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ABSTRACT

Most countries lack effective policies to manage climate risks, despite growing concerns with climate

change. The authors analyzed the policy evolution from a disaster management to a risk management ap-

proach, using as a case study four agricultural droughts that impacted Uruguay’s livestock sector in the last

three decades. A transdisciplinary team of researchers, extension workers, and policy makers agreed on a

common conceptual framework for the interpretation of past droughts and policies. The evidence presented

shows that the set of actions implemented at different levels when facing droughts were mainly reactive in the

past but later evolved to a more integral risk management approach. A greater interinstitutional integration

and a decreasing gap between science and policy were identified during the period of study. Social and po-

litical learning enabled a vision of proactive management and promoted effective adaptive measures. While

the government of Uruguay explicitly incorporated the issue of adaptation to climate change into its agenda,

research institutions also fostered the creation of interdisciplinary study groups on this topic, resulting in new

stages of learning. The recent changes in public policies, institutional governance, and academic research have

contributed to enhance the adaptive capacity of the agricultural sector to climate variability, and in particular to

drought. This study confirms the relevance of and need toworkwithin a transdisciplinary framework to effectively

address the different social learning dimensions, particularly those concerning the adaptation to global change.

1. Introduction

Understanding and responding to drought is one of

the most critical challenges of decision-makers world-

wide. Most countries have growing concerns about

impacts of climate change, including the expected in-

creases in drought frequency, intensity, and duration.

However, almost every country in the world still lacks

the planning and effective management policies to ef-

fectively deal with droughts (Sivakumar et al. 2014).

Governments’ actions often take place after a drought

event, with interventions focused on providing support

for emergencies. This reactive or disaster response ap-

proach may involve lending money (credit) or waiving

or rescheduling tax payments, which can increase the

vulnerability to future droughts by reducing autonomyCorresponding author: V. Picasso, picassorisso@wisc.edu
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and increasing the farmers’ dependence on government

organizations and donors (Wilhite et al. 2014). An al-

ternative approach is the proactive development of risk

management government programs that ultimately aim

at reducing vulnerability to droughts (Wilhite 1993) and

induce changes in resource management practices to

reduce systems’ fragility (Taleb 2012). The proactive

approach includes monitoring and early warning sys-

tems capable of delivering useful and timely informa-

tion for decision-making (Wilhite 2000; Pulwarty and

Sivakumar 2014), effective procedures for assessing

impacts, proactive measures for risk management, suit-

able planning in advance of droughts, and emergency

response programs (Sivakumar et al. 2011). This paper

aims to contribute to the understanding of the process of

changing from a reactive to a proactive policy approach,

based on a successful case study.

Although droughts affect more people than any other

natural hazard, they remain one of the most difficult

phenomena to quantify objectively (Vicente-Serrano

et al. 2012). Droughts can become a disaster depending

on their impact on the local population, the economy,

and the environment. The effects of droughts are espe-

cially important in regions that economically rely on

agriculture (Vicente-Serrano et al. 2015). In Uruguay,

for instance, agricultural droughts greatly impact

livestock production, which generates the largest pro-

portion of exports and employs the majority of small-

and medium-scale farmers (Bidegain et al. 2013) and

therefore call for policy and economic interventions.

Furthermore, drought-management increase require-

ments on information fosters the link between academia

and public policy, and to develop collective learning to

deal with the next event more efficiently. Although no

trends have been found in the frequency of droughts in

Uruguay (Cruz et al. 2014; Bidegain et al. 2013), the

perception of agronomists and livestock farmers is that

droughts have increased in intensity and/or frequency

recently (Lindemann et al. 2013). We could explain this

perception by multiple interacting factors: the rise in

potential evapotranspiration due to increased temper-

ature (Bettolli et al. 2010; Giménez 2006), variations in
the composition of livestock stock, changes in land use

increasing stocking rates, and increase in land values and

livestock prices, which affect farmers’ expectations and

production decisions. The system in which a drought

occurs is the result of multiple processes operating at

different scales and affecting various elements (e.g.,

water, pasture, livestock, people, and social and economic

changes) simultaneously. We, therefore, analyze a

number of factors, such as biophysical, productive,

socioeconomic, organizational, and political, that

by themselves or through interaction have generated

reactions and knowledge about the agricultural droughts

in Uruguay.

The growing understanding of the complexity of en-

vironmental problems and humans’ role in shaping the

global environment (Clark et al. 2005) has increased the

awareness that scientific, social, economic, and political

systems are linked. Recognizing all challenges to adapt

to new ‘‘knowledge-based realities’’ requires paying

attention to institutional learning, networking, and ad-

aptation (De la Mothe 2003). The application of the

social learning approach applied to natural resource

management attempts to capture its essentials, which

occur at various levels (Pahl-Wostl et al. 2007); such is

the overarching framework in this article. Promoting

social learning requires an emphasis on the process of

developing options and different interest groups and

relates to the actors’ abilities to manage natural re-

sources effectively (Tippett et al. 2005). From an adap-

tive risk management perspective, policies can be

viewed as experiments whose results provide new op-

portunities to learn from and thus improve subsequent

decisions (Lee 1999). Adaptive management is an iter-

ative step-by-step process in which policies are not

permanent but represent opportunities to learn and

adjust. The ability to maintain information and partici-

pation flows between science and decision-makers in the

public and private sectors (i.e., ‘‘iterativity’’) is central to

successful science-policy coproduction models (Lemos

and Morehouse 2005). Consequently, we focus on the

iterative changes in the science-policy interface when

analyzing the temporal evolution of four agricultural

droughts that impactedUruguay’s livestock sector in the

last three decades.

In summary, the goal of this paper is to explore if and

how there was a shift in the policy approach to deal with

droughts from disaster response to risk management.

