iInteraction effect of climatic factors on anmmual yield was
studied using generated variables, The predictability was satisfactory when
generatedlvariables of climatic factors were used as explanatory variables.

{. For furthe? work it is worthwhile 1f efforts are madP for obtaining
prediction model to estimate monthly yield of coconut so that crop-weather

relationship may be studied more explicitly.

- .

2. More emphasis may be given to soil moisture reaction in relatign to
climatic changes because it ié well known fact that climate, though affects
crop growth directly, its influence may be more prominant in asscciation with
soil climate,

3. Dependence of number of female flarer opening on the climatic factors
may provide an insight into the influence of climate before and after the
opening of inflorescence,

4, Data from different agro-climatic condition may be considered with more

emphasis while deriving a general prediction model for coconut production,
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Table A.1.1 Coofilelentcof corealation betwsrn monthly weather aod rentbhly vield of coconut

clinatic

fantors Confficienty of currolation

T ot &{13) = 43(20) J22(25)  DL2&{Z8) —.A0(32) 0.24{37) =.38(39) ~ A4k} - K1{45)

=RY SIH12)  =33(15) - 33(18) J3A{24) ~.38{27) ~.30(2B3 L24{35) ~ ~.40{a0)

=IFS G.40{12) <.21(21) G.A10(28) .35(36) =.29{43)

ATFLS 037013} =o24(21) (2(25) ~ {32y G 356(37) -.35(&4) -, 20(45)

STARS 0.2%(13) =.42(21) 0.38{25) ~.40(33) =,31(38) 03337 -.36{ad) -.81({4%)

STAEIS  0,34(13) -.38(20) <.A3(21) G3I(28) =.32(32) -.38(3)) G.I32(37) - 38(44) ~,40(45)

L 3 ] 0.3Z(10) 0,33(11) ~,A5{13) =.&J{1¢) Q,I{2T) =,3%{27) ~.4228) 0,22(35) ~,IB(39) < A2(40}
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alian 0.36(10) ~.A1(15) =-.28(16) ©.36(21) =.33(27) <.39(28) &.32(33)  =.35039) 0.I2(44) 8,33(4%)
44 = 20032} =.20(44)

281t =I31D) QL33(15) C.27(16) «~.&0(2]) D.30M37) - H33) 0,27(53) ~,28(88) -, A0{45]

BF 0.3501G) =215} =.22(18) G.60(21) =-.26{28) 0.34C(32) C.I2(34) 09.35(5%)

3 0.37¢13) 0,32(25) 0.3(37) =.25(33) 0.38(37) -.26(45)

LR 0L35(15) - 30{15) £.33{30) BA2(21) «,.20(27% 0.34(32) QIE(3II) - 27{40) C.4U(45}

vy = J1(10) 0,62(1%) 0,39(16) ~,32(21) 0.36(27) 0.81(Z3) 0,26(33) DA0{3IF) 0.45(48) ~.258(4%)
5385 = 3F{(1D) =fH{21) £,23(35) ~.40{33) G.24(37) ~.48({43) -

FIHLS = 24{31) =.23(33) =.24(45)

Lag months correspending to the ceefficient
paranthesesy which aye significart.
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Table 4.1.8. Principal components selected with their
corresponding eigen values

1 2 3 4 5 6

0.1563 0.340% 0.0110 00,0600 -,0423 -.1811
-.1266 0,2709 -,0176 0,4059 -,4293 0.0593

e 0.1980 0,1181 0,0143 -.3894 -.2754 -.0768
-.1554 0,2863 0.0242 -.3023 -,1765 0.1482
i 0.1988 -,2046 0,0062 0.229% -.0379 -.1391
0.1581 -.3234 0.0044 -.0597 -.0578 -.1608
g 0.1611 -.3356 0.0169 0,0029 -,0733 -.1568
-.2328 -,9887 0.004% 0.0299 -.1946 -.1029
e -.2098 -,9995 -,0013 -.0412 -,2493 -.2508
0.1531 -.3213 0,0129 0.1213 -.0984 -.1831
n -,2129 -,9772 0,0102 0.0414 -.2655 -. 1226

