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Abstract - This study examines the change of agricultural production due to the climate change over the past 15 years 
(2002-2016). Independent variables are temperature and rainfall. Mean temperature of all 20 meteorological stations of the 
country were taken in to calculation to find the average temperature of each year. The average of rainfall was calculated 
using the mean rainfall recorded in main 8 power stations of the country.  Dependent variables are production of four main 
crops grown in Sri Lanka: tea, rubber, coconut and paddy. The production of crops was regressed with climatic variables 
separately. The coefficient of determination and statistical significance of variables were found to be weak and insignificant 
respectively. Irrespective of the strong impact of climatic variables on agriculture that has been proved by many other 
studies, the results of this study shows a weak relationship and statistical insignificance. This suggests that linear regression 
is unqualified as a statistical measure. This study could be repeated using polynomial regression including other variables 
such as socio-demographic factors that affect the agricultural production. 
 
Index Terms - Climatic Variables, Crop production of Sri Lanka, Trend Analysis, 
 
I. INTRODUCTION 
 
Various factors form and drive the agricultural sector. 
Market instabilities, changes in domestic and 
international agricultural policies such as subsidies, 
credit facilities, and taxes are some of them. Further, 
terms of trade, availability of technology, land-use 
regulations and biophysical features such as water 
resources, soil quality, and pests and infections are 
among the set of crucial impacts. Given the intrinsic 
link of agricultural production to natural resources, it 
is often at the risk of uncertainties driven by climate 
change, including extreme events such as flooding 
and drought. Climate change is expected to result in 
long-term water and other resource shortages, 
worsening soil conditions, drought and 
desertification, disease and pest outbreaks on crops 
and livestock, sea-level rise, and so on. Vulnerable 
areas are expected to experience losses in agricultural 
productivity, primarily due to reductions in crop 
yields (Rosenzweig et al., 2002). 
 
Climate change is the mother of all externalities: 
larger, more complex, and more uncertain than any 
other environmental problem (Tol, 2009). The 
general consensus is that changes in temperature and 
precipitation will result in changes in land and water 
regimes that will subsequently affect agricultural 
productivity (World Bank Environmental 
Department, 2003). Although various estimates 
suggest that global food production is likely to be 
robust, experts predict tropical regions will see both a 
reduction in agricultural yields and a rise in poverty 
levels as livelihood opportunities for many engaged 
in the agricultural sector become increasingly 
susceptible to expected climate pressures. The 
Intergovernmental Panel on Climate Change report 
(2014) states that the earth's climate system, when 

compared with the pre-industrial era, has obviously 
changed at both global and regional scale. Further, 
the report notes that the global mean temperature may 
increase anywhere between 1.4 and 5.8 degree 
Celsius by 2100. This extraordinary increase is 
expected to have stark impacts on various facets of 
the climate system including changes in the global 
hydrological system, sea level increase and changes 
in crop production. 
 
Agriculture is the major land use across Sri Lankan 
Island. According to Census and Statistics 
Department (2002), the total agricultural land extent 
was 4.7 Million hectares in all twenty-five districts. 
About 1 million hectare is for paddy cultivation. 
There are four distinct crop cultivations in Sri Lanka: 
paddy, tea, rubber, and coconut. Paddy cultivation 
specifically depends on water in its most stages of life 
cycle. Over 60% of rural Sri Lankan population 
directly or indirectly is depending on agriculture. It is 
also the largest sector to contribute Gross Domestic 
Product (29%). In spite of technology advances made 
on improved crop management, Irrigation, Plant 
Protection and fertilization, weather and climatic 
remain the key factors of agricultural productivity in 
any country. As we experienced during recent past, 
rainfall has become something that is difficult to 
predict and droughts and floods have become a 
common feature of the climate of Sri Lanka. The 
drought and flood have made the production of food 
crops difficult. According to FAO (2007), climate 
change impacts can be roughly divided into two 
groups. They are biophysical impacts and 
socioeconomic impacts. Their categorization of 
biophysical impacts are physiological effects on 
crops, pasture, forests and livestock (quantity, 
quality), changes in land, soil and water resources 
(quality and quality), increased weed and pest 
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challenges, shifts in spatial and temporal distribution 
of impacts, sea level rise, changes in ocean salinity 
and sea temperature rise causing fish to inhabit 
different ranges socioeconomic impacts. 
Socioeconomic impacts are a decline in yields and 
production, reduced marginal GDP from agriculture, 
fluctuations in world market prices, changes in 
geographical distribution trade regimes, increased 
number of people at risk of hunger and food security 
and migration and civil unrest. Biophysical impacts 
on productivity are localized phenomena that are 
largely driven by local variations in weather impacts 
and mediated by local soil and water conditions. 
Economic impacts, on the other hand, are embedded 
within a complex and regionally diffuse web of 
production, price, consumption, and trade responses 
to those local productivity impacts, (US Department 
of Agriculture, 2013). Smith and Almaraz (2009) 
outlined impacts of climate change on agriculture in 
few different forms. The sub-themes as they 
mentioned in the paper are, earth will get warmer, 
seasons will get longer, earth will get drier, changes 
in glaciers and rivers, more extreme weather, changes 
in soil organic matter, soil erosion, sea level rise, 
changes in crop quality, pests will move and 
rangeland species will move. Climate is a 
prominent determinant of agricultural productivity. 
Over a period of time, humans have adapted 
agricultural practices to changing economic and 
physical conditions, (Adams et al. 1998). This has 
been achieved by adopting new technologies, 
changing crop varieties and also changing 
institutional arrangements. The efforts could make a 
significant human potential to adapt to climate 
change. 

