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1.  BACKGROUND

Climate is recognised as one of the biggest risk
factors affecting the performance and management of
agricultural systems, from farm management to inter-

national commodity trading. Climate variability and
change contribute to the vulnerability of individuals,
businesses, communities and regions. This influences
decision makers at all levels (policy, businesses and
farms), regardless of the level of economic develop-
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ment. Climate affects all facets of rural life, including
income and food security, and often exacerbates envi-
ronmental degradation, with downstream effects on
national economies (Nelson & Kokic 2004, Selvaraju
2003). Extreme climate events such as severe droughts,
floods, or temperature shocks often strongly impede
sustainable agricultural development, particularly in
the tropics and sub-tropics (Meinke & Stone 2005).

Increasing awareness of the impact of climate vari-
ability and change on the agricultural sector has led to
numerous national and international initiatives that
aim to improve decision-making through the applica-
tion of ‘climate knowledge’ (Glantz 2005), particularly
in regions that are exposed to high climatic variability
(e.g. South America, South Africa, Australia and Asia).
The CLIMAG program was designed to build on the
growing ability to predict future climate variations and
to improve agricultural systems management and
decision-making at local, national and international
scales by establishing global partnerships (Sivakumar
2000). CLIMAG draws on regional expertise and net-
works, and acts as a conduit to facilitate knowledge
and information transfer, co-learning and capacity
building. This was a worthwhile initiative, as this Cli-
mate Special shows, but also has some problems.

One of the key questions is why the available infor-
mation is generally not used and embraced by decision
makers (Cash & Buizer 2005). Lack of ‘ownership’ of
the information by the intended end users is clearly
one issue and has lead to a growing acceptance among
climate scientists that they must move out of their dis-
ciplinary confines and engage in a process of contin-
ued, shared learning and joint problem solving (Glantz
2003, 2005). In this model, everyone is a stakeholder,
and everyone will be affected by the decisions made.
This is easy to say, but extremely difficult to imple-
ment.

Some critics have argued that current climate fore-
casts and the way they are presented and dissemi-
nated are at best ineffective, while at worst they can
increase risk due to inappropriate action by the deci-
sion maker (with potentially disastrous consequences),
particularly for resource-poor, risk-averse subsistence
farmers (e.g. Blench 1999). In the absence of any scien-
tific climate knowledge, management of these agricul-
tural systems evolved to cope with climate variability,
often resulting in a wealth of indigenous knowledge
relating to climate and weather (e.g. da Cunha 1995,
Stigter et al. 2005). This resulted in traditional, risk-
averse management practices that usually ensured
that subsistence needs were met under adverse condi-
tions, but might be sub-optimal under favourable con-
ditions.

Changing these established risk-management prac-
tices without fully understanding the possible impacts

of such changes can inadvertently increase exposure
to risks, thereby increasing rather than decreasing vul-
nerability. This problem mainly arises from a poor
understanding of how to use climate information for
better risk management, often based on the naive
assumption that knowledge can be transferred as an
unambiguous signal. This is not an intrinsic deficiency
of scientifically based climate knowledge; it is more
likely a consequence of the complexity of the decision-
making process and the difficulties of decision makers
and scientists to recognise that the knowledge of man-
aging risk resides with both communities (P. Hayman
pers. comm.). Traditional approaches to dealing with
climate risk often led to very effective risk manage-
ment strategies long before climate science created
possibilities for a more structured means of dealing
with risk. Decision makers usually manage risk holisti-
cally, while scientific information is generally derived
using reductionist approaches; this can lead to a ‘dis-
connect’ between scientists and decision makers and
to information that, although scientifically sound, often
lacks relevance.

A further complication arises from the fact that farm-
ers’ actions have environmental consequences and
impacts on the social and economic wellbeing of rural
communities. This partly drives policy formulation,
providing a framework within which farmers execute
their management options. More efficient and effec-
tive policies would, at least in principle, result from
common approaches and technologies that provide
decision makers at all levels and scales (from farm/
agribusiness to policy) with more objective, faster and
lower-cost information. All stakeholder groups can
then objectively compare options, evaluate choices
and assess policy or management consequences. Ana-
lytical approaches, such as systems modelling, facili-
tate this process and help stakeholders to identify and
choose between inevitable trade-offs along the path to
sustainable development (Hammer et al. 2000, Agra-
wala et al. 2001, Meinke et al. 2006). 

