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PROJECT DESCRIPTION

The Institutional Adaptations to Climate
Change (IACC) project is an international,
multidisciplinary five-year research initiative
funded under the Major Collaborative Re-
search Initiatives (MCRI) program of the So-
cial Sciences and Humanities Research Coun-
cil of Canada (SSHRC). The goal of the IACC
project is to develop a systematic, integrated
and comprehensive understanding of the ca-
pacities of governmental institutions to for-
mulate and implement strategies of adapta-
tion to climate change risks and the forecasted
impacts of climate change on the supply and
management of water resources in dryland
environments. This goal is addressed through
a comparative study of two regions: the South
Saskatchewan River Basin (SSRB) in western
Canada and the Elqui River Basin (ERB) in
north-central Chile. Both regions have a dry
climate adjacent to a major mountain system

and landscapes at risk of desertification as
well as an agricultural economy dependent on
water derived from mountain snow and gla-
ciers. As a result of drier conditions and in-
creased climatic uncertainty, they will be simi-
larly affected by climate change. The specific
objectives of the project are:

1. to identify the current social and physical
vulnerabilities related to water resource
scarcity in the two dryland regions;

2. to examine the effects of climate change
risks on the identified vulnerabilities; and

3. to assess the technical and social adaptive
capacities of the regional institutions to
address the vulnerabilities to current wa-
ter scarcity and climate change risks.

The project focuses on the vulnerabilities of
rural communities to climate and water stress
as well as the organizational capacities of gov-
ernance institutions to address those vulner-
abilities. These foci are based on the idea that
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Figure 1. The Vulnerability Approach Model



the capacity to adapt—or reduce—vulnerability
is determined not only by local assets (e.g.,
economic capital and available technologies)
but also by broader governance networks that
define the use and distribution of vital natural
resources, as is the case with water.

This document is the final report for the IACC
project. It begins with an introduction to the
project and a description of the conceptual
model and approach that was adopted. This is
followed by a discussion of the project’s re-
search activities, which were organized into
three clusters. It concludes with an integrative
summary of the key findings from both study
basins as well as a comparison of these find-
ings. This report contains an appendix that
identifies the research team and lists (in al-
phabetical order by author) the working pa-
pers, theses, presentations and media re-
leases, workshops and publications, and re-
ports produced by the research team in rela-
tion to the project.

The project adopted a vulnerability model
(Figure 1), which guided the research process
and analysis, and also facilitated the integra-
tion of research activities. For the purposes of
this research, vulnerability is conceptualized
as a function of exposure-sensitivity and
adaptive capacity. Exposure-sensitivities
are properties of a system (community, sec-
tor, region, basin, etc.) and refer to the in-
teraction of both the characteristics of the
system and a stimulus. They reflect the
manner in which a system experiences con-
ditions to which it is sensitive (Smit and
Wandel, 2006). The actions taken to amelio-
rate risks and capitalize on opportunities are
considered adaptive strategies. The sys-

tem’s ability to employ adaptive strategies
reflects its adaptive capacity.

The vulnerability model emphasizes the need
to analyze not only the future vulnerability of a
system to climate change, but also its vulner-
ability in the context of past and current cli-
mate conditions. This approach acknowledges
that resource use decisions are rarely made
independently of other stresses and opportu-
nities. The analysis begins with the identifica-
tion of how climate-related factors influence
individuals, communities or economic sectors,
and what ability exists to manage changes in
these. The empirical application of the ap-
proach requires: (1) the development of a sys-
tematic understanding of both the current ex-
posure of a system to climatic and other
stresses as well as its adaptive capacity; (2)
the construction of future climate scenarios
for the study area; and (3) an assessment of
future vulnerabilities based on (1) and (2).
This involves an analysis of how existing
vulnerabilities may be affected by future cli-
matic conditions.

Since the wvulnerability approach consists of
three stages, the project’s research activities are
organized into three clusters (Figure 2). Cluster 1
accomplishes Objective 1 and involves the analy-
sis of current rural community vulnerabilities.
There are several research projects within
Cluster 1:

(a) an assessment of the current vulnerabili-
ties of a group of rural communities in the
two basins (Unit 1A);

(b) an analysis of the role of institutions in
the resolution of a group of recent con-
flicts related to water scarcity (Unit 1B);
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(c) a historical study of institutional adapta-
tion in periods characterized by water
scarcities (Unit 1C);

an analysis of environmental vulnerabili-
ties identified by stakeholders (Unit 1D);

and

(d)

an assessment of the capacities of govern-
ance institutions to reduce the vulnerabili-
ties of rural communities (Unit 1E)

(e)

Cluster 2 accomplishes Objective 2 and in-
volves an assessment of the future climate sce-
narios for the two basins and their potential
impacts. Cluster 3 accomplishes Objective 3
and involves an assessment of the capacities of
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governance institutions to deal with the future
vulnerabilities of rural communities. The pro-
ject’s website (www.parc.ca/mcri) contains all
the documents produced by the three clusters.




