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This study examined how
members of 2 water user
associations in high-
elevation ecosystems in
. Colombia and Venezuela
perceive water scarcity as
well as the relationship
between their perception
of and adaptation to it.
Among study participants, adaptation was guided not only by
the perception of climate change (disturbance of the seasons,
decrease in precipitation, and more extreme temperatures) but
also by the perception of the socioeconomic causes of water
scarcity (increase in cultivated area and population, aging
irrigation infrastructure, system management problems).

Introduction

The pdramo is a neotropical alpine grassland ecosystem
covering the higher elevations of the northern Andes. It
plays a key role in the hydrology of South America (Célleri
and Feyen 2009). Almost all river systems in Venezuela,
Colombia, Ecuador, and northern Peru originate in the
pdramo. Drinking water, irrigation and hydroelectricity in
these countries depend largely on the water regulation
capacity of the pdramo (Buytaert et al 2006).

Like other mountain ecosystems, the pdramo is sensitive
to climate change (Buytaert et al 2011; Anderson et al
2017). In addition to climate change, human activities,
including mining, agriculture, livestock grazing, and
burning. pose serious risks to its integrity and to the
services it provides (Llambi et al 2012; Hofstede et al 2014;
Ochoa-Tocachi et al 2016). Local communities, which
have practiced intensive irrigated agriculture since the
1960s, are now particularly affected by these
environmental changes, especially the increasing water
scarcity.

In simple terms, water scarcity can be defined as the
extent to which water demand exceeds water availability
in a particular time period (Molle and Mollinga 2003;
Murtinho et al 2013). It has been described as the result
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Farmers in the Venezuelan study site have adopted new and
more efficient irrigation technologies, restored degraded
infrastructure, and undertaken various actions to preserve and
conserve wetlands. In the Colombian study site, farmers
created a new irrigation system that draws water from a nearby
lake, creating access to an abundant resource. The study shows
how perceptions of water scarcity in a climate change context
are critical determinants of farmers’ behavior, especially
collective adaptation.

Keywords: Water shortage; high tropical Andes; ecosystem;
environmental changes; local knowledge; irrigation agriculture;
water user associations; local institutions; adaptive capacity.
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not only of physical factors, such as reduced rainfall, but
also of cognitive, sociocultural, and institutional factors
(Aguilera-Klink et al 2000; Mehta 2003; Swyngedouw 2004;
Riviere-Honegger and Bravard 2005; Noemdoe et al 2006;
Buchs 2012).

The response of societies to water scarcity is now a
challenge in all regions of the world, particularly in the
context of climate change. Several authors (eg Turton
1999) have argued that a society’s adaptive capacity—
defined as its capacity to create and respond to variability
and change (Adger et al 2005)—determines its water
development trajectory. A wide variety of factors have
been identified that determine the adaptive capacity of
systems, organizations, and individuals. These include
economic wealth, technology, natural resources,
infrastructure, institutions, social capital, education, and
access to external capital, as well as cognitive, perceptual,
and social factors (Fankhauser et al 1999; Yohe and Tol
2002; Wisner et al 2004; Eakin and Lemos 2006; Smit and
Wandel 2006).

Therefore, it is necessary to analyze the
socioenvironmental changes that cause water scarcity in
pdramos. In addition, it is necessary to understand how the
changes are perceived and integrated by rural societies:
the impacts of these changes, people’s vulnerabilities
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mailto:david.univ.leroy@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Downloaded From:

(propensity or predisposition to be adversely affected—
IPCC 2014a) to them, the new opportunities the changes
provide, how people adapt to the changes, and what
innovations they implement.

A growing body of work indicates that perceived water
scarcity is an important factor in determining whether an
individual or group is likely to adopt adaptive behavior,
particularly in the context of climate change (Murtinho et
al 2013; Alam et al 2015; Murtinho 2016; Singh et al 2018).
Other studies have highlighted the link between
perceptions of climate change and the ability of farmers
to develop adaptation strategies for water scarcity,
particularly in countries in the global South (Vedwan and
Rhoades 2001; Vedwan 2006; Mertz et al 2009; Deressa et
al 2011; Anik and Khan 2012; Boillat and Berkes 2013;
Banerjee 2015; Smadja et al 2015; Dhanya and
Ramachandran 2016; Herrador-Valencia and Paredes
2016; Sujakhu et al 2016; Sutcliffe et al 2016; Poudel and
Duex 2017; Su et al 2017).

These studies can help to inform policies that reduce
the vulnerability of rural communities. However, most of
them focus only on climate change and underestimate
other scarcity factors (eg overexploitation of water and
governance problems) that shape farmers’ adaptation
strategies. (Notable exceptions are Kuruppu and
Liverman 2011, Murtinho et al 2013, Murtinho 2016, and
Singh et al 2018.)

To help fill this gap, this study analyzed perceptions of
water scarcity and the ways that water user associations
(WUAG) in the pdramo cope and adapt, taking into account
both climatic and nonclimatic factors. The study consisted
of a comparative analysis of 2 communities that have
conducted intensive irrigation farming for several years
and are therefore highly dependent on water resources.
While both communities are representative of the
intensification of agriculture in Colombian and
Venezuelan pdramos, they also have different climatic,
hydrologic, and socioeconomic characteristics. The
question investigated was whether these characteristics
influence their perceptions and adaptive capacity.

Study sites

The community of Misinta, Venezuela, is located in the
High Chama River Valley (Valle Alto del Rio Chama), in
the administrative district (municipio) of Rangel in the
province (estado) of Merida, at an elevation between 3000
and 3700 m (Figure 1). In 2013, its population was 517.
Misinta is located in the dry zone of the High Chama
Valley. The annual rainfall is 700 mm; winters are
generally rainy, and summers are generally dry (Adressen
and Ponte 1973; Smith et al 2007). The only climatic data
available are for the High Chama Valley as a whole
(Monasterio 1980) (Figure 2). Agriculture in Misinta, as in
the rest of the valley, consists primarily of intensively
irrigated cultivation of potatoes, carrots, and garlic, and
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to a lesser extent, cauliflower and broccoli. Throughout
the valley, water is collected from streams (quebrada,
supplied with water by wetlands, springs and lagoons of
the pdramo) and transported by pipes to reservoirs
managed by WUAs.

The community of Hato Laguna, Colombia, is located
in the administrative district (municipio) of Aquitania, in
the province of Sugamuxi in the department of Boyaca, at
an elevation between 3000 and 3900 m (Figure 1). In 2013,
its population was 535. Hato Laguna’s main crop is spring
onions; to a lesser extent, potatoes and beans are also
grown (DNP 2014). Located on the western shore of Tota
Lake, Colombia’s highest lake, this watershed is relatively
well watered with an average of 1187 mm of precipitation
per year (as measured at the climate station La Cintas, the
nearest to Hato Laguna). It, too, has dry and wet seasons
(IDEAM 2014) (Figure 2). In the municipality of Aquitania,
near Lake Tota, water from the lake is abundant to supply
private irrigation systems. However, communities farther
from the lake or at higher elevations, such as Hato
Laguna, where the cultivated and inhabited areas are
located up to 300 m above Tota Lake, use water from
streams (supplied by wetlands, springs, and pdaramo
lagoons) (Raymond 1990; Leroy et al 2018).

The similarities and differences between these 2
communities are summarized in Table 1. Physically, they
are marked by differences in water availability, which is
helpful for studying perceptions of water. They also differ
in terms of water governance.

