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Growing demand for water resources coupled with climate-driven water scarcity and

variability present critical challenges to agriculture in the Western US. Despite extensive

resources allocated to downscaling climate projections and advances in understanding

past, current, and future climatic conditions, climate information is underutilized in

decisions made by agricultural producers. Climate information providers need to

understand why this information is underutilized and what would better meet the needs of

producers. To better understand how agricultural producers perceive and utilize climate

information, we conducted five focus groups with farmers and ranchers across Montana.

Focus groups revealed that there are fundamental scalar issues (spatial and temporal)

that make climate information challenging for producers to use. While climate information

is typically produced at regional, national, or global spatial scales and at a seasonal

and mid- to end-of-century temporal scales, producers indicated that decision-making

takes place at multiple intermediate and small temporal and spatial scales. In addition,

producers described other drivers of decision-making that have little to do with climate

information itself, but rather aspects of source credibility, past experience, trust in

information, and the politics of climate change. Through engaging directly with end-users,

climate information providers can better understand the spatial and temporal scales

that align with different types of agricultural producers and decisions, as well as the

limitations of information provision given the complexity of the decision context. Increased

engagement between climate information providers and end-users can also address the

important tradeoffs that exist between scale and uncertainty.

Keywords: climate change, agricultural decision-making, climate decision-making, climate information, climate

communication, adaptation, climate services

INTRODUCTION

Growing demand for water resources coupled with climate-driven water scarcity and variability
present critical challenges to agriculture and food production, with impacts to food security, rural
livelihoods, and ecosystem services. In the context of climate change, many regions will likely
experience changes in precipitation patterns and increasingly frequent and/or intense drought
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(Trenberth, 2011; Dai, 2012; Trenberth and Dai, 2014; Cook
et al., 2015; Kuwayama et al., 2019). Agricultural producers
are particularly vulnerable to drought and other changes to
water resources, especially in the US West where drought is
prevalent (Mount et al., 2016; Ziolkowska, 2016; Kuwayama et al.,
2019) (we use the term agricultural producers to encompass
both farmers and ranchers, who are hereafter referred to as
“producers”). For instance, in fiscal year 2014, the federal
government designated $873 million across 11 western states for
drought-related crop insurance and programs that were a result
of drought emergency declarations (Mount et al., 2016).

To address these challenges, many scientists have suggested
that climate information can help producers make better
decisions and reduce risk in the face of drought and climate
variability (Hewitt et al., 2012; Tall et al., 2014; Vaughan
and Dessai, 2014). Extensive resources have been allocated
to develop and disseminate climate information, including
downscaled climate projections and improved information on
past, current, and future climatic conditions. Despite these
efforts, numerous studies have found that climate information is
often underutilized in decisions made by agricultural producers
(Mase and Prokopy, 2014; Haigh et al., 2015; Davis et al., 2016).
This is due, in part, to a well-documented disconnect between the
specific climatic information being produced and the utility of
that information for decision-makers (Dilling and Lemos, 2011;
Lemos et al., 2012; Preston et al., 2013; Dunne et al., 2015). As
McCrea et al. (2005) suggest, just because climate information
appears to be useful, does not mean it will be used.

While climate information that is readily available to
agricultural producers is extensive, information that is
specifically designed to aid agricultural producers in decision-
making is limited. Across numerous studies, the barriers to
utilizing climate information most often cited by agricultural
producers are perceptions of low accuracy and concerns that
information is not provided at useful temporal or spatial scales
(Mase and Prokopy, 2014). Climate information is, by in large,
produced at a regional, national, or global spatial scales and
at a seasonal and mid-end of century temporal scales. Yet,
agricultural decisions take place at multiple intermediate and
smaller scales, and involve a diversity of producers whose
interests and values are as diverse as the landscapes they manage.

Addressing these scalar mismatches is not an easy task.
There are many challenges associated with communicating the
science of climate change and this is particularly evident in
the agricultural sector (Rejesus et al., 2013; Wilke and Morton,
2015). Model skill varies widely across different spatial and
temporal scales, which means the accuracy of forecasts changes
as scale changes (e.g., Giorgi, 2002). Further, scalar mismatches
interact with other reasons for underutilization, including issues
related to salience, credibility, and legitimacy. Thus, climate
information providers are not only challenged by limits to the
accuracy and certainty of current science, but also the broader
decision context within which climate information is considered.
As Wilke and Morton (2015) state, science does not “speak
for itself ” and there is great opportunity for scientists and
science communicators to better interpret and translate complex
climate information.

Drawing on focus groups with farmers and ranchers in
Montana, we examine a number of scalar issues related to the
utility of climate information for agricultural producers. We also
consider how climate information providers might address these
challenges to make forecasts and projections more relevant to
agriculture and to better meet the needs of end-users.

Challenges Related to Temporal Scale
Understanding and projecting climate trends at a range of
temporal scales (5-year, 10-year, mid-century, and end-of-
century) is critical to maintaining the vitality of Montana’s
agricultural sector. Changes in temperature and precipitation are
key aspects of climate that affect snowpack, water availability,
plant available water (e.g., soil moisture), soil health, crop yields,
and other factors important to agricultural production and
livelihoods (Whitlock et al., 2017; USGCRP, 2018; IPCC, 2019).

Despite the increasing availability of climate information,
there is a well-established mismatch between the temporal scales
in which it is produced and the temporal scales of agricultural
decision-making (Mase and Prokopy, 2014; Dunne et al., 2015).
In other words, the temporal resolution of climate information
does not always align with that of specific decisions. While
many important agricultural decisions are made several months
in advance and can benefit from climate information such
as 3-month seasonal climate forecasts, the time horizon for
decisions changes throughout the year, and differs based on type
of operation and type of decision (Diehl et al., 2015; Haigh
et al., 2015). For example, decisions about irrigating may be
made on a daily or weekly basis, decisions about what crop to
plant might be made several months in advance, and decisions
about irrigation infrastructure may be considered for many years.
While producers make both short-term tactical decisions and
longer-term strategic decisions (Hollinger, 1991), they tend to
focus on shorter timeframes and the near future (Stokes and
Howden, 2010; Heal andMillner, 2014; Dunne et al., 2015). Thus,
longer-term climate information about, such as mid- or end of
century projections, may not be at a temporal scale that is not
relevant to agricultural producer decision-making.

