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1. INTRODUCTION

In the last 20 yr, agricultural use of climate informa-
tion has increased dramatically (Changnon 1999). The
tropical Pacific atmospheric-oceanic phenomenon
known as ENSO (El Niño-Southern Oscillation) has
important consequences for climate and for agriculture
in many parts of the world. ENSO is a variation
between normal conditions and 2 extreme states asso-
ciated with warm or cold sea surface temperatures in
the eastern half of the tropical Pacific Ocean. Research
suggests a considerable potential value of ENSO-
based climate forecasts to agriculture (e.g., Adams et
al. 1995, Solow et al. 1998). Surveys of the value of
ENSO-based climate forecasts for agriculture include
Johnson & Holt (1997), Mjelde et al. (1998), Weiher

(1999), and Rick Katz’s internet site (www.esig.ucar.
edu/HP_rick/agriculture.html).

Many studies estimating the economic value of cli-
mate forecasts assume users have an idealized
response to the information. However, the economic
impact of climate, anticipated by users who behave
optimally, does not by itself argue persuasively for the
economic value of climate information. Forecast dis-
semination and use are more complex than many
researchers have assumed and may be impeded by
technical, financial, and cultural barriers (Glantz 1996,
Feldman 1989, Broad et al. in press). A necessary step
in promoting agricultural use of climate information or
in assessing its value is to gauge user perceptions con-
cerning the use of that information (Lamb 1981, Stern
& Easterling 1999). As Morgan et al. (1992) advise,
‘First, learn what people know and believe.’ Neglect-
ing the role of user expectations and preferences in
defining and managing climatic risk neglects users’
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priorities and may undermine our ability to provide
useful information. Scientists need to know how the
public is likely to respond to ENSO-based climate fore-
casts because those responses alter the economic influ-
ence of climatic impacts (Burns 1999). Policy makers
should understand user needs, to realize the potential
economic value from the emerging technology of
ENSO-based climate forecasting (Changnon 1996). 

To assess perceptions of ENSO-based climatic fore-
casting, we used focus groups and a user survey to
approach cereal and oilseed producers in Pergamino,
Argentina, located in the climatically favorable eastern
portion of the Pampas, one of the world’s major agri-
cultural regions (Fig. 1). We focus on Argentina for sev-
eral reasons. Argentina is a major agricultural pro-
ducer. The value of its agricultural exports was 50 to
60% that of its overall exports and 5.5 to 9.6% of its
GDP (gross domestic product) over 1989–1998 (Inter-
American Development Bank 1999). In Argentina,
interannual climatic variability causes high variability
in crop yields and returns (Parellada et al. 1998,
Messina et al. 1999, Podestá et al. 1999a, Ferreyra et al.
2001).1 Since the economic reforms of 1991, rising
grain prices, relative to those for beef, have induced an
expansion of cultivated areas that amplifies the effects

of anomalous climate (Basualdo 1995).2 The predomi-
nant soil in Pergamino is a typical Argiudoll (Paruelo &
Sala 1993). Characteristic crop rotations include maize,
soybean, and a wheat-soybean relay. Median annual
precipitation is 937 mm. Hall et al. (1992) give a
description of the climate, soils, and crop production
systems in the Pampas. We take an empirical case
study approach so that we can identify a specific con-
text for climate information in agricultural decision
making. However, the similarity in production scale,
crops grown and technology in the Pampas to those in
other major production areas suggests its broader rele-
vance.

We proceed as follows: Section 2 reviews related lit-
erature and argues for a view of ENSO-based climate
forecasting as an interactive social process rather than
a technical innovation of obvious worth. Section 3 adds
insights gained from direct interaction with potential
users in Pergamino. Section 4 offers conclusions.

2. RELATED LITERATURE

Researchers have used a variety of approaches to
promote the use of ENSO-based climate forecasts or to
estimate their value. Many economic studies apply
Bayesian decision theory to simulate ideal forecast
responses (Wilks 1997, Stern & Easterling 1999). In a
recent example of ENSO phase forecast evaluation,
Solow et al. (1998) considered: (1) climatic differences
between ENSO phases, (2) the effects of these climatic
differences on crop yields, (3) optimal cropping deci-
sions with or without ENSO-based climate forecasts,
and (4) the ultimate effects of individual farming deci-
sions on agricultural commodity markets. Other stud-
ies based on simulated forecast responses include
Mjelde et al. (1988) and Adams et al. (1995); Wilks
(1997) provided a recent survey of such applications.