Methods

This article is based mainly on interviews with farmers
and strategic actors in water, agriculture, and
environmental management. Qualitative data were
collected between 2013 and 2015 through semistructured
interviews with 24 farmers of Misintd, 32 farmers of Hato
Laguna, and 17 strategic actors, including representatives
of nongovernmental organizations and public agencies
and extension agents. Participatory observation was also
carried out during water-related activities (eg local public
meetings and water distribution and infrastructure
maintenance activities).

In each community, I first talked to key members of
the WUA (eg president, treasurer, and secretary), who
then introduced me to other farmers (age 30 to 90 years
old) who were members of the WUA. The interviews with
farmers involved open-ended questions about water
governance and perceptions of and vulnerability to water
scarcity. Irrigators were asked about water use strategies,
farmland, land under irrigation, variability in yields, the
causes of this variability, and if they had experienced
water scarcity. If farmers did not spontaneously mention
the topic, I asked the following questions to elicit their
views of climate change and its impacts on water
resources: Have you seen a change in the climate in the

https://doi.org//10.1659/MRD-JOURNAL-D-18-00062.1
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FIGURE 1 Location of the study communities: (A) Misintd; (B) Hato Laguna. (Maps by Efrain Porto Tapiquén and David Leroy)
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last 20-30 years? If so, what kind of change did you notice? improvements to governance, or changes in planted area)

What are the impacts of these phenomena on water and by directly observing farmers’ practices.

resources? These questions were answered by all 24 The interviews generally lasted between 1 and 1.5

farmers interviewed in Misinta but only by 26 of the 32 hours. They were transcribed verbatim. The assessment

farmers interviewed in Hato Laguna. was mainly qualitative, but it was supplemented by a
Past, present, and planned adaptations to water quantitative analysis (response frequencies) for

scarcity were identified by asking interviewees to describe  perceptions of scarcity and climate change. The data were

any changes they had made in their agricultural and coded using relevant themes in an iterative manner

irrigation practices (eg investment in infrastructure, following an inductive approach. Tables 2 and 3 provide
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FIGURE 2 Precipitation and temperature trends in (A) Misinta (based on data from Monasterio 1980) and (B) Hato Laguna (based on data from IDEAM 2014).
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examples of coding regarding perceptions of water In the Venezuelan Andes, collective irrigation systems
scarcity and climate change. have been promoted by the state’s development programs
(Programa Subsidio Conservacionista [Conservation
Irrigation systems and governance Grant Program] 1959-1974; Programa Valles Altos [High
Valleys Program] 1974-1992) since the 1960s (Tulet 2002).
Two state-run irrigation systems This is the case of the Misinta irrigation system (Figure 3),

which was built in 1968 by Ministry of Agriculture and
Land (Ministerio de Agricultura y Tierra). This system has
84 members. The water comes from a stream in the

The irrigation systems of the Venezuelan and Colombian
Andes, as well as their infrastructure and governance
principles, are of recent development compared with the community but also from 2 transfers from the La Musuy

rest of the northern Andes (Peru, Ecuador). They are and La Toma watersheds because of the water deficit in
associated with market gardening production systems that e Misintd watershed.

have been grafted onto traditional family systems In the Colombian Andes, irrigation practices are
(potatoes, wheat, beans) (Robineau et al 2010; generally more informal (Gutiérrez-Malaxechebarria
Angéliaume-Descamps and Gutiérrez-Malaxechabarria 2013). However, the state has promoted some irrigation
2014; Leroy 2017). systems, such as the Hato Laguna irrigation system, which

TABLE 1 Main characteristics of the study areas.

Misinta, Venezuela Hato Laguna, Colombia

Elevation (m) 3000-3700 3000-3900

Average annual precipitation (mm) 700 1187

Mean annual temperature (°C) 11.6 11.2

Available water resources Streams Streams and Tota Lake
Populat 517 585

Year WUA was established 1968 1997

Type of irrigation Gravity Gravity

Terms of water governance Community participation Hired specialist (aguadier or
water-guardian)

Potatoes, carrots, garlic; to a lesser extent, Spring onions; to a lesser extent,
cauliflower and broccoli potatoes and beans
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TABLE 2 Causes of water scarcity as perceived by farmers.

Dry season/summer
(n = 48)

Increase in water use
(n = 19)

Governance issue
(n = 16)

Inadequate water supply
(n = 14)

ing infrastructure
(n =5)

Coded category Sample comment from study participant

“The main factor is the summer itself, that in summer the soil dries faster, evaporates, dry winds
blow and dehydrate the soil, the springs lower their flow because there is little rain; these are the
reasons.”

Onias R., 45 years old, Misinta, Venezuela, July 2013

“About 20 or 15 years ago spring onion was not grown, so there was not much consumption of
water. And now, for the spring onion, we have to pour water almost every other day”
Carlos V., 48 years old, Hato Laguna Colombia, November 2014

“Water has been stolen for two or three families . . . They are the same as the board of the WUA . .
. Then, the aguadier pours the water for them and it’s up to us to go on enduring.”
Myriam A., 52 years old, Hato Laguna, Colombia, January 2015

“The water is terribly scarce; that reservoir that you saw full of water is going to dry up; it is only
supplied by an &-inch pipe. In 3 months, the water will dry up and there will be no more water.”
Alvaro B., 39 years old, Hato Laguna, Colombia, November 2014

“Another factor is that there may be breaks in pipes; the water is wasted; it goes the other way.”
Amanda. P., 55 years old, Misinta, Venezuela, August 2013

was built in 1997 by the National Institute of Land throughout the rainy season, but during the dry season,
Adjustment (Instituto Nacional de Adecuacién de according to farmers, it receives no water. In both cases of
Tierras). This system has 186 members. Water from these gravity irrigation systems in Misinta and Hato

several streams on the pdramo is conveyed through 2 small ~ Laguna, the state was fully responsible for planning and
canals to a 850,000 m” reservoir at an elevation of 3310 m  designing the infrastructure and for the construction
(Figure 4). The reservoir is supplied with water costs.

TABLE 3 Climate change indicators as perceived by farmers.

Disruption of the seasons
(n = 24)

Decrease in precipitation
(n = 19)

Increase in temperature
(n =13)

Decrease in snow
(n = 6)

Decline of springs
(n =6)

More extreme summers
(n = 5)

lount; arch and Develo,
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Coded category Sample comment from study participant

“Winters and summers are no longer so regular. That’s the difference. What we lived 30 years ago
was very regular; before, if we started summer it was summer, winter [was] winter. Now there are
15 days of rain in the middle of summer or 15 days of strong summer in the middle of winter.”
Lucio T., 50 years old, Hato Laguna, Colombia, November 2014

“It rained more a few years ago, 30 years ago, 25 years ago. | was a child, but | remember that
there were heavy rains, and now it almost doesn’t rain anymore; it doesn’t rain at all. | noticed this
change . . . Who knows why the climate is changing, but it doesn’t rain as much; before there were
many winter months, day and night it rained.”

Sara M., 40 years old, Hato Laguna, Colombia, December 2014

“I noticed that the sun is warming more . . . It always has an impact because, as | say, the water
diminishes more; the same amount of water does not arrive, so it always has an impact on the
springs that there are in the paramos, and the same amounts of water [does] not flow as a few
years ago.”

Carlos C., 55 years old, Hato Laguna, Colombia, January 2015

“Climate change has had a great influence because before the mountain was snow-covered in June,
July, and August. This whole mountain was covered with snow. Now it is very rare for snow to fall
due to climate change.”