 
Generally, the capacity for adaptation is less in 
developing countries because of limited access to 
markets for crop inputs and outputs and limited 
infrastructure developments. Because implementing 
adaptation often requires local access to financial and 
physical capital, technical assistance and other inputs 
such a water and fertilizer, (Adams et al. 1998). Other 
than these impediments, adaptations involve 
significant time lags and long-term capital investment 
decisions. In such situations, where available 
adaptation options are limited, the adjustment costs 
would be relatively high compared with the costs 
under normal climate change. 
 
 Impact of Climate Change on Agriculture in  
Sri Lanka 
Agriculture is one of the key sectors of the Sri 
Lankan Economy. In 2016, the agriculture sector 
contributed 7.1% to the national GDP, while showing 
a negative 4.2% growth relative to positive 5.5% 
growth in 2015. According to Central Bank (2016) 
reduction in agricultural output is due to adverse 
weather conditions prevailing in the country. There 
are four main crop productions in the country, which 

included tea, rubber, coconut and paddy. The 
contribution to the GDP of all these sub-sectors was 
contracted during the recent past. The sector provided 
direct employment to 27.1% of the total labour force 
in 2016. Furthermore, it is estimated that the 
agriculture-related activities provide the major source 
of employment and livelihood for nearly 71% of the 
Sri Lankan population. In a broad sense, agriculture 
includes crop production, animal husbandry and, 
forestry and fisheries. In Sri Lanka, the contribution 
to the GDP from agriculture comes predominantly 
from crop production which accounted for 63% of the 
7.1% contribution to the GDP from agriculture as a 
whole in 2016. In comparison, the respective 
contributions from livestock, forestry and fisheries 
sectors were 9%, 8.0% and 20% out of the 7.1%. 
Therefore, at present crop production dominates the 
agriculture in Sri Lanka.  According to IPCC 
(2001), the term ‘Climate Change’ strictly refers to a 
statistically significant and persistent shift in the 
long-term average of climate. However, for a long-
term shift in average climate to occur, short-term 
variations of a higher magnitude should occur. 
Therefore, a discussion on climate change and its 
implications automatically involves both its short-
term variation and long-term shifts. 
 