0.1961 0.2594 -,0590 0.0083 -.0738 -.3074
0.1969 0.2619 0,0572 0.0163 -.0813 -, 2830

v 0.1681 0.1819 =-,7031 0.0044 -.0525 -.0895
0.1626 0.,1937 0.7041 0,0203 -.0303 -.1014

e -,2036 0.0949 0.0040 -,3907 -.2185 0.1219
0.1807 -,0086 00,0123 0.4323 -,2704 0.4922

c ~.1461 -.2770 0.0181 -.1537 -,4576 0.1663
0.,1941 -,1137 -,0195 -,1445 -,2669 - 2472

t -.239% 0,0167 =-,0067 0.0505 0.1263 -,1928
-.2388 0,0089 0.0071 0.068 0.1328 -.0822

] -.2425 0,0110 ~-,0064 (©.0532 0.0669 -.0591
0.2203 -,0709 -,0102 -,2378 0.0422 0.2952

r 0.2213 =-,0625 ©0,0117 -.2211 0.1231 0.1803
-.2133 -,0848 =-,0071 -.0958 0.2035 -.1062

5 0.2395 -.,0388 -,0037 ~.0616 -.0528 0.0719
eigen values 14.92 4,29 1.78 0.97 0.745 0.663

Table 4,1.3. components selected with thelr regression coefficlents,
SE, t-valus and coefficient of determination for
monthly climate and wonthly yield

Serial No. of Regression SE t-value
selected components Coefficients

1 0.0502 0.0139 3.614
3 -.1946 0.0637 -3.055
4 0.05826 0.0142 4,087
5 0.0323 0.0172 1.879

Intercept : 8.683 R%=0,221 SE of Estimate : 1.7
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Toble 5.2, coubficienih of corrdletion heroeoa and  moothly
voconnt vield snd ellmarie Foatorg of Jammarty omth

e

coelficiente of gorcelation

Clirmerice

factory

Bi'r wolh2{82) =~ &1(3I) ~.71(34) =,51{33) ~.50{42)
5‘:?}15 ”a -8 L 3 ) 28 - F

STF15 ~48{2)) - A4(23)
STANLE 0.36012)  =.33(583)

YR ~Al023)  ~4R(80) ~.81(4T)

VPAY ~hG{22)  —JARLAD)

REEN ~ST15Y  ~ ADA0)  ~.3604A3)

RIAAY ~48(19) -.68(27) ~.4H2D) -.5G(&1)
Wy «AG01HY < 51(29) =~,462(41)

£5H 0.61{22) 082034} =A47(1%) ~.48(41)
34 (.A1€27)  =.39(37)

EN ~42(4&1)

HOXD 0.600275  ~.38(3)

BT D.AT)  DLAG(5D)

STRS ~&TC14)

§TRIS . .o . .e ..

W - —— -

Lag monthe correspending to qoefficiont of corvelation are
given in paranthosss.
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- .
gi‘bl e fi & :‘nv

“~

$ Confflofonts of covrolating batseen nonthly

ecranut vield and gllvatle fadters of Fakopary

slitsarie Cooiflcients of corcolorion
facirars

hAYY - 30225 =,33(3%)

by +LAH0A% =~ 08(47)

3??$ -w -k -a

TIFES = A2{7Y

ITANS ~G1(14)

KTAXLES = A0(34)

vrra ~o 56 38

VA -.42{38)

prrtiad] -.1';5(29)

BHaN - £53{139)

W = BG16Y = 52(23) =JA1(N1)

S DLAN036Y  0.84(22) 0.30(32) 0L.45(37) 0,3%{%4)
RF -4 - LE N ] L ] L B J
Ly QL4302

HORDh 00,6343}

7 D.82(42) T.A30AT)

Ky K] -.53{14)

-."ETHL') ('] " *n aa -

Tag aonche correspondiey to corroleticn confiiclents sy glven
In paranthosos,

Tnbla 4,2-3Cos{Tictenty of corrplation batuien monthly
cononul yigid and elimatic factors of Mureh

clicatie Coulftelonts of corevelation
factory

HNT = 49(33) ~.57{16) ~-,43(35)

xi} —A1{34) <A3(35) =,A7(38)

EUTS 0.4 &4)

BTFIS =B 3320

ETAYWS ~B0L8) 4034}

ETARLS ALY~ SN ET)

VPTs ~ A7 (14)

VPAR G.G0{40)

NHFH DA%

RiLAN wa e .