An alternative and complementary approach relies
on observed decision making, where the emphasis is
on how forecasts are interpreted and applied, rather
than ideal responses (Stewart 1997, Stern & Easterling
1999). Such an approach is desirable if users do not
obtain maximum possible forecast value, perhaps
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1The Pampean ENSO signal has been well documented, both
in terms of its effects on climatic variables and on agricultural
production. During Niñas, maximum temperatures and radi-
ation tend to be higher, while minimum temperature and
rainfall tend to be lower than normal in the Pampas; the op-
posite tends to occur during Niños, though less markedly
(Grondona et al. 2000). Through changes in temperature,
rainfall and radiation, ENSO also affects crop yields. The
most recent Niño (1997/98) enhanced regional crop produc-
tion, particularly for maize and soybean (INTA/SAGPyA
1998). In contrast, Niñas tend to lower yields of maize, soy-
bean and sorghum (Podestá et al. 1999a)
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Fig. 1. The study area

2In the last decade, Argentinian agriculture has experienced
extensive restructuring because of economic reforms that
lifted price controls and eased export restrictions. With in-
creased access to world markets, there are fewer producers
operating larger enterprises, with higher rates of input us-
age. The larger, more specialized producers can be expected
to initiate use of seasonal forecasts. However, smaller scale
operations, already under increasing economic pressures,
may need to adopt technical innovations such as seasonal
forecasts to survive
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because of the ways in which they do or do not use
forecasts. Examples of this approach include Glantz
(1977, 1982), Easterling (1986), and Pulwarty & Red-
mond (1997).

A few studies overlap this dichotomy. Sonka et al.
(1988) used a gaming approach to elicit information
about forecast value, deriving actual decisions albeit in
a hypothetical setting. Easterling & Mendelsohn (in
press) do not interpret actual or simulated decisions,
and instead, as a reduced form approach, use a hedo-
nic price model of climate and agricultural land values
that treats regional differences in land values as an
analogy for forecast value. Jochec et al. (in press) com-
bine decision rules derived from focus groups with
ecological and economic models to simulate forecast
value.

This paper falls into the second category and is an
empirical decision case study attempting to shed light
on how decision makers use (or do not use) forecasts.
Assumptions that potential users will adopt improved
climate forecasts neglect critical issues (Feldman
1989). Such issues range from examining the conse-
quences of alternative management to the technologi-
cal, legal, economic, social and cultural frameworks
that condition sectoral responses. Following the plea
by Murphy & Brown (1983) for forecast dissemination
that is experimental and iterative, Pulwarty & Red-
mond (1997, p. 394) state:

‘Forecast “interpretation” should be viewed as a
process involving ongoing evaluation of information
on the physical conditions being forecast in the context
of other decisions and information that potential users
must consider throughout the year.’

Available empirical evidence supports the broader
view of forecast use as a social process. In their inter-
views of potential forecast users, Pulwarty & Redmond
(1997) and Changnon et al. (1995) both found that sim-
ulation studies of the economic value of forecast infor-
mation would make little difference in whether
respondents would actually use forecasts. In their sur-
vey, Selley & Wilson (1997) report a considerable lag
between the development of risk analytical research
tools and their application in agricultural extension
activities. Because the Bayesian decision analysis for
ENSO-based climate forecast use falls into this class of
methods, some concern about when ENSO-based cli-
mate forecasts will become part of extension activities
may be in order. 

Routine availability of ENSO-based climate forecasts
will not, by itself, increase agricultural incomes or lower
production costs in ENSO-influenced regions. Climate
information is but one of 3 parallel processes that com-
prise the forecasting process. In addition to the predic-
tion itself, a communication process shares the predic-
tion and a choice process focuses on decisions (Pielke

1998, Pielke et al. 2000). The research community’s de-
finition of a ‘good’ forecast does not necessarily agree
with policy makers’ or society’s view of what is most
important (Offutt 1993). Partly the problem is one of
communication. Fischhoff (1994) identifies several
problems in communicating forecasts, including ambi-
guity regarding the event being predicted and what is
being said about it, and the relevance of the forecast for
users’ problems. In their review of forecasts for the
1997/98 Niño, Barnston et al. (1999) cite ambiguous de-
scriptions of magnitude, time of onset, and duration.
Also, different stakeholders have different preferences
about what a forecast should do. Thus efforts to ‘edu-
cate’ the public are unlikely to make them see forecasts
as experts do (Freudenburg & Rursch 1994). 

