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Abstract: The effect of some weather parameters (rainfall and temperature) on the production of
oil palm in Peninsular Malaysia was investigated. Data were analysed using the Statistical Package
for Social Sciences (SPSS 20.0 version), with descriptive statistics, time series analysis, and multiple
linear regression (MLR) carried out. SPSS and Microsoft Excel 2010 were used to analyse the results.
The MLR model determined the strength of the relationship between oil palm yield (dependent
variable) and the changing variables of temperature and rainfall (independent variables). The
regression output returned three components; regression coefficients, regression statistics and
ANOVA. The findings of the study revealed medium to high rainfall variability at the rate of 0.0008.
This implies that rainfall is increasing over time with variations in its amount and intensity. As
rainfall increases oil palm FFB production is predicted to increase at a slow rate of 0.0009. The
estimation of average annual temperature indicated an increase of 5.6°C at the rate of 0.0357°C per
year with a temperature maximum of 32.01°C and minimum of 25.45°C. The result also revealed
an increase in oil palm yield at the rate of 0.2581 per year with a mean value of 176247.6. Overall,
there is a significant difference in the impact of rainfall and temperature on oil palm yield. This
signifies that rainfall has a significant impact on oil palm yield (FFB) compared to temperature.
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1. Introduction

Elaeis guineensis or oil palm is the most widely used palm oil species,
originating from West Africa [1,2,3,4,5]. It was first introduced to South-east Asia when
planted at the Bogor Botanical Garden, Indonesia, in 1848 [3] and first planted in
Malaysia as an ornamental plant in 1871 [6]. The first commercial plantation was in
1917 at Tennamaram estate in Selangor, Malaysia [4]. The crop is characterised by its
high output turnover, being easy and simple to establish, and is a low cost and highly
efficient oil crop [1,7]. Oil palm is now widely cultivated in various tropical countries
covering more than 18.1 million hectares in over 43 countries [1]. Indonesia and
Malaysia are the major players in oil palm cultivation and produce around 85% of the
global palm oil [1,8]. Among the major countries in oil palm production are Indonesia,
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Malaysia, Nigeria, Democratic Republic of the Congo, the Ivory Coast, Brazil, Colombia,
Costa Rica, and Ecuador [1,2]. Oil palm thrives in humid climates where rain usually
falls at nights and the days brighter with abundant sunshine of minimum 16 or 17 MJ
m-1d-, with rainfall amounting to 2000 mm spread equally over the course of the year
[9,10]. For maximum fresh fruit bunch production, a maximum temperature range of
29-33°C and a minimum temperature range of 22-24°C is required [2,11]. Relative
humidity should be greater than 85% [10]. Oil palm thrives in a variety of soil
conditions, with pH 4-8 and abundant moisture [5]. Oil palm does not thrive well in a
competing environment with other plants and areas where there is constant flooding;
the plant requires open spaces [2,5]. Oil palm cultivation is vulnerable to the effect of
some weather parameters especially temperature and rainfall [12].

The distribution of rainfall affects the growth and development of palm trees,
which in turn affects palm oil production. Excessive rainfall also harms the fresh fruit
bunch (FFB), reduces the plantation road/path quality, stifles harvest activity, and
causes flooding [4]. The yield of oil palm is constrained by the duration of the yearly
dry season, so countries that have consistent high rainfall all year round, such as parts
of Southeast Asia, have particularly high yields [12]. Soil moisture availability which is
determined by the amount of rainfall received and irrigation in some cases is by far the
most crucial component in determining the FFB yield of oil palm. Scarcity of moisture
in oil palm plantation leads to retarded growth, decline in yield output and tendency
of fire incidences, causing mass destruction of the palm trees, polluting and degrading
the air quality [12,13,14].