W < AH{29)  ~ D1{415

&3t Duali(A8)

ar O.A80E3)  =~,43(25) C.R{40)  FLA5(44)
oy DWA5{24)  G,&3{44)

Honn D43080)  (,3704%)

:ﬂ?‘ -y e * . L )

s = 32(14) =,81{%4)

STRLS ~A3{4A5)

Tag wonthas Cotresponding Lo seoteelations sre fn bewckor

o



.~y

424 coefficient of correlation between monthly yield o}
ennonet atd alirmatle Vactars of April

el ctutv it B P

CClipatia Cactfictoatn of corrolocion

faeters

MRT = B3 E3)  «,.52(14)

5.4 "'.515( 33} "'-53( 1“#) ".5"6(.22)

TS 0.50(14) 0.56(26) 0,L6(31) D.A1(35)

LR ) =, 3331} A1

YRS ~5E(12%)} 0,39(26)

ATaNLS D.50(25)

L J 2 e oy " re

vRAl =, 32(33)

Uy 0.A1C21) = 52028) =.4T(31) ~-.A0{3D)

A w2 406{20) ~AT(3L) =~.67(33)

Ly ~ A 20) -~ 5404))

¥H 0263 0,51{32) C.48(23} GCha(dld) N,E1{45)

gy e SA(20) w 3D(32) - 80(3D) - 54(38) ~.51(33)

[ 2.39(28)

JURD A6 = ARC) = AR(32) - 6{12) ~33(38) - 430333
'i’iT &4 ow a® - L X ) .
STRI ~.35(14)

araLs B.45(24)

-

lag zontha corvespanding o eorralatica coeffiajeats are glvon in brackets



Tahle 4.3.3 Cesfitelenty of correlating bafueen snnthly cogomud
yleld and elimatic faclors of Fay

= a0 e

g iy FY  aat LN e]

Climacte GoafFicimnts of corrslation
fmetors

MRT 043040 0.69(4})

WHT D4125)  D,45(30)

8173 0.30022) 0.58(21) ©.A41(23)} OG.45(M1) C.35(37)

8375 0.52(22y 0,53(23) €.63(21) Q.31(3%)

STARS 06023 D.54(21) Q.50(28) 0.41(33) DWA3{ ) 04T 6.6
YIS 0,39(23) 0.48(21) 0.57(24) D.42(35)

vPpB ~,67(33) ~.562(36)

’;PNE *e -8 e -e

nurn ~A1022)  wGI(2Y)  —AIL26) < B4{31) = SA(33)  +,47(38)
REAR w48(22) =~ 00(21) =48{31) ~.84(33) - 51(38) -.44037)
W ~o40(29) ~,53(41)

f88 0.69(22) ©,52(21) 0.A0(34) C.83(37)  C.4E(38)

il 4 L wABEIY) = AW2IY  ~.47(37)

£y D.86(23) 0.53(21) 0.47(33) 0,43{34) 06337} ©.390138)
HORD ~&1(22) =&0(23) ~A47(AN)  ~53(36)  ~,45(37)

KT 0.A7(39) .49041)

STRS 0.40(238) ©.4%(33)
STR15 Qa5(13) ©,74(24)

log montite cotresponding to corralationx are given in paranchosca,

Table 4,32.6 Cocfficiente of eorrclstion between nenthly
coconut yield and climatic factors of June

climnzlc Coecfficionts of correlatlion

factors

&m‘s’ L 2 ] ' ¥ - % [ 3 ) ’ ar »a
HWT ~67(84% ~,38(483)

BTFS RJ35(22) 0,51{37)

 8TIS G.60(22)
STANS ~A6{27)} G.44(33) 0.41(37)
5TANIS ~56018)  0,39(33)  0.3%(37)

VPFH - 5.5T(23) 0.39(21)  ~.47(4S)

CFAR -.41(13) 0,3%(21)

REPN -a41(22) -.51(23) -.538(33) =.53(3%9)
304 P,67423) «.50(29)  ~.4&47(41)

881 f1,39{22) a,40033)

EY G.A7(2)) 6,45(33) 6,4%34) 0,.57(35)
nonD 0, 30{15)

Rt 0.46138)  0.60043)

STRI 0.43(k2) ~.3%22)

STHLS =-&6(14)

Lag csnths correrponding to correlaticos are glven in Lyacketo.