A more general but related concern is that research
should be usable science that has demonstrable social
value (Glantz 1996). To qualify, a research program
must identify potential users and persuade them of its
practical value (Pielke & Glantz 1995). Similarly,
Robinson (1992) argues that risky decision making will
be improved by the mutual learning among scientists
and stakeholders that would occur when science is
done in a policy context. Such a scientific-stakeholder
collaborative (Cohen 1997) can link scientific expertise
(‘What if?’) with stakeholder knowledge (‘So what?’
and ‘What should be done?’).

We take an empirical case study approach in that our
goal is to obtain a more accurate view of the users’
decision process. As Yin (1994, p. 13) argues, the case
study is especially useful as an empirical method
‘when the boundaries between phenomenon and con-
text are not clearly evident.’ Forecasts are more likely
to be adopted and to be useful science if the values,
perceptions, and preferences of potential users be-
come an integral part of the forecast process. Below we
report our attempts to identify potential users’ percep-
tions and needs.

3. USER PERCEPTIONS AND NEEDS

Many economic studies of ENSO (e.g., Mjelde et al.
1988, 1993, 1997, Adams et al. 1995, Solow et al. 1998)
have focused on the technical limitations of forecast
accuracy without considering issues such as the
degree of user acceptance and the context of use (Fun-
towicz & Ravetz 1990). An exception is Mjelde et al.
(1996), who estimated the effect of US farm programs
on forecast value. To promote forecast use or to esti-
mate its value, we should seek to understand not only
climatic effects but also their roles in users’ lives
(Fischhoff 1994). Elicitation of users’ perceptions and
needs provides a more detailed view of the forecast
process.
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3.1. Our data

Our interactions with potential forecast users con-
sisted of a series of open-ended interviews with 7 Pam-
pean farm managers as well as 2 focus groups, each
with producers and distributors, held in Buenos Aires
and Pergamino (Podestá et al. 1997, Royce et al. 1997,
Llovet 1998). The open-ended format of our interac-
tions allowed the structure of users’ preferences to
emerge. Because the time intensity of interviews and
focus groups limits sample sizes, we also surveyed 200
farmers to improve our ability to indicate the preva-
lence of these attitudes. Because the main purpose of
the interviews and focus groups was to aid in the
design of the survey questionnaire, our discussion here
will focus on survey responses. 

Sample design was driven by both practicality and
by our goals of making forecasts more useful to more
people. We selected 200 farmers based on the size of
their operations and for ease of contact by Instituto
Nacional de Tecnología Agropecuaria (INTA), the fed-

eral government agency that conducted the interviews
in January and February of 1999. Average farm size in
our sample was 450 ha. We surveyed producers man-
aging less than 1000 ha, because earlier contacts sug-
gested that larger operations likely already use ENSO-
based climate forecasts. Also, smaller producers in our
focus groups appeared reluctant to adopt other techno-
logical innovations such as the use of personal comput-
ers and no-till planting techniques, and thus might be
appropriately targeted for outreach efforts. Data are
available upon request from the first author.

Survey respondents answered questions about cli-
mate variability as a source of income risk and the abil-
ity of ENSO-based climate forecasts to alleviate that
risk. A split sample design allowed us to ask a larger
number of questions, the responses to which are
detailed in Tables 1 & 2, and also enabled us to vali-
date our sample by comparing the consistency of
responses across the 2 sub-samples (not shown here).
In initial, descriptive questions, 70% of the 200 respon-
dents listed soybeans as their principal crop, followed
by maize (14%), sunflower (6%) and wheat (4%). Ear-
lier research found ENSO signals in the yields of maize
and soybeans, but not those for sunflower and wheat
(Podestá et al. 1999a). Most of the 200 respondents
rented at least some of their land (54%) and machinery
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How much does climate information influence your deci-
sions?

27% somewhat 14% not at all
33% moderately 16% a little
10% strongly

How important was climate information in 1997/98, 
compared to previous years?

52% more important 5% less important
34% same 9% climate inform-

ation is not important

Did the 1998/99 Niña forecast influence your decisions?
58% no 42% Yes

Which decisions would you be most likely to change in 
response to a climate forecast?

27% area planted 27% planting date
22% cultivar 17% fertilizer
3% irrigation 2% pesticides
2% other

My decisions are most influenced by...
33% output price expectations 22% crop rotations
16% climate information 11% input costs
9% soil tests 9% other

In 1997/98, my decisions were most influenced by...
31% output price expectations 20% crop rotations
20% climate information 11% input costs
7% soil tests 11% other

How does this region’s climate compare with others’ close
by?