As the impact of climate change is predicted to continue, the danger of floods
and droughts is also expected to significantly rise in the 21st century especially in
Southeast Asia. Similarly, the impacts of EI-Nino and La-Nina will pose risks to oil palm
cultivation in Malaysia [15]. Drought in Southeast Asia reduces the production capacity
of palm oil by 10-30% [16]. Drought frequency and severity in Southeast Asia may
increase over the next few decades [17,18,19]. Oil palm is vulnerable to lack of rain [1].
Higher temperatures would also lead to a rise in drought conditions, resulting in a
devastating loss of FFB yield. Because soil water is lost more quickly as temperatures
rise, the effects of dry spells become much more severe [12]. An unfavourable climatic
condition such as drought can lessen moisture supply, resulting in water deficiencies
which affect FFB formation [20]. Water shortage as a result of drought can reduce
the productive capacity of oil palms by decreasing the quantity of the fruits formed as
a result of male and female flowering ratios [21,22]. According to past research, a
moisture deficit of 100 mm in a year can reduce yield output by 8-10% in the year after
the drought and 3-4% in the subsequent years [22,23]. Similarly, [24] observed that a
100 mm moisture shortage in an oil palm plantation could affect the formation of FFB
in the flowering stages causing a 1-10% yield loss during floral initiation, sex
determination and floral abortion. Optimum temperatures and heavy rains are
favourable for palm oil production whereas floods and extended periods of drought
are unfavourable in most cases.

Heavy rainfall as a result of a La-Nina event affects or delays the harvesting
activities of FFB, causing waterlogging, rotten FFB and degrading the quality of CPO.
A mean temperature of > 27.83°C in the 8 months prior to harvesting has been reported
to result in a declining FFB yield [16,25]. Variations between 0.6-1.4°C in the
temperature range and a 15% variation in rainfall resulted in an increase in profits for
palm oil to a maximum of USD2,453 annually, whereas income earned reduced to
USD1,181 in a year, with a 32% rainfall variation and moderate temperature variation.
Malaysia and other oil palm producing nations will be subjected to rising
climate ambiguities in the long term [26,27]. Climate change projections indicate that
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the cultivation of oil palm will be hugely affected by climate change, with significant
effects for the economy of Malaysia, as well as the palm oil industries. A change in
climate status from highly suitable climate to merely suitable climate is projected for
Indonesia and Malaysia by 2070 to 2100 [26]. Equally, there will be a more noticeable
significant decrease in climatic suitability for oil palm cultivation in the Peninsular
Malaysia. A marginal decrease is projected to occur between 2030-2070 and dramatic
decrease in 2100 [26,27].

The variations in rainfall over the course of a year in Malaysia is usually
influenced heavily by the interannual variation of tropical Pacific sea-surface
temperature (S5T) anomalies, especially the EI-Nino/Southern Oscillation (ENSO) [10].
The El-Nino-Southern Oscillation is a coupled ocean-atmosphere interaction
phenomenon that happens in the Pacific Ocean around the equator and is among the
most visible drivers of seasonal to interannual global and regional variabilities in
climate [28,29,30]. The climatic characteristics of the environment have a large influence
on oil palm growth and yield. Extreme weather events such as El Nino or La Nina have
no direct or immediate impact on oil palm. Instead, they exert their influence on the
trees during the initial stages of development, such as frond production, sex ratio, floral
abortion scale, the degree of survival of flowers after anthesis, and the weight of fruit
bunches [30,31]. Therefore, understanding the impact of rainfall and temperature
variability on oil palm production in the Malaysian palm oil industry is critical for
designing innovative cultivation practices and ensuring global food security. First, the
study will describe the interannual variations and fluctuations in the FFB yield. and the
influence of weather variables (rainfall and temperature) on oil palm cultivation.

2. Materials and Methods

The study area

Peninsular Malaysia is the region of Malaysia that includes the Malay Peninsula
and its surrounding islands and geographically located 3.9743° N, 102.4381° E of the
Greenwich Meridian. Its total area is 132,265 km? Peninsular Malaysia shares borders
with Thailand in the northeast and Singapore to the south, and is flanked by the Strait
of Malacca in the west and South China Sea in the east. Peninsular Malaysia experiences
high temperatures and humidity, as well as heavy rainfall all through the year. The
weather and climate of Peninsular Malaysia is usually controlled by the northeast and
southwest monsoons. The peninsula’s climate is characterised by four seasons; the
northeast monsoon usually from the months of November-March, the initial inter-
monsoonal season usually between March-May, the southwest monsoon usually
starting from May to October, as well as the second inter-monsoonal period starting
in October and ending in November.
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Figure 1. Peninsular Malaysia.

