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Abstract

The global production and consumption of tea has been steadily increasing over the past decades. The tea industry
has become a significant contributor to the economies of producing countries such as Kenya, Sri Lanka, India and
China. Apart from its economic importance, the environmental and social importance of tea production has been
recognised in the literature. However the industry is confronted by a number of challenges. These challenges include
resource constraints, competition for land, unavailability of adequate labour, and climate change, as is noted in this
article. All of the major tea producing countries have identified climate change as being a major challenge. Therefore,
identification of the appropriate methods for modelling tea prices by incorporating a group of interacting time series
variables such as price, production and weather variables to explain the dynamic relationships among these time
series is important for producers. This article reviews and examines the approaches used to model tea price. In
particular, various time series techniques are reviewed. The analysis clearly shows that quite a number of studies
have been done on tea pricing. We found that VAR techniques have the ability to model the non-structural
relationship of tea price alongside other time series variables which are endogenous and exogenous in nature. This
paper also contributes to the existing literature by summarising the research undertaken on tea pricing to date.

Keywords: drivers of tea price, modelling, Sri Lanka
1. Introduction

The global market for tea is currently estimated to be around US$ 15.4 billion (2013), in terms of production value
(World Tea News, 2014) and US$ 40.7 billion in terms of retail value (Euromonitor International, 2014). World tea
production has increased significantly over the past two decades (Figure 1). This may be due to several reasons such
as increasing population sizes, the increasing social acceptance of tea as the drink of choice, an increase in the area
of tea cultivation, improved varieties of tea cultivation by selective breeding (cultivars), advanced technology and
improved cultivation practices (Majumdar et al, 2012).
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Figure 1. Global tea production 1990-2012 (million kg)
Source: FAOSTAT

While tea is an export commodity, it is not exported by all producing countries. Throughout the world, the export of
tea increased by an average of 2.31% per annum over the period 1991-2000, rising from 1078.17 million kg to
1324.65 million kg. A similar trend and a 3.4% average annual growth rate were observed from 2001 to 2012 when
exports increased from 1400.55 million kg to 1740 million kg (Figure 2).
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Figure 2. World tea exports 1991-2012
Source: FAOSTAT

China, India and Sri Lanka are the major tea producing countries in Asia, while Kenya, Malawi, Rwanda, Tanzania
and Uganda are the major tea producers in Africa. There are also minor producing countries such as Nepal, Peru,
Papua New Guinea, and Zimbabwe. Altogether there are 34 tea producing countries throughout the world
(FAOSTAT, 2014). As Figure 3 shows, most of the major producers are located in Asia, possibly because the
cultivation of tea originated in South East Asia (Paul et al., 1997; Hicks, 2001; Rogers, 2007; Alkan et al., 2009).
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Figure 3. The world’s tea producing countries

The aims of this paper are (1) to briefly summarise the economic and social significance of the tea industry, (2) to
review the literature on tea price modelling, (3) to identify the extent to which climate change variables have been
included in tea price modelling, and (4) to examine how current tea price models could be improved by incorporating
climate change impacts.

The paper is organized as follows. In Section 2, we describe the current status of the world tea industry in general
and the Sri Lankan tea industry in particular. Section 3 reviews the literature on tea price modelling. A discussion of
future directions for the modelling of the tea price is presented in Section 4, before concluding the paper with a brief
summary.

2. Current Status of the World Tea Industry
2.1 Major Producers and Their Market Share

China, India, Kenya and Sri Lanka are the four biggest tea producers in the world (FAOSTAT, 2012). China’s
production share of tea is 28% but its market share in the global sphere is 18%, since domestically, China consumes
about 70% of the tea it produces. Over the past decade, China has shown an increase in tea consumption (Hicks, 2009).
The employment opportunities provided by the industry record that up to 8 million workers in China are employed in
this industry (Groosman, 2011).

India is the second largest producer of tea, contributing a 25% share of production and a market share of exports of
about 12%. In addition to exporting, India also consumes much of its own tea domestically. This internal consumption
has increased over the years with local production failing to fulfil domestic demand (Pajankar and Thakare, 2009). The
forecasts show that there will be a rise in Indian domestic consumption from 1.118 metric tonnes in 2011 to 1.365
metric tonnes in 2015 (Brouder et al., 2012). Moreover, the tea industry is also India’s second largest employer,
providing livelihoods for over 3.5 million people (Tea Board of India, 2014).