Even 3-month seasonal climate forecasts (SCFs) are
underutilized in decision-making (Lemos et al., 2012; Mase
and Prokopy, 2014; Reeves et al., 2015; Davis et al., 2016; Soares
and Dessai, 2016). Seasonal climate forecasts predict future
conditions at the seasonal scale (e.g., 3 months in advance)
and typically include probabilities to indicate level of certainty
(Rickards et al., 2014; Davis et al., 2016). The assumption is that
SCFs enable producers to improve short-term coping, minimize
risk, take advantage of favorable conditions, and prepare for
variability (Ash et al., 2007; Rickards et al., 2014). Several model-
based studies have demonstrated that use of SCFs can increase
profitability as compared with reliance on knowledge of past
conditions and more conventional decision-making (see Meza
et al., 2008 for a review of these studies) and may help producers
move from short-term coping to adaptation to longer-term
climate risks (Tubiello et al., 2007). Yet, despite efforts from the
scientific community, SCFs have not been widely adopted by
producers (McCrea et al., 2005; Lemos et al., 2012; Mase and
Prokopy, 2014).
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Not only is some climate information less suited to the
shorter time-frames of agricultural decision-making, there is
often a disconnect in the timing of climate information and when
producers are making decisions (Ash et al., 2007; Furman et al.,
2011). As Lemos et al. (2012) argue, climate information must be
timely to be useful. For example, for decisions made 6–9 months
in advance, such as whether to calve in late winter or late spring,
3-month seasonal climate forecasts have little utility. On the
other hand, too much lead time may limit utilization (Nyamekye
et al., 2020). Put simply, climate information cannot be utilized in
decision-making if it is not available when producers are making
key decisions. However, using decision calendars to identify the
timing of various key decisions among farmers in the U.S. Corn
Belt, Haigh et al. (2015) found that there are opportunities for
providing additional climate information to producers at key
times during the year.

The relationship between temporal scale and accuracy is also
important. Perceptions of accuracy (or lack thereof) also lead
producers to emphasize shorter-term weather forecasts over
longer-term climate forecasts. For example, Crane et al. (2010)
found that farmers in Georgia stressed the importance of weather
information (such as for the next week), which they often check
on a daily basis during the growing season, relative to seasonal
climate forecasts, because the latter were perceived to have
lower accuracy.

The lack of confidence that producers have in SCFs is not
unfounded. As one example, the 2017 flash drought across
Montana and the High Plains region was not anticipated by SCFs,
which did not predict the well below-normal precipitation in
May–July (Jencso et al., 2019; Hoell et al., 2020). A flash drought
is “an unusually rapid onset drought event characterized by a
multi-week period of accelerated intensification that culminates
in impacts to one or more sectors,” such as agricultural or
hydrological impacts (Pendergrass et al., 2020). Temperature and
precipitation forecasts are typically most accurate up to lead
times of 1 month and 2 weeks, respectively (Lavers et al., 2009;
Yuan et al., 2011) and there is a need to improve accuracy of
the 2 and 3-month precipitation and temperature forecasts (Hoell
et al., 2020).

Further, producers have indicated that information on climate
trends for the next 10 years would be particularly useful (Meehl
et al., 2009; Dunne et al., 2015). But there is a paucity of 10-year
predictions (Meehl et al., 2009), partially due to the uncertainty
inherent in climate projections at this timescale. However, while
accuracy is a concern for both producers and climate information
providers, some studies suggest that the timing and timeframe
of forecasts may be just as important to adoption as improving
accuracy (Haigh et al., 2015).

Challenges Related to Spatial Scale
Climate data is predominantly produced and communicated
at regional, climate zone, state, national, and global spatial
scales (e.g., Whitlock et al., 2017; USGCRP, 2018). However,
agricultural producers typically make decisions at the scale of
the pasture, field, farm, and/or ranch. Whitlock et al. (2017),
for example, aggregates temperature and precipitation trends
as well as mid-end of century projections into seven climate

divisions, based on climatic, political, agricultural, and watershed
boundaries. The average size of these climate divisions is 13
million acres, compared with the average size of a farm/ranch
in the state which is 2,156 acres (USDA Ag Facts – Montana,
2018). Climate information at such large spatial scales often
fails to capture the specific “on-the-ground” micro-climates of a
particular farm or ranch, and thus information at this scale may
be less useful for agricultural producers. For example, in highly
heterogeneous landscapes like western rangelands, the predictive
power of climatemodels remains to be demonstrated (Sayre et al.,
2012; Sayre, 2017).

Further, the appropriate spatial scale varies with the type of
decision and type of operation. For example, Reeves et al. (2015)
found that while SCFs are at a spatial scale that is often not
useful to ranchers, large-scale forecasts like SCFs can inform
yearly decisions about stocking rates. Dunne et al. (2015) found
that while SCFs needed to be at a smaller scale, like field or
farm/ranch to be useful, 10-year projections can be useful at
a larger spatial scale. Research with federal land managers and
municipal managers also indicates that climate information is
often produced at scales that are not relevant to decision-makers
(Archie et al., 2014).

Finally, as with temporal scale, there are important trade-
offs associated with downscaling global climate projections to
finer spatial resolutions. In areas like Montana, where the
landscape is complex, higher resolution, small-scale outputs are
needed to capture changes in terrain and vegetation (Abatzoglou
and Brown, 2012). However, uncertainty often increases when
projections from global climate models (GCMs) are downscaled
from regional to local scales (Gay and Estrada, 2010). The
complex relationships between land, ocean, and atmosphere that
are captured by global climate models (GCMs) operate at very
large scales. But the processes that are relevant at smaller spatial
scales, such as the way topography influences temperature and
precipitation, are inherently more variable and heterogeneous
and thus more difficult to capture in GCMs. Thus, more localized
or small-scale processes are difficult to account for in GCMs and
downscaled projections can be more uncertain at increasingly
smaller scales if they don’t adequately represent the relevant
atmospheric and hydrologic processes.