Cash & Buizer (2005) argue that for climate informa-
tion to translate into real-life action requires 3 essential
components, namely: salience, credibility and legiti-
macy. ‘Salience’ relates to the perceived relevance of
climate information: does the system provide informa-
tion that these users think they need, in a form and at a
time that they can use it? ‘Credibility’ addresses the
perceived technical quality of information: does the
system provide information that is perceived to be
valid, accurate, tested, or, more generally, at least as
likely to be ‘true’ as alternative views? ‘Legitimacy’
concerns the perception that the system has the inter-
ests of the users in mind or, at a minimum, is not simply
a vehicle for pushing the agendas and interests of
other actors.
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In the present study we highlight the potential of an
integrated systems approach to the management of cli-
mate risk. We use a case study approach to show the
global relevance of systems analysis and the 3 essen-
tial elements discussed by Cash & Buizer (2005).

In regard to ‘salience’ we discuss the challenge for
climate science to be policy-relevant using Australian
drought policy as an example. Australian drought pol-
icy is focused on enhancing the self-reliance of farmers
to manage climate risk. Self-reliance is a concept inter-
twined with the vulnerability and resilience of rural
communities, which can be influenced by a range of
policy measures. However, scientific inputs to Aus-
tralian drought policy focus on physical measures of
the extent to which rural communities are exposed to
climate variability, despite the fact that these cannot be
influenced by policy in the short to medium term.

‘Credibility’ is discussed from the perspective of
smallholder farmers in India: how can science ensure
credibility under such socio-economic conditions? The
CLIMAG experience with villages in southern India
shows that such credibility can be gained, but that it
comes at a high cost with regard to interaction with
stakeholders. Such successful engagement can create
a community demand for ongoing science–user inter-
actions that the science community might not be able
to satisfy beyond the pilot study. Therefore, the attain-
ment of credibility can bear the seeds of its own
destruction. 

Under the heading of ‘legitimacy’ we discuss a South
American example. Using the Nordeste of Brazil as a
case study, we show how easily legitimacy can be
eroded and how difficult it is to recover. However, the
tide might be turning and even some of the prophetas
(informal, rural community leaders with substantial
indigenous knowledge regarding climate risk man-
agement in their region) are (again?) becoming
increasingly interested in the science of climate and its
consequences.

2.  EXAMPLE 1—SALIENCE: 
A ‘POLICY-RELEVANCE’ GAP IN AUSTRALIA

In Australia, rainfall variability and its interaction
with land management has shaped Australian agricul-
ture since the beginning of European settlement over
200 years ago, and ‘drought’ remains undoubtedly
the biggest climatic issue in Australia. Today climate
and agricultural systems research is well developed
and highly institutionalised (Cash & Buizer 2005).
To enhance the capacity of the rural sector to cope
with—and adapt to the risk of—climate variability and
change, the Australian government has embraced the
principles of participatory engagement in the design of

drought policy. Strictly speaking, drought is a social
construct and represents the risk that agricultural
activity will be severely disrupted given spatial and
temporal variations in rainfall. Australian drought pol-
icy encourages primary producers to adopt self-reliant
approaches in managing the risks associated with
climate variability. It recognises that producers are
responsible for managing the commercial performance
of their enterprise and for ensuring that agricultural
activity is carried out in an economically and environ-
mentally sustainable manner (Botterill 2003). The pol-
icy also recognises that drought assistance should not
inhibit the natural course of structural adjustment due
to other pressures such as declining commodity prices
(White & Karssies 1999, Botterill 2003).

Australian drought policy has developed in the con-
text of deregulation of the agricultural sector to create
efficient and internationally competitive farming sys-
tems. The policy has multiple objectives that include
(adapted from DPTF 1997 and cited in Botterill 2005):
(1) encouraging self-reliant approaches to managing
climate variability; (2) protecting the natural resource
base in times of extreme climate stress; (3) ensuring
adequate welfare support for farm families commensu-
rate with that available to other Australians; (4) ensur-
ing that the policy does not impede structural adjust-
ment in the farm sector; and (5) a high level of
awareness and understanding of drought and drought
policy.