Methods

Secondary data was used for the purpose of this study. Data on oil palm yield
in Malaysia between 1975-2020 was obtained from the Malaysian Palm Oil Board
(MPOB). Climate historical data, particularly average annual temperature and rainfall
were also downloaded from the climate-knowledge portal of the World Bank, National
Hydraulic Research Institute of Malaysia (NAHRIM) and National Oceanic &
Atmospheric Administration (NOAA) in April, 2021. The oil palm yield, rainfall and
temperature data were transformed to a common base (log 10) using Minitab software.
This was done because the yield of crops is measured in tonnes per hectare (hg/ha) and
rainfall in millimetres (mm) whereas temperature is in degree Celsius. The analysis of
data used the Statistical Package for Social Sciences (SPSS 20.0 version) specifically
using descriptive statistics, time series analysis and multiple linear regression (MLR).
Graphs were produced with Microsoft Excel 2010 to summarise the results.

The MLR was used to gauge the relationship strength between oil palm yields
(dependent variable), normally signified by ‘Y’ and other changing variables
(temperature and rainfall) referred to as independent variables (Equation 1) as used by
[32] and [33]. The regression output returns three components: regression coefficients,
regression statistics and ANOVA tables. The regression coefficients give information
about the coefficients in the MLR Model. They include (1) estimates found using the
least-squares method; (2) the standard deviation of the least-squares estimates; (3) the
t-statistic for the null hypothesis that the coefficient is equal to zero, versus the
alternative hypothesis that it is different from zero; (4) the P-value for the t-test; as well
as (5) the lower and upper 95% that define the confidence interval for the coefficients.
Meanwhile, the regression statistics table shows the coefficient of multiple
determination (R?) which is defined in terms of sums of squares (Equation 2), and
shows how strong the correlation is held between the independent and the dependent
variables. R2will be large (thus, its value is near 1); and vice versa when the regression
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equation fits the data well. The estimate’s standard error measures the variability of
predictions in a regression. The quantity R or linear correlation coefficient, measures
the strength and direction of relationship between the variables. The ANOVA table
evaluates the regression equation by assessing the statistical significance of the
regression sum of square.

Thus, trend lines were drawn to show the rainfall, temperature and oil palm
yield patterns in the area of study. Linear trend line equations were fitted to show the
magnitude of change in these variables
Yi =Po +B1X1+P2 X2...ll oo, Equation 1

Where Y =Dependent variable (oil palm yield)

X1 and Xz= independent variables (temperature and rainfall)

Po, B1 and 2= Regression parameters

u = Standard error
RZ=12v¥ oo Equation 2

Where: R?2= coefficient of multiple correlation

Y = predicted value of the dependent variable

Y = dependent variable raw score

rv,¥= correlation between Y, Y
3. Results and Discussion
Statistical Characteristics of Rainfall, Temperature and Oil Palm Yield in Peninsular
Malaysia

The results of the statistical analysis of annual rainfall, temperature and yield of
oil palm in Peninsular Malaysia between the periods of 1991-2019 clearly shows that
an annual mean rainfall of 243.7 mm with a standard deviation of 54.5, minimum of
156.3 mm, and a maximum of 311.04 mm were recorded having a range of 286.8. This
depicts a high difference in the highest and lowest amount of rainfall in the area. In
addition, it shows that the changes in rainfall was at the rate of 0.0153 (Table 1). For
optimum yield, oil palm requires about 1,500 mm-2000 mm of rainfall per year
corresponding to around 167 mm/month with an absence of dry season [9, 10, 11,12,
30].
Table 1. Variation in Rainfall, Temperature and Oil Palm Yield