How Other Reasons for Underutilization
Interact With Scale
Beyond temporal and spatial mismatches, to be useful, climate
information needs to be salient (relevant to the needs of decision-
makers), credible (scientifically robust), and legitimate (unbiased
and respectful of different views) (Cash et al., 2006). Simply
“fixing” the scalar mismatches will not fully address these
needs, because the process by which science influences action
is complex (Wynne, 2006). Climate information enters into a
dynamic decision context, influenced by myriad local and non-
local forces, including on-farm finances and livelihood goals, the
cost of inputs and commodity prices, institutional supports and
policy constraints, local knowledge, social norms and networks,
risk perceptions, climate beliefs, management practices, and
biophysical conditions (Dessai et al., 2009; Crane et al., 2010;
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Furman et al., 2011; Yung et al., 2015). Thus, decisions about how
to respond to and prepare for drought and climate variability,
including if and how to use climate information, are embedded
within complex interactions between the household, community,
market, government, and environment (Meinke et al., 2009;
Crane et al., 2010). Because different decisions require climate
information at different temporal and spatial scales, the “fit”
between scale and decision context is particularly important, but
also quite complex.

In addition, features of the climate information can limit
adoption, including perceptions of low forecast accuracy,
forecasts presented out of context which reduced farmers’ ability
to apply them, and forecasts that are difficult to understand
(McCrea et al., 2005; Mase and Prokopy, 2014). Perceptions of
source credibility, the credibility of the information provider, can
influence how and if climate information is translated into action
(Dong et al., 2018). Perceptions of the accuracy of past forecasts
and the trustworthiness of climate information providers both
contribute to source credibility (Cash et al., 2006, Pannell and
Vanclay, 2011).

Because there are trade-offs associated with model skill and
scale, the temporal and spatial scale of informationmay influence
the credibility and thus the use of climate information.

However, Dunne et al. (2015) found that perceptions of
low accuracy did not prevent producers from using season
climate forecasts in decision-making. Further, acknowledging
uncertainty and effectively communicating that uncertainty can
increase perceptions of credibility and legitimacy (Murphy et al.,
2016). Thus, as Haigh et al. (2015) argue, fitting the forecast to the
decision context may be just as important as improving accuracy.

MATERIALS AND METHODS

This research is part of theMontanaDrought and Climate project,
which aims to improve the efficacy of climate information
for Montana farmers and ranchers. As recommended by Gold
et al. (2013), Montana Drought and Climate includes an
interdisciplinary team from the natural and social sciences and
employs an iterative process that directly engages with the
end-users of climate information. As part of this project, we
conducted focus groups with farmers and ranchers inMontana to
understand their past experience with drought, their perceptions
and use of climate information, and the decision context within
which they operate. We use the term agricultural producer
or “producer” throughout this paper to include both farmers
and ranchers.

Study Sites
Research was conducted in Montana because the state
has a diversity of agricultural operations and a range of
hydrometeorological conditions. An increase of 1.5–4.5 degree
Celsius is projected for Montana by the end of the century
(RCP 4.5 scenario). Precipitation is projected to increase during
winter and spring, and decrease during summer (analysis from
MACAv2-METDATA-CMIP5 data; Abatzoglou and Brown,
2012). Decreases in summer precipitation, along with the loss
of low-elevation snowpack from rising temperatures, will likely

shift the timing of peak runoff and reduce base flows in many of
the rivers around the state. In addition, changes from a snow-
dominated system to a more rain-dominated system during late
winter and early spring will further alter the historic hydrograph.
This shift in timing will have significant impacts on reservoir
management, irrigation demands, and overall water supply
within the region1. These changes also impact soil moisture
and can lead to late-summer landscape-scale aridification
(Seneviratne et al., 2010). With increasing temperatures across
the state, years with precipitation deficits will experience
more intense and longer lasting droughts. Furthermore, the
co-occurrence of warm and dry conditions have been projected
to increase, making drought not only more intense but also
more likely to occur (Diffenbaugh et al., 2015). Whitlock et al.
(2017) predicts increases of 20% in the interannual variability
of precipitation across the state by the end of the century. This
suggests that wet years are getting wetter and/or dry years are
getting drier, and that there will be larger year to year fluctuations
with some years being very wet and some years very dry, more so
than in the past, making management decisions for farmers and
ranchers that much more challenging (Whitlock et al., 2017).

In Montana, there are ∼28,000 farmers and ranchers who
contribute $2.4 billion to the state’s annual economy (Montana
Department of Agriculture, 2016). Producers make up about 5%
of the population and 17% of state’s population is employed in
agriculture-related jobs (Montana Department of Agriculture,
2016). The state has 17 million acres of irrigated and dryland
cropland and 40 million acres dedicated to livestock grazing.
Most ranches in the state are native rangeland beef cattle cow-
calf operations (Montana Department of Agriculture, 2016).
Montana’s primary crops are wheat, hay, and barley, but farmers
also grow alfalfa, apples, canola, cherries, corn, flax, garlic, oats,
potatoes, pulses, safflower, and sugar beets (Montana State Water
Plan, 2015; Montana Department of Agriculture, 2016). Like
most of the Western U.S., agriculture is the largest consumptive
user of water in Montana, using ∼10.4 million acre feet of water,
for a total of 96% of all surface and groundwater use (Montana
State Water Plan, 2015). Competition for limited water resources
continues to grow due to energy development, municipal growth,
and rural residential development.