43% similar
37% somewhat different
11% quite different
9% don’t know

Table 1. User attitudes toward climate forecasts (n = 100).
Exact wordings of questions are available upon request from 

the authors

Effects of Niño on regional climate
65% abundant rain
32% excessive rain
3% insufficient rain

Effects on Niña on regional climate
58% insufficient rain
26% normal rain
16% abundant rain

Which crop is most influenced by climate information?
48% maize 6% all the same
30% soybean 4% none
8% sunflower 2% other
2% wheat

Effects of Niño on maize yields
86% good 4% none
8% bad 2% don’t know

Effects of Niña on maize yields
27% good 18% none
42% bad 13% don’t know

How did you learn about the regional climate?
61% own experience 5% trade publications
18% family elders 3% other farmers
6% extension 7% other

How well do you know the regional climate?
56% moderately 11% little
27% some 6% quite well

Table 2. Users’ knowledge of ENSO impacts on regional
climate and crop production (n = 100). Exact wordings of 

questions are available upon request from the authors
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(76%). Another indication of vulnerability to climate
variability is that most crop production is rainfed, with
few producers (7%) saying they had any irrigated
cropland.

Two limitations of our sample deserve mention. First,
because our contacts were not randomly selected,
respondents are likely to be more receptive to exten-
sion efforts than producers at large. Thus, our results
may overstate attitudes concerning the usefulness of
ENSO-based climate forecasts. Second, we did not
weight our responses to make them more representa-
tive of the local farming population. Recent, rapid
changes in cropping patterns, farm size and land own-
ership would make the most recent census (1988) an
unreliable basis for such a weighting.

3.2. User attitudes toward ENSO-based climate
forecasts

This portion of the survey asked 100 respondents
about their willingness to use ENSO-based climate
forecasts. Pergamino farmers are aware of ENSO and
are concerned about climatic variability in general,
although some doubt the usefulness of ENSO-based
climate forecasts (Table 1). All producers we surveyed
knew 1997/98 had been a Niño and 1998/99 was a
Niña. Perhaps not surprisingly, given our focus on
small producers, more than a few respondents stated
they had little (16%) or no use (14%) for ENSO-based
climate forecasts. As an influence on their production
decisions, respondents ranked climate information
third (16%), behind output price expectations (33%)
and crop rotations (22%). In reaction to ENSO-based
climate forecasts, respondents said they would be most
likely to change the crop mix (27%), planting date
(27%), cultivar (22%), and fertilizer amounts (17%).
Regarding crop mix, the proportions of maize, soy-
bean, and sunflower can be adjusted until June or July,
which indicates when forecasts would have to be avail-
able.

A recurring theme in our findings is that the 1997/98
Niño was a milestone in the development of awareness
and concern about ENSO in our study region. About
half the respondents (52%) said that climate informa-
tion had been particularly important in 1997/98, called
by some researchers ‘the Niño of the century’ (e.g.,
McPhaden 1999). Also, the ranking of influence on
respondents production decisions changed slightly
when we asked them to reflect specifically on 1997/98:
31% cited output price expectations as most important
for that growing year, while climate information and
crop rotations were each cited by 20%. Those citing
the particular importance of climate information in
1997/98 were more likely to be younger and to operate

larger farms and thus had relatively more to gain from
learning to use climate information. Wilcoxon rank
sum tests revealed a negative correlation between
respondent age and climate information importance
(p = 0.0198) and a positive correlation between farm
size and climate information importance (p = 0.0145).
Because of its magnitude and the perceived predictive
success of meteorologists, the 1997/98 Niño had an
important influence on respondents’ attitudes toward
ENSO-based climate forecasts. Of course, that kind of
attention may be a mixed blessing.3

Most respondents (58%) did not change their deci-
sions after hearing the Niña forecast for 1998/99,
which suggests that small producers of this region still
have concerns about using climate forecasts, despite
the favorable impressions left by the 1997/98 Niño
forecast. Reasons respondents cited for their reluc-
tance relate to forecasts’ spatial or temporal resolution.
Forecasts cover seasonal conditions in a region rather
than conditions in a farmer’s specific location or those
during shorter, critical time intervals (e.g., maize silk-
ing). Users’ interests in the micro-climates of the
region are a reflection of their concerns about fore-
casts’ spatial resolution. Fewer than half our respon-
dents (43%) said that their sub-region’s climate was
similar to that of others close by. Another indication of
farmers’ concerns about sub-regional variation was
that all farmers interviewed and in the focus groups
maintained daily precipitation records, some extend-
ing back decades, as an attempt to understand ‘one’s
own climate,’ because it may be different from others’.4

