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INTRODUCTION
The agricultural sector is likely to be significantly affected by future
climate changes. Water demand for agricultural purposes (particularly
rain-fed crops) is projected to vary under climate change, with the timing
and magnitude of floods and droughts also indicating a major shift.
Research presented here investigates to what extent climate variability is
influencing tea yield in a major high-quality tea-producing region of the
world.
Tea is a rain-fed perennial crop and is one of the most important beverage
crops in the world, with international trade in tea among the largest in
value among tropical and subtropical crops. India is the world's largest
and longest established producer of black tea. Tea landscapes play a
pivotal role in livelihood security at various global localities, particularly in
north-east India.

CLIMATE-SMART LANDSCAPE MANAGEMENT IN NORTH-EAST INDIA: DETERMINING THE INFLUENCE OF CLIMATE VARIABLES ON TEA PRODUCTION

TEA IN ASSAM
Tea is the primary crop of the north-east India
'green-belt' region of Assam. The state of Assam is
one of the most globally important tea-producing
regions of world; producing high-end graded tea
annually contributing 17% to global tea production
and more than 50% to the Indian market.
Large-scale monoculture tea plantations (also
called estates or gardens) generally supply
commercial cultivation (70% of production). In
contrast, local-scale smallholder production is
traditionally used to supplement subsistence
agriculture (30% of production). There has been a
steady increase in smallholder production for cash
crop export.

The eco-physiology of tea plants is closely linked to external
environmental and climatic factors (e.g. elevation,
precipitation, temperature, soil moisture etc.). Any adversity
in these conditions can significantly impact yield, revenue
and livelihood security. Adverse climate effects could reduce
tea bush productivity, resulting in potential impacts on tea
sector employment and consequent income for tea workers.
This could have implications for food security.
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CLIMATE CHANGE
Climate risk is high in Assam, ranging from intense monsoon rains and soil water-logging resulting in
annual flooding of the Brahmaputra River, to winter precipitation deficits with seasonal droughts.
Changes in temperature and precipitation are thought to be impacting tea productivity.
Consequently, in this research we are interested in understanding and quantifying which climate
variables have an influence on tea yield.
In Assam, there are two distinct seasons for producing tea (i) the growing season when the climatic
and environmental factors support the maximum tea plant growth (March-October), and (ii)
the dormant season when tea production decreases due to climatic and environmental factors being
sub-optimal for tea growth (November-February). Recently, it has been perceived that the growing
season may be extending later into the year as climate conditions are becoming more favourable for
growth.

Precipitation and temperature intensity varies within the two seasons. Precipitation is an important
controlling factor for tea productivity as adequate water availability is critical for tea growth. Optimal
temperatures are also required and the ideal growing range for tea is within 13 to 35°C. The effect of
intensity, frequency and persistence of temperature and precipitation variables will influence tea
yield.

OBJECTIVE: Determine which climate variables have the greatest influence on tea production.
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METHODS
Panel-based regression analysis was undertaken to determine which climate variables have
the greatest influence on monthly tea yield data using time-series climate records (19772007). According to Schlenkar and Lobell (2010) this regression method helps to identify
land management adaptation needs and techniques. In this paper we present preliminary
findings for one out of the four major tea growing regions of Assam; North Bank.
Multiple climate variables (selected based on literature information) were used in the
analysis, including 30 precipitation variables and 110 temperature variables, to capture the
effect of climate intensity, frequency and persistence. Time invariant variables, which could
also influence tea yield, such as soil properties (which are often omitted in cross-section
models) were accounted for within the regression model through grouping such variables
as site-specific intercepts (i.e. constant (fixed effects) variables which are assumed to be
statistically independent of climate).The 140 climate variables were regressed with the tea
yield data to investigate the association of climate variability on tea yield. The following
assumptions are considered for the panel-based regression analysis:
• The model is considered to be linear.
• The interaction between or among the variables (temperature and precipitation) are
not considered within the model.
Reference: Schlenkar W, Lobell DB (2010) Robust negative impacts of climate change on African agriculture. Env. Res. Let. 5 014010