We do so, based on the case study of the livestock sector

in Uruguay, where actions, research, and policies

evolved over three decades. Our aim is to provide in-

sight into the multilevel system processes, highlighting

the importance of the science–policy interaction.

2. Approach

The problem of agricultural drought is complex

(temporally and spatially multiscale and cross sectorial)

and requires a transdisciplinary approach to set a com-

mon framework and to define the research problem,

increasing the amount of useful and relevant results

(Young et al. 2014). The transdisciplinary approach that

includes collaborations between academic and non-

academic actors demands a change in the way scientists

and decision-makers carry out their work, allowing us to
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reach possible solutions for real problems and to make

commitments.

By transdisciplinary approach we mean to work be-

yond the domain of disciplinarity, creating new path-

ways to the production of scientific knowledge that

transcends the formalism of a discipline and/or by pro-

moting and managing integrative collaborations be-

tween academia and other stakeholders (e.g., local

communities and/or policy makers) as part of the sci-

entific work (Young et al. 2014). In this study, the overall

approach to the problem of agricultural drought was

built collectively, incorporating diverse views of the

problem, and to formulate the research questions by

trying to build a process of interpretation through which

‘‘people construct and express what givesmeaning to the

world around them’’ (Gray 2003).

This study is part of the transdisciplinary project titled

Transferring Climate Knowledge in the Science–Policy

Interface for Adaptation to Drought in Uruguay

(Brasesco et al. 2014), which includes members of the

Uruguayan and inter-American academia and represen-

tatives of Uruguayan government entities. The members

of the working group are from Uruguay, the United

States, Brazil, and Argentina. It includes the participa-

tion of various universities: Rio Cuarto University,

Buenos Aires University, Federal University of São
Paulo, University of Miami, Columbia University,

University of Wisconsin, University of the Republic of

Uruguay (UdelaR), and the Uruguayan National Agri-

cultural Research Institute. Outside-academia entities

from Uruguay, such as the Ministry of Livestock, Agri-

culture and Fisheries (MGAP), the Meteorology Na-

tional Institute (INUMET), and the National Climate

Change Response System (SNRCC) participate as pol-

icy informants, while theUruguayan Extension Institute

(IPA) is involved as farmers’ reference. All the partici-

pants have extensive experience in their field, either as

government officials, agriculture extension advisors, or

researchers. The team consists of 12 agronomists, 4 an-

thropologists, 2 biologists, 1 meteorologist, 1 engineer, 1

political scientist, and 1 architect.

The work of the transdisciplinary team was in-

tentionally designed as a coproduction of knowledge.

According to the systematization presented in Meadow

et al. (2015), the working method was the consultation

mode. This means that there were interactions between

the scientists and stakeholders at certain stages of the

investigation, although these interactions were not

necessarily permanent throughout the process. We ob-

tained farmers’ perceptions through the perspectives of

the extension agents involved in the project (two

agronomists from IPA), some farmers’ interviews, and

the participation of some farmers in workshops of the

project. The coproduction method matches what

Meadow et al. (2015) call a ‘‘rapid assessment process,’’

which uses research to solve real-world problems. In this

method of coproduction, stakeholders’ input can be fa-

cilitated or filtered through a social scientist or other

members of the research team that can act as ‘‘trans-

lators of science.’’ The rapid assessment process of

coproduction requires covering two fundamental

principles: data triangulation and iterative analysis. In

this regard, multiperson data collection, such as docu-

ments and field data from interviews with livestock

farmers (the latter collected mostly by graduate stu-

dents), allowed us to homogenize the knowledge of all

the participants and to have a more holistic compre-

hension of the problem. We conducted four project

workshops over two years, each lasting three days.

Workshops provided opportunities for all project

members to meet face to face to reinforce the in-

terrelationships, while new participants joined to fill

knowledge gaps and fulfill additional tasks. The work-

shops were attended by participants coming from dif-

ferent entities and disciplines who made presentations

about historical and conceptual issues or provided up-

dates on technologies (i.e., soil water monitoring) and

the dissemination of this information. Through discus-

sion sessions, we debated and generated methods to

achieve our objectives. Many other meetings and semi-

nars also took place using different forms of communi-

cation (face to face, virtual) and were carried out with

the participation of some of the team members’ de-

pending on the addressed task.

Owing to the negative impacts of droughts, the de-

mand for information and research increased in the last

decades. This stimulated the link between academia and

the political sector, and to a lesser extent with the

farmers, developing collective learning to deal better

with the next event. We can find this kind of process

within the social learning framework, which it develops

in cycles of loop learning (Fig. 1). Single-loop learning

refers to an increased improvement of action strategies

without questioning the underlying assumptions. Double-

loop learning refers to revising those assumptions

(e.g., about cause–effect relationships) within a value-

normative framework. In triple-loop learning we re-

consider underlying values and beliefs, different ways

to see the world, and if assumptions within one type of

view would not hold anymore (Pahl-Wostl 2009) (Fig. 1).

Different rules mediate social changes or group re-

actions to ecological or socioeconomic problems. An

enforced system of norms that set up routines and in-

centives that shape and limit peoples’ preferences and

behavior structures the behaviors of political systems

and groups, just like any other human culture. These
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norms are a form of collective memory, that is, a method

to integrate experimental knowledge over a time span

that is longer than a person’s lifetime (Beratan 2007).

Consequently, the involvement of the different entities

related to the problem of droughts is very important to

our study case. The people who represent these entities

in this study are ‘‘impregnated’’ with the collective

knowledge of their own organization. In our team, each

person ‘‘negotiated’’ with other people with different

knowledge and institutional culture to reach a collective

agreement on the vision of the problem. ‘‘People’’ and

‘‘organizations’’ are not static, as they interact over time,

creating a dynamic process in relation to this exchange of

knowledge (Meagher et al. 2008). Considering all of the

abovewe ensured that our planning includedworking with

various entities and organizations from the beginning.