Carlos R., 42 years old, Misinta, Venezuela, September 2013

“We went through a situation of strong climate change in the region. The springs had no water for
the crops; the drinking water was also scarce.”
Ligia P., 65 years old, Misinta, Venezuela, October 2013

“The summer is more intense, stronger. Before at least in summer the temperatures rose in the
paramo to 18°C; now it rises to 20°C or more.”
Dionisio S., 43 years old, Misinta, Venezuela, October 2013

https://doi.org//10.1659/MRD-JOURNAL-D-18-00062.1
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FIGURE 3 Irrigation system in Misinta. “Water transfer” indicates transfer from the watersheds of La Musuy and La Toma. Data sources: field surveys 2013—
2014; Smith et al 2007. (Map by Efrain Porto Tapiquén and David Leroy. Data: Google, DigitalGlobe)
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Different forms of governance

The construction of irrigation systems was related to the
creation of WUAs with an institutional framework (eg set
of rules, monitoring mechanism, sanctions). These WUAs
are called Comité de riego de Misinta (Misinta Irrigation
Committee) and Asohatolaguna (Asociacién de Usuarios
del Distrito de Riego de Hato laguna [Association of Users
of the Hato Laguna Irrigation District]). During
interviews, staff members from several state institutions
said that the objective of governments at that time was to
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organize farmers so that they could collectively and
sustainably manage the irrigation system, notably through
the establishment of a standard institutional framework,
articulating the following rights and obligations:

* Right to water

¢ Attendance at meetings and participation in decision
making

* Payment of fees

¢ Participation (through money or work) in infrastructure
maintenance

https://doi.org//10.1659/MRD-JOURNAL-D-18-00062.1
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FIGURE 4 Irrigation system in Hato Laguna. Data sources: field surveys 2014-2015; data of National Institute of Land Adjustment (Instituto Nacional de
Adecuacion de Tierras). (Map by Efrain Porto Tapiquén and David Leroy. Data:Google, DigitalGlobe)
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* Compliance with established distribution rules
* Payment of fines for violations of established rules

Although both WUAs are based on these principles,
there is a crucial difference between them in terms of
farmer participation. In Misintd (Venezuela), community
members participate directly in water distribution and
infrastructure maintenance, while in Hato Laguna
(Colombia), participation is indirect, since 1 person
(known as the aguadier or water guardian) is hired to do
this work.
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Distribution arrangements are also different. The
Misinta irrigation system is divided into 4 sectors, each
with its own rules for sharing, distribution, and collective
organization. The distribution rules are based on the
principle of the water turn, in which water is allocated to
each plot for a fixed period of time so that each farmer
can benefit from the same quantity of water. Thus, in each
sector, 1 turn of water is allocated to an irrigation district
(between 3 and 10 individual farms) for 24 hours. Despite
the management rules, conflicts are frequent, especially

https://doi.org//10.1659/MRD-JOURNAL-D-18-00062.1
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FIGURE 5 Perception in the study communities of causes of water scarcity (A) and of climate change phenomena (B).
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during the dry season. They point to serious problems of
water scarcity.

In Hato Laguna, each user is allocated 2 water turns
per week. However, since all farmers irrigate at the same
time, which implies a decrease in pressure in the pipes,
they can only use 1 sprinkler at a time, which is a
substantial restriction.

Perceived causes of water scarcity

Farmers who participated in the interviews pointed to 2
main causes of water scarcity (Figure 5). A large majority
(88% in Misinta and 84 9% in Hato Laguna) attributed it to
the dry summer season (el verano)—that is, to purely
biophysical phenomena, lack of rainfall, and rising
temperatures. Farmers also described scarcity as an
anthropogenic phenomenon caused by human factors,
such as governance problems, increased water use, aging
infrastructure, or inadequate water supply due to poor
access or lack of infrastructure.

The perception of water scarcity as a biophysical
phenomenon is understandable given the climatic
conditions (alternating wet and dry seasons) in these
areas. For farmers, the summer (November to April)
corresponds to a period of low rainfall, which causes a
water deficit for irrigation. During this season, not only is
streamflow reduced but springs and pdramo wetlands—the
main water reserves in these areas—dry up.

Farming societies have always adapted their
agricultural calendar and crop cycle to annual rainfall
patterns, but in recent years, the increase in water scarcity
is often perceived in Misinta and Hato Laguna as a
manifestation of climate change. Farmers in the 2 study
sites perceived similar climate change phenomena (Figure
5).

Taking farmers’ perceptions into account is important
when designing local adaptation strategies. However, as
some studies have pointed out, perceived changes do not
always reflect reality, and climate events can be
misinterpreted for a variety of reasons. Hence, it is
important to compare perceptions with meteorological
data (Meze-Hausken 2004; Imran et al 2018).

rch and Develo
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Unfortunately, there is very little quantitative
information on this phenomenon in the tropical Andes,
including on the high-elevation pdramo (Buytaert et al
2010; Buytaert and de Bievre 2012; Hofstede et al 2014).
However, the climate models presented by the
Intergovernmental Panel on Climate Change project
reflect important changes in Colombia and Venezuela,
such as a temperature increase of 3°C or 6°C by 2100 as
well as a probable change in rainfall patterns (IPCC
2014b).

Disruption of the seasons

Some farmers in Misintd and Hato Laguna say they have
perceived a major disruption in the seasonal cycle in
recent years, and in particular the rainy season. These
changes have created many uncertainties. Farmers no
longer know when to plant because they do not know if
they can expect dry or rainy weather. Rural communities
fear droughts during the rainy season. They directly affect
the most water-intensive crops, causing a significant drop
in production, especially when they occur during the
germination phase.

The perception of seasonal unpredictability is
relatively similar among farmers in Misintd (42%) and
Hato Laguna (54%). This result can be partly explained by
the importance of the rainfall cycle for the agricultural
calendar. Although the pdramo study sites are climatically
and hydrologically different, their relationships with
seasonal cycles are essentially the same. This perception is
consistent with some results at the pdramo scale, which
show more frequent and intense rainfall interrupted by
longer dry periods (Anderson et al 2017).

Decrease in precipitation

It is difficult to identify a general trend in precipitation, as
results differ by location and are sometimes contradictory
(Buytaert et al 2010). Buytaert et al (2010) and Marengo et
al (2011) measured a decrease in rainfall in the Colombian
and Venezuelan Andes. A decrease in precipitation was
also perceived in both study sites. Several farmers
reported less frequent and less abundant rainfall. They

https://doi.org//10.1659/MRD-JOURNAL-D-18-00062.1
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FIGURE 6 Annual precipitation in Hato Laguna, 1971-2013. (Based on data
from IDEAM 2014).
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also mentioned a decrease in stream and spring flows that
complicates water supply for collective irrigation systems.
The decrease in rainfall is forcing farmers to revise their
production targets as it increases the likelihood of short-
term crop failure and a long-term drop in production.

This perception is particularly marked among
producers in Hato Laguna (50%), who are probably less
used to water stress than farmers in Misinta (25%).
However, a comparison with historical rainfall data in
Hato Laguna (Figure 6—Misintd’s data are unavailable)
shows that farmers’ perceptions do not match reality as
there has been no significant decrease in rainfall in recent
years in this area. It is therefore possible that participants’
perceptions may have been influenced by other factors (eg
increased consumption) or recent events (decreased
precipitation from 2011 to 2013).

Warming of the paramo

Several studies have identified a warming trend in the
tropical Andes, as highlighted in the Intergovernmental
Panel on Climate Change report (IPCC 2014b). Data show
an increase of 0.1°C -0.2°C per decade in the last century,
but a greater increase (up to 0.5°C per decade) in the last
25 years (Marengo et al 2011; Magrin et al 2014; Anderson
et al 2017). Numerous studies, including 3 fairly recent in-
depth reviews (Vuille et al 2008; Rabatel et al 2013; Vuille
et al 2018), have reported a rapid retreat and melting of
the tropical Andean glaciers in Bolivia, Colombia,
Ecuador, Peru, and Venezuela. Ruiz (2010) indicated that
the average air temperature in Colombia is increasing at
an average rate of 0.12°C-0.31°C per decade.