Mean rainfall Mean Temp. (yearly) Value (oil Palm Yield)
Mean 243.6817 26.1169 176247.6
Standard Error 10.12254 0.233749 2908.715
Median 258.1558 25.78 175629
Standard Deviation 54.51154 1.258778 15663.91
Sample Variance 2971.508 1.584522 2.45E+08
Range 286.8823 6.56 60974
Minimum 156.30 25.45 142425
Maximum 311.0423 32.01 203399
Sum 7066.769 757.39 5111180
Count 29 29 29
Confidence Level 20.73508 0.478814 5958.232
(95.0%)

Source: Author’s Analysis (2021)

The estimation of average annual temperature in Peninsular Malaysia for the
period 1991-2019 indicates an increase of 5.6°C at the rate of 0.0357°C per year with a
temperature maximum of 32.01°C and minimum of 25.45°C. However, the mean
minimum temperature shows to be 26.11°C with standard deviation of 1.26. The results
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also reveal an increase of oil palm yield in the study area at the rate of 0.2581 per year
with a mean value of 176247.6 recorded (Table 1). The average maximum temperature
ranges from 29 to 33°C and a minimum temperature of 22 to 240°C promotes maximum
FFB production [2,10,11,30]. The plant requires constant sunlight of at least 5 hours in
a day for an optimum yield [10,12,30].
Rainfall and temperature trend in Peninsular Malaysia.
Rainfall trend

The rainfall trend in Peninsular Malaysia shows a strong variability. For
example, 1992 and 2019 recorded the lowest rainfall of 209.18 mm and 156.3 mm,
respectively, while 2008 recorded the highest amount of rainfall at 320 mm. The Y value
stands at 0.0008. This implies that rainfall in the study area was increasing over time
with variations in its amount and perhaps intensity. This indicates an irregular pattern
within the period of the study. A trend of increased rainfall over Peninsular Malaysia
favours optimum oil palm FFB production [11,12,30,34,35]. However, as the global
climate is changing and getting warmer resulting in irregular and uncertain rainfall
patterns, storm surges frequency, and prolonged droughts in some places around the
globe [36].

Mean rainfall
y =-0.084x + 420.19

350 R? = 0.0008
300

250

200

150

100

Rainfall in (mm)

50

0
1980 1990 2000 2010 2020 2030 2040

Time (Year)

Figure 2. Annual Mean Rainfall of Peninsular Malaysia 1991-2035. Source: Author’s analysis

The study observed an irregular increase in rainfall in terms of intensity and

temporal distribution in the study area. Noticeably, there was an increase in rainfall
between 2013 and 2017 and a decrease between 2017 and 2019 (Figure 2). This concurs
with the study of [37], which demonstrated that, besides the northern region of the
south-west zone, all regions in Peninsular Malaysia have a significant uptrend with at
least a 90% level of confidence in January. It has been noted that the northeast monsoon
(NEM) brings overwhelming rain to Peninsular Malaysia in comparison with the
southwest monsoon (SWM). The southwest and western coastal areas experience a
greater range of variation in rainfall under the NEM, and to a lesser degree during the
SWM.
Other studies in West Malaysia found increasing trends in annual rainfall as well as the
intensity of rainy days at various meteorological stations during the NEM, leading to
an increased pattern in annual rainfall [37,38,39,40]. Studies by [41] and [42] have
shown that as the earth’s surface warms, moisture evaporates from the surfaces such
as oceans, lakes and soils. Climatic models also tend to agree that when precipitation
does occur, it will become more intense almost everywhere.
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In addition, the figure 2 above reveals that rainfall in Peninsular Malaysia from
2020 to 2035 is predicted to show an increasingly irregular pattern. This is in conformity
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Figure 3. Annual Mean Temperature for Peninsular Malaysia 1991-2035. Source: Author’s analysis

Figure 3 shows the mean annual temperature for Peninsular Malaysia from
1991 to 2035. The figure shows that the maximum mean temperature recorded was in
2017 at 32.01°C while the lowest mean temperature recorded was in 2008 at 25.45°C.
The study area experienced a sharp decrease in annual average temperatures from 1991
to 1997. In 1998, the annual average temperature rose to 26.24°C and further dropped
to 25.6°C and increasingly continued fluctuating. Generally, the daily average
temperature in the study area shows an increasing trend with a positive Y value of
0.0357 (Figure 3). Similarly, several studies have confirmed the trend of rising
temperatures in Malaysia [39,40].