The progression and magnitude of the changes that

occurred in the last three decades deserve a discussion in

terms of collective learning and the ways in which these

have been achieved. Uruguayan public entities did not

have opportunities to tackle the problem of rural de-

velopment in a systematic way. The new policies in-

cluded more social participation, as well as the political

and academic commitment to adapt to climate change

and its variability, which generated new forms of di-

alogue. The social learning approach applied to natural

resources management attempts to capture the essen-

tials of social learning processes (Pahl-Wostl et al. 2007)

(Fig. 1). In this sense, the creation of interinstitutional

working groups through the initiative of the Ministry of

Agriculture was a strategy that encouraged interactions

among several social actors and policy makers. Specifi-

cally, we chose to work in ‘‘early warnings for livestock

production systems,’’ which was one of the most actively

involved topics, with agricultural droughts being the

predominant theme in the exchanges. Several networks

have emerged from the meetings on early warnings for

livestock production systems, updating on policy ac-

tions, research results, and concerns about unresolved

issues. Pahl-Wostl (2009) describes change as a social

phenomenon, where collective learning evolves in a

gradual way and informal networks play a crucial role in

it. Our team is one of these networks, described as an

informal or adaptive network. Adaptive networks are

groups of people coming from different backgrounds,

who interact and develop ideas that influence other

sectors, for the benefit of everyone (Nooteboom 2006).

The ideas that emerged in those different backgrounds

can evolve separately, but if there are connections, they

can influence each other. Adaptive networks con-

sciously try to align the sectors and, in particular, those

linked to government, which are characterized by fos-

tering the process of innovation and social learning

(Pahl-Wostl 2009).

Within this framework, our approach followed these

steps:

1) Identification of the problem of study—response to

droughts of public policies, academia and farmers

2) Conformation of a transdisciplinary team, integrat-

ing relevant disciplines and social actors based on the

existing adaptive networks

3) Conceptual discussion and agreement of the defini-

tion of drought, based on a model of social learning

suitable for our case

4) Description of four cases of historic droughts in

Uruguay, through a transdisciplinary discussion,

which provided empirical information for a collec-

tive reflection

FIG. 1. Sequences of social learning cycles and applications to drought management. Adapted from Pahl

Wostl (2009) and Lavell et al. (2012).
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5) Discussion of the pattern of response and collective

learning about adaptation to agricultural drought

3. Analysis of four recent agricultural droughts in
Uruguay

Because of the magnitude of their impacts, we chose

four major drought events for this analysis: 1988/89,

1999/2000, 2008/09, and 2015. The events selected had

great socioeconomic nationwide impacts and span

over a period in which major changes occurred in the

agricultural, political, and academic sectors. We did not

include other events of minor water deficiencies within

the study period because they did not have impacts as

great as those selected.

We focus our analyses on the livestock sector, since it

is the most important economic agricultural sector in

Uruguay (Piedrabuena Perdomo et al. 2011). More than

90% of livestock production in Uruguay is based on

grazing native grasslands that occupy more than 65% of

its land. Livestock systems have intensified during the

last 30 years. Beef cattle graze year-round on native

grasslands, improved pastures with legumes, and seeded

mixed pastures of grasses and legumes (leys). Cow–calf

systems breed heifers at around 2.5 years of age, and

calves are weaned at 6 months of age and 130 to 150kg,

with a national weaning rate between 63% and 70%

(Piedrabuena Perdomo et al. 2011). Backgrounding and

finishing of steers (up to 550 kg) is usually done on native

grasslands and seeded pastures, and recently 10% of the

steers were finished in feedlots (Picasso et al. 2014).

Sheep stocks reached 25 million in 1990 and declined to

6.6 million in 2015 mainly owing to the decline in in-

ternational wool prices. Beef cattle population was

8.6 million in 1990, and it increased to 12 million in the

same period (INAC 2016).

This section describes and analyzes the characteristics

of each of the mentioned droughts, including impacts

(economic, financial, and ecological) and social re-

sponses (government, academia, and farmers) and con-

sidering the specific context in which each event

occurred. We adopted a chronological approach to the

analysis to explicitly show the accumulation of policy

interventions and the evolving learning process. Table 1

summarizes all the information described in this section.

a. The 1988/89 drought

The drought of 1988/89 was very long (16 months) and

intense during winter, spring, and summer. It affected

the whole country (Caffera et al. 1989) (Fig. 2), and, in

addition to the agricultural sector, it severely affected

other sectors of the economy (e.g., generating problems

in the generation of hydroelectric power). This event

raised awareness of droughts even among the urban

population, especially due to scheduled electricity out-

ages (needed to ration hydroelectric power). Changes in

the beef cattle and sheep stocking rates are reflected

in the reduction of the sheep/cattle ratio presented in

Table 1. In 1988 the stocking rate, which refers to the

number of animals in livestock units per hectare

(LUha21), was the highest for the entire period con-

sidered in this paper (.0.75LUha21; Table 1). Using

livestock units allows us to compare different animal

species and categories considering the differences in

forage or food consumption (Saravia et al. 2011). Sheep/

cattle ratio has been associated with lower robustness of

livestock farmers to drought (Picasso et al. 2011).