Sri Lanka is an island located under the Indian 
peninsula. It has an area of 66,000 sq. km, stretching 
over 433km from North to South (latitude 5◦55 North 
to 9◦51 North), and 244 km East to West at its widest 
point (longitude79◦41 East to 81◦53 East). Sri Lanka 
is a tropical country with distinct dry and wet 
seasons. The climate is characterized by two 
monsoons. Two annual monsoonal seasons produce 
significant geographical variation in temperature and 
precipitation. The monsoons lead to two distinct 
cropping seasons in the island. The most significant 
season (Maha season) is from October to February 
and brings rain to the entire country. The second 
season (Yala season) is from May to September but 
only a part of the country receives rain during this 
period, (Kurukulasooriya et al. 2003 ). There is also 
an inter-monsoonal period in October and November 
when rain and thunderstorms can occur in many parts 
of the island. (Seo et al. 2005). A major feature of 
rainfall in Sri Lanka is the high year to year 
variability. However, no distinct pattern of change 
has been observed. Variation of rainfall is much 
smaller in lowlands than highlands, (Sri Lanka 
National Adaptation Plan, 2015). According to 
Kurukulasooriya et. al. (2003), both Yala and Maha 
seasons lead to a substantially dry and intermediate 
zone in the lowlands and some very wet highlands. 
The majority of irrigated and drought-prone farms are 
in the dry and intermediate lowlands. Being a small 
tropical island, there is no significant annual variation 
in temperature in Sri Lanka due to latitude. However, 
significant regional variation in temperature could be 
observed due to altitude. In lowland areas, the 
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average annual temperature usually varies around 
24.7 – 32.6 C and it falls quickly as altitude increases 
(e.g. Nuwara Eliya – 18.5 C at 1800 mean sea level). 
Sri Lanka’s mean annual rainfall is around 1351 mm 
in 2016 (ranging from 900 mm to 5000 mm).  
Academics and researchers have conducted a number 
of studies on trends that can be observed from 
analysis of past meteorological data and they indicate 
that Sri Lanka’s climate is changing gradually. Areas 
that attracted researchers’ attention most were trends 
in temperature, changes in precipitation patterns and 
observations on extreme events. Evidence suggests 
that atmospheric temperature is gradually rising 
almost everywhere in the country. 

 
II. METHODOLOGY, RESULTS AND 
ANALYSIS   
 
The study is based on the secondary data collected 
from various sources of Central Bank of Sri Lanka 
such as Annual report 2016 and Economics and 
Social Statistics of Sri Lanka 2012 and 2016. The tool 
of analysis was MS Excel 2010.  The two 
independent variables were annual mean temperature 
(degree Celsius) and annual mean rainfall 
(millimetres). The mean temperature of all 20 
meteorological stations and the annual mean rainfall 
of main 8 power station from 2002 to 2016 was taken 
in to calculation to get the mean temperature and 
rainfall of each year. Dependent variables were four 
main agricultural crops of Sri Lanka, namely paddy, 
tea, rubber and coconuts. The time series analysis was 
carried out for period of 15 years from 2002 to 2016.  
Temperature and rainfall were regressed separately 
with four crops. 

 
Source: Various issues of Central Bank Reports 

Figure 1. Time Series Analysis of Crop Production for the 
period of 2002-2016 

 
The X axis is denoted by the year and Y axis is 
denoted by the crop production. The unit of 
measurements for paddy is in Metric Tons, Nuts in 

millions for coconuts and Kilograms in millions for 
tea and rubber.  Following are the regression output 
for each of the crop production. At a glance these 
trend equation depicts and upward trend of 
production of crops over the years.  

 
Tea 
y = 1.325x + 306.33 
R² = 0.1515 
 
Paddy 
y = 121.94x + 2696.9 

     R² = 0.6857 
 
Coconut 
y = 31.079x + 2501.9 

    R² = 0.4548 
 
Rubber  
y = 0.9232x + 108.25 

    R² = 0.0252 
 

The R2 is the percentage of the response variable 
(crop production) variation that is explained by the 
linear model. In general higher R2 , the better the 
model fits the data. Thus except for paddy production 
(69%), other three crops shows lower coefficient of 
determination. Thereafter, the linear regression was 
carried out for four crops separately for temperature 
and rainfall. 
 
 Temperature and Crop Production 
The trend of the temperature over the period of 15 
years is showed in Figure 2. The temperature was 
regressed with paddy, tea, rubber and coconut. R, R2 

and P- value were found for each of the crop. The 
scatter diagrams were developed to get a better view 
of the relationship. (Figure 3, 4 ,5 and 6) 
 

 
Source: Arranged data for the Study 

Figure 2: Trend Analysis of Temperature (2002-2016) 
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Trend line shows an upward movement. However R2  
(6.7%) is very low which means the data does not fit 
for the model. The temperature is highly scattered 
across. 

 

 
Source: Arranged data for the Study 

Figure 3: Trend Analysis of Paddy Production with 
Temperature (2002-2016) 

 
Paddy production shows an  upward trend with the 
temperature. Co-effcient of determination is 59.8%, 
which means data are good fit for the model. 
 

 
Source: Arranged data for the Study 

Figure 4: Trend Analysis of Tea Production with Temperature 
(2002-2016) 

 
Trend of Tea production with temperature denotes a 
upward movement, where the R2 is 22.8%.   

 

 
Source: Arranged data for the Study 

Figure 5: Trend Analysis of Rubber Production with 
Temperature (2002-2016) 

The graph shows a mixed of upward and downward 
trend. Co-efficient of determination is 16.9%. 
 