Thus, in recent decades, some farmers have
experienced a marked increase in temperatures that has
had a direct impact on their way of life. For older farmers,
there is no doubt: the pdramos are warming. Beyond the
rise in temperatures, mentioned by 30% of farmers in
Misinta and 239% in Hato Laguna, a few farmers
mentioned longer and more intense summers (13% in
Misinta and 8% in Hato Laguna).

Rising temperatures and strong sunlight considerably
increase water loss through evapotranspiration. Some
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farmers associated the warming process with a decrease in
water resources: 17% in Misintd and 8% in Hato Laguna
perceived water-loss phenomena, such as a decrease in the
flow of streams and lagoons, as well as the drying up of
several wetlands and the disappearance of several water
sources. Farmers who participated in the study also made
other observations related to rising temperatures,
including a decrease in snow on the highest peaks of the
mountains (less frequent and less abundant snowfalls and
shorter duration of snow cover). This phenomenon was
only observed by farmers in Misinta (25%), as snow is
absent from the municipality of Aquitania (the mountain
peaks are lower than those of the High Chama valley) and
therefore are not observable by farmers in Hato Laguna.
Snow is indeed a good indicator of climate change IPCC
2014a). Misinta farmers’ perceptions confirm the recent
study by Vuille et al 2018, which highlighted a rapid
decline in snow in the tropical Andes.

The perceptions of farmers in Misintd integrate a
number of elements related to global warming: increase in
temperatures, decrease in snow, drying of wetlands, and
more intense summers. This result can be partly explained
by the water deficit in Misinta, which makes agriculture,
and consequently rural communities, more vulnerable to
warming.

It seems clear that climate change has shaped
perceptions of water scarcity, in particular biophysical
water shortages. The comparison of farmers’ perceptions
with the results of several studies (Vuille et al 2008;
Buytaert et al 2010; Ruiz 2010; Marengo et al 2011; Rabatel
et al 2013; IPCC 2014b; Magrin et al 2014; Anderson et al
2017; Vuille et al 2018) shows that perceived changes often
do reflect reality. However, some perceptions, such as the
decrease in rainfall in Hato Laguna, show that local
knowledge is sometimes misinterpreted. Moreover,
because of the subjective nature of this knowledge, it is
difficult to assess the real impact of climate change on
water scarcity.

Water scarcity: a social construction

Water scarcity linked to new agricultural practices

Although biophysical phenomena, such as climate change,
are frequently cited as causes of scarcity, some farmers are
aware that “in general, as production increases and the
agricultural frontier expands, water resources diminish,”
as a small-scale farmer from Misinta said. Other farmers
also referred to water scarcity as not only a meteorological
but also a socioeconomic phenomenon, defined by the
imbalance between available water resources and current
consumption.

Introduced in the 1950s-1960s, the market garden
crops now found in the pdramos are particularly
dependent on a regular supply of water, unlike traditional
crops (eg wheat and potato), which are considered more
resistant. Beyond the intrinsic sensitivity of new crops to

https://doi.org//10.1659/MRD-JOURNAL-D-18-00062.1



Downloaded From:
Terms of Use: https://bioone.org/terms-of-use

water scarcity, springs have become insufficient to meet
water demand due to the increase in cultivated areas and
populations. This perception was more pronounced
among farmers in Hato Laguna (44%) than in Misinta
(21%). This difference can be explained by the dynamics
of agricultural intensification in the district that is home
to Hato Laguna—Aquitania, Colombia—which has led to
a significant increase in water consumption in recent
years.

Aging irrigation infrastructure in Misinta

Water scarcity is related not only to agricultural
intensification but also to economic and institutional
problems. For example, in Misinta, the irrigation
infrastructure is very old and degraded, which causes
considerable water losses. This problem is not topical at
the moment in Hato Laguna because the infrastructure is
more recent and uses highly durable plastic pipes. Some
Misinta farmers (21%) denounced the government’s
shortcomings in terms of supervision, financing, and
technical monitoring. From the early 1990s, the state,
pushed by the structural adjustment program of the
International Monetary Fund and the World Bank,
completely disengaged from the management of
irrigation systems (Llambi and Arias 1997). In addition,
interviewees in Venezuela stated that since 2012, due to
that country’s economic and political crisis, the human,
logistical, and technical resources of public institutions
were reduced to almost nothing, and farming
communities have essentially been abandoned.

Irrigation governance problems in Hato Laguna

Although Misinta farmers perceive water scarcity as an
economic and institutional phenomenon, for Hato
Laguna farmers it is also a technical and governance
problem. Use restrictions imposed by the Hato Laguna
WUA (Asohatolaguna) do not allow farmers to irrigate
their plots effectively. In particular, farmers cannot
irrigate more than twice a week, whereas spring onion
needs 3 weekly waterings to develop well. In addition,
farmers are only allowed to use 1 sprinkler at a time
during irrigation turns, which requires more work, as they
have to rotate the sprinkler to irrigate their entire plot.

Despite the use restrictions imposed by the WUAs,
total exhaustion of water reserves during the dry season is
inevitable—a vulnerability that is inherent in this
irrigation system but is exacerbated by dysfunctions in the
WUA and its mode of governance. This view is held by
more than 40% of the Hato Laguna farmers interviewed
for this study.

Unlike Misintd’s irrigation system, which relies on
direct participation by all members, the Hato Laguna
system is managed by a single person (the aguadier).
However, it is impossible for a single person to control
and monitor the entire irrigation perimeter. This
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encourages opportunistic behavior, which leads to
conflicts. In addition, fraud and corruption are frequent
because it is tempting for an aguadier to use the power
over the allocation of resources to derive benefits.

In addition to governance issues, several farmers from
Hato Laguna (44 %) see water scarcity primarily as the
result of inadequate water supply due to poor access or
lack of infrastructure. These farmers are located near one
of the most abundant water sources in Colombia, but they
say that they do not have access due to a lack of
investment.

Adaptation to water scarcity

Adaptation strategies can be seen as manifestations of
adaptive capacity, actions taken to adjust the system to
address the impacts of climate, social, and environmental
change to which the system is vulnerable (Smit and
Wandel 2006).

Misinta: collective action

Developing irrigation institutions: In recent decades,
numerous studies of forest governance, water
management, and pastoral migration (Tompkins and
Adger 2004; Young and Lipton 2006; Agrawal 2008; Engle
and Lemos 2010; Gupta et al 2010; Upton 2012) have
demonstrated that local institutions are a key determinant
of adaptation. Institutions can be understood as sets of
rules that make collective action possible (Ostrom 1990)
or as the rules of a game played by organizations (North
1990).

For Ostrom (1992), institutions are essential to the
proper functioning of an irrigation system because they
enable farmers to work toward a common objective. But
the establishment of institutions is a long and sometimes
difficult process. For example, the Misintd WUA’s (Comité
de riego de Misintd) first rules governing water
distribution and use were ineffective due to the WUA’s
lack of legitimacy and authority. Water turns were little
respected, maintenance was sporadic, and fee payments
were highly irregular. But in recent years, as water scarcity
and conflict have increased, farmers have become aware
of the importance of defining precise rules and allowing
an institution to establish and enforce them.

Thus, in the early 2000s, farmers focused their efforts
on establishing an equitable distribution of the resource.
They experimented with different options and regularly
made small adjustments to make the system effective and
ensure that it was respected by a majority. For Misinta,
implementing a control and sanction system has been
essential. This system has made it possible to limit
opportunistic behavior, but above all, it has strengthened
the legitimacy of the WUA.