While reservoir storage and irrigation offer some buffer
during drought years, even the state’s larger reservoirs cannot
compensate for prolonged, severe drought (Montana StateWater
Plan, 2015). Further, most surface water resources in the state
are overallocated and basins are sometimes closed (Hibbs,
2008). Drought can reduce rangeland and cropland productivity
(USDA Climate Hub), even for irrigated producers (Kundzewicz,
2007). Drought in Montana has caused economic hardships
for producers, increased conflict over water use and allocation,
and increased psychological, social, and financial strain at the
individual, household, and community scales (Johnson and
Smith, 2003; Yung et al., 2015). In listening sessions conducted

1U.S. DOI BOR. Basin Report: Missouri River. Available online at: http://www.usbr.

gov/climate/secure/docs/2016secure/factsheet/MissouriRiverBasinFactSheet.pdf.
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with farmers and ranchers for the Montana Climate Assessment
(2017), producers indicated a need for climate information that
is localized and relevant to decision-making.

Focus Groups
We chose focus groups because they enabled us to interact
with groups of producers through a structured dialogue that
provided insights into their views and practices. Focus groups
provide opportunities for participants to share both similar
and dissimilar perspectives, enabling researchers to understand
a range of views (Morgan, 1996). Focus groups also replicate
the real-life social nature of knowledge production, in this
case providing a window into how producers navigate different
climatic conditions and climate information. Focus groups are
often employed in marketing research to better understand how
people respond to and interpret specific types of visual and
textual information (Calder, 1977), which is analogous to the
goals of this project.

We conducted focus groups with producers in five locations
in Montana—Harlowton, St. Ignatius, Choteau, Fairfield, and
Chester—which were selected because they represent a range
of different types of agriculture, including dry land pulse and
wheat farming; irrigated barley, wheat, and hay; and livestock
production on native rangelands (see Figure 1 for map of study
sites). We utilized a typical focus group sampling strategy and
aimed to include a diversity of different types of producers
through five study sites with different types of agriculture in
different parts of the state, and through inviting different types
of producers to participate. The sample is best described as a

purposive, non-probability sample which attempts to represent
the population of Montana agricultural producers through
inclusion of a range of different types of producers in the
focus groups, rather than through statistical representation.
In each location, we contacted local extension agents, USDA
staff, agriculture–focused NGOs, and other community members
to obtain the names of potential participants and then called
producers to invite them to participate. A total of 34 producers
participated in the five focus groups. Participants were all owner-
operators and were predominantly male. As intended, the sample
included a diversity of producers, with 90% of participants raising
livestock, 44% practicing at least some dryland farming, and 70%
with at least some irrigated acres.

Focus groups were 2 h long and researchers utilized an
interview guide to ensure consistency and comparability across
the five groups (Hesse-Biber and Leavy, 2006). Producers were
asked about their previous experience with and responses to
drought; how climate information is (or is not) integrated
into their decision-making; and their climate information
needs, including needs relative to spatial and temporal scale.
Participants also reviewed and reflected on hard-copy climate
information that included descriptions of recent conditions,
3-month seasonal forecasts, and mid-century climate projections
(see Figures 2–4 and https://climate.umt.edu/mtdrought/
mtdrought-june-2018.pdf for climate information utilized in
focus groups).

All sessions were recorded, transcribed verbatim, and coded
using NVivo 9. Analysis was an iterative process, whereby
researchers compared emergent findings from the data with

FIGURE 1 | Map showing seven climate divisions as defined by NOAA’s Climate Prediction Center (A), boundaries of Montana watersheds (B), and average

precipitation (C) and average temperature (D) June-Aug 1981–2010. Map also indicates the location of the five study sites.
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FIGURE 2 | Three-month seasonal climate forecasts (SCFs) for precipitation (A) and temperature (B) for June–August 2018. The three-month forecasts are presented

as probability above or below normal conditions, defined as average conditions for the years of 1981–2010. Data are from NOAA’s Climate Prediction Center.

existing theory and literature (Layder, 1998). The data excerpts
included below focus specifically on aspects of temporal
and spatial scale, and how scale interacts with producers’
decision context.

RESULTS

The Spatial Scale of Climate Information Is
Often Too Large
In assessing the utility of climate information, producers drew
heavily on their understanding and experience with the local
biophysical conditions and micro-climates, and suggested that
every farm and ranch is different due to diversity across the
landscape. They argued that these differences meant that large-
scale climate information was not always useful because it often
failed to capture this localized variability.

Many producers drew on their personal observations,
concluding that “the country differs so much in the way a
crow flies of 10 miles.” They pointed to a combination of
biophysical conditions such as weather, climate, and soils, which
they suggested create a diverse landscape. Farmers and ranchers
explained how this diversity creates unique local conditions

for each agricultural operation, as one rancher proclaimed “the
biggest thing in agriculture, his place is different. [Their place] is
different. . . Every operation is different.”

Nearly all producers suggested that useful climate information
must be presented at a scale that captures the diversity that they
observe on the landscape. When producers discussed seasonal
climate forecasts, many producers adamantly called for site-
specificity, suggesting that landscape diversity makes locally
specific information more valuable than general information.
One farmer stated, “for it to be useful for us, it has to be site-
specific.” A producer explained that, “if you’re planning on a trend
that includes the whole state of Montana, well, you might just be
way off base in the end because that trend isn’t what’s happening
on your place.”

As an example, some producers indicated that there was too
much landscape diversity within their county for aggregated
county level data to be useful. One rancher explained that within
their county, “living here, it’s not the same. . . You’ve got almost
three different worlds.” To this producer, these three different
worlds represented stark geographical boundaries where weather
and climate differ dramatically from one area to the next.
Another producer stated, “you can actually almost scratch a line,
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FIGURE 3 | Satellite-derived root zone soil wetness on May 29, 2018. Root zone soil wetness is a measure of how much water has saturated the soil; it is the relative

saturation between completely dry and completely saturated soil between 0 and 100 cm depth. Soil saturation maps were derived from NASA’s Soil Moisture Active

Passive (SMAP) satellite program “SPL4SMGP” data product. Soil moisture is mapped using a combination of radar and radiometer measurements from space and

surface observations at an ∼9-km spatial resolution.