Though Kenya falls in third place with a 9% share of global production, it is the largest exporter of tea in the world. The
export market share of Kenyan tea is 24% by volume and Kenyan export earnings are about 26% of the world’s total by
value. The contribution to the Kenyan agricultural sector’s GDP is about 11%, and over 60% of this production is
contributed by small holders, often farming less than 1 acre of cultivated land. Therefore the tea industry is one of the
largest private sector employers in the country (Majumdar et al., 2012; Monroy et al., 2013; Tea Board of Kenya,
2013).

Tea is Sri Lanka’s foremost plantation agricultural export and is a primary source of foreign exchange (Wijeratne,
1996; Ganewatta et al., 2005; Central Bank of Sri Lanka, 2013). The tea sector has contributed 15% to the sum total
of Sri Lankan foreign exchange earnings in the year 2013 (Ganewatta et al., 2005; Central Bank of Sri Lanka, 2013).
The tea sector provides a livelihood for about 30% of state sector employees, the majority of whom are residential
workers on tea plantations (Wijeratne, 1996; Sivaram, 2000). The tea small holding sector also contributes
considerable employment opportunities in this country. Accordingly, the Sri Lankan tea industry provides
employment for 10% of the population (Wijeratne, 1996; Ganewatta et al., 2005; FAO, 2012). In 2012, Sri Lanka
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produced about 330 million kg of tea, (8.5% of the world’s tea production) and accounted for 18.3% of global
exports (Hettiarachchi and Banneheka, 2013; Central Bank of Sri Lanka, 2013). More than 90% of the tea produced
in Sri Lanka is for the export market (Hettiarachchi and Banneheka, 2013; Ganewatta et al., 2005; Central Bank of
Sri Lanka, 2013).

2.2 Economic and Social Significance of the Tea Industry

Next to water, tea is the most popular and the cheapest beverage in the world (Kondo et al., 2004; Rahman, 2007;
Hilal and Engelhardt, 2007; Alkan et al., 2009; Vernarelli and Lambert, 2013; Khan and Mukhtar, 2013;
Gramza-Michalowska, 2014). Increasing numbers of people are enjoying tea in many different situations from
formal meetings to informal gatherings. Tea originates from the younger portions of the shoots of Camellia sinensis,
an evergreen shrub or small tree (Hilal and Engelhardt, 2007; Rahman, 2007; Song et al., 2012; Khan and Mukhtar,
2013). Different types of tea are produced based on levels of oxidation during the manufacturing process. Black tea
is fully oxidised, green tea is non-oxidised, while oolong tea is semi oxidised (Hilal and Engelhardt, 2007; Song et al.,
2012).

People of all ages enjoy tea as a beverage (Rahman, 2007; Voung, 2014), and about two thirds of the world’s
population drinks tea in some form or other every day their as “morning drink” (Nasir and Shamsuddoha, 2011). Tea
has been gaining popularity due to rising consumer awareness of its health benefits and its medicinal value
(Gramza-Michalowska, 2014; Tounekti et al., 2013; Khan and Mukhtar, 2013; Lambert, 2013; de Godoy, 2013). As
a result, tea is sold in most supermarkets, health and natural food stores, drug stores, mass merchandisers and in tea
and coffee rooms throughout the world. New brands of tea and tea products are appearing weekly around the world
and pharmaceutical products based on tea are constantly being developed.

The economic importance of the tea industry is manifold for the tea producing countries. The industry provides a vital
source of export earnings for tea exporting countries (Wijeratne, 1996; Majumder et al., 2012; Pajankar and Thakare,
2009; Wachira and Kamunya, 2005; Ganewatta et al., 2005; Dang and Lantican, 2011; Mwaura and Muku, 2007,
Sivaram, 2000; Alkan et al., 2009). A large proportion of these nations’ populations rely on the tea industry for
employment (Wijeratne, 1996; Majumder et al., 2012; Pajankar and Thakare, 2009; Wachira and Kamunya, 2005;
Ganewatta et al., 2004; Dang and Lantican, 2011; Mwaura and Muku, 2007; Sivaram, 2000; Alkan et al., 2009).
Apart from the economic benefits for the producers, tea plantations also deliver other important ecosystem services
such as carbon sequestration, soil fertility protection and water conservation (Xue et al., 2013; Li et al., 2011).