Reluctance to use climate information is also partly
an issue of trust, a common attitude in the context of
technical innovations in agriculture. At the time of
writing, the Argentine Meteorological Service issues
‘experimental’ rather than ‘official’ ENSO-based cli-
mate forecasts. Farmers expressed greater interest in
the availability of ‘good’ forecasts than in recommen-
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3Pielke (1998) has suggested that users who experienced the
1997/98 Niño might subsequently hold distorted views of
forecasts. Pielke argues that the considerable magnitude of
the 1997/98 Niño may ‘anchor’ users’ expectations to that
specific event, rather than the range of possibilities inherent
in a categorical forecast. Writing about the 1997 Red River
flood, Pielke (1998) and Burns (1999) also note that Grand
Forks residents were unprepared since they had anchored to
a specific, categorical forecast of flood height. Forecast
providers and users must become more aware of cognitive il-
lusions such as these, to realize greater economic value from
climate forecasting

4The farmers we spoke with may well be exaggerating the
degree of climatic heterogeneity they face, since the Pampas
lack major orographic barriers or other factors that might
cause substantial differences in microclimates. However,
their perceptions, inaccurate or not, will guide their adoption
decisions
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dations about how to adjust farm management in
response to ENSO forecasts. Use of ENSO-based cli-
mate forecasts is limited by the credibility of those
forecasts to the farmers, an attitude evidently not
swayed by research documenting the potential value
of ENSO forecasting to agriculture in other settings.

3.3. Users’ knowledge of ENSO impacts on regional
climate and crop production

This portion of the survey sought from 100 respon-
dents the source and degree of their knowledge about
regional climate, as possible explanations for forecast
use, or lack thereof. To build trust and promote accep-
tance of climate information, researchers must first
understand users’ prior beliefs and knowledge, since
those will influence how users interpret events and
new information (Stern & Easterling 1999). Although
producers surveyed were aware of ENSO, their knowl-
edge of its effects on regional climate and crop pro-
duction is incomplete (Table 2). Respondents were
most knowledgeable about ENSO’s climatic impacts.
Most knew that the most important regional impact of
Niños is either abundant (65%) or excessive rain
(32%), and most (58%) also knew that the most impor-
tant regional impact of Niñas is insufficient rain.
Knowledge of ENSO’s effects on the region’s crop
yields was less consistent, however. Fewer than half
the respondents (48%) identified maize as the crop
most likely to be affected by long-term predictions, as
has been shown by other studies (e.g., Podestá et al.
1999a). Perhaps because of the strength of the 1997/98
event, most respondents (86%) knew
that Niños tend to improve maize
yields, but fewer than half (42%) were
aware of Niñas’ historically much
stronger and detrimental effect on
maize yields.

That users do not know some of
ENSO’s regional effects is unsurpris-
ing, because ENSO is a complex phe-
nomenon characterized by substantial
variability. While people may observe
weather variability and extremes, cli-
mate is removed from direct experi-
ence because of its longer time scales.
Users’ knowledge gaps are problem-
atic because the goal of realizing more
economic value from ENSO-based cli-
mate forecasts requires users to under-
stand them and to actively respond.

Overcoming users’ knowledge gaps
will likely not be easy, because local
experience appears to be both a path-

way and a constraint for the use of climate information.
When asked how they learned about their region’s cli-
mate, most respondents said either from their own
experience (61%) or from family elders (18%), rather
than from sources such as extension (6%) or trade pub-
lications (5%) that might disseminate ENSO-based
climate forecasts. Length of a respondent’s local ex-
perience appears to instill confidence in his or her per-
ceived climate knowledge: a Kruskal-Wallis rank sum
test (p = 0.0025) revealed a strong, positive correlation
between the respondent’s age and how well the
respondent thought he or she knew the regional cli-
mate. Such confidence may lead users to judge that
their farm or their decision making is less vulnerable to
climatic variability and can discourage the use of cli-
matic information (Burns 1999, Nicholls 1999).