Wilhite (1996) argued that drought policy should be
informed by measures of the impact of climate varia-
bility on policy-relevant outcomes such as farm in-
comes and profitability, while Thompson & Powell
(1998) showed how this could be done using whole-
farm models. They concluded that a preoccupation
with climate and environmental definitions of drought
was not consistent with a need to holistically manage
all sources of risk on farms. The relevance gap that
has emerged between the information necessary to
support Australian drought policy, and that being
supplied, has been highlighted through the work of
Nelson et al. (2005). The resilience of rural livelihoods
can be enhanced through policies that increase the
diversity of assets and income sources from which rural
livelihoods are derived, and the flexibility to switch
between them (Ellis 2000). Policies with potential to
increase the diversity of farm income sources include
investment in production, transport and marketing
infrastructure, education and training, regional devel-
opment, and policies that affect the cost and avail-
ability of rural credit (Anderson 2003).

Nelson et al. (2005) showed that the capacity of Aus-
tralian rural households to cope with risk can be
broadly measured through the human, social, natural,
physical and financial assets from which rural liveli-
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hoods are derived (Fig. 1A). However, the information
used to implement drought policy in Australian agri-
culture is heavily dominated by reductionist measures
of variability in rainfall, soil water and plant growth
(Laughlin & Clarke 2000). Not only is policy largely
powerless to influence the impact of climate variability
on these scientific measures of exposure to climate
risk, they also bear little or no relation to more holistic
measures of the key policy outcome: the coping capac-
ity of rural communities (Fig. 1).

The solution to this relevance gap between science
and policy objectives lies with overcoming institutional
constraints. The evolution of bioeconomic modelling
systems demonstrates that it is not methodological con-
straints that are preventing science from becoming
more policy-relevant (Nelson & Kokic 2004, Nelson et
al. 2005). This suggests that there are institutional con-
straints preventing policy ‘demand’ from being trans-
lated into ‘purchases’ of policy-relevant science. We
suggest that institutional reform is required to realign
research capacity and incentives to: (1) change the
analytical focus of applied climate science; (2) merge
climate variability and climate change research; (3)
develop more holistic systems of risk management that
considers climate as part of the broader risk manage-
ment strategies of rural communities; and (4) facilitate
sharing of residual riskes between governments, rural
communities and individuals.

The science currently provided to inform Australian
drought policy is narrowly reductionist and closely
confined to disciplinary and institutional boundaries. It
provides few insights into the vulnerability of rural
communities, which is an emergent property (i.e. more
complex effects or behaviours than just the sum of the

effects/behaviours of the different components in-
volved) of complex human–environment interactions
that can only be understood through integrated, multi-
disciplinary approaches. The potential for scientists
to pursue their own agendas in channelling the supply
of narrow disciplinary information has long been
recognised (Russell 1938, Holling 1978), and continues
to be a critical issue in natural resource governance
(Brunner & Steelman 2005). The establishment of an
independent drought monitoring authority is often
cited as an option for improving the implementation of
Australian drought policy (Botterill 2005, White et al.
2005).

Over-reliance on reductionist and self-interested sci-
ence can be overcome by realigning funding and other
incentives in order to break down monopolies on pol-
icy advice. An alternative is to provide incentives for
the multi-disciplinary and cross-institutional coopera-
tion necessary to deliver integrated information on
policy outcomes. This will encourage scientists to step
outside their disciplinary and institutional comfort
zones to develop multidisciplinary approaches that
provide more integrated and holistic insights into the
vulnerability of rural communities. Policy advisers can
help by providing funding incentives for scientists to
break free of narrow disciplinary and institutional
interests. As Meinke et al. (2006) pointed out, this also
requires that scientists engage with stakeholders—
decision makers at the farm and agribusiness levels, as
well as policy makers—to facilitate informed discus-
sion on drought policy and the integrated science
necessary to support it. Only then can policy relevant
drought science be continuously realigned with chang-
ing policy priorities.
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Current research into managing climate risk in Aus-
tralia is fragmented, often conducted within narrow dis-
ciplinary and institutional boundaries, and focused on
the simplest physical definitions of climate risk that are
easiest to measure. This reflects a pervasive historical
influence of positivism across natural resource manage-
ment more generally. At any one time, our knowledge
based on reductionist science is fragmented by discipli-
nary interests and differential rates of progress across
diverse fields of inquiry (Brunner & Steelman 2005).
Over-reliance on quantitative approaches risks narrow-
ing the focus of inquiry to aspects that are easier to mea-
sure (Backhouse 2002). As recognised by the Scottish
philosopher David Hume in the 18th century, the back-
ward looking nature of empirical inference also reduces
its ability to handle new and unexpected future condi-
tions (Nagel 2005). More recently, Lowe (2002) has ar-
gued that many, particularly environmental problems,
are actually the result of applying narrow, specialised
knowledge to complex systems. He describes modern
science as ‘islands of understanding in oceans of igno-
rance’ and calls for ‘scientists and practitioners to
work together to produce trustworthy knowledge that
combines scientific excellence with social relevance’. 