Indeed, the well-being of millions of people across the world depends on tea as it is an antioxidant (Yang et al., 2009).
The social importance of tea production is also significant in the vast networks of people who conduct their social
gatherings and official meetings using the drinking of tea as part of the fabric of their gatherings. It is not just the tea
consumers who benefit, but also growers, pickers, suppliers, traders and sellers connected through business operations.

2.3 Challenges Facing the Tea Industry

The tea sector has had to confront unprecedented challenges over the past few decades. The development of new
business models, trading and investment in tea are vital to sustain the industry’s competitive advantage over other
beverage commodities (Brouder et al., 2013). There are signals in technology, markets and management of the tea
industry that demonstrate how the industry ought to transform in the future. The development of composite products
such as “ready-to-drink” tea and other types of “value-added” tea are signs of transformation in the industry
(Ganewatta et al., 2005; Brouder et al., 2013). In terms of the tea market, moving from the existing physical auction
system towards the online trading of tea has been trialled experimentally.

Tea is a labour intensive crop and the ready availability of labour for picking and processing is essential. With
demographic changes, the youth population in rural areas tends to migrate to urban areas for better employment
opportunities (Van der Wal, 2008; Illukpitiya et al., 2004; Kingsolver, 2010; Madamombe, 2013). This situation has
been compounded by the introduction of mechanization that has led to job losses in field operations, even though
mechanization has aided the production process.

The changes in the wage and welfare structure of tea plantation workers are another challenge for the sector.
Traditionally the wages of tea plantation workers have been low, although they may meet the minimum standards of
some producing countries. This can be controversial, but often plantation workers are provided with welfare in kind
such as housing, health facilities, child care and education. Whilst in-kind benefits may help balance the wage structure
of plantation workers, wage rates in some producing countries do need attention (Brouder et al., 2013; Van der Wal,
2008; Groosman, 2011). Modern consumers are showing concern about unethically produced goods, and this is
encouraging for the expanding demand for ethically produced tea products (Ethical Tea Partnership, 2012).
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Nonetheless, there is a need for tea producing countries to comply with environmentally sustainable production
methods and socially acceptable employment conditions for the plantation workers. The expanding tea industry
requires more land for increasing production, but a decrease in suitable tea growing lands caused by climate change has
also been noted worldwide (Brouder et al., 2013).

In addition to the above challenges, the potential effect of climate change has become an important issue for most of the
major tea producing countries. One of the key concerns noted by the Food and Agriculture Organization (FAO) was the
impact of climate change on tea production (FAO, 2014). An FAO working group on climate change was formed in
2012. Its aims were to develop climate databases, models and an impact assessment as well as a decision support
system framework for identifying adaptation strategies. There have been a number of projections of the effects of
climate change in tea producing countries. For example, it is projected that some of the tea producing regions in Kenya
are now becoming less suitable due to increasingly erratic rainfall, increasing temperatures and higher incidence of hail
(Ethical Tea Partnership, 2011; FAO, 2014). The discussions about climate change concluded that extreme weather
events in the future would influence the production of tea (Ethical Tea Partnership, 2011; FAO, 2014).

India is one of the largest tea producers in the world and more than half of their national production comes from the
north eastern region (Roy, 2011). The FAO working group investigating the effect of climate change on tea production
notes that total annual precipitation shows a slowly decreasing trend in this region (Figure 4) (FAO, 2014). This erratic
pattern of rainfall has resulted in drought and flood conditions in tea fields. Moreover, during the past 88 years the
minimum temperature has shown an increasing trend. As noted by the FAO, the minimum temperature has increased
by 1.4 °C over the period of 1925 to 2013 (Figure 5) (FAO, 2014). During the past 30 years, daily temperatures of more
than 30 °C have been reported frequently. Such temperatures are not suitable for the growth of tea bushes.
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Figure 4. Annual rainfall pattern north eastern India (1925-2013)
Source: FAO, 2014
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Figure 5. Annual average minimum temperature at Tocklai, Jorhat, Assamin, India (1925-2013)
Source: FAO, 2014
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Trend analyses of rainfall have been undertaken for various agro-ecological zones in Sri Lanka (FAO, 2014). These
analyses have shown that most tea growing regions have received low intensity rainfall during the past two decades
(Figure 6) (FAO, 2014). According to climate change projections, Sri Lanka will experience more frequent extreme
weather events such as an increase in the temperature and more intense rainfall (FAO, 2014). The possibility of a 10%
increase in the length of both the dry and the wet seasons per year in the main tea planting districts has been noted. Also
predicted was an increase in mean temperature and the likelihood of adverse effects in most tea growing areas
(Wijeratne et al., 2007). Wijerathne (1996) suggests that some of the likely adverse consequences of climate change for
the tea growing industry are drought damage, increased occurrences of pest and diseases and soil losses in tea fields.
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Figure 6. Rainfall pattern during 1** inter-monsoon and south-west monsoon in the up-country intermediate 1 (IU1)
tea growing region in Sri Lanka (1961-2009)