Ve o

RESEARCH INTEGRATION:
THE CASE OF THE TWO BASINS

This section integrates the main findings from
the three clusters into a single comprehensive
report for each of the two study basins. Fol-
lowing the vulnerability approach, each case
study discussion begins with a summary of
past and present vulnerabilities, followed by a
description of future climate conditions, a syn-
thesis of future vulnerabilities, and a detailed
outline of the project’s recommendations. This
section concludes with a comparative discus-
sion of the two basins.

Past and Present Vulnerabilities

PAST/PRESENT DROUGHT AND OTHER
CLIMATE-RELATED EXPOSURES

The SSRB covers approximately 166,000
square kilometres, encompassing three prov-
inces, with four major rivers; the SSRB is one
of Canada’s larger watersheds, experiencing a
wide variability of climate, geography and hy-
drology (Toth et al., 2009). Its climate is de-
termined by its location. The Rocky Mountains
to the west impede easy access of moisture-
bearing winds from the Pacific Ocean. As a
consequence, most of the basin has a conti-
nental climate, subhumid to semiarid with
short hot summers (mean temperatures from
14°C to 16°C), long cold winters (mean tem-
peratures from -12.5°C to -8°C), low levels of
precipitation (with mean annual precipitation
extremely variable but generally increasing
northwards from less than 300 mm to 600
mm per year, and also increasing towards the
eastern and western margins of the basin), and
high summer evaporation. A water deficit is a
characteristic of this area—this is Canada’s
largest dryland watershed—with the high
winds accelerating evaporation. While average
precipitation values are as low as 282 mm per
annum in the central part of the SSRB, the
Montane Cordillera receives well over 600
mm. Consequently, the SSRB is highly de-
pendent on snowmelt runoff from the eastern
slopes of the Rocky Mountains, which feeds
the rivers and streams of the SSRB. The Pal-
liser Triangle—the driest part of the Canadian
Prairies—is characterized by large annual av-



erage water deficits. Precipitation is less than
potential evapotranspiration (PET), with val-
ues well below 0.5 P/PET in the eastern por-
tion of the basin south of Saskatoon.

The six rural communities selected for the
community vulnerability assessment—Kainai
Blood Indian Reserve, Taber, and Hanna in
Alberta; Cabri, Stewart Valley, and Outlook in
Saskatchewan—are within the Palliser Trian-
gle (Figure 3). Although there is great diversity
among the study communities, one common-
ality is that they are all heavily engaged in ag-
riculture. Taber and Outlook are heavily reli-
ant on irrigation, while Cabri and Stewart Val-
ley are surrounded by agricultural dryland,
which is dependent on the right amount of
precipitation at the right time of the year.
Hanna is also in a dryland area, with a pre-
dominant ranching mode, while the Blood Re-
serve faces many of the challenges experienced
by First Nations communities. Despite these
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differing situations, the communities have
had, and are expected to have, similar expo-
sure and sensitivities to climate and other
stresses (Marchildon et al., 2008; Marchildon
et al., 2009; Matlock, 2007; Magzul and Rojas,
2006; Pittman, 2008; Prado, 2008; Young
and Wandel, 2007; Wandel et al., 2009).

Rural communities and agricultural producers
are exposed and sensitive to a variety of cli-
mate variability-related events. Changes in
temperature (e.g., heat waves, temperature
fluctuations, and late and early frosts), and
other climate-related events (e.g., hail, high
winds, wind erosion and grasshopper infesta-
tion) sometimes severely impact rural liveli-
hoods and economic activities.

The western portion of the SSRB is frequently
exposed to Chinook winds, which can drasti-
cally raise temperatures over the course of just
a few hours. These winds can be problematic




for cattle producers as thaw cycles can melt
snow in the middle of winter, which subse-
quently refreezes as ice, causing problems for
cattle health. Vegetable producers in Taber
report that crops in long-term storage are sen-
sitive to Chinook-related temperature fluctua-
tions, as they cause decreases in the sugar con-
tent of crops that are not stored in a climate-
controlled environment. The Chinooks present
particular problems for moisture management
in both crop and livestock farming. Complete
snow cover throughout the winter months
means that the soil is protected from the dry-
ing effect of wind. However, warm winds can
melt enough snow that the ground is now
bare, and thus stored soil moisture is lost
through evaporation. Furthermore, if the Chi-
nook melts accumulated snow in moisture-
stressed areas, the snow’s contribution to soil
moisture is generally inferior to what it could
achieve during a slow, gradual spring melt.
During rapid warming such as during a Chi-
nook, the soil does not warm up enough to
thaw and thus runoff does not infiltrate and
the accumulated precipitation is lost as it runs
off fields, save for what can be captured in sur-
face storage facilities such as dugouts, reser-
voirs or lakes.