In addition to better water distribution, the WUA has
also decreased the area that can be planted during the dry
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season. Farmers have also adopted new water-saving
irrigation technologies—including the bailarina (dancing
girl), a micro-sprinkler that limits water waste and is now
mandatory within the WUA. Finally, faced with increasing
problems related to the degradation of irrigation
infrastructure, farmers in Misinta decided to replace
deteriorated steel pipes with plastic pipes. This required
not only heavy financial investment but also
unprecedented collective work.

Arguably, disengagement by state institutions since the
1990s has pushed the WUAs of Venezuela to better self-
management, which in turn has facilitated adaptive
capacity.

Protecting wetlands: While the evolution of irrigation water
management rules has greatly strengthened the
adaptation of Misinta farmers, protection of wetlands is
another form of collective action that has, according to
farmers, considerably improved water supply, especially
during the dry season. Beginning in 1999, a severe drought
and the lack of water, which farmers interpret as a
consequence of climate change, directed the eyes of the
Misinta community toward the wetlands of the paramo.
The degradation of these fragile areas by the presence of
livestock was obvious. Repetitive trampling by livestock
leads to soil degradation and compaction and thus
reduces the capacity of wetlands to retain and regulate
water (Valero Lacruz 2010; Angéliaume-Descamps et al
2013; Sarmiento et al 2015).

During this time a person from the Misinta community
decided to create an association for the protection of
wetlands: the Association of Environmental Coordinators
for Farmers of the Municipality of Rangel (Asociaciéon de
Coordinadores del Ambiente por los Agricultores del
municipio Rangel). The association’s objective is to
preserve wetlands through restoration and establishing
protection perimeters. This is a large-scale collective
effort that mobilizes all farmers in the community. The
association holds work days for stream cleanup and the
reforestation of springs and banks with native plants
(Angéliaume-Descamps et al 2013).

The beneficial effects of protection measures are now
unanimously stressed by farmers and by some scientists,
who stress the regeneration of vegetation, the decrease in
soil compaction, and the increase in water retention
capacity in protected areas (Valero Lacruz 2010;
Sarmiento et al 2015). As a result, participation in the
protection of wetlands is now compulsory within the
Misinta WUA and has spread to the rest of the
communities in the High Chama Valley.

As these examples show, the farmers of Misinta have
been able to modify their rules related to irrigation to
adapt to water scarcity by reorganizing the water turn,
adopting more efficient irrigation technologies, restoring
aging infrastructure, and undertaking wetland
conservation projects. While these strategies were
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developed in the context of climate change, they were also
guided by the perception of scarcity as an anthropogenic
phenomenon.

Hato Laguna: individual and collective action

Individual adaptation—pumping water from Lake Tota: Since
the mid-2000s, many farmers in Hato Laguna have
improved their access to water by pumping water from
Lake Tota. For a long time, this practice was limited to flat
areas and ares near Lake Tota in the municipality of
Aquitania due to the cost of infrastructure. But faced with
water scarcity problems, many farmers have decided to
invest in access to this abundant water resource. Initially,
this practice was carried out by individuals or small
groups of farmers, but their success did not go unnoticed
in Hato Laguna. It led to a common will to organize to
have access to lake water, thus inspiring a new form of
collective action in Aquitania: the creation of a new
irrigation system.

Collective adaptation—creating a new irrigation system:
Asomohan’s irrigation system, started in 2006, is in line
with the dynamics of water exploitation in Lake Tota. It is
guided by the perception of the lake as an unlimited
resource that must be exploited. Unlike the Hato Laguna
irrigation system, built in 1997 by the state, this irrigation
system is financed completely by farmers. This is an
innovative project because pumping water from the lake
was previously reserved for very wealthy farmers, and
private irrigation systems had only 2 or 3 members at most.

The Asomohan irrigation system is based on expensive
hydraulic infrastructure. Water is pumped from Tota
Lake, then transported through pipes to a small reservoir
at higher elevations. This irrigation system, which brings
together about half of Hato Laguna’s farmers, is
considered a real success in this region. Unlike the
irrigation system managed by Asohatolaguna, farmers can
irrigate at will and without any limit on the number of
sprinklers, which represents a considerable time saving.

Asomohan’s irrigation system has created marginality
among farmers who have not had the economic capacity
to invest and who therefore cannot use it. Today, these
farmers feel particularly vulnerable to water scarcity and
denounce the Asomohdn system’s principle of exclusion.

In Hato Laguna, farmers have been able to adapt to
water scarcity by creating new water infrastructure.
Adaptation has thus not only been guided by the
perception of scarcity as a result of climate change or
poor WUA governance but also results from the
perception of water as a production tool that only needs
to be exploited.

Discussion and conclusion

The objective of this study was to analyze perceptions of
and adaptations to water scarcity by WUA members in the
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pdramo, taking into account both climatic and nonclimatic
factors. Results show that climate variability has shaped
perceptions of water scarcity. This is consistent with most
studies on the perception of climate change in mountain
areas, which highlight a perception of seasonal changes,
temperature increases, and lower rainfall and snowfall
(Vedwan and Rhoades 2001; Vedwan 2006; Byg and Salick
2009; Chaudhary and Bawa 2011; Boillat and Berkes 2013;
Smadja et al 2015; Herrador-Valencia and Paredes 2016).
Nevertheless, the interdependence and complexity of how
farmers define water scarcity and the direct and indirect
indicators they point to when expressing their knowledge
about it show that climate change is not the only cause of
water scarcity.

Like several recent studies (Kuruppu and Liverman
2011; Murtinho et al 2013; Wheeler et al 2013; Murtinho
2016; Singh et al 2018), I argue that while climate is an
important factor shaping farmers’ perceptions of water
scarcity, it is essential to take into account nonclimatic
factors in order to truly understand community
adaptation strategies. Otherwise, researchers run the risk
of wrongly attributing farmers’ adjustments to climate
stimuli that are sometimes misinterpreted, while ignoring
other more important factors, such as increased water
demand, infrastructure degradation, or poor governance
of the resource.

The causes of water scarcity are multiple and
interdependent and shape a wide variety of adaptation
strategies. The example of Misinta confirms the results of
several studies, which show that local institutions are a key
determinant of adaptation (Tompkins and Adger 2004;
Young and Lipton 2006; Agrawal 2008; Engle and Lemos
2010; Gupta et al 2010; Upton 2012) and, more
particularly, those that highlight a link between

ACKNOWLEDGMENTS

| thank the GEODE Laboratory (Geography of Environment) for its support in
financing this article. My sincere thanks go to my thesis directors, Jean-Marc
Antoine and Alexandra Angéliaume-Descamps. | would also like to express my
gratitude to the ECOS Nord project (Evaluation-orientation de la COopération
Scientifique, Evaluation-orientation of Scientific Cooperation), which funded

REFERENCES

Adger WN, Arnell NW, Tompkins EL. 2005. Successful adaptation to climate
change across scales. Global Environmental Change 15(2):77-86.

Adressen R, Ponte R. 1973. Estudio integral de las cuencas de los rios Chama y
Capazon. Subproyeto NO. Il, climatologia e Hidrologia. ULA, Mérida. Mapa
Isoyetas Medias Anuales, escala 1: 250.000. Mérida, Venezuela: Universidad
de Los Andes.

Agrawal A. 2008. The Role of Local Institutions in Adaptation to Climate Change.
International Forestry Resources and Institutions Program Working Paper No.
WO081-3. Ann Arbor: University of Michigan.