 
Figure 6: Trend Analysis of Coconut Production with 

Temperature (2002-2016) 
 
Trend analysis shows an upward movement with 
32.9% coefficient of determination.  
 
The following Table1 depicts the regression results of 
each of the dependent variables: tea, rubber, coconut 
and paddy and temperature being the independent 
variable. 
 

 
Source: Study Results 

Table: 1 Regression Output of Temperature and DVs 
 

The table 1 shows the coefficient of correlation, 
coefficient of determination and significance of each 
of the dependent variables. The results of the three 
categories of results imply that these results are weak 
in terms of constructing a relationship between 
dependent and independent variables.  The p-value of 
four crop production shows high values (P < 0.05) 
which means there is no significant relationship 
between the DV and IV. 

 
 Rainfall and Crop Production 

The trend of the rainfall over the period of 15 years is 
showed in Figure 7. The rainfall was regressed with 
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paddy, tea, rubber and coconut. R, R2 and P- value 
were found for each of the crop. The scatter diagrams 
were developed to get a better view of the 
relationship. (Figure 8,9,10 and 11) 

 
Source: Arranged data for the Study 

Figure 7: Trend Analysis of Rainfall (2002-2016) 
 

The trend shows straight line.  There is no upward or 
downward movement shown over the period of 15 
years. 

 
Source: Arranged data for the Study 

Figure 8: Trend Analysis of Paddy Production with Rainfall 
(2002-2016) 

 
Trend of paddy production with rainfall denotes a 
upward movement, where the R2 is 8.75%, which 
shows a weak gooness of fit of the model. 
 

 
Figure 9: Trend Analysis of Tea Production with Rainfall 

(2002-2016) 

Trend of Tea production with rainfall depicts a 
upward movement, However, coefficient of 
determination is 6.13%. Therefore, the data does not 
fit for the model. 

 

 
Figure 10: Trend Analysis of Rubber Production with Rainfall 

(2002-2016) 
Trend of rubber production with rainfall denotes a 
upward movement, where the R2 is 9.25%, which 
shows a weak gooness of fit of the model. 
 

 
Figure 11: Trend Analysis of Coconut Production with rainfall 

(2002-2016) 
Trend of coconut production with rainfall depicts a 
downward movement, However, coefficient of 
determination is 15.9%.  

 

 
Table: 2 Regression Outputs of Rainfall and DVs 
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Table 2, presents the regression results of the rainfall 
and dependent variables. The results of same are 
similar to the results of temperature and dependent 
variables. The correlation between the crop 
production and rainfall is weak. The coefficient of 
determination is low and also none of the dependent 
variables is statistically significant with independent 
variable. 
  
CONCLUSION 
 
Irrespective of upward trend of temperature and 
rainfall, statistical results shows that there is no 
impact of climate change on crop production as there 
is no statistical significance crop production and 
climatic variables. However, according to the 
empirical results of various scientific researches, 
temperature and rainfall have strong impact of crop 
production.  Continuous adaptation is one main factor 
as to why crop production shows no impact due to 
increased climate variability. According to Hulme 
(1996), there are four possible ways that climate 
change can have physical impact on crop production. 
They are: changes in temperature and precipitation 
will alter the distribution of agro-ecological zones, 
carbon dioxide effects are expected to have a positive 
impact, and water availability (or runoff) is a critical 
factor in determining the impact of climate change 
and agricultural losses can result from climatic 
variability and the increased frequency of extreme 
events such as droughts and floods or changes in 
precipitation and temperature variance. However, this 
study fails to find significant linear relationship 
between climatic variables and crop production. This 
enable to suggest that relationship is non-linear.  
 
Considering crop yield trend separately from other 
factors (external or internal), illustrates how same 
study can be repeated including other variables. It is 
also well known that most of the time series has an 
inherent cycle component that may or may not be 
significant. Crop yield forecasting is primarily done 
with crop simulation models and empirical statistical 
regression equations relating yield with relevant 
predictor variables. These associative models require 
future data on the predictor variables. Crop forecasts 
are typically needed between the time of planting and 
the time of harvest. These associative models use past 

data to estimate the models and “future” data for 
prediction. Future data can be implicit or explicit. 
However, understanding the mechanism of up-cycle 
and down-cycle with crop yield will provide an 
advantageous position to the policy makers to prepare 
an appropriate policy design for yield management. 
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