Tobklo 4,347 Confficiente ol corralation hetwesn wonthly
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cogenut wioeld foad clipatle fadioes of
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Coc i leinpln ol carcelation

~A3{3)
.-.J!; .;)

"'b"“'}<3’.5)
- F(2T)
.AT(15)
=223
e '!1 (?.'?)
i1 (‘?( u-.}

.“7'3n)

57000)
~an 1025

- 44035
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-

N.L3(22)

53067
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~AI(RET - %ALAT)
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~JARERRY NG
-.63034)

LR 3 .y
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1, 66{29)
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factors of Augas
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Y o P e rm . g -

factory

T S0

Y “LOR{TSY  =J81(0R) < 6T(ED)

87FS . .e .s

STELIS .n - -

STAHY ve ’a -

grants ~AH{2Y) .. .e

Yol ~AALASY ~ AN

LT - re va

M B22) LDl ~JERNYY ~ G934y = 55{37)
B ~o (23 - BA(2Y3 ~.59(0T)

Wy 6,60(73) A902%)  ~.30(040)

Rt PA2(21) =, 463020) ALY

Ir ~ 3N

Ay G 9% 22) GLAI(2Y)  fLSA(ZL)  0LAAD23)  DLASLRAY  4,59015%)
ket D872

ar Hu.0TC1EY  OLAR{21Y 0,50 MY D,R046T)

STRD ~.4302M

cnyr
rdvdy

—

=412

-, 5H{4Y)

-

——

o = -

- e

Loy wonths carvespending to corralations are given fn brachers.
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Tehle L2089 Cocfificioats of curtulacion Botwaen nentbhly cocenul
vinld and climatte faetors of Septonbor

e R R e U

Cllimntfe Toefficlente of corrvlation

fentorn

NK‘; »r £ *n -y

HNT —B0C33) = GALAL) =~ AT(45)

SR!’-T’ [ KT " .n e

ETF15% ~e48(12) =.A8(32)

ST ""OSC!U“J

STARYS - 41{2) «.44{41)

Vprm “p -, LY J *8

VPAR = 358(16) BAT(ZTY 0.806{34) - 50(37)

FH wodI(1]) =a63(22) « BA(2F) ~,4&5(21) - A4028Y ~53(037) 0,52¢41)
RIAN = 38(22) =.62(38) -.47(37) -~.41(38)

858 0.58(22)

uy 0,486(41)

Y 0. AB(12) 0,55(23) 0.46021) 0.43{31) 0.43(35)
HORD =2 30(21) =.30(37) 8.4&1{A1)

uy 0,42(47) 0.43(45)

BEFS ~47(41)

YN B =, 40(41)

Lag wonths eatronpasiﬂmx to corrolstions are given In brackets,

Toble G.2.10 Confficlents of corralation between monthly
caconut, vield apd climatie faators of Opcohop

D}matie Cocffiatonts uf eoveelatien
{aetarn

HET 0,40(22) 0.48(28) =.41(26)

WaT 0.40€22) =.44(45)

8975 0.,45(14) 0,83(232) G.3%(28)

fTFL5 s »e .

HTAND U 30(23) 0.43{24) =392 ~.45(43)
BTAELS  0.53(12) -,A3(30)

VPFH BB 26)

VPAH ae L X ] - L3

RIEN «02{M) =.AG6(34) -, L2(44)

REAR =g 31(22) ~.60(33) ~.48(27)

558 0.47(22) 0.A0(23)

[l 0.52042) 0,45048) G.46{45)

By 8,56(32) G,60(23) 0©.52(20h} GAL(23) 0.5143%)
jatasdh «o51{22) =, 52(24) ~AR{3R) 0,43(45)
BT 0.48(37)

3?“5 an -p LN ] kS

srms LA -4

LA

Lap eonths correspondiag 1o correlationg sre glven in brackets.
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Table 4.3.1 Coefficients of correlation between monthly coconnt yield and first
geasonal climatilc factors

Climatic Correlation coefflicients

factors

MXT —.49(13) -,59(14) 0.45(41)

MNT -.43(13) 0.43(28)

STES 0.45(10) -.43(12) 0.43(22) 0,56(26) 0.42(31) 0.50(34) 0.,45(37)

STFi5 = 48(20)

STANS -.65{14)

STAN1S 0.46(13) 0,47(24)

VTN 0.38(11) -.52(33)

VPAN -e . aw LR}

RHFN 0.43(18) —-.46(27) —-.42(30) —.60{31) ~.55(33) -.39(34)

RBAN —41(31) ~.41(33) -,41(34)

W -.45(29) -.56(41)