Beyond engaging with public policy makers, public–
private partnership models need to be explored
further in order to ‘mainstream’ climate risk manage-
ment. Mainstreaming involves integrating climate risk-
management tools and approaches into holistic live-
lihood strategies that simultaneously recognise and
manage other sources of risk, such as market fluctuations
and threats to the natural resource base. It can also in-
volve communicating strategies for managing climate
risk through communication networks set up for other
purposes, rather than pursuing climate-specific com-
munication programs. These initiatives need to be sup-
ported by the implementation of integrated information
systems capable of informing the biophysical, economic
and social impacts of climate variability and change.
Although systems of this kind have been developed to
support policy (Nelson & Kokic 2004, Nelson et al. 2005),
institutional barriers currently impede their implementa-
tion. A dynamic process of incentive realignment and
institutional reform supported by independent review
is required to constantly refocus scientists and their
institutions on the policy outcomes of critical importance
to governments and rural communities.

3.  EXAMPLE 2—CREDIBILITY: 
CREATING SOCIAL CAPITAL IN INDIA

Dryland agriculture in India occupies nearly 70% of
the total cultivable area, most of which is arid or semi-
arid. India’s drylands are largely mono-cropped during

the summer monsoon season (June to September). In
Tamil Nadu State, at the extreme south of the Indian
Peninsula, significant rainfall in both the summer
and winter (October to December) monsoon seasons
(Dhar et al. 1982) permits double cropping, resulting in
higher average annual production, but also greater
production risk and frequent crop failures (Selvaraju et
al. 1999). High inter-annual rainfall variability exposes
these dryland cropping systems to considerable risks.
The El Niño-Southern Oscillation (ENSO) accounts
for a significant proportion of rainfall variability in
this region (Parthasarathy & Pant 1985, Sridharan &
Muthusamy 1990, Selvaraju 2003). Continuous expo-
sure of these fragile agricultural systems to such a
variable rainfall regime may lead to low levels of
resilience, which might push these systems beyond
recovery (soil erosion, unserviceable debt levels etc.).
This continued exposure to climate risk has already
increased income inequality among the resource-poor
farmers in this region, thereby limiting sustainable
development. A simulation-based analysis shows that
ENSO related climate indicators such as the Southern
Oscillation Index phases (SOI phases; Stone et al.
1996) explain some of the variability in crop yields and
associated income (Fig. 2). However, communicating
such probabilistic information to local communities
that have never been exposed to such external infor-
mation presented a major challenge.

Given this opportunity, we approached this problem
through a participatory risk management paradigm,
employing concepts of social capital. Social capital
here refers to the institutions, relationships, and norms
that shape the quality and quantity of a society’s social
interactions. Social capital is not just the sum of the
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institutions that underpin a society; it is the trust that
holds them together. Our efforts were targeted
towards creating social capital within the local commu-
nity as a unit. The approach is based on the assumption
that providing credible information to farmers can
motivate them to take pro-active management deci-
sions. We postulate that ‘good’ climate risk manage-
ment depends on various dimensions of social capital,
namely peer groups, networks, trust, collective action,
social inclusion, information and communication.
These dimensions capture both the structural and
cognitive forms of social capital.

Evidence shows that social cohesion is critical for
societies to prosper economically and for develop-
ment to be sustainable. We also see social capital as a
focus for the delivery of organized and usable climate
knowledge that ensures development within the com-
munity. Maintaining and enhancing social capital
depends critically on the ability of the members of a
community to communicate among each other, with
other communities, and with members of their net-
works that live outside the community (Putnam 1993).

In order to investigate if climate information can
add value to existing risk management frameworks,
we conducted a case study at village scale (Thama-
raikulam in Avinashi sub-district in Tamil Nadu). This
village was chosen, because it already had an effective
extension network in place, and because initial desk-
top studies suggested that climate information could
improve profitability and sustainability of current
systems management. 