At the time of this drought, there was no strategy for

management of climate risk in Uruguay. The govern-

mental response to the 1988/89 drought was reactive,

allowing exports of live animals and extending credit

lines to producers. Upon the occurrence of the drought,

the weather information available to support decisions

in the agricultural sector was basically rainfall data col-

lected at meteorological stations operated by INUMET

(formerly National Directorate of Meteorology; Table

1), which at that time was housed in the Ministry of

National Defense. Considering the statistical analysis of

rainfall since 1950, this drought was the most severe in

the last decades (Caffera et al. 1989). These authors

pointed out the need for interdisciplinary work aimed at

the evaluation of the socioeconomic and ecological im-

pacts of droughts and suggested recommendations for

improving the monitoring of the climate system, de-

veloping climate forecasts, and strengthening university

education in meteorology (Caffera et al. 1989). This is

referred to as the UdelaRReport in Table 1. Indeed, the

development of a university group specialized in atmo-

spheric science can be traced directly to the impact of

the 1988/89 drought. The prospect of seasonal climate

prediction, particularly associated with the ENSO phe-

nomenon, first became known with the initial publica-

tions of the global impact of ENSO (Ropelewski and

Halpert 1987, 1989).

Severe production losses and high mortality of ani-

mals occurred because of the 1988/89 drought. More-

over, this event contributed to the degradation of native

grasslands due to the high sheep stocking rate (sheep can

eat shorter grasses) and overgrazing.

Initially, this drought affected mainly northern Uru-

guay. Accordingly, some farmers from the southern part

of the country (who still had fodder available) took the

opportunity to buy cheap cattle and sometimes even in

exchange of hay bales for animals with ranchers from

the north. The majority of the area with shallow soils is

located in the north of the country, and thus it is one of
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the most sensitive areas to drought, although there are

rocky outcrops in the southeast and a ‘‘mosaic’’ of soils

from different depths throughout the country. Droughts

were considered as a low-frequency climatic phenome-

non at this time (Baethgen andGiménez 2002), but even
now people remember it as the most important climatic

event of the second half of the twentieth century.

b. The 1999/2000 drought

A spring–summer agricultural drought occurred in

1999/2000. This event affected mostly the north and

center of the country (Table 1 and Fig. 2). The economic

consequences of the previous drought (1988/89) in terms

of farmers’ debt and decapitalization were still evident.

While the 1999/2000 drought was relatively short-lived,

estimated losses reached about 1%of the national GDP.

By 1997, the first Regional Climate Forum for Southeast

South America (RCOF-SESA) was held in Uruguay, fos-

tering collaborative academic exchanges. The National

Institute of Agricultural Research (INIA) launched an in-

ternational research project to evaluate the impacts of

El Niño–Southern Oscillation (ENSO) on agriculture

(Baethgen et al. 2016) and to develop relationships with the

International Research Institute for Climate and Society

(IRI) of Columbia University. In 1998, a new technical

group from INIA started developing the capacity to use

new tools (remote sensing, GIS, and GPS) and sub-

sequently created theUnit ofAgroclimate and Information

Systems (GRAS) in 2003 (INIA 2016). MGAP created the

Drought Commission before this particular drought.

During this event, seasonal climate forecasts were, for the

first time, regularly analyzed by the agricultural sector,

although they were not considered to make decisions.

The Drought Commission was later replaced by the Na-

tional Emergency System (Baethgen and Giménez 2002;
Table 1). The first government regulation on climate risks

issued in 1995 was the creation of the National Emer-

gency System in the Office of the President, in order to

‘‘address situations of emergencies, crises and disasters

of exceptional character, which affect or may affect

the country severely’’ (UN-ISDR 2011, p. 10). This

constitutes a key step in the institutionalization of the risk

management approach in the Uruguayan government.

During the 1999/2000 drought, the Ministry of Agri-

culture and the National Emergency System prioritized

their aid based on satellite information [normalized dif-

ference vegetation index (NDVI)] provided by an INIA

GRAS-International Soil Fertility and Agricultural De-

velopment Center (IFDC) project (INIA GRAS has a

letter from a former Minister of Agriculture explaining

how they used their data to objectively prioritize aid).

This is an important landmark since it was the first time

that an objective approach and this type of tool were used

in Uruguay for prioritizing responses to an emergency.

The impacts of the 1999/2000 drought on production

were quite variable at the farm level: farms that worked

with well-adjusted stocking rates, and therefore had

more available forage, suffered less damage. On aver-

age, the stocking rates and sheep/cattle ratio decreased

in the period between the two droughts, mainly due to

the reduction in the sheep stock (Table 1). Although

during this period there was an increase in the area

FIG. 2.Main impact areas for the four droughts discussed inUruguay: (a) 1999/2000, (b) 1988/89

and 2008/09, and (c) 2015.
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covered by improved grasslands (fertilized and/or

overseeded with legumes) and sownmixed pastures, this

development was not enough to meet animal feed re-

quirements during the drought. Until then, and espe-

cially among small-scale farmers, sale of animals was the

only alternative to overcome a drought, with the con-

sequent loss of capital for the farmer. This situation was

common during the 1999/2000 drought, although public

policies to supply feed attempted to prevent unprofit-

able livestock sale (Table 1). Another farm-level man-

agement practice to alleviate the effects of the drought

was the implementation of ‘‘calf hotels’’ (e.g., in the

center of the country, led by a group of rural women and

youth; De Grossi 2000). These calf hotels were places

(either private or community property) where calves

were taken and fed after weaning. This allowed cows to

stop lactation, thus reducing forage requirements and

allowing animals to reach a more adequate body con-

dition for the next gestation (the economic production

objective is to obtain one calf per cow per year, as ges-

tation lasts 9 months). In extreme situations, calf hotels

at least allowed cows to remain alive. This early weaning

technique allowed the little forage available to be dis-

tributed in a better way among the animals that re-

mained on the farm. Subsequently, grown calves were

taken back to the farm to continue their backgrounding

and finishing processes and to be sold when they had

achieved the target weight for meat processing plants

(male calves) or for replacement of cows (female

calves). Initiatives to establish calf hotels after the 1999/

2000 drought included technical assistance from the

Livestock Extension Service [Instituto Plan Agro-

pecuario (IPA)], INIA, MGAP, and the local-level

drought commissions. This was one of the first experi-

ences in which a public/private articulation was put

into practice. At the time of this drought, research in

Uruguay (from UdelaR and INIA), had already dem-

onstrated that early calf weaning improved the weaning

rates of cattle farms (Soca and Orcasberro 1992; Soca

et al. 1992; Lacuesta et al. 2000). This practice, together

with other low-cost practices could improve the cattle

reproduction index, a major cause of low production

efficiency in the cow-calf system in Uruguay (Pereira

2003).