Rt 0.45(15) 0.42(21) 0.55(22) 0.40(31) 0.48(34) 0,42(37) 0.52(38) 0.39(40)
RF —.43(21) —=.41(22) 0.53(23) -.57(26) —.40(31) 0.40(33) -.43(34) -.45(37)
EV 0.46(20) 0.45(21) 0.46(22) -.40(23) 0.44(24) -.51(33) 0.46(44)

NORD —.43(26) -.47(31) -.50(34) -,38(37)

RT 0,49(41)

S5TRS 0.42(13) -.51(14)

STR1S 0.57(24)

Values in parantheses are lag periods at which correlation coefficlents are significant,

Table 4,3.2 Coefficients of correlation between monthly cocomut yield and second sesonal
climatie factors

Climatic Coefficlents of correlation
factors
t‘m LR} LN ] LY ] ae
MNT =.45(15) ~.44(38) ~.50(43) ~.46(44) -—.49(45)
STF5 0.40(10) 0.49{22) 0.45(37)
STF15 =.40(16) 0.40(22) 0.40(23)
STANS . oa .e
STAN1S = 40(10) =,49(14) -.39(26)
.I.-}I *n . aw
VPAN 0.48(21)
RUFN =.65(22) -.59(23) =~.39(26) —-.52(33) -.61(34) -.44(35)
RHAN =,53(22) -.42(33) -.41(34)
wy 0.42(23) -.48(29) -.55(41)
SSH 0.43(22) 0,40(37) 0.39(38)
RF -.46(15) 0.42(25)
EV 0.62(10) 0.55(21) 0.60(22) 0,60(23) 0.48(25) 0.40(33) 0.48(34) 0.48(34) 0,58
MORD 0.49(11) 0.44(13) 0.69(15) 0.48(25)
RT 0.41(20) 0.45(21) 0.55{38) 0.40(41) 0,60(44)
STRS -.45(10) -.40(22)
STR15 -.43(10) =-.44(11) -~-.56(14) -.42(26)

Values in parantheses are lag periods at which coefficlents of correlations are significant.
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Teble 4.3.1 Coaffinients of eaerelotior hetunn muinhly coctnut
yield and third weenynel elfmatlc fadisve

-

g -

-y

wliimatie Correlaticn poolfficients
feetore

MET ~32{11)  ~,64(22) ~,52{(38) ~.AQ(L%}
MT "‘-‘f*&{ 10} - 521} } e &6(3‘3)

5TV 2,55(14) =.49(20)

ey A - 4d(16) =.53032)

FTANS ~,54008) ~ Ba(28)

STAN S BAACL8)  =.42(23) DO,03(26) 0.,48(25)
¥ori B,6320)

117\ :4 « & S(2D) = 45(34)

g'ﬁ‘"‘ﬂ sa Fe) am s

BiAR ~£9{2F) =~ 33 29) «01{AL)

oy ~45{18) =,84(28) -~ 50029)

558 G.AG511  «.58012) D.49(34)

np D,48(28) G.52(42)

EW -8 -y [ N )

WD - 33{30)  (.39(42)

v R AS(14) = AF(IB) = 47(22) -~.52{62)
BTRS ~e32(14) ~.47(28)

B AR 0.55¢12) 53018

Wakuer in parasthucup ave leg periods at vhich ecef(leienta

aof corralatlcon are algniflcant.

-

soasonal elisnric fuokors

Tebio 4.3.4 Confficlents of correlation hotwwoen mwanthly eecanut yleld and frurtd

Clirmatic Coreclatisn copfficlents

factoras

N.‘.ig “'o&gif:j} ".5’(!&; 0.‘-5(&1)

- b D.85(10) -,43(12) 9.43(23) D,56(20) O.L2(31) CAG(MWMY 0.&3(I7M

2TvLs - 48( 24 '

HTARY ~oi5{14}

HTANLS Geat{13) O.A87{34)

i B S36(51)  «52(23}

??M: A& e . a e

EQFR Q.3 18) ~,&B(37} = 07030) =A5020Y ~.35(3)) 340}

AR “ &R (H)Y - 81030 ~8)(34)

uy ~45(38) ~.56{41)

GAR UoB3(13) Q.62(20) 0.33{22) 0,80(71) £,4B(34) 0.42(37) 8.33(18) 0.3%(49)
ny ~o&3{21)  =o8E(22) (.83(23) -, 57(25) -,48(31) DAG(IY} -~ 4338} ~.85(30)
bt 460200  CuA(21)  0A6{23) —u4B(2R) C.44(20) ~.%(33) ©.AG(A4)