Aguilera-Klink F, Pérez-Moriana E, Sanchez-Garcia J. 2000. The social
construction of scarcity. The case of water in Tenerife (Canary Islands).
Ecological Economics 34(2):233-245.

Alam K. 2015. Farmers’ adaptation to water scarcity in drought-prone
environments: A case study of Rajshahi District, Bangladesh. Agricultural
Water Management 148:196-206.

Mow&ain esearch and Develo

ps: |oone.org/journaPs"?ﬁ‘éuntain—Research—and—DeveIopment on 05 Ma)?%24
Terms of Use: https://bioone.org/terms-of-use

MountainResearch

adaptation and better water governance (Murtinho et al
2013; Wheeler et al 2013; Birkenholtz 2014; Murtinho
2016; Villamayor-Tomas and Garcia-Lépez 2017). The
example of Hato Laguna shows improvement in
infrastructure, allowing individual as well as collective
adaptation, as has also been shown by several other studies
(Murtinho et al 2013; Murtinho 2016; Villamayor-Tomas
and Garcia-Lépez 2017).

Thus, this study shows how perceptions of water
scarcity in a climate change context are critical
determinants of farmers’ behavior, especially collective
adaptation. It also shows the importance of taking into
account local knowledge in the implementation of
adaptation strategies (Grothmann and Patt 2005; IPCC
2014a) and demonstrates that certain factors—such as
modes of governance, access to capital, public aid, or
access to water—can influence the perception and
adaptation of individuals and groups. One could argue
that farmers tend to collaborate better when the resource
is perceived as scarce (Misintd) than when it is perceived
as abundant (Hato Laguna). These 2 case studies therefore
offer some suggestions for better encouraging and
stimulating adaptive behaviors in rural communities and,
more specifically, in WUAs.

The adaptation of the Misinta WUA is essentially based
on institutional evolution that made it possible to
preserve and better develop the water resource. That of
Hato Laguna is based on a logic of exploitation of lake
water and has marginalized the small-scale farmers
excluded from the system. It is only through strengthening
and improving the rules that adaptation is truly effective,
equitable, and sustainable. In other words, reducing
vulnerabilities is above all a collective challenge based on
the effectiveness of local institutions.

part of my travel in Venezuela. | want to thank Efrain Porto Tapiquén for his help
in making the maps as well as Marines Linares and Liliya Ladyzheva for their
help in translation. | also thank 2 anonymous reviewers, as well as the journal’s
editorial board, for their very useful suggestions. Finally, | would like to thank all
the farmers and stakeholders who gave their time during this study.

Anderson EP, Marengo J, Villalba R, Halloy S, Young B, Cordero D, Gast F,
Jaimes E, Ruiz D. 2017. Consequences of climate change for ecosystems and
ecosystem services in the tropical Andes. In: Herzog SK, Martinez R,
Jargensen PM, Tiessen H, editors. Climate Change and Biodiversity in the
Tropical Andes. Sao José dos Campos, Brazil: Inter-American Institute for
Global Change Research (IAl) and Scientific Committee on Problems of the
Environment (SCOPE), pp 1-18.

Angéliaume-Descamps A, Blot F, Leroy D. 2013. Dynamique récente des
relations aux zones humides des paramos andins vénézuéliens: entre
fonctionnalisme et mystique. Geocarrefour 88(4):285-298.
Angéliaume-Descamps A, Gutiérrez Malaxechebarria AM. 2014. Modeles
d’irrigation dans les petits systémes maraichers des Andes vénézuéliennes
et colombiennes. In: Angéliaume-Descamps A, Corrales E, Ramirez J, Tulet J-
C, editors. La petite agriculture familiale de montagne tropicale a I'aube du
XXléme siécle: Colombie, Mexique, Venezuela. Paris, France: L’'Harmattan, pp
171-197.

https://doi.org//10.1659/MRD-JOURNAL-D-18-00062.1



Anik SI, Khan MASA. 2012. Climate change adaptation through local
knowledge in the north eastern region of Bangladesh. Mitigation and
Adaptation Strategies for Global Change 17(8):879-896.

Banerjee RR. 2015. Farmers’ perception of climate change, impact and
adaptation strategies: A case study of four villages in the semi-arid regions of
India. Natural Hazards 75(3):2829-2845.

Birkenholtz T. 2014. Knowing climate change: Local social institutions and
adaptation in Indian groundwater irrigation. Professional Geographer
66(3):354-362.

Boillat S, Berkes F. 2013. Perception and interpretation of climate change
among Quechua farmers of Bolivia: Indigenous knowledge as a resource for
adaptive capacity. Ecology and Society 18(4):[n.p.]

Buchs A. 2012. Observer, caracteriser et comprendre la penurie en eau: une
approche institutionnaliste de I'évolution du mode d’usage de I'eau en Espagne et
au Maroc. [PhD dissertation] Grenoble, France: Université de Grenoble.
Buytaert W, Célleri R, De Biévre B, Cisneros F, Wyseure G, Deckers J,
Hofstede R. 2006. Human impact on the hydrology of the Andean paramos.
Earth-Science Reviews 79(1-2):53-72.

Buytaert W, Cuesta-Camacho F, Tobon C. 2011. Potential impacts of climate
change on the environmental services of humid tropical alpine regions. Global
Ecology and Biogeography 20(1):19-33.

Buytaert W, De Biévre B. 2012. Water for cities: The impact of climate change
and demographic growth in the tropical Andes. Water Resources Research
48(8): W08503.

Buytaert W, Vuille M, Dewulf A, Karmalkar A, Cé€lleri R. 2010. Uncertainties in
climate change projections and regional downscaling in the tropical Andes:
Implications for water resources management. Hydrological Earth System
Science 14(7):1247-1258.

Byg A, Salick J. 2009. Local perspectives on a global phenomenon: Climate
change in Eastern Tibetan villages. Global Environmental Change 19(2):156—
166.

Célleri R, Feyen J. 2009. The hydrology of tropical Andean ecosystems:
Importance, knowledge status, and perspectives. Mountain Research and
Development 29(4):350-355.

Chaudhary P, Bawa KS. 2011. Local perceptions of climate change validated
by scientific evidence in the Himalayas. Biology Letters 7(5):767-70.
Departamento N. I de PI. 3n [DNP]. 2014. Conpes 3801, Manejo
Integral de la cuenca hidrografica del lago de Tota. Bogota, Colombia:
Departamento Nacional de Planeacion; CORPOBOYACA; Ministerio de
Ambiente y Desarrollo Sostenible.

Deressa TT, Hassan RM, Ringler C. 2011. Perception of and adaptation to
climate change by farmers in the Nile basin of Ethiopia. Journal of Agricultural
Science 149(1):23-31.

Dhanya P, Ramachandran A. 2016. Farmers’ perceptions of climate change
and the proposed agriculture adaptation strategies in a semi arid region of
south India. Journal of Integrative Environmental Science 13(1):1-18.

Eakin H, Lemos MC. 2006. Adaptation and the state: Latin America and the
challenge of capacity-building under globalization. Global Environmental
Change 16(1):7-18.

Engle NL, Lemos MC. 2010. Unpacking governance: Building adaptive
capacity to climate change of river basins in Brazil. Global Environmental
Change 20(1):4-13.

Fankhauser S, Smith JB, Tol RS. 1999. Weathering climate change: Some
simple rules to guide adaptation decisions. Ecological Economics 30(1):67-78.
Grothmann T, Patt A. 2005. Adaptive capacity and human cognition: The
process of individual adaptation to climate change. Global Environmental
Change 15(3):199-213.