FIGURE 4 | Percent of normal snow water equivalent (SWE) on May 31, 2018. SWE is the amount of water contained within the snowpack. SWE is measured across

the West by the USDA Natural Resources Conservation Service’s SNOTEL network of snow monitoring stations, aggregated spatially by hydrologic basins. The SWE

percent of normal represents the current snow water equivalent found at selected SNOTEL sites in each hydrological basin compared to the normal value for those

sites from 1981 to 2010.

most the time, on the way the showers come through.” In one
case, a producer noted that the highway was a clear division
between two distinct metrological areas during a recent drought,
saying “everything west of the highway, they were extremely dry,
on the eastern side of the county, so same county, but it was
completely different.” Several producers contrasted “the bigger
Montana picture,” with “three miles down the road,” and what is
happening on “just my farm.”

A handful of producers pointed to specific ranges, mountains,
hills, or ridges as influential on weather and climatic conditions
across the landscape. They used these physical features to
emphasize the importance of locally specific information. A
rancher pointed to a specific example, saying “If there’s a

mountain—the [town A] sitting here vs. [town B], there’s a hell of
a lotta difference.” Meanwhile, a farmer mentioned “the [nearby
hills]definitely affects our moisture here.” Another rancher also
explained that “the change in elevation makes quite a difference.
I’m 900 feet higher than [town C], and that temperature is cooler
up there.”

Several producers also noted that small-scale variations in soil
type meant that information from large-scale soil moisture maps
was not always useful. A farmer drew on personal experience
monitoring his own soils to conclude that “every field is different.”
Meanwhile, other producers acknowledged that all “soils are
different.” According to these producers, “a difference in soil type”
can determine “how it holds the moisture. No matter how you
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manage it, there’s a difference.” Therefore, a rancher noted that
decisions “have to take the soil conditions into account whether it’s
got clay in it or sand” or any other type of soil. A producer with
high concentrations of gravel in their soil pointed out how wind
can deplete soil moisture “in a week from adequate to none.”

Ultimately, a rancher explained “what everyone’s looking for in
the end. . . you’re focused on your bubble.” In the focus groups,
nearly all producers repeatedly indicated that to be useful, climate
information needed to capture local landscape diversity, which
meant it needed to be at the scale of their farm or ranch, or even
the scale of a specific field.

Timing and Temporal Scale Influences
Utility
In focus groups, producers reviewed Montana Climate
Assessment (MCA) (2017) findings in our Montana Drought &
Climate newsletter which ranged in temporal scale from seasonal
climate forecasts to mid-century projections.

Upon reviewing the projections, many producers suggested
that climate information at longer temporal scales was not useful
in their decision-making processes “on-the-ground.” Consistent
with prior research (Breuer et al., 2008; Crane et al., 2010;
Mase and Prokopy, 2014; Dunne et al., 2015; Chatrchyan et al.,
2017), most producers in this study argued that short-term
weather forecasts and seasonal climate forecasts are more useful
in management decisions than mid-century climate projections.
A few producers were quick to point to the utility of seasonal
climate forecasts for intermediate planning to “see what the rest of
the summer’s gonna be. . . and [if] we’re gonna be hot and dry and
90–100 degrees, you’re probably gonna change some decisions.”

In contrast to the utility of SCFs, several producers stated that
mid-century climate projections were difficult to link with the
decisions they aremaking in the present. One producer expanded
on this point, saying:

On a 20-year forecast, it gets back, to me, is it an actionable

item? Yeah, we all know the climate’s gonna change, but, really,

fundamentally, what changes is an individual producer gonna

make now? I mean we’re all trying to improve our soil. We’re all

trying to improve our genetics, and turn the ground over to the next

generation better than we had it, but, to me, it gets down to, what

changes can I really make? It’s more a policy type deal. . .

To me, this climate outlook for 30 years in advance—okay, that’s

good information, I guess. But nobody is gonna look at this and

make a “management” decision based upon that. They might say,

“Okay, that’s interesting,” but they’re not gonna probably make a

management decision for the most part, based on that.

Other producers expressed similar views stating that “a mid-
century forecast isn’t gonna do a producer any good” and,
similarly, that mid-century projections are “too far out.” One
producer explained, “In agriculture, we’re a little longer-term
with 5 or 10 years, but going out to 2040, you and I
don’t give a damn.” Producers described mid-century climate
projections as “disconnected” “mismatched,” saying that “finding a
“fit”. . . remains a major challenge” between climate information
provision and producers’ needs. One producer attributed this
disconnect to the shorter time horizon of agricultural decisions

and the demands of making a living, saying: “you gotta survive
this year and, at best, look into next year. After that. . . that’s as far
as we’re gonna—that’s as far as I’m gonna go.” Across all focus
groups, many producers made it clear that mid-century climate
projections did not align with the temporal scale at which they
made decisions.

Several producers identified their “lifetime” as a yardstick
for thinking long-term. When asked, “How far back do you
go when you think about past experiences and events?” one
producer responded with “your lifetime.” In reflecting on mid-
century climate projections, many producers argued that the
timeframe simply was not relevant to their decision-making.
Some producers even expressed indifference to the implications
of mid-century climate projections saying that “none of us will be
here.” With regard to climate change, another producer stated,
“In my lifetime, I’m not gonna worry about it. I am the average age
farmer, and I’m about to quit.”

In addition to feedback on the time-frame of climate
projections, nearly all producers indicated that the timing of
when climate information is provided is important for the
information to be useful. For example, when asked about dates
for sending information such as theMontana Drought & Climate
newsletter, one producer suggested that in order for it to serve
as a “tool in the toolbox” the spring edition should be sent on
March 1st rather than April 1st. He explained, “if I’m gonna look
at this, the first of April is too late for what we do most of the time
here” and that “the 1st of March gives you anywhere from 2 weeks
to a month before the spring work really starts to happen.” Most
producers also suggested that they needed climate information
more frequently in the springtime (March through June) as
opposed to evenly distributed throughout the year, which is often
the case when climate information is produced quarterly. They
recommended “March, April, May, June” and then “November,”
saying that “By the time you get to July, you pretty much are
decided. Our decisions are done.” Thus, the timing of climate
information needs to align with the timing of key decisions in
order to be useful.

