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Measuring the sustainability of cotton production systems

ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT

Cotton farms are intensive agricultural systems that
use energy and resources to produce lint and seed.
Farms by their nature are open systems that inter-
act extensively with the environment and are highly
dependent on natural resources such as fertile soil
and good quality water.  While every cotton farm
is unique due to its location, history, natural re-
sources and human components, cotton farms
around the world face many common environmen-
tal challenges.  These challenges include the man-
agement of biodiversity, salinity, water use and
quality, soil health, interactions with river and
groundwater systems and pest management. An
important part of this challenge is measuring the
sustainability of cotton production systems so that
farmers can demonstrate resource stewardship.
Although there is some debate on the technical
definition of sustainability, the concept of economi-
cally sustainable development is well known and
broadly agreed.  Many Governments around the
world are in the process of establishing key indi-
cators of agricultural sustainability and cotton farm-
ers and their industry associations will be required
to report on their impacts and benefits against
these indicators. Cotton is grown for economic and
social benefits, whilst trying to minimize its impact
on the environment.  For example, in Australia,
the Cotton Research and Development
Corporation�s strategic outcome is �A more sus-
tainable, competitive and profitable cotton indus-
try providing increased economic, environmental
and social benefits to regional communities and
the nation�.  So how does a cotton industry dem-
onstrate to the community and government such a
broad outcome?  One way of reporting on such
an outcome is using the Global Reporting Initia-
tive (2000) sustainability reporting guidelines on
economic, environmental and social performance,
which is also known as triple bottom line report-
ing.  Sustainability reporting requires consistent,
comparable and verifiable information on indus-
try impacts and benefits.  Examples could include
for the economic category; yield, fiber quality, in-
come, yield per unit of water used, gross value of
production, contribution to a nation�s gross do-
mestic product and exports. Examples in the envi-
ronmental category could include; soil health, water
use, water quality, chemical use, industry code
compliance and biodiversity indicator species. In
the social category examples could include; em-

ployment, occupational health and safety, indus-
try education and skill levels or perceptions of cot-
ton production by the community would be good
performance indicators. Care must be taken not
to monitor too many indicators and some balance
is needed between the economic, environmental
and social categories.  If farmers are going to de-
tect long term changes in their farm sustainability
they need to start collecting some baseline data.
This maybe as simple as taking photographs, us-
ing standard soil and water testing procedures or
compiling data from existing sources.  Monitoring
is an integral component of environmental man-
agement systems and industry codes such as the
Australian Cotton Industry�s Best Management
Practices Manual. The cotton industry needs to
develop indicators to measure and report on its
sustainability using a triple bottom line framework
of economic, environmental and social parameters.

IntroductionIntroductionIntroductionIntroductionIntroduction

The World Commission on Environment and
Development (1987), in what is known as the
Brundtland report, defined sustainable development as
seeking to meet the needs and aspirations of the present
without compromising the ability to meet those of the
future.  A few years later the United Nations Program
for Action for Sustainable Development, known as the
Rio Earth Summit, or Agenda 21, advocated the devel-
opment of indicators to measure our progress towards
sustainability and acknowledged that economic, eco-
logical and social process are interrelated (United Na-
tions, 1992).

Performance indicators are needed to monitor
cotton production systems and report on their
sustainability.  Sustainability indicators will also assist
with planning, resource allocation, trend analysis and
provide documented evidence of responsible natural
resource management and stewardship.

Effective corporate governance depends on ac-
cess to relevant, high quality information that enables
performance tracking (Global Reporting Initiative,
2002).  The United Nations Environment Program
launched the Global Reporting Initiative in 1997. The
guidelines are for voluntary use by organizations re-
porting on economic, environmental and social dimen-
sions of their operations performance (Global Report-
ing Initiative, 2002).  The term �triple bottom line� re-
porting was coined by Elkington (1997), to describe
performance reporting against economic, social and
environmental parameters.

Measuring and reporting of any data needs to
be transparent, inclusive, auditable, relevant, accurate,
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repeatable, measurable, and timely.  Care must also
be taken not to monitor and measure too many indica-
tors, while some balance is needed between the eco-
nomic, environmental and social categories. The geo-
graphic sphere of impact needs to be considered as
should how the indicators may vary over time. Knowl-
edge of baseline conditions of the pre-existing envi-
ronment would be very valuable for any new areas yet
to be developed for cotton production.

Cotton is grown for economic and social ben-
efits, while aiming to minimize the impacts of its pro-
duction on the environment. Many Governments and
communities around the world are in the process of
establishing key indicators of agricultural sustainability
and cotton farmers and their industry associations will
be required to report on their impacts and benefits
against these attributes. The Australian Government
Standing Committee on Agriculture and Resource Man-
agement developed a set of measurable attributes to
provide a basis for sustainability assessments.  These
included; long term net farm income, natural resource
condition, off site environmental impacts, managerial
skills and socio economic impacts (SCARM, 1998).

This paper outlines principles for sustainability
reporting of cotton production systems using a triple
bottom line framework of economic, environmental and
social indicators.  The principles outlined in this paper
could be applied at the farm, industry or national level.
Researchers and extension officers could also use the
framework to report and evaluate the outcomes of their
research and extension projects.