Source: FAO, 2014

It is evident that there are numerous challenges confronting the tea industry. Analysis of the relevant literature has
made it clear that these challenges are related to production, marketing and consumption, each with different
intensity. However, it is becoming increasingly obvious that major tea producing countries have highlighted the
effects of climate change as being one of the critical challenges which they will have to confront in the future.

3. Price Modelling Related to the Tea Industry

World tea prices (US $ per kg) from 1989 to 2011 are depicted in Figure 7. The price of tea fluctuated between 1989
and 20035, before escalating significantly from 2006 to 2009, rising from US $1.6 per kg to 2.85 per kg; around an 80%
increase. The reasons for this robust growth have been explained by the FAO’s Committee on Commodity Problems.
Some of the explanations given are:

— improved supply and demand balance;
—  for the first time on record, world tea consumption exceeded production in2009, 2010 and 2011;

— depreciation of the US § and increased transportation costs due to high oil prices (FAO, 2012 CCP:TE
12/CRS 7).
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Figure 7. World tea prices (1989-2011)
(Source: FAOSTAT)

Sapsford and Varoufakis (1987) employed a seasonal auto-regressive integrated moving average (SARIMA) model
to examine historical monthly tea prices from January 1958 to April 1973 using 184 observations. The general model
for ARIMA is:

A%, = 8+ 0,0y 1 +0,0%, 5 o+ 0%+ e+ ajec s + azery .t ape,
similar auto regressive (AR) models had been used previously for modelling cocoa prices (Beenstock and Bhansali
1980). However, Sapsford and Varoufakis used the model building strategy of Box and Jenkins (1970), and found
that the autocorrelation and partial autocorrelation functions of the differenced series of monthly tea prices indicated
that ARIMA was a more appropriate model for forecasting tea prices, outperforming the AR(2) and random walk

models used in Beenstock and Bhansali’s study. This was due to the non-normality of residuals and the AR (2)
model’s failure to anticipate “turning points”.

Vickner and Davies (2002) estimated the strategic price response of herbal and black tea using a vector error
correction (VEC) model. The typical model can be characterized as below.

Ayie = Tyq + M8y 01 + T138Y2 1 + TaAY1 2 + TsAYo 2 + Use
Aysr = g + oY1 -1 + M238Y5 11 + M0 AY1 12 + M58z 5 + Upe
Ayyp = Ty1 + 1oAY 1-q + T138Y2 01 + 4Dy + TisAY2p + 810009 + V1
Ayye = Moy + TpAY1 -1 + M238Y2 -1 + MaaAY1 2 + TasAYo 2 + 82001 +V5;
The error correction term is characterised by ec; = Vi, — Byu

Vickner and Davies used Johanson’s full information maximum likelihood ratio test to identify co-integration
between the black and herbal tea markets, and also among various firms in the black tea market.

Dharmasena (2003) investigated the price mechanisms relating to black tea. He analysed weekly price data on black tea
from seven major markets in the world, using vector autoregressive (VAR) methods, incorporating directed acyclic
graphs, impulse response functions and forecast error decomposition analyses. By these methods Dharmasena found
that the Sri Lankan and Indonesian black tea markets were noted to be price leaders, while the Kenyan tea market
acted as an information sink. Dharmasena’s study also found that random walk forecasts of tea pricing outperformed
VAR based forecasts.

Rahman (2007) investigated the impact of tea price on supply responses of tea in Bangladesh. He analysed 12 years
annual time series data of tea production and prices using the cobweb supply model. The ordinary least squares
estimation method was deployed by correcting the sample for autocorrelation and multi-collinearity using the
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Cochrane-Orcutt iterative procedure. In addition, this study estimated the supply price elasticity of tea. Rahman’s
results showed the supply price elasticity of tea to be 1.1, indicating that the quantity supplied changes at a greater
rate than variability of price. However, this study was unable to incorporate important variables such as technical
changes and weather parameters into the estimated model.