How Scale Interacts With Accuracy,
Credibility, and Trust
Perceptions of accuracy and source credibility also influenced
many producers’ willingness to utilize climate information,
sometimes reducing trust in forecasts and projections. Concerns
differed according to the temporal scale of the information,
with skepticism increasing with longer temporal scales. Many
producers used their own past experiences of weather and
climate, and of climate information, as a touchstone or gage
to judge the utility and trustworthiness of the specific climate
information shared during focus groups.

In some of the focus groups, climate information for longer
temporal scales, such as mid-century projections, reduced source
credibility and trust. Some producers suggested that the focus on
“climate change” in the mid-century projections felt political and
indicated that climate information producers had “an agenda”
and were making a “pitch.” Referring specifically to the Mid-
Century Outlook, which described projections for temperature
and precipitation change, one producer stated: “To me, your
Outlook gives you an agenda, and I don’t think you want
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an agenda.” One producer explicitly linked the mid-century
projections to trust, saying “It comes back to...as we had
mentioned earlier, not trusting the science” and referenced “the
Al Gore thing.” Several producers shared that the presence of
the mid-century projections and the references to climate change
caused them to ask if the research team was “objective.”

When asked if their concerns about a political agenda related
to the mid-century projections influenced their views of the
3-month seasonal forecasts and the information about current
drought and soil moisture conditions, some producers indicated
that “there’s definitely bleed-over” and that it appeared that “this
is what you’re leading into.” For one producer, when climate
information focused solely on the negative impacts of climate
change he was “always suspect of it” and more likely to “discount
it.” He went on to state:

But, if somebody can point out that this is gonna be the negatives

and but these are gonna be some positives, then at least I’m more

likely to trust that source that they’re not just putting forth their

political agenda. Because so much of the information is so lopsided.

And, again, it might be accurate, and it might not be. . .when the

temperature goes up, there’s positives and negatives both. If you

don’t portray that, then most of us just, “Oh, yeah, they have a

certain agenda. I’m not gonna listen to that.”

Another producer suggested that “global warming is what people
have used to make money. . . there’s people just making tons of
money off of that terminology.”

While several producers suggested that using the phrase
“changing climate” would be less political than “changes in the
climate,” a few producers shared that they did not view the
mid-century projections as political, indicating a diversity of
perspectives on this. Those producers who indicated that they
“believed” in climate change often drew on their own experience
to substantiate that belief. According to one producer:

When I was growing up, as a little kid, I remember all the water

holes that used to sit around Montana that have been dry for the

last 35 years, 30 years. My dad even, the other day, said he believed

in global warming. Then he said, “No, not so much global warming

as climate change.”

Interestingly, a couple of producers also questioned the motives
of for-profit climate information providers, but these critiques
were focused on short-term weather forecasts. Note that
producers were not provided with any weather information
nor were any of the focus group questions focus on weather;
however, producers often used their experience of weather
forecasts to explain their views on seasonal climate forecasts
and other climate information. One producer described this
problem, saying:

Some sources that, like the Weather Channel. . . they’re really

advertising this and that or whatever, for that to me is a turn off

because, obviously, they’re there to market something to you, suck

you into this, or suck you into that. I mean, it’s entertaining if you

have nothing else to do. So that’s a trust issue for me.

Another producer linked trust and accuracy, suggesting that
Weather Underground was more trustworthy and accurate when
it was “owned locally.” She explained:

My problem with Weather Underground, when they started it, that

was created by a Montana boy, and it was owned by a Montana

boy. Then they sold it to the Weather Channel, and I’m sorry, it

turned to garbage. . . That was an app that I trusted. I don’t trust

it anymore, and I’m looking for one that I can trust because they

forgot who they were working for. . . it’s disheartening cuz when it

was owned locally, or at least I felt it was owned locally, they were

on the mark. They were accurate, no horsing around, and then

Weather Channel got it, and it was just like, oh, crumb!

In response to contradictory weather forecasts, several producers
discussed combining forecasts from multiple sources and
assuming it would end up in the “middle.” According to one
producer, “I don’t think there is one agency or one tool that you
can be very specific on trusting. . . You tend to look at three, four,
five, six different things and almost make your own forecast a
little bit.” But a couple of producers also wondered “If there’s no
other NOAAs out there collecting this raw data, why is there such
a variety of forecasts?” For a more detailed description of this
finding, please see Snitker (2020). While these statements focus
on weather forecasts as opposed to longer-term climate forecasts
and projections, they indicate the extent to which conflicting
information and perceptions about financial motivations can
reduce trust and source credibility.

Information that was difficult to understand also reduced
trust. The data visualizations and maps were not accessible
for some producers. Several producers noted that they found
maps and graphs depicting current conditions and seasonal
forecasts “confusing” and “hard to see,” saying that they “don’t
quite understand” them. Many producers found the shading on
the maps difficult to interpret, wondering “which shading goes
to which shading” and finding it difficult to “match the colors
with the numbers.” One producer shared that “I’m color blind,
so graphs without numbers, I can’t seem to tell the difference.”
Another producer suggested that when the information was not
easy to understand they would “start to doubt” it, indicating that
understandability also influenced trust and source credibility.

Many producers also expressed concern about the accuracy
of the 3-month seasonal forecasts. One producer described their
concerns saying “when it comes out to the farm, that kind
of probability and confidence level I don’t put a lot of faith
in.” Another producer explicitly linked accuracy to temporal
scale, saying:

Forgive me, the climatologists, I’m sorry, but. . . To me, it looks like

it’s anyone’s guess. I mean, honestly, we have a 10-day forecast, and

that’s anyone’s guess. The 4-day forecast I love. It’s pretty, amazingly

accurate. Beyond 4 days? I either get my hopes up. . . or it goes dash.