Knowing more about how users assimilate climate
information is essential to the task of promoting the use
of that information. Potential users of ENSO-based cli-
mate forecasts will likely understand new information
better and accept it more fully if they can interpret it in
a causal model of climate variability that they under-
stand and with which they agree (Stern & Easterling
1999). We found evidence that increased exposure to
ENSO-based climate forecasts and improved knowl-
edge of regional ENSO effects each encourage respon-
dents to use climatic information. 

A respondent’s source of regional climate knowl-
edge and the accuracy of that knowledge each exerted
a significant influence on his or her willingness to use
climate information in our categorical regressions (i.e.,
probit). To test the hypothesis that knowledge source
influences decisions of whether to use climate informa-

62

Variable Description Estimates
Coefficient t ratio

Forecast use in 1998/99 Dependent variable
(1 = yes; 0 = no)

Age yr –0.017 –1.67*
(0.010)

Knowledge source 0 = family elders’ or 0.840 2.61***
for regional climate own experience (0.322)

1 = external sources, 
such as extension or trade 
publications

No. of observations 100
Constrained log likelihood –68.03
Maximized log likelihood –4.73
Likelihood ratio statistic (χ2) 126.61***
McFadden’s LRI 0.93
(likelihood ratio index)

Table 3. Binomial probit regression of climate forecast use. Standard errors in 
parentheses. Statistical significance: *10%, **5%, ***1%
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tion, we estimated the respondent’s
most recent forecast use decision as a
function of his or her age and climate
knowledge source. 

The probit specification estimates
the conditional probability of a respon-
dent’s forecast use, given that respon-
dent’s age and how he or she learned
about climate (Table 3). Age exerted
a negative influence (Student’s t =
–1.67), while those who did change
decisions in response to the 1998/99
Niña forecast were more likely to have
learned regional climate from sources
other than family elders or their own
experience (Student’s t = 2.27). The
likelihood ratio statistic (χ2) allows us
to reject the hypothesis that these
coefficients jointly equal zero (p <
0.0001).

To test the hypothesis that accuracy
of knowledge influences willingness
to use climate information, we esti-
mated the respondent’s evaluation of
the importance of climate information in 1997/98, com-
pared with previous years, as a function of the respon-
dent’s age, farm size, whether maize is his or her prin-
cipal crop and whether he or she knew that maize is
the regional crop most likely to benefit from climate
information (Table 4). 

The effect of age was insignificant, but the other
explanatory variables exerted significant, positive
effects. Most importantly, farmers aware that maize is
the most ENSO-relevant crop were more likely to see
climate information as more useful in 1997/98 than in
previous years (Student’s t = 3.01). Again the likeli-
hood ratio statistic allows us to reject the hypothesis
that all coefficients jointly equal zero (p < 0.0001)

Both findings suggest that users’ cognitive frame-
work and belief set condition their acceptance of and
responses to ENSO-based climate forecasts. Parallel
research on climate change has also found a correla-
tion between the accuracy of users’ understanding of
climate and their acceptance of mitigation responses
(Kempton et al. 1995, Bord et al. 1998). Promotion of
ENSO-based climate forecasts should begin by edu-
cating users about ENSO and how it affects local cli-
mate. Those who deliver the message should learn
how their audience thinks about climate.5

3.4. Example of a user’s adoption decision

An example may help illustrate the importance of
our findings. Transcripts from our focus groups indi-

cate that the diffusion of information related to the
1997/98 Niño depended upon the farmers’ trust of the
different forecast sources (e.g., trade organizations,
extension, telecommunications media and word of
mouth; Llovet 1998). Thus, we find statements about 2
divergent situations. Most farmers became acquainted
with ENSO sometime in mid-1997 through Clarín
Rural, the Saturday agricultural supplement in the
most widely read national newspaper. Few farmers
mentioned the specific content of the forecast, suggest-
ing that, at least initially, few gave it much thought. 