HORD ~oG(I8F = AF(31) = 80(38) - IR(37)

49 VAR(41)

SIRE S.4620437 ~J5114)

SRS

-

e3P 24)

iag eonthe eartespooding to corcolations arse given In paranthesas.
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Ly

Yoo Houpteylase o)lleatic factors olth stenderd daviations

Climatic factars

Henthe SEFLS STALD BFAS on AF 554 BORS BT
] flez_)
Jan 2,32 MHigh 53.%2 3,335 G147 E,87 .08 21.5%
£1.28) (1.36) {53.273 (6,385 {D.80) {631} {G.27} {(2.73)
Fel N.Jag .04 7o D63 0,12 &.73 R 5 165,43
{1.36) {1.,68) {3.78) {G.383 I¢.48) {5.49) {G.27) {1,183
Mar 33,28 37,87 - sl.ii 2.33 .52 %a 202 G.27 $.03
Apr p R r 38,09 &2.50 8.9 1.83 bS] 3.61 f.10
£1.33) (127} {2.58) (G2} {£.1%87 (.50} (2,23} (3,70}
Yy 51,32 36,48 69,12 7.2% 5.05 w5} .57 7.4}
' {1.71} (217} £5.08) {.54) (153} {1.10} £3.58) {1.7%)
Jugi 28,15 3,75 8169 3.55 .7 Tl 21 .55 8.19
11,70} (1.59) {4.83) (1.0 (C.486) (1.,20) (5.0} {3.73)
Jel 26,34 2,09 #3,.2¢é 2.7% T2 152 30.92 .52
{B.64) {1.15} {1.56) (G485 (8.2%) {B,44) (3.46) (0,91}
Aug 15,81 30487 #3008 4,3) §,20 pi N 1 20,35 3.71
{12} (1.36) (3.38) (1.35) (D46) E,93) {3.458) {&a91L)
Bept TS 33.14 78,34 &% - 2,69 13.77 Hakd
{1.307 (1.7} {3.27) {:,37) ALY ) {B,51) (£.7%) (2,611
Oot 26,37 34,18 73,35 4,84 5.1% 3.24 81,55 7.59
(G %1) (1L.79) (4,03 {Ca783 (f.61) (D873 {5,08) (1,040
Zav Pl 1) 34,20 £3.09 5.37 3.72 3,70 Ba19 .53
(1.3 (1.4%) (7.10} {1.01) (1.35) {6.5%) {3.3%} (1,324)
Dz 23.36 33,97 33.20 2,923 1.68 8,280 1«33 11,67
(1.54) {%5.37} £8.67) £31,71) (B4 {1.873 £1.553

(1.70)

The walues in paraothemes are slandord aoreth,



Table 4.4.1 Coefficientsol correlatien betweew annval gield
of cocotut and mpothly elisatic fectora Q%Intubous yay

Climatic [(actovs
Monthz STF13  STALS  RuUAL hsi R¥ BV wORD RT

Jan ~d7 005 =51% =03 =38 =18 <34 0,03
Fabd ~22 020 0.02 6.I8%  ~36 0,24 =36 0,04
Mar =32 =10 0.16 1,05 0,20 9,36 0.20 ~.31
Apr ~46% ~09 001 03 0.03 0,05 02 0 -0
Yay 0,20  0.IB%  «,38% 0,52% =12 0.42% =27 D46
JU“ 0.10 "ols *‘.09 9.13 ™ IG 0.06 0003 0.35
Jut =03 =23 =32 005 0,02  0.48% =22 0,13
Aug =2 =23 =33 031 =05 0.46% 0,06 0,307
Sept = 19 =03 =607 0,38% -1 @.40% 20 0,36
oet 05 0,32  ~4637F D.46% =28  0,55* «.37% 0,23
Nov =13 =07 =00l 007 0,04 028  0.15 10
Det ~41F =,38% 0.40% -61% 0.2 w22 031 =57

Toe valuea wvith % marks ace significant ac 5 per cent level.
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Torle 6.4, Yontirwize coleatsd verialles ard
cowlftoient of detarcinatins
Honshs  oveber of Variables fid
varisblen selocciad