Again, temporal scale was related to perceptions of accuracy.
As described by Snitker (2020), many of these producers

in these focus groups compared seasonal climate forecasts to
their own experience of climatic conditions and judged the
accuracy of the forecast accordingly. If the forecast did not
match what they experienced that often reduced their willingness
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to “trust” or rely on future forecasts. In reviewing the climate
information specifically produced by Montana Drought and
Climate, many producers made it clear that skepticism about
the accuracy or utility of this information was influenced by
their past experiences with weather and climate information from
other sources. This suggests views about the accuracy of climate
information from one source influences trust in other sources.

Many producers suggested that they did not utilize mid-
century climate projections because of a lack of trust in their
accuracy. As one producer expressed, Personally, I have a hard
time going past a month on weather. Two weeks is pushing it. A
week is—I can believe a week. Other than that, it can change—
especially up here, it just change. All the different winds come
swirling around. It changes real fast. Another producer echoed
a similar sentiment with regard to seasonal climate forecasts,
adding that the timeframe contributed to that feeling of distrust,
saying “I don’t know, I don’t trust the forecast.” Thissuggests that,
despite the efforts of climate scientists to improve the accuracy of
longer-term projections, many producers in Montana primarily
use and trust shorter-term forecasts.

Many producers relied on their own observations to predict
future weather and climate. They described “watching how nature
itself is functioning,” saying “we watch everything,” including “the
sky,” “the animals,” “the way the wind blows,” and “the mountains”
as markers for what’s to come. Another producer explained, “We
get up in the morning, and for us, we look at the mountains.
That pretty much tells us our day, whether or not we’ve got
wind clouds. . . and they tell us what we’re doing and how we’re
gonna do it.” While these statements focus on weather and not
climate, some producers also relied on their own observations
to anticipate months in advance. This producer described a
phenomena that several others mentioned:

Be honest with you, as unscientific as this sounds, my grandfather

and dad both believed really strongly in the old forecasts. I don’t

live on them, but I keep track of them. . . 90 days from fog, there’s

something gonna come through. It may not give you anything, but

you’re gonna have a system coming through.

Other producers explained that they relied on official forecasts
and on their own experiences, saying “My own experiences, some
science thrown in there. I’ll mix it up in a bowl, and a little bit of
prayer, and away you go.”

DISCUSSION

Previous research suggests that climate information is
underutilized by agricultural producers (Hewitt et al., 2012;
Mase and Prokopy, 2014; Tall et al., 2014; Vaughan and Dessai,
2014; Haigh et al., 2015; Davis et al., 2016). Our findings suggest
that climate information is often produced at spatial scales
that are too large and temporal scales that are too long to be
useful for producers. With regard to spatial scale, producers
emphasized that local conditions are highly variable due to
landscape diversity and micro-climates, and that variability
is not captured in climate information at the county, climate
zone, or other aggregated scales. They suggested that climate

information at the farm or ranch-scale (or even smaller scales)
would be more useful. Similarly, past research with federal
land managers and municipal managers found that lack of
information at relevant spatial scales was a barrier to climate
adaptation (Archie et al., 2014).

While the literature examining spatial scale and the utility
of climate information is somewhat limited (existing studies
include Dunne et al., 2015; Reeves et al., 2015), a closer look
at climate information for Montana illustrates the challenges
of representing variation at spatial scales relevant to producers.
The Montana Climate Assessment presented mid-century and
end of century climate projections for seven climate divisions
as defined by NOAA’s Climate Prediction Center (Figure 1A).
These domains were selected to present a first look at broad
trends in Montana’s climate future. Spatially, these large areas
attempt to capture regional variability in climate patterns, and
bound that variability by political divisions (usually, county
borders). However, this scale of climate data does not resolve
the local climatological variation within each climate division
due to differences in topography, vegetation, and land use. For
example, the climate divisions intersect hydrological watersheds
(Figure 1B), which are relevant for producers who are dependent
on irrigation from snowpack and upstream sources. However,
the availability of irrigation water in Choteau (where most hay
production is irrigated) bears little relationship to the amount
of precipitation available in Chester (where most farms are
rainfed), even though they fall within the same climate division.
While the current climate division model is imperfect, there
are tradeoffs associated with downscaling to the farm/ranch
or field scales that producers want. For example, Sayre (2017)
concludes that scientific efforts to characterize variation across
western rangelands through more intensive measurements only
documented more variation, making it even more challenging to
describe that variation.

When considering the temporal scale of climate information,
our findings suggest that short-term weather forecasts and
seasonal climate forecasts are more useful to producers than
mid-century projections, in part because shorter timeframes were
perceived to be more accurate. Further, producers did not find
mid-century climate projections to be particularly useful for
present-day decisions. This is consistent with research on climate
adaptation outside of the agricultural arena, where multiple
studies have found that individuals and organizations have a
difficult time taking action now in preparation for future climate
impacts, despite evidence that proactive, anticipatory adaptation
is important (Biesbroek et al., 2011; Simonsson et al., 2011).
Biesbroek et al. (2011) suggest that short-term nature of decision-
making prevents end-users from envisioning the relevance of
mid to end-of-century climate projections for more immediate
decisions. Finally, in our study, producers also mistrusted mid-
century projections because they linked them to a broader
politics of climate change. Further, perceptions of accuracy
and the politics of climate information influenced views on
source credibility, suggesting an important interaction between
temporal scale, accuracy, and trust.