Gupta J, Termeer CJ, Klostermann JEM, Meijerink S, Jong P, Nooteboom SG,
Bergsma EJ. 2010. The adaptive capacity wheel: A method to assess the
inherent characteristics of institutions to enable the adaptive capacity of
society. Environmental Science Policy 13(6):459-471.
Gutiérrez-Malaxechebarria AM. 2013. Informal irrigation in the Colombian
Andes: Local practices, national agendas, and options for innovation.
Mountain Research and Development 33(3):260-268.

Herrador-Valencia D, Paredes M. 2016. Cambio climatico y agricultura de
pequena escala en los Andes ecuatorianos: Un estudio sobre percepciones
locales y estrategias de adaptacion. Journal of Latin American Geography
15(2):101-121.

Hofstede R, Calles J, Lopez V, Polanco R, Torres, F, Ulloa J, Cerra M. 2014.
Los Paramos Andinos ¢Qué sabemos? Estado de conocimiento sobre el impacto
del cambio climatico en el ecosistema paramo. Quito, Ecuador: UICN [Unién
Internacional para la Conservacion de la Naturaleza].

Imran M, Shrestha RP, Datta A. 2018. Comparing farmers’ perceptions of
climate change with meteorological data in three irrigated cropping zones of
Punjab, Pakistan. Environment, Development and Sustainability [no volume]:1-
20. https://doi.org/10.1007/s10668-018-0280-2.

Downloaded #@r‘ﬁ":tﬁiﬂpRse:?fB%cé‘nae'%r?ﬁ]’gb"r'?{gfgﬁvlountain—Research—and—DeveIopment on 05 g):}: 2024
Terms of Use: https://bioone.org/terms-of-use

MountainResearch

Instituto de Hidrologia, Meteorologia y Estudios Ambientales [IDEAM]. 2014.
Informe batimetria lago de tota. www.ideam.gov.co/documents/14691,/16003/
Batimetria+Lago+de+Tota/6d14d1a2-a91b-4a20-86e3-58ch4242a616;
accessed on 3 February 2019.

IPCC [Intergovernmental Panel on Climate Change]. 2014a. Climate Change
2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects.
Contribution of Working Group I to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Field CB, Barros VR, Dokken DJ,
Mach KJ, Mastrandrea MD, Bilir TE, Chatterjee M, Ebi KL, Estrada YO, Genova
RC, Girma B, Kissel ES, Levy AN, MacCracken S, Mastrandrea PR, White LL,
eds. Cambridge, United Kingdom, and New York, NY: Cambridge University
Press.

IPCC [Intergovernmental Panel on Climate Change]. 2014b. Climate Change
2014: Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects.
Contribution of Working Group I to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Barros VR, Field CB, Dokken DJ,
Mastrandrea MD, Mach KJ, Bilir TE, Chatterjee M, Ebi KL, Estrada YO, Genova
RC, Girma B, Kissel ES, Levy AN, MacCracken S, Mastrandrea PR. White LL,
eds. Cambridge, United Kingdom, and New York, NY: Cambridge University
Press.

Kuruppu N, Liverman D. 2011. Mental preparation for climate adaptation: The
role of cognition and culture in enhancing adaptive capacity of water
management in Kiribati. Global Environmental Change 21(2):657-669.

Leroy D. 2017. Les vulnérabilités liées a I’eau dans les paramos colombiens et
vénézuéliens. [PhD thesis]. Université Toulouse Il Jean Jaures.

Leroy D, Malaxechebaria AMG, Antoine JM, Angéliaume-Descamps A. 2018.
Gouvernance territoriale de I’environnement et conflits d’'usage. Le cas du
bassin versant du lac de Tota (Boyaca, Andes colombiennes). EchoGeo 43,
Articles in Press, 22 March 2018. https://doi.org/10.4000/echogeo.15238.
Llambi L, Arias E. 1997. Impactos de las politicas de ajuste estructural en los
productores paperos y horticolas de los Andes venezolanos: el caso de Pueblo
Llano, estado Mérida. Revista agroalimentaria 3(4):3.

Llambi LD, Soto W, Célleri R, De Bievre B, Ochoa B, Borja P. 2012. Ecologia,
hidrologia y suelos de paramos. Proyecto Paramo Andino. Bogota, Colombia: U
niversidad de Los Andes.

Magrin GO, Marengo JA, Boulanger JP, Buckeridge MS, Castellanos E, Poveda
G, Scarano FR, Vicuna S. 2014. Central and South America. In: IPCC
[Intergovernmental Panel on Climate Change]. Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution of Working
Group Il to the Fifth Assessment Report of the Intergovernmental Panel of Climate
Change. Barros VR, Field CB, Dokken DJ, Mastrandrea MD, Mach KJ, Bilir TE,
Chatterjee M, Ebi KL, Estrada YO, Genova RC, Girma B, Kissel ES, Levy AN,
MacCracken S, Mastrandrea PR, White LL, editors. Cambridge, United
Kingdom, and New York, NY: Cambridge University Press, pp 1499-1566.
Marengo JA, Pabon JD, Diaz A, Rosas G, Avalos G, Montealegre E, Villacis,
Solman S, Rojas M. 2011. Climate Change: Evidence and Future Scenarios for
the Andean Region. Climate Change and Biodiversity in the Tropical Andes. Paris,
France: Inter-American Institute for Global Change Research- Scientific
Committee on Problems of the Environment. Paris, France: United Nations
Educational, Scientific and Cultural Organization, pp 110-127.

Mehta L. 2003. Contexts and constructions of water scarcity. Economic and
Political Weekly 38(48):566-572.

Mertz O, Mbow C, Reenberg A, Diouf A. 2009. Farmers’ perceptions of climate
change and agricultural adaptation strategies in rural Sahel. Environmental
Management 43(5):804-816.

Meze-Hausken E. 2004. Contrasting climate variability and meteorological
drought with perceived drought and climate change in northern Ethiopia.
Climate Research 27(1):19-31.

Molle F, Mollinga P. 2003. Water poverty indicators: Conceptual problems
and policy issues. Water Policy 5(5):529-544.

Monasterio M. 1980. Las formaciones vegetales de los paramos de Venezuela.
Estudios ecoldgicos en los paramos andinos. Mérida, Venezuela: Universidad
de los Andes.

Murtinho F. 2016. What facilitates adaptation? An analysis of community-
based adaptation to environmental change in the Andes. International Journal
of the Commons 10(1). http://www.thecommonsjournal.org; accessed on 18
July 2018.

Murtinho F, Tague C, de Biévre B, Eakin H, Lopez-Carr D. 2013. Water scarcity
in the Andes: A comparison of local perceptions and observed climate, land
use and socioeconomic changes. Human Ecology 41(5):667-681.

Noemdoe S, Jonker L, Swatuk LA. 2006. Perceptions of water scarcity: the
case of Genadendal and outstations. Physics and Chemistry of the Earth
31(15):771-778.

North DC. 1990. Institutions, Institutional Change and Economic Performance.
Cambridge, United Kingdom: Cambridge University Press.