Jotpary 2 nRAR RF $.575
Fobenary | AP e 345
Hazoh i BV Ql;f:-

Aprild I 3IFL G a5k G370
Hay 1 SO 0,520
Juone 1 RT 80, 364)
July 1 oW 8.370
Auguat 3 Y OKT REAn 1,980
floptosher | AN 1,410
Getober @ B MORD B 560
Hovenber 1 HOED G320
Docembey 2 Gt RYF1S 0610

Teble A,4.4 RBogronsion cooificlonte,Se and t-values of
' moath-wise clismto asd sonanl ylold of
cosonut {pgusts root)

Solected monthe Bagrension LE t-valuy
ey Liebian ceeffinients
Jan H t H
RUAR Aug t : 2
Sopt -, 3938 G.0154 ~H.33%
Jan H ' ]
BF Pob ] 5 :
Mpr 5 1 t
Jai 01577 O 0681 1.713
0w Aug s 1 H
et ] : H
Apr 7 a,0506 “1.947
gI¥1S tiee - 3421 $,0448 o PE
Apr t 3 |
it Hay 4,150 03,0444 «2,5%1
Dee my JBGH 03.0241 403
Pro-yleld -0 } 55D £y 1040 =l E1Y

Interceant 1 70,68 Rlmii B53 S of est. 0,208
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Table 4,6,%

Flgon veclara wmd Efgen valuoe for vho ssleoted
compostnin of penthewise ciioate 32! nosesl vield

Fmetatle Eelvated principal compononts

gorloniod ! 3 4 6 7 3
PR JaN) C.IT8l © 0.1564 ~o 108G 03025 e 32U 0.002
BR{Iawy. 0LITE0 -, 3008 01,2334 ~o 1513 8,0804 AR U
{evR) Gua621  0,3542 00,1704 D, 44730 0.1324 s (Y334
ARG LYY ~ 1387« A&00 11,1391 D.0365 =, 1088 -.22%0
T NARR) G206 ~, 1583 ~. 4525 - 10143 (0 2038 00,2062
shi(ars) - 7M. -,2218 0.0%52 -, C05% HRAL N2ty
SUHEMAY)  ~.0078 63964 ~e 2533 = 1130 3,342 {1, 2502
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SUMMARY

Influence of eighteen climatic factors for a period rénging from 10 to 45
months prior to harvest on monthly and annual yleld of coconut were studied.
Monthly climatic factors revealed a cyclical pattern of influence on monthly
yield with a period of 12 months. The correlations become significant every
six months changing sign consecutively. Four distinct groups of lag periods
for the weather elements could be identified to have significant effect on

yield viz., 10-16, 20-28, 32-37 and 39-45.

One hundred and forty twe lagged variables of different.climatic factors'
which had significant correlation at 5 per cent level with yield were
identified. Twenty six out of these 14% variables were selected for a
forecasting model by path coefficient analysis. Principal component analysis
was used to remove the multicollinearity and dimensionality of the variables.
Step-wise regression was carried out to arrive at the final model. The

coefficient of determination for this model was only 0.224 suggesting a very

poor fit,

Month-wise and season-wise climatic fators were used to study the
influence on monthly yield of coconut. Some of ;he important weather variables
such as RHAN, SSH and RT showed significant effect during pre and post wonsoon
season. RF and NORD showed significant influence only during off-monscon
seasons, Lower variability existed during rainy months may be one of the
reasons -for non significance of correlation coefficients of RF and KNORD.
Another reason for the non significane may be that RF beyond a particular level
do not influence the yield of coconut.

Month~wise and season-wise climatic factors were also correlated to annual



yield of ccoconut. It was observed that climatic factors during pre snd post
monsoon periods affect the annual yleld of coconut, May, September, October
and December months of yester years showed significant influence on annual
vield. RHAN, SSH and EV showed significant association with annual yleld most
frequently than the other climatic factors. During monsoon months EV alone

associated with amual yield.

Forecasting models to estimate annual yield of coconut was tried using
monthly and seasonal climatic factors. When monthly climatic factors were
considered, the effect of previous lag periods(beyond 22 months ) were
represented 'by the amnual cocomut yield of yester year. The model was
envisaged in two stages. INine weather variables of individval months were
identified at the first stage by step—wise regression., Variables selected
through step-wise analysis were used as explanatory variables in the second
stage of analysis. GSeven vgriables were identified in this manner and they are
SSH(May,Dec), RHAN(Sept), STF15(April, Dec), EV(July) and previous yield. The

coefficient of determination was (.833.