Sustainability indicators for cottonSustainability indicators for cottonSustainability indicators for cottonSustainability indicators for cottonSustainability indicators for cotton
production systemsproduction systemsproduction systemsproduction systemsproduction systems

Tables 1, 2 and 3 provide examples of economic,
environmental and social performance indicators that
could be monitored to measure the sustainability of cot-
ton production systems.  They are by no means a com-
prehensive list but for organizations undertaking a triple
bottom line report about a dozen key indicators would
be a good starting point for any monitoring.  These
could include yield, fiber quality, profit, value of pro-
duction, chemical use, water use, water quality, soil
health, industry code compliance, employment, occu-
pational health and safety, and skill levels of human
resources.  The balance of this paper provides examples
of these performance indicators for the economic, en-
vironmental and social categories.

Economic returns are closely related to yield and
Figure 1 shows how the Australian cotton yield has in-
creased at the rate of 30 kg/lint/ha/year between 1960
and 2002.  While there have been some decreases
during certain years due to floods and drought, the
overall trend in yield and productivity is upwards due
to research, technology adoption and improved man-
agement.

Between 1992 and 2001, Table 4 shows the op-
erating profit of cotton production was around AUS
$1500/ha in Australia, which is higher than most crops,
but is trending downwards. Important factors determin-
ing profitability are costs and part of the economic triple
bottom line report could include an analysis of operat-
ing costs. Table 4 shows that insecticide and fuel/oils
costs have risen significantly, while herbicide and fertil-
izer costs have risen by a smaller amount between 1992
and 2001.

In the environmental category there are many
potential sustainability indicators, which are listed in
Table 2. Water quality is an important integrated indi-
cator that can reflect changes in many different prac-
tices. Figure 2 shows an example of how the endosul-
fan insecticide levels have declined in the Namoi River
at Narrabri.  This decline is due to a number of rea-
sons including research and monitoring, the implemen-
tation of the Industry�s Best Management Practices
Manual and better spray application techniques.

Water use efficiency (WUE) is a critical perfor-
mance indicator, but long-term historical data sets are
very difficult to obtain due to the complexities of mea-
suring all the aspects of water inputs and losses.  There
are numerous water use efficiency definitions and it is
essential that measurable and repeatable data is col-
lected in the same format over time. For example, in
the Gwydir Valley, Australia, data shows that WUE has
increased from 1 bale/mega liter in 1987, up to about
1.5 bales/mega liter in 2002.

Measuring and monitoring social aspects of the
sustainability equation has proven more elusive.  Data
sets are not available or collected infrequently by gov-
ernment agencies.  However, there is now more em-
phasis being placed on social indicators given cutbacks
being made by Government to water allocations, which
has many flow on effects into local communities. So-
cial performance indicators could be of greater impor-
tance in under developed countries of the world and
the Global Reporting Initiative (2002) includes a long
list of social indicators that do not apply to developed
nations like Australia.

The Cotton Research and Development Corpo-
ration has data that shows the average age of cotton
farmers is less than other agricultural industries in Aus-
tralia such grain, beef and wool, while at the same
time their education levels are higher with more of
owner operators having post Year 12 school training
from an agricultural college or university. Another ex-
ample of education, training and skill levels is described
by Stanley et al. (2003) in these conference proceed-
ings.  Technology access can indicate social develop-
ment.  For example, in the 1980s weather forecasts
were received by farmers via the radio, in the 1990s by
fax, and now they receive them via the Internet.

Health and safety of farm workers is another im-
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portant social indicator. Table 5 shows that most acci-
dents on farms are associated with machinery opera-
tion.  The industry responded by developing a Manag-
ing Farm Safety Program, and accident levels on farms
and in cotton gins are now declining.

This paper has provided a list and some examples
of sustainability indicators in each of the economic, en-
vironmental and social categories of the triple bottom
line framework.

ConclusionConclusionConclusionConclusionConclusion

Performance indicators are needed to monitor
cotton production systems and report on their
sustainability. This should be done using a triple bot-
tom line framework of economic, environmental and
social indicators. Measuring and reporting of any data
needs to be transparent, inclusive, auditable, relevant,
accurate, repeatable, measurable, and timely.  Care
must be taken not to monitor and measure too many
indicators and some balance is needed between the
economic, environmental and social categories.

About a dozen key indicators would be a good
starting point for a triple bottom line report.  These could
include yield, fiber quality, profit, value of production,
chemical use, water use, water quality, soil health, in-
dustry code compliance, employment, occupational
health and safety and skill levels of human resources.
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TTTTTable 1.able 1.able 1.able 1.able 1. Examples of economic indicators of sustainability.
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TTTTTable 4.able 4.able 4.able 4.able 4. The profitability and some costs of cotton production in Australia (Source: Boyce and
Company, 2002).

TTTTTable 2.able 2.able 2.able 2.able 2. Examples of environmental indicators of sustainability.

TTTTTable 3.able 3.able 3.able 3.able 3. Examples of social indicators of sustainability.
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Figure 1.Figure 1.Figure 1.Figure 1.Figure 1.
The lint yield
increase of the
Australian
cotton crop
(1960 to 2002).

TTTTTable 5.able 5.able 5.able 5.able 5. Accidents types in the Australian Cotton Industry (Source: ACAHS, 2000).

Figure 2.Figure 2.Figure 2.Figure 2.Figure 2.
The endosulfan
levels in the
Namoi River,
Narrabri, 1991
to 2002
(Source: DLWC,
2003).