Our findings are consistent with Dunne et al. (2015) in
suggesting that shorter temporal scales might be more useful
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to producers. Previous research and our study suggest a large
unmet need for usable climate forecast information that occurs
from months to decades and at farm scales. This represents
a “grand challenge” for climate scientists and organizations
that aim to provide “usable” climate information (National
Research Council, 2012). Currently, climate scientists must
balance the need for high resolution climate information with
the limitations of current model’s ability to represent small-scale
processes, increased computational expenses, and the inherent
uncertainties of current climate modeling methodologies at
higher spatial resolutions (see e.g., Flint and Flint, 2012).
Said simply, climate scientists cannot downscale projections
beyond a certain scale because these projections would convey
false precision and process representation, thereby resulting
in poor decisions. The contribution of local variability (e.g.,
topography, land use, vegetation) to uncertainty in modeled
climate forecasts is expected to increase at smaller scales and
as shorter decadal or multiannual time scales are considered
(Giorgi, 2002). In addition, downscaled climate models cannot
characterize the multitude of important processes that inform
producers’ decisions at the farm scale (e.g., distributed soil
moisture, crop specific growth responses, or seasonal drought
onset or cessation). This additional level of prediction requires
the coupling of downscaled climate model outputs with high
resolution earth systems models that are able to represent the
dynamic interactions of the water and carbon cycles (e.g., Maneta
and Silverman, 2013).

Significant research is currently underway to develop
improved statistical and physically based seasonal forecasts with
longer lead times as well as decadal climate forecasts. However,
there has been limited progress in terms of improving existing
lead times and reducing uncertainty at finer spatial resolution
(Weisheimer and Palmer, 2014; Murphy et al., 2016). Current
approaches that show promise include combining climatemodels
with observations of surface and ocean meteorology and satellite
derived observations to better constrain the forecast models. As
one example, distributed earth systems models that incorporate
climate data associated with sea surface temperature oscillations
(e.g., ENSO, the Pacific-Decadal Oscillation) and projections of
anthropogenic forcing have shown promise with lead times from
10- to 45- months (Chikamoto et al., 2017). We encourage the
forecasting and model development communities to continue
the upward trajectory of precipitation and temperature forecast
prediction skill. Continued improvements in these forecasts may
provide producers with the early warnings that are necessary to
implement proactive adaptation strategies.

While producers appear to prefer smaller spatial scales,
previous studies indicate that different types of producers
and different decisions require climate information at different
temporal or spatial scales. For example, large-scale seasonal
climate forecasts may be useful for rancher decisions about
livestock stocking rates (Reeves et al., 2015). However, a dryland
wheat farmer may need weather and soil conditions at a
very local scale (e.g., a particular field or operation). And
an irrigated hay producer may need information about water
availability for irrigation as indicated by local stream gauges,
regional reservoir capacities, and watershed-scale snowpack

information. Thus, the appropriate spatial and temporal scale
may differ depending on the specific decision context, including
the type of end-user and the decision being made. This is
consistent with research on federal land managers and municipal
managers, which found that the former preferred climate
information at much larger spatial scales as compared with
the latter (Archie et al., 2014). Additional research on the
scale required for different types of agricultural decisions is
critical to improving the utility of climate information for
agricultural producers.

Additionally, climate information providers should consider
which scales are useful to other types of agricultural end-users.
For example, agricultural advisors (crop advisors, extension
agents, and private consultants) play an important role as
knowledge brokers and boundary spanners, and are largely
understudied (Prokopy et al., 2015). In a study of crop
advisors, Lemos et al. (2012) found that advisors who were
more concerned about long-term climate risks were more
likely to provide climate information to producers, suggesting
again that the decision-context, in this case the perceived
temporal scale of risk, influences the relevance of climate
information. Programs that engage advisors in learning about
the utility of climate information could position them to more
effectively communicate the relevance of that information to
agricultural producers (Prokopy et al., 2015). As boundary
spanners, advisors can also communicate the needs of producers,
including needs related to temporal and spatial scale, to climate
information providers.

Policy-makers and government agencies focused on
agriculture might also be able to utilize climate information
at longer temporal scales and larger spatial scales. Policies
to support agricultural adaptation to climate change, as
recommended by the National Sustainable Agriculture
Coalition (2019), will need to address short-term and long-
term needs, and support programs that help producers
proactively adapt to changing conditions. Government agencies
such as the USDA Climate Hubs and the Natural Resources
Conservation Service can help producers connect climate
information at longer and larger scales to more immediate
decision-making.

Given the different needs of specific end-users, engagement
with and feedback from producers and other agricultural
end-users is important to make climate information more
useful and relevant. Collaboration between producers of climate
information and end-users not only increases the use of that
information in decision-making (Jones et al., 2015; Soares and
Dessai, 2016), collaborative approaches have also been found to
increase understanding of climate information (Cliffe et al., 2016)
and trust in the scientists producing that information (Pannell
and Vanclay, 2011). Meaningful engagement between climate
information providers and intended end-users can help address
issues of temporal and spatial scale, and the tradeoffs between
scale and uncertainty. More broadly, this kind of engagement
can help climate information providers understand what type of
information is useful in which contexts, since utility will depend
in part on the type of agricultural operation and the specific
region of the world.
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CONCLUSION

As recommended above, climate information providers can
work with end-users to better align the temporal and spatial
scale of climate information with the needs of decision making,
with attention to the ways that different types of decisions
and decision-makers, from producers to crop advisors, require
different scales. Our findings suggest that, for producers,
climate information that focuses on shorter time scales (i.e.,
short term weather and seasonal climate forecasts) at time
intervals that align with key decisions for producers will be
more useful in decision-making. Producers also indicated that
climate information that captures local biophysical variability
is more valuable than large scale (e.g., regional, climate zone)
information. However, climate information providers need
to be attentive to the model limitations outlined above, as
some of the information that producers need is currently
difficult to produce with adequate precision. Further, more or
better information alone is unlikely to address the widespread
underutilization of climate information. Adaptation decisions
are embedded in a complex decision context of interacting
social, cultural, political, and environmental process, and climate
information interacts with this complex decision context. Thus,
we need a better understanding of how climate information
interacts with a range of enabling and constraining factors,
from local social norms, to access to financial resources, risk
perceptions, and local knowledge. Perhaps paradoxically,
we need to go beyond climate information to better
understand how this information can be better integrated into
adaptation decisions.
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