c. The 2008/09 drought

A severe agricultural drought affecting all of Uruguay

(Fig. 2), occurred during the spring of 2008 and summer

of 2009. This event, however, took place in a very dif-

ferent context from the drought of 1999/2000. In-

ternational prices of beef had increased, which was very

favorable to Uruguay, a meat-exportation country.

There was also a new political context: for the first time

the Uruguayan government was in the hands of a left-

wing party, different from the two traditional parties

that historically had governed the country (Table 1).

The economic impacts of this drought were well studied

and direct agricultural losses reached about 3% of GDP,

although the estimated total losses (direct and indirect)

for the Uruguayan economy tripled that value

(342 million U.S. dollars in the agricultural sector and

1026 million U.S. dollars for the entire economy; Paolino

et al. 2010). Moreover, employment was also reduced

(Paolino et al. 2010). The causes of these ‘‘spillover ef-

fects’’ over the entire economy are explained by the lower

supply of steers for fattening and heifers for sale in the

two years following the event, given the decrease in

calves’ weaning rates due to the drought (Paolino et al.

2010). This affected the entire beef production chain and

associated services. Locust invasions arose in association

with this drought (Table 1), a combination that had been

reported during droughts occurring at the beginning of

the twentieth century (Bertino and Tajam 2000).

To respond to the emergency, the government created

an Agricultural Emergency Fund (AEF) (Poder

EjecutivoUruguay 2008), which empowered theMGAP

to support the most affected farmers. To access the

AEF, the MGAP must declare an agricultural emer-

gency. An agricultural emergency is an emergency re-

sulting from any extreme climatic, animal health, or

phytosanitary event that causes economic losses not

recoverable in the agricultural year and that decisively

affects the viability of the farmers of a region or sector

(Poder Ejecutivo Uruguay 2008). The MGAP defined

the characteristics of the beneficiaries, the form of re-

imbursement (e.g., feed supplements are partly re-

imbursable), the geographical areas covered, and the

period for which the agricultural emergency is in effect.

Another public policy implemented was the creation of

the Family Farmers’ Registry (name given to the most

vulnerable farmers according to farm size and income

criteria defined by the Ministry), allowing them to

qualify for specific prioritized public policies. Further-

more, Rural Development Boards were created as an

instrument of public policy, consisting of decentralized

structures of public and private participation at the local

level (UDC 2007). Since 2002, the MGAP began to

promote the development of agricultural insurance to

help manage climate risks (Vila 2002). Additionally, al-

most immediately after the drought was receding, though

its impact was still evident, the president created the

National Climate Change Response System (SNRCC), a

new entity to address the impact of climate variability and

change in Uruguay (SNRCC 2009) that constituted an-

other major step in the institutionalization of climate risk

management in the country. The SNRCC soon prepared
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the National Plan to Respond to Climate Change, which

included recommendations for the agriculture sector.

In the scientific/technological dimension, methodol-

ogies and technologies of automatic and satellite envi-

ronmental monitoring were applied in the agricultural

research community to inform public policy decisions.

GRAS-INIAprocessed informationonagrometeorological

variables, including monitoring of water balance and

vegetation status coming from satellite images (using

the NDVI). INUMET provided rainfall information in

real time, and working with UdelaR, they produced

quarterly climate forecasts, incorporating the influence

of ENSO in the region. The Ministry of Agriculture

used all this information to decide when to declare

agricultural emergency and the geographical areas that

were included. Regarding universities, in UdelaR’s

School of Agriculture (Facultad de Agronomía), a

small group of researchers started research funded by

international grants [Inter-American Institute for

Global Change (IAI)] focused on the climatic vulner-

ability of livestock in native grasslands (Cruz et al.

2007; De Torres et al. 2007; Bettolli et al. 2010). This

work fostered interactions with the IPA, INIA, and

MGAP, facilitating the exchange of ideas and stronger

coordination of activities. At the end of 2009, the In-

terdisciplinary Center in Response to Climate Change

and Variability was created within UdelaR with the

objective of providing academic foundations to the

development of a national strategy to respond to cli-

mate variability and change in natural, social, and

production systems, as well as creating relevant in-

terdisciplinary knowledge (Astigarraga et al. 2009;

Picasso et al. 2013). Initially, the center involved agri-

cultural researchers, but it was later expanded to in-

clude researchers from other disciplines such as

anthropology, ecology, engineering, law, international

relations, and economics (Cruz et al. 2013). UdelaR

opened a Bachelor’s Degree in Atmospheric Sciences,

the first in the country, which was led by the research

group created in the aftermath of the 1988/89 drought.

In the private sector, farmer associations collaborated

with the internal distribution of animal feed during the

emergency, while IPA and INIA held meetings to train

farmers in the use of feed (e.g., how to train grazing

animals to consume grain feed). The provision of animal

feed already had been implemented during a shorter

drought in 2004/05 in the northwest region of Uruguay.