This is a clear indication that temperature (minimum, maximum and average) is
on the increase in Peninsular Malaysia. When temperature rises by 1-4°C oil palm
production is expected to decline by 10-40% in Malaysia [35]. The general temperature
increase in the study area affirms the assertion of the [53] that temperature is expected
to increase over time as a result of ozone depletion, arising from anthropogenic
activities, which increases the concentration of greenhouses gases (GHGs) in the
environment. The study is in conformity with the findings of [54] which claimed that
the mean surface temperature of the Earth rose by around 0.6°C + 0.2°C during the 21st
century. The authors went on to say that it is warmer today than at any other time in
the last 1000 years all over the world. Weather extremes are becoming more common
around the world and are far more probable to continue in the future. Temperatures
are deemed to be extreme due to climate change and the rising trend would be
maintained sporadically as discovered in this study area.
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Figure 4. Trend of Oil Palm Yield in Peninsular Malaysia from 1975 to 2020. Source: Author’s anal-
ysis

The yield of oil palm fluctuated from 1975 to 1983. Yield in 1983 was about 17.45
tonnes per hectare and sharply increased to 21.80 and 22.15 in 1984 and 1986,
respectively, before drastically declining to 17.10 tonnes per hectare in 1987. The lowest
yields of oil palm recorded in the study area were in 1998 and 2016, while the highest
were recorded in 1993 and 2008 (Figure 4). The decline of FFB in 1998 and 2016 was the
result of a strong El-Nino. When El-Nino develops in the Pacific Ocean, rainfall in
Peninsular Malaysia decreases while air temperature rises, causing palm trees to
experience high levels of water stress. Because of this, the annual production of FFB is
less than in a normal year, as a result of water stress during the southwest monsoon
having a significant effect on annual FFB yields [10]. La-Nina, in contrast, creates a
favourable setting for palm trees and higher FFB production by lowering the risk of
water stress [10,55]. Generally, the trend in oil palm yield in the study area is increasing
with a positive Y value of 0.2581 (Figure 4).

The Relationship between Rainfall, Temperature and Oil Palm Yield
Multiple regression model

Table 2. The relationship between rainfall, temperature and oil palm yield

Regression Statistics

Multiple R 0.381065
R Square 0.14521
Adjusted R Square 0.079457
Standard Error 15028.72
Observations 29

Source: Author’s Computation, 2021
Table 2 indicate that there is a significant association between the weather
element (rainfall and temperature) and oil palm yield in Peninsular Malaysia. This is
shown with an R-value of 0.381, which is greater than the significant level of 0.05.
However, it has a R-square value of 0.145 that depicts the level of relationship. This
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simply means that among the factors that affect oil palm yield, rainfall and temperature
accounts for 14%. Other climatic elements, topographic and sociocultural practices
account for the remaining 86% percentage. These may include relative humidity, wind,
sunshine, soil fertility and gradient, nature of tillage and fertiliser application, among
others. This agrees with the study of [56] in Peninsular Malaysia which confirmed that
rainfall at 18 months before harvesting showed a significant relationship with oil palm
yield. This is because high rainfall is related to the development of female inflorescence
and results in bumper harvests of FFB. Moisture stress is known to cause fewer female
flowers, which also reduces FFB formation.