In order to understand the farmers’ current climate
risk management strategies, we closely monitored all
on-farm decisions for the 2002 summer monsoon sea-
son. To this end we established participatory climate
risk-management workshops with the
initial aim of simply providing a forum
for peer-to-peer discussions. This allowed
us to gather the following baseline in-
formation: The total geographical area
of the village is 641 ha with a total pop-
ulation of 1323. A total cultivable area of
560 ha is dominated by dryland cropping
(>75%) and operated by 313 farmers. On
average, 411 ha (73.3%) of total cultivable
area were allotted to cotton, sorghum and
groundnut during the summer monsoon
season. In post-season workshops, we
elicited feedback about the climate in-
formation provided, actual changes in
management and their outcomes. We
estimated the change in area under indi-
vidual crops using monthly area planted
data collected from the village admini-
strative office.

After our initial model-based analysis, we conducted
pre-season farmer participative workshops, in which
we presented and discussed the shifts of rainfall prob-
abilities and potential management responses. We dis-
cussed the probability that seasonal rainfall, crop yield
and gross margin (current costs and prices) would
exceed their medians. We discussed with farmers the
high probability of below-normal rainfall associated
with falling April to May and negative May to June
SOI phases. Simulations indicated high likelihood of
reduced groundnut and cotton yield, which could be
mitigated by choosing sorghum as an alternative crop.
We also discussed distributions of predicted yields and
associated gross margins for cotton. Discussions con-
centrated on the trade-offs between increased risks of
incurring losses from cash crops (groundnut and cot-
ton) versus the risk of not realising a profit from these
crops, should a good season eventuate.

Discussions of model-derived management options
with farmers appeared to influence the aggregate
agricultural land use (i.e. crops allocated) in our case
study village. Many farmers indicated during our in-
season discussions and post season workshops that
they changed from growing cotton to early sorghum
in July 2002. More than 70% of farmers grew at least
some sorghum that season, which until then was
not an established risk management practice in this
region. The 20% of farmers who planted cotton had
to abandon their crops by August, losing all their
input costs. Table 1 shows the actual area planted in
different months during the 2002–2003 cropping sea-
sons and 2003–2004. It also shows percent change
from the previous 8 yr average (using the 1994–1995
to 2001–2002 seasons as a base line). Of the 91 small
and medium farmers we contacted during post-season
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Table 1. Actual area planted (ha) and % change from 8 yr mean (the
1994–1995 to 2001–2002 seasons were used as the baseline period) for major
crops during the 2002–2003 and 2003–2004 cropping seasons at the case
study village in India (Thamaraikulam near Avinashi, western agro-climatic 

zone, Tamil Nadu). NA: not applicable

Groundnut Cotton Sorghum
Area % Change Area % Change Area % Change

2002–2003 season
June 3.0 –95 0 NA 0 NA
July 5.2 –9 10.0 –92 70.0 +187
August 42.3 –7 4.5 –97 7.3 –91
September 0 NA 67.0 93 210.9 +121

Total 50.5 –33 81.5 –60 288.2 80

2003–2004 season
June 0 NA 0 NA 0 NA
July 123 +106 140 +12 26.2 +8
August 0 NA 0 NA 93.0 +23
September 0 NA 0 NA 0 NA

Total 123.0 +70 140.0 –30 119.2 –26
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workshops and thereafter, 37 indicated that they had
changed to early sorghum. We attribute most of the
187% increase in area under sorghum during July
2002 to the community-wide discussions of climate
forecasts and response options, given that the 70 ha of
sorghum planted in July 2002 was the highest in the
past 8 yr (average 24.4 ha).

We observed strong ‘lateral seepage’ from the farmer
groups, with information reaching the majority of the
farmers in the village. Farmer groups and networks,
such as the ones established in our case study, improve
active connections among people: they create trust,
mutual understanding, and shared values and behav-
iours that bind the members of farmer networks and
communities and make cooperative action possible
(Cohen & Prusak 2001). In our case study, the farmer
networks that constitute social capital served as con-
duits for the flow of useful climate knowledge, helping
the farmers to reduce climate-related risk.

The participative climate workshops improved the
community’s capacity to work together to address their
common needs, fostering greater inclusion and cohe-
sion, and increasing transparency and accountability.
A principal goal of our approach was to provide guid-
ance on how improved social capital can lead to pro-
active decision-making using climate knowledge. In
our example, climate forecasts linked with participa-
tory efforts to disseminate crop model-based informa-
tion were used to evaluate and guide climatic risk
management in crop production. Farmers’ manage-
ment practices and their ‘rules of thumb’ formed the
basis for all our analyses.