The practice of establishing calf hotels, initiated in the

1999/2000 drought, had partially contributed to adoption

of early weaning. However, these low-cost management

practices still were not well knownbymost farmers, which

could explain the low adoption levels. It could be argued

that most farmers did not perceive a problem of

reproductive efficiency in their farms at the time. The

powerful influence of climate on pregnancy strengthened

the perception that in a good year there would be a higher

production of calves and that the opposite would happen

under adverse conditions (Pereira 2003). Soca et al.

(2007) stated that the availability of these low-cost man-

agement practices was relatively recent and that the

proper promotion of the available tools had not yet been

solved (Saravia and Gómez 2013).

d. The 2015 drought

The drought of 2015 was longer andmore intense than

other events, presenting some unique characteristics. It

occurred during fall and winter (a normally wetter pe-

riod) and, unlike previous droughts, it did not include

the spring. The most affected regions were the east and

south of the country, with no significant effects in the

northern region (Fig. 2). In addition, this drought was

not associated with an ENSO event and thus showed

little predictability. Most of the decision process was

driven by monitoring and weather forecasts but not by

climate forecasts. The political context was similar to the

previous period, and the international export prices of

beef remained high (Montes 2009; Table 1).

Since 2010, the Ministry of Agriculture had been

evaluating the feasibility of designing index insurance to

cover impacts of droughts on natural pastures in the

spring–summer period, in order tomitigate the effects of

extreme droughts on breeding stock. This study was

supported by the World Bank during 2011–13. Also,

insurance policies based on the NDVI were designed

building on experiences from other countries (Spain,

United States, Mexico) and on the availability of satel-

lite data for Uruguay. Currently, this insurance program

is in a pilot phase for regions with a high proportion of

livestock farmers that are vulnerable to droughts

(Methol and Mila 2015). During the 2015 drought, the

policy response to the emergency operated in an artic-

ulated and progressive manner, thanks to the real-time

availability of agrometeorological information and to

the fact that the AEF was in place. There was also an

updated Registry of Family Farmers, the actual benefi-

ciaries of this policy. The agricultural emergency status

was declared at three different times, each time

including a new region. Emergency declarations were

based on agrometeorological data, weather forecasts,

and reports of forage availability by farmer organiza-

tions. The National Emergency System (SINAE) also

participated, convening an interinstitutional commis-

sion composed by public representatives from all eco-

nomic sectors and activities affected by droughts.

Between the 2008/09 and 2015 droughts, public poli-

cies and regulations were implemented to improve the
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adaptation of livestock farmers to climate change and

variability, in addition to reactive measures to the event

as mentioned above. The development and imple-

mentation of these actions came from the science-policy

nexus (V. Picasso et al. 2013, meeting presentation). For

example, MGAP started to fund projects for family

livestock farmers that also promoted an adequate use of

forage, shade for animals, and associative use of water

resources between farms (MGAP 2015a). The projects

also aimed at strengthening the production, economic,

and sociocultural dimensions of family farmers’ orga-

nizations (MGAP 2015b). To inform these policies,

MGAP (with FAO funding) asked the Interdisciplinary

Center in Response to Climate Change and Variability

of UdelaR to conduct an analysis and synthesis of rele-

vant climatic, agricultural, and social information for

assessing the vulnerability and adaptive capacity of

livestock farmers to drought (Astigarraga and Picasso

2015; Bartaburu et al. 2013). These policies, designed to

foster the adaptation of livestock farmers to climate

variability, were funded by two initiatives: the ‘‘Live-

stock Family Farmers and Climate Change’’ project

(sponsored by the Adaptation Fund of the Kyoto Pro-

tocol) and the ‘‘Development and Adaptation to Cli-

mate Change’’ project (DACC; funded by a loan from

the World Bank). Within the framework of the DACC,

the development of a National Agricultural Information

System (SNIA) is also being implemented (Table 1).

The objective of the SNIA is to support farmers in the

sustainable use of natural resources by generating im-

proved adaptation to climate change and variability

and promoting a modernization of the Ministry of Ag-

riculture’s capacities in the area of information and

services related to climate and natural resources. The

SNIA promotes a climate risk management approach

(MGAP 2013), proposed by IRI–Columbia University

(Baethgen 2010).

A climate risk diagnostic report prepared by a United

Nations mission to Uruguay (UN-ISDR 2011) remarked

the improved capabilities in theMinistry of Agriculture,

in relation to other government organizations. The re-

port also highlighted the creation of SINAE (Table 1)

as a positive development (UN-ISDR 2011). However,

the report pointed out that key aspects remained to

be addressed. Although the SINAE establishes the

basis for a comprehensive disaster risk management in

Uruguay, transcending the historical approach of emer-

gency management, requires expansion of programs and

information to every sector throughout the country. The

SINAEalso lacks the identification of risks in all its phases

and the consolidation of an information system tomanage

risk comprehensively (UN-ISDR 2011). In this context,

and in response to one of the first recommendations of

the aforementioned report, INUMET (Table 1) was cre-

ated in 2013 as a decentralized service under the Ministry

of Housing, Land Planning, and Environment. INUMET

(2015) replaced theDirectorate ofNationalMeteorology

that had been housed in the Ministry of National De-

fense. It should be noted that the resources and in-

stalled capacity of the meteorological service had

deteriorated in previous decades, going from 42 sta-

tions and almost 300 technicians in its staff during

the 1980s to 25 stations and 180 technicians in 2010

(UN-ISDR 2011).

At the time of the drought in 2015, the technique of

early weaning was known by most cattle farmers. Al-

though its application was not generalized, there was

sufficient knowledge of this technique to allow its use in

forage crisis conditions, such as during a drought. The

calf hotels closed. The advisory organizations consid-

ered that knowledge of early weaning at the individual

farmer level was sufficient to adapt the feeding of ani-

mals within each farm, and, therefore, it was no longer

necessary to resort to collective undertakings.