One farmer did say he had received useful climate
information from a seed company with greater lead
time and detail, along with related management
advice. The first time this farmer heard of ENSO was in
a conversation with his seed dealer, in mid-1997, fol-
lowing the ‘brutal drought’ of 1996:

‘According to the satellite information, there would be no
problems this year, because the Niño was going to come.
We just had this terrible drought, so it did not seem pos-
sible. When we first heard the Niño forecast, we began to
see that we should change crop management. At first no
one believed it. They (satellite images) showed, for
example, that for this region and this week that we
needed application, because by the weekend or soon
afterwards there would be rain. Then, I believed the per-
son who said that must be some kind of guru, because of
the suggested precision. But what he divined came very
close to happening. When you can obtain information
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Variable Description Estimates
Coefficient t ratio

Importance of climate Dependent variable
information in 1997/98 (1 = more than previous 

years; 0 = equally important 
or less so)

Age yr –0.017 –1.36
(0.012)

Farm size ha 0.0009 2.55**
(0.0004)

Main crop 1 = maize 0.890 2.18**
0 = other (0.409)

Knew maize is regional 1 = aware 0.835 3.01***
crop most ENSO influence 0 = unaware (0.277)

No. of observations 100
Constrained log likelihood –69.88
Maximized log likelihood –10.9781
Likelihood ratio statistic (χ2) 117.81***
McFadden’s LRI 0.84

Table 4. Binomial probit regression of climate forecast usefulness. Standard 
errors in parentheses. Statistical significance: *10%, **5%, ***1%

5For more on how humans assimilate climatic information, see
Nicholls (1999) and Stern & Easterling (1999, p. 71–94)
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that is not lies or a guru’s revelation but instead is precise
fact, that information becomes essential for production. I
could not believe the precision, because I had always
managed my farm the way my grandfather and our
ancestors had. This is quite different from US satellites
telling us that this region has a higher probability of rain,
carefully noted on a map. It did not seem possible, that
the obtained information was going to be precise
enough. While there are days to the contrary, the forecast
has been good.’6

The stages of this producer’s adoption decision are
commonly observed in agro-technology transfer: initial
incredulity, experimentation, and outcome evaluation.
At first, the farmer gave the forecast source little cred-
ibility, comparing him to a religious guru, and contin-
ued to rely on his local experience. Experimentation
with recommended practices (more fertilizer applica-
tions) met with a favorable outcome because the fore-
casted rains enabled greater nutrient uptake and crop
growth. The 1997/98 Niño may represent a turning
point in Pampean farmers’ perception and attitude
toward ENSO-based climate forecasts. Several focus
group participants voiced similar views about the
demonstrated value of ENSO-based climate forecasts. 

More to the point, throughout his statement the
farmer spoke of short-term weather forecasts (i.e.,
daily to weekly) and seasonal climate forecasts as if
they were the same. Specifically, the farmer first men-
tioned climatic events (drought and Niño), then seam-
lessly digressed into a weather discussion (weekend
rain) and finally judged the ENSO-based climate fore-
cast on the basis of weather events. While our focus
group monitor carefully stressed the difference in time
scales between weather and climate, the farmer’s ter-
minology (‘satellite information’) did not and suggests
a critical knowledge gap. In particular, the farmer used
daily or weekly weather to evaluate the ENSO-based
climate forecast. That the 1997/98 Niño forecast
received favorable user evaluations like this one is
a mixed blessing, creating unrealistic user ex-
pectations,7 because ENSO-based climate forecasts do
not predict daily or weekly weather. Subsequent
ENSO-based climate forecasts may not pass muster
even if ‘correct’ by the standards of the research com-
munity. 

Farmers are familiar with weather forecasts, so the
temptation may be simply to graft the new information,
ENSO-based climate forecasts, onto what they already
know, i.e., their ‘mental models’ (Morgan et al. 1992).
That assimilation of new information to fit existing con-
cepts is what anthropologists call ‘syncretism’ (Kemp-
ton et al. 1995, p. 68). The danger is that fundamentally
flawed mental models can pose a significant obstacle
to learning. For example, Kempton et al. (1995) identi-
fied confusion in public perceptions of stratospheric
ozone depletion and global climate change: most inter-
viewees failed to mention any link between the green-
house effect and fossil fuel combustion, instead sug-
gesting that giving up hairspray would slow global
warming. If users are to evaluate ENSO-based climate
forecasts properly, outreach efforts must address pre-
existing mental models and stress the differences
between weather- and climate forecasting. 

The predictability and magnitude of the 1997/98
Niño may be an opportunity to stimulate learning and
preparedness for future events, which may not be as
easily predicted. To promote climatic information, we
should make clear which forecasts and decisions are
appropriate to which time scales. We should also pro-
vide users with the opportunity to follow forecasting
progress, to balance the disagreements in competing
forecasts, and to express their needs (Pulwarty 1997).