Ochoa-Tocachi BF, Buytaert W, de Biévre B, Célleri R, Crespo P, Villacis M,
Llerena CA, Acosta L, Villazon M, Guallpa M, Gil-Rios J, Fuentes P, Olaya D,

https://doi.org//10.1659/MRD-JOURNAL-D-18-00062.1


https://doi.org/10.1007/s10668-018-0280-2
http://www.ideam.gov.co/documents/14691/16003/Batimetria+Lago+de+Tota/6d14d1a2-a91b-4a20-86e3-58cb4242a616
http://www.ideam.gov.co/documents/14691/16003/Batimetria+Lago+de+Tota/6d14d1a2-a91b-4a20-86e3-58cb4242a616
http://www.ideam.gov.co/documents/14691/16003/Batimetria+Lago+de+Tota/6d14d1a2-a91b-4a20-86e3-58cb4242a616
http://www.ideam.gov.co/documents/14691/16003/Batimetria+Lago+de+Tota/6d14d1a2-a91b-4a20-86e3-58cb4242a616
http://www.ideam.gov.co/documents/14691/16003/Batimetria+Lago+de+Tota/6d14d1a2-a91b-4a20-86e3-58cb4242a616
https://doi.org/10.4000/echogeo.15238
http://www.thecommonsjournal.org

Downloaded From:

Vinas P, Rojas G. 2016. Impacts of land use on the hydrological response of
tropical Andean catchments. Hydrological Processes 30(22):4074-4089.
Ostrom E. 1990. Governing the Commons: The Evolution of Institutions for
Collective Action. Cambridge, United Kingdom: Cambridge University Press.
Ostrom E. 1992. Crafting Institutions for Self-governing Irrigation Systems. San
Francisco, CA: Institute for Contemporary Studies, ICS Press.

Poudel DD, Duex TW. 2017. Vanishing springs in Nepalese mountains:
Assessment of water sources, farmers’ perceptions, and climate change
adaptation. Mountain Research and Development 37(1):35-46.

Rabatel A, Francou B, Soruco A, G J, Ca B, Ceballos JL, B: tes R,
Vuille M, Sicart JE, Huggel C, Scheel M, Lejeune Y, Arnaud Y, Collet M,
Condom T, et al. 2013. Current state of glaciers in the tropical Andes: A multi-
century perspective on glacier evolution and climate change. Cryosphere
7:81-102.

Raymond P. 1990. EI Lago de Tota ahogado en cebolla. Bogota, Colombia:
Pontificia Universidad Javeriana, Facultad de Ciencias Econdmicas y
Administrativas, Ecoe ediciones.

Rivére-Honegger A, Bravard JP. 2005. La pénurie d’eau, donnée naturelle ou
question sociale? Geocarrefour 80(4):257-260.

Robineau 0, Chatelet M, Soulard CT, Michel-Dounias I, Posner J. 2010.
Integrating farming and paramo conservation: A case study from Colombia.
Mountain Research and Development 30(3):212-221.

Ruiz JF. 2010. Cambio climatico en temperatura, precipitacion y humedad
relativa para Colombia usando modelos meteorologicos de alta resolucion
(Panorama 2011-2100). Bogota, Colombia: IDeam.

Sarmiento L, Smith JK, Marquez N, Escalona A, Erazo MC. 2015. Constraints
for the restoration of tropical alpine vegetation on degraded slopes of the
Venezuelan Andes. Plant Ecology & Diversity 8(2):277-291.

Singh C, Osbahr H, Dorward P. 2018. The implications of rural perceptions of
water scarcity on differential adaptation behaviour in Rajasthan, India.
Regional Environmental Change 18(8):2417-2432.

Smadja J, Aubriot O, Puschiasis O, Duplan T, Grimaldi J, Hugonnet M, Buchhei
P. 2015. Climate change and water resources in the Himalayas. Field study in
four geographic units of the Koshi basin, Nepal. Journal of Alpine Research|
Revue de geographie alpine 103-2:[n.p.]

Smit B, Wandel J. 2006. Adaptation, adaptive capacity and vulnerability.
Global Environmental Change 16(3):282-292.

Smith J, Sarmiento L, Acevedo D, Dimas R. 2007. Mapeo de fincas y
recoleccion de informacion agricola a través de investigacion participativa.
Informe final. Mérida, Venezuela: Fundacite.

Su Y, Bisht S, Wilkes A, Pradhan NS, Zou Y, Liu S, Hyde K. 2017. Gendered
responses to drought in Yunnan Province, China. Mountain Research and
Development 37(1):24-35.

Sujakhu NM, Ranjitkar S, Niraula RR, Pokharel BK, Schmidt-Vogt D, Xu J.
2016. Farmers’ perceptions of and adaptations to changing climate in the
Melamchi valley of Nepal. Mountain Research and Development 36(1):15-31.

Mow&ain esearch and Develo

ps: |oone.org/journaPs"?ﬁ‘éuntain—Research—and—DeveIopment on 05 Ma)?%24
Terms of Use: https://bioone.org/terms-of-use

MountainResearch

Sutcliffe C, Dougill AJ, Quin, CH. 2016. Evidence and perceptions of rainfall
change in Malawi: Do maize cultivar choices enhance climate change
adaptation in sub-Saharan Africa? Regional Environmental Change
16(4):1215-1224.

Swyngedouw E. 2004. Social Power and the Urbanization of Water: Flows of
Power. Oxford, United Kingdom: Oxford University Press.

Tompkins E, Adger W. 2004. Does adaptive management of natural resources
enhance resilience to climate change? Ecology and Society 9(2):10.

Tulet JC. 2002. La révolution du maraichage dans les Andes du Venezuela.
Cahiers des Ameriques Latines (40):49-64

Turton A. 1999. Water Scarcity and Social Adaptive Capacity: Towards an
Understanding of the Social Dynamics of Water Demand Management in
Developing Countries. London, United Kingdom: School of Oriental and African
Studies, University of London.

Upton C. 2012. Adaptive capacity and institutional evolution in contemporary
pastoral societies. Applied Geography 33:135-141.

Valero Lacruz L. 2010. Efecto de la exclusion del pastoreo sobre humedales alto
andinos en la Sierra Nevada de Mérida. [MSc dissertation]. Mérida, Venezuela:
Universidad de los Andes.

Vedwan N. 2006. Culture, climate and the environment: Local knowledge and
perception of climate change among apple growers in northwestern India.
Journal of Ecological Anthropology 10(1):4-18.

Vedwan N, Rhoades RE. 2001. Climate change in the Western Himalayas of
India: A study of local perception and response. Climate Research 19(2):109—-
117.

Villamayor-Tomas S, Garcia-Lopez G. 2017. The influence of community-based
resource management institutions on adaptation capacity: A large-n study of
farmer responses to climate and global market disturbances. Global
Environmental Change 47:153-166.

Vuille M, Carey M, Huggel C, Buytaert W, Rabatel A, Jacobsen D, Soruco A,
Villacis M, Yarleque C, Elison Timm O, Condom T, Salzmann N, Sicar JE. 2018.
Rapid decline of snow and ice in the tropical Andes: Impacts, uncertainties
and challenges ahead. Earth-Science Reviews 176:195-213

Vuille M, Francou B, Wagnon P, Juen I, Kaser G, Mark BG, Bradley RS. 2008.
Climate change and tropical Andean glaciers: Past, present and future. Earth-
Science Reviews 89:79-96. doi: 10.1016/j.earscirev.2008.04.002.

Wheeler S, Zuo A, Bjornlund H. 2013. Farmers’ climate change beliefs and
adaptation strategies for a water scarce future in Australia. Global
Environmental Change 23(2):537-547.

Wisner B, Blaikie P, Cannon T, Davis I. 2004. At Risk: Natural Hazards, People’s
Vulnerability, and Disasters. London, United Kingdom: Routledge.

Yohe G, Tol RS. 2002. Indicators for social and economic coping capacity:
Moving toward a working definition of adaptive capacity. Global Environmental
Change 12(1):25-40.

Young KR, Lipton JK. 2006. Adaptive governance and climate change in the
tropical highlands of western South America. Climatic Change 78(1):63-10.

https://doi.org//10.1659/MRD-JOURNAL-D-18-00062.1


dx.doi.org/10.1016/j.earscirev.2008.04.002