4. Discussion

The vulnerability to drought hazards is modulated by

interdependencies and feedbacks within components of

the affected sector(s) that increase or mitigate climate

risks in complex ways. Our central argument is that we

should be able to identify viable options to mitigate risks

and we should be able to understand the interactions,

feedbacks, and unintended consequences between the

natural and human components of the drought-sensitive

sector to effectively manage risks due to extreme cli-

mate events such as droughts.

In Fig. 3 we conceptualize theUruguayan cattle sector

and its linkages to droughts, as well as the chain of im-

pacts associated with drought events. The physical di-

mension includes interannual and longer-term rainfall

variability that modulates the timing, duration, and ex-

tent of drought. According to projected climate change

trends for the region, this dimension also involves a

probable increase in evapotranspiration linked to pro-

jected increased temperature (Giménez 2006). En-

hanced rainfall variability and higher water atmospheric

demand imply a likely increase in water deficits with

variable effects depending on the time of year. The

production dimension refers to the aspects of agronomic

management that modify the impact of water de-

ficiencies, such as livestock stocking rates, sheep/cattle

ratio, and the land forage base (natural grasslands and

improved or seeded pastures). The economic–political

dimension includes the effect of global beef/grain prices

that have clear impacts on domestic markets (strongly
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influencing production decisions). This dimension also

includes the public policy context that defines the

guidelines and instruments of governance for the sector.

The interactions between all three dimensions vary over

time and give place to changing drought situations with

different effects on society as a whole.

Currently, most countries, regions, and communities

manage drought risk through reactive, crisis-driven ap-

proaches. Alternatively, in a proactive approach, drought

information and early warning systems are central to in-

tegrated risk assessment, communication, and decision

support. Effective drought preparedness depends on a

multisectoral and interdisciplinary collaboration among

all concerned actors at each stage in the warning process,

from monitoring to response and evaluation (Pulwarty

and Sivakumar 2014). After reviewing four of the most

recent drought events inUruguay, we attempt to compare

their characteristics and the contexts in which they took

place, as well as to assess whether there has been progress

toward a more effective and proactive approach to pre-

pare for and to manage drought impacts.

a. Was there a shift in the approach from disaster
response to risk management?

The four drought events analyzed presented different

characteristics and had distinct impacts, as reviewed in

the previous section.Moreover, as these events occurred

in a span of 27 years, each event took place in a different

political and economic context. All four droughts dis-

cussed show that the context in which each one took

place was greatly shaped by the cumulative measures

adopted in response to earlier droughts. Overall, we

propose that there has been an evolution toward a closer

integration of entities and organizations and stronger

science–policy interactions over time and an increasing

understanding of the drought problem.

The issue of climate change and variability has been

incorporated into the Uruguayan governmental agenda.

Several public policies have been implemented:

(i) decentralized participation structures, such as theRural

Development Boards; (ii) instruments of differentiated

policy through the registry of family farmers; (iii) plans

to foster planting of trees for shade and establishing of

water storage reservoirs at the farms; (iv) the declara-

tion of agricultural emergency institutionalized accord-

ing to zones, facilitating the distribution of animal feed;

and (v) developing of the National Agricultural In-

formation System. A similar process took place within

the wider multisectorial context of public policies and

government organization, mainly resulting in the crea-

tion of SINAE and SNRCC, both independent entities

that work together with all the ministries in the country.

In the scientific/technological dimension, the follow-

ing was implemented: (i) seasonal climate forecasts

mainly based on the ENSO signal; (ii) routine moni-

toring of satellite-derived vegetation indices; (iii) real-

time, countrywide updates of the soil water balance;

(iv) truly interdisciplinary research on droughts and

their impacts; and (v) conformation of an academic

group on atmospheric sciences at UdelaR, which now

offers a bachelor’s degree in this field.

At the farm level, good management practices were

adopted to increase the sustainability of livestock graz-

ing systems: stocking management, early calf weaning,

and supplementation with concentrated feed during a

period of forage shortage. These ‘‘no regret’’ practices

contributed to managing the impacts of droughts.

Moreover, many of these developments, at political,

academic and production levels, can be directly traced

back to extreme climatic events, mostly droughts, whose

occurrence shaped the environment that made them

possible (learning processes as showed in Fig. 1).

The impacts and responses discussed for the four

droughts analyzed here were the product of the in-

teraction between biophysical and social processes.

Changes at various levels in Uruguay have generated

reactions and learning opportunities about agricultural

droughts (Fig. 1). We can interpret these reactions as a

shift in the approach, where the learnt social lessons and

the public policies have allowed us to see beyond the

vision of disaster management, in which measures were

only imposed after the event occurred. Furthermore,

this shift in the approach to droughts is now focusing in

risk management, with policies in place before the crisis

arrives. In this regard, the answer to our original re-

search question is affirmative. However, the question

of whether these changes are the result of a better

FIG. 3. Drivers of agricultural droughts and chain of impacts.
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adaptation to agricultural droughts with the consequent

reduction of vulnerability remains open. Adaptation is

the objective for vulnerability reduction. It is also im-

portant to identify those actors and their organizations

that are most active in articulating social learning, pro-

moting mechanisms so that actions could take place in

all levels. These aspects are discussed next.

b. Was there a successful process of adaptation to
agricultural droughts?

Adaptation is an adjustment of natural or human

systems to actual or expected climatic stimuli or their

effects, aimed at moderating damages or taking advan-

tage of potential benefits (McCarthy et al. 2001). The

adaptation process describes adjustments made in

changing environmental circumstances, which occur

naturally in biological systems and, to some extent, in

social systems (Nelson et al. 2007; Adger et al. 2009).