Paul (2008) used data mining techniques to predict tea price using a hedonic pricing approach based on sensory
assessments and biochemical information. He used Wright et al.’s (2002) data and first explored the strength of the
statistical association of biochemical parameters with sensory assessments and price, using ANOVA with methods of
moments (MM) estimates. The results showed a significant association of all the quality attributes with the realised
price, with the exception of colour. Paul used multivariate adaptive regression splines (MARSplines) over a Box-Cox
transformation because the relationships were non-linear and exact interaction effects between the sensory attributes
were not known. This appears to be the first study which has attempted to construct a hedonic price function for tea.

Fernando et al. (2008) also used data mining techniques to analyse the Sri Lankan tea industry. They examined the
trends of production, exports and price for all three elevations (low, medium and high). An autoregressive tree model
(ART) in an SQL server was used in this study. Their results indicated a strong linear correlation (0.993) between
production and exports of tea, proving that if more tea is produced, more can be exported. Fernando et al. found the
auction prices in June-July to be lower than in the other periods of the year. Their analysis also found that auction
price has no relationship with production volume. Cluster analysis for the production and price indicated that low
grown tea was the most influential contributor to price. Their results showed a continuous increase in tea exports.

Dang and Lantican (2011) analysed the vertical integration of Vietnam’s tea market to identify tea price behaviour.
They analysed the degree of market integration at different levels of the marketing chain, namely at producer,
processor, exporter and retailer level. Dang and Lantican used a VEC model and the law of one price (LOP) test
using Johansen’s framework (1990). In addition, they researched the causal effects of price series between each
market level using bi-variate autoregressive distributed lags (ADL) tests and Granger causality. The results showed
that the producer price and the processor price were highly co-integrated for the black tea market. Also, the retail
market price was significantly correlated with producer prices in the green tea marketing channel. Moreover, the
retail price of tea was found to have a unidirectional causal effect on the processor price for both black tea and green
tea. Therefore the local retail market was found to be an important factor in export price volatility in the Vietnamese
tea market.

Viknesh (2011) used VAR, VEC, SARIMA and multiplicative decomposition to develop models for forecasting Sri
Lankan tea prices. This study has used the prices of high, medium and low grown tea as endogenous variables.
Viknesh’s results showed that VAR (2) delivered better prediction capability than univariate models.

Aponsu and Jayasundara (2012) used polynomial regression models to forecast Colombo tea auction prices, with a
time index comparing the performance of linear, quadratic and cubic forms. They found that the cubic regression
model was the most appropriate for tea price prediction, achieving a model fit of 91.3%. The model can be represented
as:

y= ag+ a;x + ax?+ asx3 + -+ a,x".

Hettiarachchi and Banneheka (2013) used time series regression with generalized least squares and artificial neural
network (ANN) approaches for forecasting tea auction prices. They performed one-month-ahead forecasts for tea
auction prices in Colombo, Kolkata, Cochin, Guwahati, Chittagong, Mombassa and Jakarta. A Box-Cox
transformation was used to deal with non-normality. Their results indicated a significant positive correlation between
prices at the Colombo auction and those at the other auction centres. Moreover, they compared the forecasting
performance of both models and found that the ANN approach performed slightly better than the time series regression
approach. However, they were not able to validate their ANN due to the unavailability of weekly tea prices at the
auction centres, with the exception of Colombo.

Krishnarani (2013) examined the effect of outlier observations in tea price modelling. Indian tea prices were analysed
using an ARIMA model. Krishnarani’s study also searched for the presence of additive and innovational outliers using
the methodologies of Box et al. (2009) and Louni (2008). Krishnarani concluded that the presence of outliers in the
price series could be due to variation in climatic variables such as high rainfall, drought and pest outbreaks.

Table 1 summarizes the related literature on different approaches used for tea price modelling. A brief analysis of the
models used by the different authors is also included.
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Table 1. Summary of the tea price modelling techniques in the literature

Modelling

. Authors Review
technique

ARIMA Sapsford & Varoufakis There seems to be general agreement that ARIMA is a better
(1987) technique than AR for forecasting price. Present and lagged prices
Krishnarani (2013) were used as the explanatory variables for modelling tea prices.
Although recent work by Krishnarani (2013) viewed the volatility
of the tea prices in terms of variations of rainfall, drought and pest
outbreaks, climate variables or pest and disease occurrences have
not yet been included as driving variables in econometric
modelling of tea prices.