Data: Gridded daily
precipitation time-series
records were obtained from
India Meteorological
Department (IMD; 20042013) at a spatial resolution
of 0.25° x 0.25°, and gridded
daily maximum and
minimum temperature
(IMD; 2004-2013) data at 1°
x 1° spatial resolution.
Monthly tea yield data were
obtained from eight tea
gardens within North Bank,
and temperature and
precipitation time-series
records were extracted from
the IMD data for these
garden locations.
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INITIAL FINDINGS: NORTH BANK REGION
A summary sample of climate variables which were found to be
significantly associated with yield are displayed in the table. The
North Bank tea growing region of Assam is situated within a rain
shadow area of the state, and as such there is an expectation that
precipitation would have a potentially greater influence on tea
productivity than temperature. From this sample of results we can
summarise:
• Temperature is generally associated with increased tea
productivity
• Temperatures exceeding the known upper optimal
threshold for tea production (35°C) are not observed to be
associated with any significant change in yield except in the
month of September and November
• An increase in average maximum temperature is associated
with an increase in tea crop yield for the latter part of the
growing season
• Extreme precipitation and total precipitation has a positive
association with tea yield for July to September
• Continuous periods of zero precipitation are associated with
reduced yield

Maximum Temperature
# days > 26°C
# days > 28°C
# days > 30°C
# days > 31°C
# days > 32°C
# days > 33°C
# days > 34°C
# days > 35°C
# days > 37°C
10+ days > 28°C
10+ days > 29°C
10+ days > 30°C
5+ days > 26°C
5+ days > 27°C
5+ days > 28°C
5+ days > 32°C
Average max. temperature
Minimum Temperature
# days > 26°C
Average min. temperature

<--------- Main growing season --------->
Mar Apr May Jun Jul Aug Sep Oct

Nov Dec

Mar Apr May Jun Jul Aug Sep Oct

Nov Dec

Precipitation
Mar Apr May Jun Jul Aug Sep Oct
# days > precipitation 95%ile
# days > precipitation 99%ile
10+ days = 0 mm precipitation
5+ days = 0 mm precipitation
Total Precipitation
This variable is associated with a reduction in yield
This variable is associated with an increase in yield
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From these preliminary results for the North Bank, it
seems that in this region precipitation may be the
predominant driving factor. Such observations may be
reflective of a good monsoon year resulting in higher
yield, and a more variable monsoon year resulting in
lower yield. This can be visually observed in the raw
climate data and yield values; see figure below for
Bhooteachung Tea Estate as an example. We are
commencing looking into such characteristics more closely
as our analysis evolves. All findings presented in this
poster are only preliminary and exploratory.
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Bhooteachung Tea Estate
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These results present an initial insight into our wider
analysis whereby further garden yield data will be collated
within this region, and the other three major tea growing
regions of Assam, to undertake a more comprehensive
spatial analysis of climate variable impact on yield to
understand climate-yield relationships across the state.
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WIDER CONTEXT
Quantifying climate change impacts on tea yield is only one aspect of our research. Other research
objectives include:
OBJECTIVE: Determine the role and value of tea within the landscape to facilitate sustainable,
food-secure and climate-resilient livelihoods.
Around 2 million labourers in Assam are dependent upon high tea yields, both in quality and
quantity. Most tea workers have worked in the tea industry for more than three generations; it is
their way of life. We are using workshops (smallholders and plantation managers) and focus
groups (tea workers) to understand the value of tea landscapes to multiple stakeholders in Assam.
OBJECTIVE: Utilise climate analysis outputs with qualitative survey data to develop a web-based
decision-support system for the Tea Research Association to provide better-informed climate
advisory services.
Climate-smart agricultural practices and management approaches aim to ensure sustainable
increases in productivity and income, enhance agro-ecosystem resilience to climatic change and
mitigate agriculture's contribution to climate change. Climate-smartening Assam's tea plantation
landscapes will deliver multiple simultaneous benefits to livelihoods and the environment whilst
developing resilience to uncertain and negative climate change impacts.
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Keep updated with our project by following us on Twitter searching
#teaclimate. Visit our website for full project details, forthcoming
outputs and insightful blog stories:

www.teaclimate.com
This project is funded by UKIERI-DST. Acknowledgements go to our funders (The British Council and Department of
Science & Technology, Govt. of India), Indian Meteorological Department for gridded climate data, The Director TRA and
Mr. Ananta Dutta (Advisory Officer for North Bank).

#teaclimate