Our pilot study helped to build the credibility of a
scientific climate risk management approach. We are,
however, unsure that our activities were sufficient to
build enough social capital for sustained science–user
interactions in this region. We are concerned that
creating credibility via such pilot studies might in fact
increase the demand for services that cannot be satis-
fied beyond the pilot stage. This can lead to resent-
ment and disenfranchisement of interested farmers
that could lead to non-adoption of potentially very
useful risk-management approaches. If this is the case,
our efforts to increase the credibility of a scientific
approach to climate risk management might contain
the seeds for its own destruction. As in the Australian
case study on the importance of saliency, we argue that
‘mainstreaming’ climate risk management approaches
within the context of overall rural livelihood strategies
is required. In order to create sufficient social capital
for sustained science–user interactions, climate knowl-
edge needs to be communicated via functional, exist-
ing communication networks of farmers and other
landholders, rather than pursuing climate-specific
communication programs.

4.  EXAMPLE 3—LEGITIMACY: 
A FRAGILE, YET RENEWABLE RESOURCE

The loss of legitimacy—and hence of the ability to
make a scientific contribution to benefit society—can
happen quickly and comprehensively. Regaining legit-
imacy is a much harder, slower process. Here we
demonstrate this point using the Brazilian Nordeste
as a case study. This region covers 9 Brazilian states:
Maranhao, Piaui, Rio Grande do Norte, Ceara, Paraiba,
Pernambuco, Alagoas, Sergipe and Bahia.

The Brazilian Nordeste suffers from regular drought,
defined as a season with insufficient quantity or distri-
bution of rainfall to obtain a viable crop harvest. The
frequency of droughts has increased, and recently 5
droughts were recorded in just 1 decade (Finan 1999).

Scientific information and products often provide
policy makers with apolitical tools that can insulate
decision-making from highly politicized environments.
In the specific case of seasonal forecasts in the Nord-
este, they are also viewed as tools that can assist in the
prediction of extreme events, which were previously
perceived as unpredictable, and are therefore helpful
to prepare societies to confront extreme events such as
drought or floods, and to mitigate their impacts (Lemos
2003).

The Meteorology and Hydrology Service (FUNCEME)
of the Brazilian State of Ceará has been very active in
providing credible, technical information on climate,
hydrological conditions and soil moisture to water
resource managers and the agricultural community
across the 9 states of the Nordeste. The important role
that FUNCEME plays in the water resources manage-
ment and in the agricultural sector of Ceará has been
widely documented (Lemos et al. 1999 2004, Lemos
2003, Taddei 2005).

‘Hora de Plantar’ (Time to Sow), initiated in 1988,
was a program in which the government of Ceará dis-
tributed high-quality hybrid seed to small farmers at
the time when soil moisture conditions were suppos-
edly adequate to ensure a good crop. FUNCEME pro-
vided the vital soil and climate information used in
‘Hora de Plantar’, as well as the seasonal forecasts that
were perceived as affecting the seed distribution pro-
gram. Although seasonal forecasts, also produced by
FUNCEME, were not specifically included in the pro-
gram, there was a general perception throughout the
farming community that seed distribution was strongly
influenced by FUNCEME’s forecasts (Lemos 2003).

Traditionally farmers in Ceará, as in most semiarid
regions of the world, start planting their crops as soon
as the first rains come. In the case of the Nordeste,
farmers are specially inclined to use this strategy,
because in years with good rainfall they may be able to
harvest 2 consecutive crops in the same rainy season
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(Lemos 2003). The first seasonal rains in Ceará are
often the result of cold fronts coming from the south,
(and as such are not associated with the actual, mon-
soon-related rainy season), a phenomenon that remains
difficult to predict at the seasonal scale. Early-sown
crops very often fail due to lack of soil moisture, and
farmers sow again as soon as the next rains come. This
traditional strategy of frequent serial sowings is only
viable with inexpensive (non-hybrid) seed: if the rains
are good, farmers may be able to double crop, and if
the rains are sparse, sowing several times increase
their chances of getting at least one crop in the season.
Hence farmers usually save some seed from the previ-
ous season. After a drought, however, small farmers
often exhausted their seed reserves and relied on seed
distributed via the ‘Hora de Plantar’ program.