Polynomial Aponsu & Jayasundara Aponsu & Jayasundara (2012) used polynomial regression for
regression (2012) forecasting tea prices. The time index of tea prices were used as
the explanatory variables

Data mining Paul (2008) Paul (2008) incorporated sensory assessment scores and
Fernando et al. (2008) biochemical paramete.trs of tea in price rpodelling. Femandq et al.
used cluster analysis followed by time series analysis for
forecasting tea prices. They suggested future research regarding
correlations between tea marketing and prices as a better
approach for forecasting.

VAR Vickner & Davies (2002) Vickner & Davies (2002), Dharmasena (2003), Dang & Lantican
Dharmasena (2003) (2011) and Viknesh (2011) studied historical tea prices using
) VAR models for forecasting. Early work by Dharmasena (2003)
Dang & Lantican (2011) compared the forecasting performance of VAR and random walk
Viknesh (2011) models and found that the random walk approach outperformed
VAR. However, findings reported by Vicknesh (2011) differ from
those of Dharmasena (2003). Dang & Lantican (2011) identified
co-integration between producer and processor levels using a
VEC model with Granger causality. Vickner & Davies (2002)
also employed VAR techniques in identifying co-integration

between the black and herbal tea industries.

ANN Hettiarachchi & Hettiarachchi & Banneheka (2013) appeared to be the first to use
Banneheka (2013) the ANN approach for tea price modelling. Their study was based
on findings of Dharmasena’s (2003) work. However,
Hettiarachchi & Banneheka (2013) obtained slightly improved
performance by using the ANN method compared to time series
regression methods.

The modelling techniques used for tea price modelling in the literature can be divided into three main categories:
regression; time series and other. Regression techniques use time index and prices of other auction centres as the
explanatory variable to model Colombo auction prices. Of the time series techniques, ARIMA models use current
and lagged price terms as the explanatory variables, whereas VAR techniques use price series from different tea
markets and from different types of tea. VAR techniques are thus able to model dynamic multi-variate time series.
Amongst the ‘other’ approaches, ANNs quantitative and qualitative approaches use only historical price series as
input data. In contrast, data mining uses mainly non-ratiometric data for modelling tea prices. Krishnarani (2013)
appears to be the first to suggest that climate could affect tea price volatility. However, Krishnarani’s study did not
incorporate climate variables in its modelling.
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Table 2 indicates the variables used in time series approaches for tea price modelling.

Table 2.Variables used in different time series tea price modelling techniques

Modelling
technique Authors Variables Model
Regression Aponsu & Jayasundara Tea Prices of Colombo y = ag+ a;x + ax? + azx3 + -+ + apx™
(2012) auction (y) and time
(Polynomial - Cubic) index (x)
(R*=91.3%)
Hettiarachchi & Monthly tea prices of Yty =Po+ P1X1t—k1 t BoXor—pkot+PaXsr—pa +
Banneheka (2013) Colombo auction (Yty) BsXs ks + BeXet—ke T Nt
(Linear) and 6 other main
auction centres in the
world (Xjr—p;)
Rahman (2007) Quantity (Q;¢), Price of  Qix = By + B1PittB2Pjr—1 + B3X1it + BaXoir +
(cobweb model) i th item (P;), Price of f5X3;,;+U;
the competing item (P;)
area cultivated (X;),
irrigated area ( X, )
chemical and fertilizer
used (X3)
ANN Hettiarachchi & Monthly tea prices of 6 Computer based neural network model
Banneheka (2013) main auction centres
and one lagged behind
Colombo auction price
Data mining Fernando et al (2008) Monthly tea prices f(Velye-p,.Ve-1,0) = M. fi (yt\yt_p“_”yt_lﬂ)m =
ART (elevational) L Nm; + 25‘):1 bij ye-j, o)
L is the number of leaves, 6 = 6, ...,0,)
0; = (m;b;y, bip,of) model parameters
ARIMA Sapsford & Varoufakis Monthly tea prices of @ (B)8(BS)(1 — B)4(1 — B%)4P, =6 (B)@(B%)e,
(1987) London auction Where,
@ (B)B(B) are polynomials in B of order p and q
0(B®) and @(B*) are the polynomials of P and Q in B®
S is the periodicity of seasonal behaviour
Krishnarani (2013) Tea prices of north @, (B)8,(BS)W, = 0,(B)I,(B%)s,
India, south India and B is backward shift operator
all India Dy, 8, 04,94 = Polynomials of p,P,q,Q
W, = dif ferenced seris
VAR Vickner & Davies (2002) ~ Weekly brand level ~APS- =¥ (ay;APF5" + By; AP/YP + @,;0PFCF)