Multiple Regression Line Fit Plot

Mean Temp. (yearly) Line Fit Plot

250000 -

3 200000 - ? s

=

£ 150000 - # Value (oil Palm Yield)

& 100000 -

% 50000 - W Predicted Value (oil Palm
Tzu 0 T T T 1 Yleld)

> 0 10 20 30 40

Mean Temp. (yearly)

Figure 5. Average annual temperature-line fit plot. Source: Author’s computation 2021

The relationship between temperature and oil palm yield indicates that as the
temperature increases within a certain limit, the oil palm yield is predicted to increase
(Figure 5). This seems to be due to the fact that the temperature requirements for oil
palm are straightforward. The best temperatures are those with the fewest fluctuations.
Growth is halted below 18°C. The ideal daily temperature is 27-28°C, with average
monthly values ranging from 30-32°C to 21-24°C. The average minimum temperature
during the coolest month should be greater than 18°C. Growth of seedlings is halted at
temperatures below 15°C, although temperatures between 28-32°C favour stem growth,
FFB ripening, flower development, frond development and enhance the rate of
metabolic activities [20,57]. Oil palm produces the highest yields in areas with a
maximum average temperature of 29-33°C and a minimum average temperature of 22—
24°C [30].
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Figure 6. Average Annual Rainfall (mm) Line Fit Plot. Source: Author’s computation (2021).

The relationship of oil palm yields as predicted in the model shows that as
rainfall increases, the oil palm yield will increase but at a slow rate of 0.0009 (Figure 6).
This is due to the fact that oil palm needs a rainfall of 150 mm per month, and a dry
season of not more than 2-3 months. On average, 1,800-2,500 mm of annual rainfall is
considered ideal for oil palm production in Malaysia. Annual rainfall exceeding 2,500
mm is deemed unfavourable because it disrupts solar radiation and affects the rate of
photosynthesis in the palm trees. It has been observed that 2,000 mm of rain per year
produces high FFB yields in western Malaysia.

Test of Goodness of Fit of the Data

Table 3. Analysis of Variance

Df SS MS F Significance F
Regression 2 9.98E+08 499E 2208422 0.130068
Residual 26 5.87E+09 2.26E
Total 28 6.87E+09

Source: Author’s computation (2021).

The analysis of variance was employed to test the statistical significance of
rainfall and temperature as indicators for oil palm yield. There is a significant variation
in the effect of the independent variables (rainfall and temperature) on the dependent
variable (oil palm yield). This means one of the independent variables has a stronger
relationship than the other. This was validated by the F-statistics (2.21) being greater
than the p-value (0.13) (Table 3).

Regression coefficients

The regression coefficient shows the relationship in the multiple regression
model between each independent variable (rainfall and temperature) and dependent
variable (oil palm yield).
Table 5. Regression Coefficients
Coefficients  Standard Error t Stat P-value  Lower 95%  Upper 95%

Intercept 37399.24 66548.02  0.561989 0.578937 -99392.2 174190.7
Mean rainfall 41.18689 54.3635 0.75762 0.455491 -70.5589 152.9327
Mean  Temp.

(yearly) 4932.127 2354.218  2.095017 0.046059 92.96203 9771.292

Source: Author’s computation (2021)
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Table 5 shows that mean rainfall has a relationship with oil palm yield with an R-
value of 41.1. This is statistically significant as the p-value (0.455) is higher than 0.05
(significant level). This is not the case for mean temperature, which has an R-value of
4932.13 and a p-value (0.046) that is less than the 0.05 significant level. This simply
means that rainfall has a positive correlation with oil palm yield while temperature has
no relationship.
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Figure 7. Production area and oil palm yield. Trend of oil palm production and its area

Since 1960, land area cultivated with oil palm has grown rapidly. In Peninsular
Malaysia for instance, 568,561 hectares (ha) were cultivated in 1975. In 1985, 1,292,399
ha of palm trees had been planted, and this figure had risen to 2,362,057 ha in 2007. Oil
palm has grown to be the leading agricultural commodity in the country. As of 2019,
the total planted area was 2,769,003 hectares and slightly declined to 2,700,004 hectares
which is attributed to the Covid-19 pandemic (MPOB, 2019) (Figure 7). Cultivation of
oil palm vital to Malaysia’s economic health, being the second largest exporter of palm
oil globally [4,5,11,16,27,35,58,59]. The palm oil sector employs a huge workforce, with
a combined employee number of 1.16 million individuals in Malaysia, accounting for
40.45% of agricultural employment [35].