Although the ‘Hora de Plantar’ program was suc-
cessful in several seasons, it also created strong resis-
tance within the farmer community. From a traditional
risk-management perspective it is crucial for farmers
in Ceará to take advantage of the early rains in order
to have at least a small chance of getting 2 harvests.
The perception of the farmers was that the program
often distributed seed when it was too late for early
sowing. The program was especially criticized in the
years when the early rains were abundant for a good
early crop and farmers did not get their seed in time
(many farmers perceived this situation as a ‘sinful
waste of precious rain’, Lemos 2003). Consequently—
and regardless of the actual outcome—the program
was perceived as transferring control of the decision-
making process from individual farmers to govern-
ment officials, thereby disempowering farmers. 

Due to the close connection between ‘Hora de Plan-
tar’ program and FUNCEME, the discontent of the
farmer community with the program also eroded
the perceived prestige and legitimacy of FUNCEME’s
work. Moreover, this reinforced the perception of
FUNCEME as a public agency serving political inter-
ests instead of providing technically and scientifically
sound assistance to the farming community. 

In the past few years FUNCEME has made substan-
tial efforts to reverse this situation and regain their
legitimacy. The agency began to distance itself from
the ‘Hora de Plantar’ program and publicly clarified its
real role in the program. Simultaneously, FUNCEME
began implementing participatory activities in the
agricultural sector, including the development of new
methods for communicating their seasonal climate
forecasts as well as in educating the agricultural stake-
holders and the general public (including the media) in
the probabilistic nature of the climate forecasts (R. R.
Taddei pers. comm.). Finally, FUNCEME started to
produce its forecasts in close collaboration with the
International Research Institute for Climate and Soci-

ety (IRI) of Columbia University, as well as with other
international agencies. This collaboration with well-
known international institutions, the implementation
of participatory activities throughout the state, and the
changes in the communication strategy have allowed
FUNCEME to slowly regain its position as a credible,
objective and scientifically competent agency that
does not serve political interests.

This is a slow and on-going process, which is so far
backed only by anecdotal evidence. During 2004 the
project team conducted several informal farmer inter-
views in the Limoeiro do Norte district. FUNCEME’s
change in approach and their scientific contribution
to climate risk management were acknowledged by
Limoeiro’s farmers, who include local rural leaders
recognised for their application of indigenous climate
knowledge (the local ‘profetas’). They expressed in-
terest in using FUNCEME’s products for decisions
such as selling cattle early to avoid feed shortages
when drought conditions are likely, or paying more
attention to early sown crops when the probabilities
for a good season are higher. Clearly, a more formal
evaluation process, as well as the documentation of
farmers’ attitude towards FUNCEME’s new approach,
are desirable. 

5.  CONCLUSIONS

Salience requires that scientists expand their hori-
zons beyond disciplinary boundaries and fully explore
tensions and interactions between science and policy-
making, and between science and socio-economic
forces. Vision and strong leadership is required to
induce cultural change in established institutional
arrangements. Participatory engagement is required
to increase the capacity of policy advisers to make
informed purchases of multi-disciplinary systems sci-
ence. The system we are dealing with is more exten-
sive than was previously thought. We need to move
beyond rhetoric and integrate climate science into the
socio-economic dimensions important to rural commu-
nities and policy makers. This is not a case of ‘either/
or’; we need to achieve integration of disciplinary
knowledge, rather than focusing on certain aspects of
the system at the exclusion of others.

Credibility is essentially derived from social con-
tracts between climate scientists and those affected
by climate risk. The Indian experience reported here
demonstrates that climate science can be infused into
processes that build the types of social capital which
can help improve resilience within rural communities.
In doing so it demonstrates that science derives credi-
bility not just from its technical precision, but also from
the appropriate design of the engagement processes
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via which it is delivered. How this process can be
sustained, particularly within resource-poor farming
communities, remains an open question.

Legitimacy is a fragile, yet renewable resource.
Legitimacy is essential for scientific content to have
influence—without it potentially valuable information
will not be translated into ‘actionable knowledge’ and
the scientific content will remain without its intended
benefits for society. Organisations need to recognise
the importance of legitimacy as a resource that cannot
be created through simply delivering reductionist
science. In fact, as our example showed, such an
approach can easily lead to a loss of legitimacy from
which it can be very difficult to recover. We suggest
that legitimacy needs to be built and managed as a
pathway to influence and empower people.
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