(VAR and VEC)

scanner data for price

j
+ 011 (8p1) + 012(5e-1) + &1
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and expenditure for

three brands of tea in k
black and herbal tea APT"-F = Z(az JAPCSH 4 By APTM-E 4 @, APPOP)
industries j=1

+ 021(E1e—1) + 022(&30-1) + &3¢

APPOE = ¥k (a3; AP + Bs; AP]MP +
%;APﬁGj‘BH 031(E10-1) + 052(85¢-1) + €3¢
Where CS_H

TW_B , and BG_B represent the tea brands

Dang & Lantican (2011) Monthly farm-gate Ayir =Ty + A1 601 + T138Y0 1 + T14AY1 -2
(VEC) price, processor price + msAy, e p + 6101 + Vg

and retail price Ayze = a1 + MaaAy1 -1 + Ma3AYz g + TpaAy1 2
Viknesh (2011) Lagged price for grown + M58y, c—p + 82eC,_1 V5
(VEC) in 3 different elevations

(VAR and VEC)
Dharmasena (2003) Lagged tea price of 4 a;;=1- ai,-(l)Bl - ai]-(Z)B2 — - ail-(k)Bk il
(VAR) auction centres =j

a;; = —a;; (DB — a;;(2)B* — ... — a;j(K)B¥;i#j

There are a number of studies that have used the above methods in water and related areas and these have provided
successful models and prediction outcomes and such provide support for the use of the time series methods (Tularam
& Ilahee, 2008, 2010; Tularam & Keeler, 2006; Tularam & Krishna, 2009; 2015; Tularam & Marchisella, 2014;
Tularam & Properjohn, 2011; Tularam & Singh, 2009)

4. Discussion

Clearly the tea industry provides considerable economic, social and environmental benefits. Almost all major tea
producing countries’ economies have been supported by the tea industry over many decades, mainly by generating
foreign exchange earnings and providing a sizable percentage of employment opportunities. Tea has also become a
necessary item in social and formal gathering in many parts of the world, and is the basis on which social and business
networks are developed.

The tea industry is confronted by several challenges. The impacts of climate change are considered to be a major
concern for most tea producing countries. Extreme weather events such as floods, erratic rainfall, drought, frequent hail
or frost, and increasing temperatures have all been reported to be adversely affecting tea production in recent years.
Figures 4, 5 and 6 all show an inverse relationship between temperature and rainfall in some of the major tea growing
areas in the Indian subcontinent.

The econometric analyses have shown that tea prices are increasingly volatile. ARIMA, VAR approaches, and data
mining techniques utilising sensory assessment scores, have all been used to model tea prices. Two studies have used
similar variables to model tea prices; Dharmasena (2003) and Hettiarachchi and Banneheka (2013) analysed the
performance of tea prices using the historical prices of major tea auction centres in the world. However the
econometric methods used to model prices are different in both studies. Dharmasena (2003) has analysed time series
prices of the major six auction centres, with the exception of Chittagong (Bangladesh) which is included in the analysis
undertaken by Hettiarachchi and Banneheka (2013). Dharmasena (2003) has modelled weekly auction prices over the
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period from December 1999 through to June 2002 (131 data points) compared to Hettiarachchi and Banneheka (2013)
who have used monthly data over the period of January 1997 to May 2010 (160 data points). Forecast performance of
each technique described in both studies has been compared. Dharmasena (2003) concluded that forecasting was
relatively accurate using VAR for the Sri Lankan and Malawi markets analysed when using dollar converted data.
However, in general, the random walk model has produced smaller forecast errors compared to the VAR model for
most of the auction centres considered in the modelling.

Hettiarachchi and Banneheka (2013) have used both the ANN technique and time series regression in forecasting
Colombo auction prices. They considered the prices of 7 major auction centres in the world including Colombo. ANN
performed only slightly better (R* = 96.84%) than the time series regression techniques (R*=92.89%). This was the
sole study that has used the ANN technique.