Moreover, the adjustments made for adaptation to ag-

ricultural droughts in Uruguay are in line with the pre-

vious definitions and were strongly related to the new

policies of greater social participation (Villalba 2015;

Thompson 2013) and to the academic impulse to in-

terdisciplinary research. The response of livestock

farmers to the increased prices of beef was a slight in-

crease in the stocking rates (Table 1). However, on the

one hand, good management of natural grasslands has

been reported as an importantmechanism of adjustment

at the farm level, especially through the management of

the stocking rate (Bartaburu et al. 2009) and to a lesser

extent by the adoption of early calf weaning. On the

other hand, although adaptation may occur in response

to some limiting factor (Niles et al. 2015), it is performed

in an environment in which other factors also vary.

Therefore, it is a dynamic phenomenon of adjustment

to the environment over time. In the case of Uruguay,

therewere important improvements in agrometeorological

monitoring and forecasting and in the adjustments for

emergency declaration due to droughts. However, climate

is only one of many uncertain processes that influence

society and its activities; hence, climate monitoring and

prediction should not be the central tool to guide adapta-

tion to climate change and variability (Adger et al. 2009).

Hence, in Uruguay important changes also occurred in

other areas such as governmental organizations and in-

terdisciplinary research, which strengthen the process of

adaptation.

Successful adaptation must result in a situation equal

to or better than the initial condition; unsuccessful ad-

aptation or maladaptation occurs when the resulting

situation is worse than the previous one (Lemos 2007).

For the purpose of this assessment, it is pertinent to

consider the changes that have taken place within the

framework of social factors (economic and political di-

mension in Fig. 3) that have historically made the live-

stock farmers of Uruguay more vulnerable to droughts,

as well as other climatic or nonclimatic factors. Ac-

cording to Lemos (2007), vulnerability is the range of

inequalities that is the root of several weaknesses. From

this angle, access to land (De Torres et al. 2014) and

inequality in the size of farms are historical explanatory

factors. In Uruguay, 61% of the land belongs to 9% of

farmers (in farms larger than 1000ha), and only 39% is

owned by smaller farmers, which are 91% of the total

number of farmers (Piedrabuena Perdomo et al. 2011).

These sources of vulnerability have not been overcome

by the measures implemented in the last three decades.

However, recent new differentiated policies to support

small family farmers can act positively by generating

more changes (Lemos 2007) that in the future might

help to alleviate inequalities. Another aspect to consider

is the need to establish the way in which decentralization

efforts are carried out in all sectors and different parts

of the country (UN-ISDR 2011). In this regard, some

contradictions have been reported in the implementation

of decentralization policies in Uruguayan provinces

(departamentos in Spanish). For example, the Ministry

ofHousing,LandPlanning, andEnvironment (MVOTMA)

defined geographical units in the Land Planning Program

that do not consider rural issues. On the other hand, the

geographical units defined by MGAP do not contem-

plate urban issues (Thompson 2013). These contradic-

tions limit territorial development and possible local

strategies to reduce vulnerabilities, aspects that are

precisely intended to be promoted with decentralization

policies.

c. The coproduction and transdisciplinary work

The formulation and implementation of public policies

is an activity that usually causes controversy and develops

in a nonlinear way, where norms, subjectivity, values, in-

terests, power relationships, and knowledge play a signif-

icant role. Science is only one element in this broad

framework (Cáceres et al. 2016). As it was clarified in

section 2, we developed this work with the participation of

actors fromdifferent entities and organizations to answer a

research question based on an agreed interpretation of the

past. This required that we had to elaborate the baseline

information and several exercises of interpretation and

reinterpretation in an iterative way. On the process of

adaptation to agricultural droughts in Uruguay, the work

shows a team effort involving research, compilation, sys-

tematization, and interpretation of information that was

isolated. Moreover, reaching an agreement of certain

definitions has also been part of this work, such as the

conceptualizationof the ‘‘agricultural drought’’ phenomenon
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within the framework of complexity that transcends the

biophysical dimension, as well as the conceptual frame-

work on adaptation to interpret and evaluate the changes

that occurred in the period studied.

Our work reflects one of the first steps to promote a

more active science–policy interface in Uruguay, es-

tablishing discussions between the parties involved or, as

Young et al. (2014) described it, engaging in a conver-

sation instead of just talking to one another. To continue

this transdisciplinary dialogue and to promote multi-

level social learnings, it will be necessary to include

other actors within our society (such as rural organiza-

tions) and come to an agreement on long-term strategic

visions. Clearly, all previous statements depend on sig-

nificant changes in the education of the new generations

and on the support and encouragement of scientists and

policy makers motivated to cross borders and carry out

activities in the science–policy–society interface.

5. Conclusions

We found an increasing interinstitutional integration

and a closer science–policy relationship in our study

period. The Uruguayan government’s agenda explicitly

incorporated the issue of adaptation to climate vari-

ability and change and assembled specific interdisciplinary

research groups. Moreover, during the period spanned

by the four droughts discussed, more social knowledge

has been gained by learning from all different levels.

These social lessons learned, together with policy les-

sons, have transcended the vision of disaster manage-

ment (ex post management), and they have promoted

proactive and effective adaptation measures to agri-

cultural droughts in Uruguay. Although the historical

sources of vulnerability have not been yet overcome,

recent changes have the potential to trigger other ac-

tions, generating additional positive changes in the

near future. The transdisciplinary approach allowed us

to establish a common conceptual framework charac-

terizing agricultural droughts as a complex problem

and as the product of interactions between biophysical

and social processes. The study of adaptive or informal

networks, a privileged place for the development of

innovations, will allow us to strengthen and continue

this process for better adaptation to agricultural droughts.

Our study confirms how relevant and necessary it is to

work within a transdisciplinary framework to address, in

depth, the dimensions of social learning, particularly

those concerning the adaptation to global change.
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