In 1975, a yield of 17.95 tonnes per hectare was recorded in Peninsular Malaysia. The
trend of FFB per hectare continues to fluctuate as a result of climatic variability and
management practices. The highest yields were recorded in 1984, 1985 and 1986 (Figure
7). However, 15.98 and 15.91 tonnes per hectare were recorded in 1998 and 2016,
respectively. These were the result of a strong El-Nino which caused water stress and
rising temperatures, thereby a decline in FFB yield. Similarly, yields of 17.16 and 17.17
tonnes per hectare were recorded in 2018 and 2019. This is attributed to the decline in
rainfall where 213.71 mm and 156.3 mm of rainfall were recorded in 2018 and 2019,
respectively.
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Figure 8. Trend of FFB and Crude Palm Oil Production in Peninsular Malaysia.

The production of crude palm oil (CPO) depends on the quality and quantity of
FFB along with industrial processes. For instance, 1984 and 1986 recorded the highest
FFB yields at 21.80 and 22.15 tonnes per hectare, respectively. Similarly, CPO
production was highest in 1984 and 1986 with 4.25 and 4.41 tonnes per hectare,
respectively (Figure 8). The effect of 1998’s El-Nino resulted in a decline in FFB yield
which also influenced CPO production negatively. FFB production stood at 15.98
tonnes per hectare and CPO production was 3.03 tonnes per hectare in 1998. However,
both FFB and CPO production declined to 15.91 tonnes per hectare and 3.21 tonnes per
hectare in 2016 (figure 8). This was caused by a strong El-Nino that occurred in
2015/2016. El Nino events in the Pacific Ocean can cause decreased rainfall and
increased air temperatures across Malaysia. These changes have the potential to cause
severe water stress to the palm trees. In Peninsular Malaysia, CPO production has a
distinct annual rhythm, with minimal output usually around January to the month of
March and maximum production occurring around the month of August and
November. The rhythm is thought to be influenced by photoperiodic responses within
a phytomere and is also driven by variations in the environmental factors caused
mainly by El-Nino-Southern Oscillation (ENSO) [20]. The decline in CPO production
in 2018 was the result of lower quantity of processed FFB. The decline was by 3.2% to
97.80 million tonnes as a result of the lower FFB productivity i.e. decreased by 4.1% to
17.16 tonnes per ha in Malaysia as opposed to 17.89 tonnes per ha in 2017. Low demand
from palm oil importing countries, especially Vietnam, Egypt, and the EU, diminished
palm oil consumption in 2018 by 0.07 million tonnes, or 0.4 percent, to 16.49 million
tonnes, down from 16.56 million tonnes in 2017 [60].

Malaysia accounts for over 25.8% of global palm oil production and is responsible
for 34.3% of the global export of palm oil [61]. Malaysia is now the number two
producer of palm oil globally, having been surpassed by Indonesia in 2006. Since 1985,
palm oil has surpassed soyabean oil to become the second most consumed oil in the
world. Malaysia had a 51% share of global production in 1999, but that had dropped to
38% in 2011 [61].

4. CONCLUSION
Oil palm production is affected by some elements of weather and climate
especially temperature and rainfall. This study shows a significant increasing trend

in rainfall, temperature and oil palm yield in Malaysia from 1991 to 2020 at a 95%

confidence level. This finding is in line with the findings by other researchers. The

study also shows that rainfall and temperature have a significant relationship with
oil palm yield though at a very low rate of 14%. Future research will most likely
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include the delineation of climatic regions using statistical analysis of Malaysia's
monthly gridded data set using rainfall variability and temperature indices. It will
be useful to further explore the relationship between oil palm yield and other
climatic and cultural factors aside from rainfall and temperature. This will give the
oil palm farmers insight into the agricultural practices suitable for oil palm
production.
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