Three studies have used regression techniques to model tea prices. In particular, Rahman (2007) used agricultural
factors such as total harvest price, price of competing items, total cultivated extent, irrigated area and chemicals and
fertilizer as explanatory variables in the modelling of tea production and price elasticities of supply. But due to lack
of data, he was not able to include variables such as weather and technical changes in the modelling. Rahman’s
model explained 92% of explanatory variation. Aponsu and Jayasundara (2012) have used time as the explanatory
variable. In their regression model, they concluded that the cubic regression is the most appropriate model (R* =
91.3%). Although the R* is high, there are still many more variables other than time that need to be accounted for.

Four studies have used VAR methods, some using the VEC with co-integration. All studies have used more than 3
different dynamic price series. In relation to the data points, Vickner and Davies (2002), Dang and Lantican (2011),
Dharmasena (2003) and Viknesh (2011) have used 180 week time series span, 180 monthly, 133 weekly, and 241
monthly, respectively. In terms of agricultural variables, only one VAR model used elevation data.

In sum, tea price movements and tea price volatility have been examined using univariate and multivariate time
series techniques in several studies. However, the univariate time series models include only lag terms in tea prices
and do not consider interaction between variables. Hence, the use of univariate models excessively confines the
analysis to a single variable, despite the many interactions affected in a system of tea pricing. Yet various
endogenous variables such as price and production may also be linked with exogenous variables, including
biophysical factors such as rainfall, temperature and relative humidity which may act as a system in price
determination. The analysis of regularities of such data which are observational may also be useful in determining
the theoretical relationship between the variables used in the modelling. The VAR techniques have the ability to
model the non-structural relationship of tea price alongside other time series variables. Perhaps these could be
weather variables and cross lagged terms from one series as potential drivers of dependent variables in other series.
However, it is noted that production, prices and climate variables such as rainfall and temperature as a system have
not yet been taken into account in the tea price modelling process. This appears to be a major gap in the existing
studies. Therefore there is a need to extend the studies of tea price movements and tea price volatility to include the
weather variables to help the tea industry adapt to its changing circumstances.

5. Conclusions

The objectives of this paper were to analyse the current status of the tea industry, its major challenges and to identify
how future directions of tea price modelling studies can help support the tea industry to adapt to climate change,
which has been a major challenge for most of the producing countries.

Our findings show that both production and consumption of tea show an increasing trend over recent decades; and in
particular that tea consumption has increased by a significant percentage in major tea producing countries such as
China and India. This may be due to the high population growth levels in these countries and their consumption habits
related to the socializing and health benefits identified by health agencies. Out of a total of 35 tea producing countries,
China, India, Kenya and Sri Lanka are the largest tea producers. It was noted that Sri Lanka is the second largest
exporter of tea, followed by Kenya. The tea industry has become a key player in most of the tea producing countries’
economies by generating significant foreign exchange earnings and providing substantial employment opportunities.

Several challenges confront the tea industry. These challenges include the limited land area available for production
expansion, increased competition from other beverages, scarcity of labour and climate change, which all impact on
production and profitability. Climate change is a major challenge confronting tea producing countries, in particular
Sri Lanka. Climate change concerns have led to the formation of the FAO’s Intergovernmental Group on Tea, which
aims to identify appropriate and effective climate adaptation measures through modelling and impact assessment.
Erratic rainfall and increasing temperatures have been reported as adverse climate effects. Changes in extreme
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weather variables and the movement and volatilities in tea prices have been increasingly important in determining the
association of weather variables and tea price movements. This can be done using appropriate methods to investigate
the dynamic nature of the relationships between variables in the tea pricing system. Weather variables and other
endogenous variables which effect tea prices in a changing climate may help provide more accurate forecasts. In
addition, the model may provide information relating to adaptation options to deal with climate change.

The analysis of tea price modelling showed that various time series techniques have been used. Whilst ARIMA and
cubic regression models have shown good predictive performance, in comparison VAR models have provided
improved predictive capability for non-stationary tea prices. The VAR model appears to be the more appropriate
method for modelling tea prices by incorporating a group of interacting time series variables in order to explain the
dynamic relationships among these time series in the system. This framework can include other variables such as
weather variables to quantify the likely impacts of climate change as noted.
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