Another model was proposed using the selected variables of each month to
predict annual yield of coconut by generating new set of orthogonal wvariables
by means of PCA and the coefficient of determination obtianed for this model
was 0.823.

A forecasting model to estimate annual yleld of coconut using season—wise
climatic factors was attempteds The model was developed in two stages of
analysis. Separate prediction equations were developed for weather factor each
season by performing step-wise analysis, The coefficients of determination
obtained for the four prediction equation were 0,60, 0,51, 0.31 and 0.64

respectively for four seasons. The selected variables from the above

13



prediction equations were treated as explavatory variables in the second stage
of analysis. Principal components on these selected variables were used to
obtain the final model and the coefficient of determination obtained for this
model was 0.675.

In another method of modelling, six prediction equations were developed
using all lag variables of six climatic factors (RHAN, SSH, EV, RF, NCORD and
RT) using step-wise regression analysis at the first stage, The estimates of
these six prediction equations were treated as explanatory variables for
developing prediction equation at the second stage, DRHAN and S5H were the
only two climatic factors in the final model using step-wise regression. The
coefficient of detexrmination for this model was 0.914, Two prediction
equations obtained using the lag variables of RHAN and SSH obtained from the
first stage of analysis may be also used to predict annuzl yleld of coconut
with coefficents of determination 0.88 and 0.85 respectively,

In a bid to study the interactive effect of weather variables on annual
yleld of coconut, pair-wise products of eipht climatic factors were correlated
to annual yleld of coconut. The combinations involving RHAN, SSH and EV showed
significant correlatfons with yleld. And the significant influence was more in

evidence during pre and post monsoon periods.

A forecasting model using generated first order variables were -tested to
predict snnual yield of coconut., In the first stage of analysis, four
prediction equations were developed for each season using step-wise regression
analysis, The estimates of these four prediction equations were treated as
explanatory variables in the second stage of analysis and a final prediction

equation was obtained with a coefficient of determination of (.881.
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Vool Hn, Monghs Bateo Veek Mo, Mantha Dates
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2 B~1& an ' =13
3 13-21 29 1622
§ 221-23 30 2329
5 25~4 n A5=5
6 Februoey S-11 a2 Auguse Hel2
7 12«18 33 13-19
a 1925 34 ' =26
Q 26~4% 35 27=2
10 March =il 36 Septenbor 3«9
11 12-18 » 1016
12 19-25 3 17=23
13 26=1 ¥ 24-30
14 April 2=t 40 Getober  1-7
13 G-15 41 =14
16 16-22 42 1321
17 ) 23~29 43 32~28
% 36 44 : A5~%
19 Hay Fad B 45 Rovexber 5-~11
20 14-20 &8 12=18
2! 1-27 47 19-2%
22 28-3 48 L 22
a3 Jure 4~10 45 Deconder I=9
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25 18~24 81 17-23
26 23=1 52 24-3140

* In lesp yoar the woek Noe 9 will be 26 February to & Mazel (D doya)
# Last week will have % days, 24 to 31 Pecenter.
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ABSTRACT

infiucnee of eichtecn cliratic Tactors “sv a prried rancine From 10-42
months before harvest of coconut, were studied on monthly and annual coconut
yield, Monthly climatic factors showed a seasonal relationship with monthly
yvield changing sign alternatively.

Month-wise and season-wise climate and their influence on monthly and
annual yield was also studied, The influence of climatic factors were more in
evidence during pre and post monscon seasons. RH, SSH and EV were frequently
showed significant relationship with monthly yield than the rest. Seasonal
grouping of climate showed stronger relationship on annual yield than
month-wise climate. May, September, October and December months of yester
years showed explicit association with annual yield.

To study the interactive effect of climate on coconut yield 42 generated
variables were obtained and coefficients of correlation were worked out between
annual yield and generated variables for four seasons separately, The
combinations of SSH, RHAN and EV showed significant influence on yield more
frequently.

Several Forecasting models to predict annual and monthly yield of coconut
were attempted. Using selected wvariables <£rom month-wise climate a
forecasting model was developed with a coefficient of determination of 0,853.
Similarly model for amnual yield using selected lagged variables of climatie
factors from different seasons as explanatory variable. The best prediction
model was obtained from lagged wvariables of RHAN and SSH of seasonal climate.
This model gave a coefficient of determination of 0.914.

A forecasting model from generated variables were tried and the prediction

equation obtained to estimate annual yield showed a coefficient of

determination of 0,881,
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