4. CONCLUSIONS

The economic value of climate information is deter-
mined not by climatic impacts alone but also by indi-
viduals who decide if and how to use that information.
To promote the use of ENSO-based climate forecasts in
regional agriculture, or to estimate their economic
value, research must first assess users’ interpretations
of forecasts. Our case study offers a specific context for
climate information in agricultural decision making
and conclusions of broader relevance. Pergamino or
any other location cannot serve as a basis for general-
izing to all others, nor should the farmer population we
surveyed be considered representative of other agri-
cultural forecast users, such as distributors and input
suppliers. For a more complete statement of our place-
based methodology to assess local climate information
needs, see Podestá et al. (in press). By ‘particularizing’
(Stake 1995) the use of climate information to a specific
context, our case study suggests that researchers and
policy officials who neglect user needs and perceptions
do so at the expense of their ability to provide mean-
ingful appraisal and prescription. 

Obstacles to forecast use remain but become more
evident upon consideration of local resource and cul-
tural conditions. One such obstacle is the hetero-
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6Text of this conversation in its original Spanish is available
upon request from the first author

7Nicholls (1999) argues that forecasts of the 1997/98 Niño
were not uniformly successful and that views to the contrary
exhibit ‘hindsight bias’, wherein knowledge of an outcome
such as the 1997/98 Niño increases an individual’s belief
about the degree to which he or she would have predicted
that outcome, without the benefit of that knowledge. If true,
hindsight bias would encourage users to view future fore-
casts as being unrealistically accurate
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geneous set of ENSO signals that producers cite and
that we have found in Pampean crop production vari-
ables. Users identified forecast scale and the reliability
of the source of forecast information as critical obsta-
cles to adoption. For a given event, some sub-regions
of the Pampas are drier, others wetter, but this pattern
is not constant for all events. In addition, we have
found substantial inter-event variability, as is typical of
extra-tropical climates (Podestá et al. 1999b). The vari-
ability of precipitation anomalies for a given ENSO
phase (e.g., all Niño years) is comparable to the total
variability (i.e., all years), except during a few well-
defined periods. This means that, although, on aver-
age, Niño summers tend to be wetter, a given Niño
event may be dry, normal, or wet. An implication is
that research and outreach to downscale forecasts tem-
porally and spatially would help close the gap of
expectations between forecast user and provider, and
would facilitate trust building between the two that
must precede adoption.

To overcome obstacles such as forecast scale and
reliability, researchers promoting climatic information
must appreciate users’ prior beliefs and knowledge,
rather than presume a clean slate. What users already
know and believe influences their interpretation of cli-
matic events and information (Stern & Easterling
1999). While our respondents were aware of ENSO,
their knowledge of its effects on regional climate and
crop production was incomplete. Local experience is
how most respondents learned about regional climate,
but longer local experience appeared to diminish con-
cerns about climatic variability and to deter use of
climatic information. Two positive findings are that
increased exposure to ENSO-based climate forecasts
and improved knowledge of regional ENSO effects
each appeared to encourage respondents to use cli-
matic information. 

The 1997/98 Niño also encouraged the respondents
and was a key event in the development of awareness
and concern about ENSO in Pergamino, as it was
worldwide. Whether that visibility will mean greater
sustained use of climatic information in Pampean agri-
culture is hard to say, however. Some respondents
appeared to confuse the different time scales of
weather- and climate forecasting. That the forecast of
the 1997/98 Niño received favorable user evaluations
may be a mixed blessing, creating unrealistic user
expectations, because ENSO-based climate forecasts
cannot predict daily or weekly weather. As Slovic
(1987) and Burns (1999) have noted, misleading per-
sonal experience can lead to risks being misjudged. 

Our findings suggest that the fundamental structure
of forecast use decisions cannot be divorced from their
local content and imply that the estimated economic
value of climate forecasts loses meaning if separated

from their context of use. Such a finding is consistent
with traditional economic and other social science
research on technology diffusion in agriculture
(Agrawala & Broad in press). In promoting agricultural
use of ENSO-based climate forecasts, researchers
should recall Theodore Schultz’s seminal (and Nobel
prize winning) work on technology diffusion, Trans-
forming Traditional Agriculture (Schultz 1964). Agri-
cultural technology, argued Schultz, is highly ‘location
specific’ and must be adapted to the cultural and
resource conditions where it is to be applied. As
Wendell Berry (1977) wrote, the problem is not one of
choosing between scientific and local knowledge, but
of creating conditions in which these separate realities
can inform one another. Whether ENSO-based climate
forecasts have been or can be sufficiently adapted for
local uses are important topics for further research.
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