In addition to this alternating freeze-thaw, low
temperatures in winter are an important expo-
sure-sensitivity. The southern Prairies have,
historically, frequently experienced extreme
cold snaps during the winter, and crop farmers
count on these to control insects from year to
year. A lack of periods with extreme cold tem-
peratures (e.g., -25°C) can result in the year-to
-year survival of pests, which ultimately re-
sults in lower crop yields. In contrast, warmer
winters may result in some economic savings
for cattle producers, who face an increase of
30% to 50% in feed requirements if tempera-
tures are below -20°C.

In late winter and early spring, rancher opera-
tions are particularly sensitive to extreme cold,
because this is their calving season (e.g., Janu-
ary to May). Such cold temperatures can affect
the health of the cow and her calf and contrib-
ute to an increase in pneumonia among new-
born calves. Temperatures during snow melt
also present exposure-sensitivities for farmers
and ranchers: if the snow melt is slow and
gradual, soil moisture increases and contrib-
utes to better crop and grass growth through-
out the growing season. However, a slow and
gradual snow melt coupled with low snow ac-
cumulation, either through low precipitation
or as a result of repeated “Chinooking off,”
may mean that ranchers’ dugouts, which are
reliant on snowmelt runoff, may not fill and
thus there may be insufficient stock water
throughout the year.

Later in the spring, all producers need ade-
quate heat for crop germination and growth.
However, the need for sufficient warmth is
closely tied to adequate moisture, as both are
required. Ideally, farmers need rain and mild
temperatures after seeding. If it is both cold
and dry, the seed lies dormant until such con-
ditions are reached. However, if conditions are
both cold and wet, seeds may become unvia-
ble. Similarly, if the plants germinate and they
do not receive adequate moisture thereafter,
they will fail. This is an issue for both field
crops and tame pastures, as native pastures
are more resilient to these conditions.

Crop farmers’ operations are particularly sen-
sitive to late frosts if they occur during post-
emergence of the plant. Too much heat during
summer can be a problem. Dryland farmers
are sensitive to extreme heat (30°C and above)
as it dramatically increases the moisture re-
quirements for crops; thus, extreme heat
coupled with dry conditions poses substan-
tial problems. Even those who rely on irriga-
tion to meet crop moisture requirements



have difficulty with extreme heat as this
hastens crop ripening. If crops mature early,
yields decrease.

Crops and pastures require moisture through-
out the growing season, though the crucial
times vary by enterprise type. Ranchers need
moisture early in the season for hay germina-
tion, establishment and growth. After haying
in mid-summer, they are far less sensitive to
low moisture than field crop producers, whose
crops develop throughout the growing sea-
son. Even among ranchers, those relying on
native grasses are less sensitive to low mois-
ture than those who seed tame grasses. Both
native and tame grasses, as well as field
crops, are subject to drying winds during
hot summers with inadequate moisture, but
native grasses will retain their protein value
even if they dry on the stalk.

Hot summer days are linked to the formation
of thunderstorms. When these are accompa-
nied by hail, all agricultural producers can be
affected. Although hail is particularly damag-
ing to pre-harvest field crops, even pastures
can be decimated by localized hail events.
Similarly, wind, whether accompanying thun-
derstorms or on its own, can be problematic as
it contributes to the drying effect of hot tem-
peratures and, in cases of high winds, can
damage crops and buildings. Irrigators are
particularly sensitive to high winds as irriga-
tion equipment such as pivots are vulnerable
to wind damage. Later in the growing season,
early frosts (e.g., prior to September 15th) can
be problematic for both dryland and irrigated
farmers. A frost event before frost-sensitive
crops such as vegetables have been harvested
will affect crop quality. Irrigated farmers are
particularly exposed and sensitive to early
frosts, as their crops tend to ripen later than
dryland crops, and thus the pre-harvest win-
dow is longer (Wandel et al., forthcoming;
Young and Wandel, 2007).

The SSRB is also subject to many extreme
weather events. The project’s studies highlight
that prolonged and severe drought is the single
most marked exposure feature of the SSRB.
The challenges imposed by water scarcities
become more dramatic during periods of
drought, a phenomenon that is a natural and
recurrent characteristic of the regional climate
of the western part of the Prairies (Sauchyn et
al., 2002; Toth et al., 2009). Droughts affect
not only the supply of water to the regional
population but also amplify the negative im-
pacts of aridity on soil erosion. They also con-
tribute to ecosystem degradation. An increas-
ing point of concern is that although severe
drought has occurred most often in southwest-
ern Saskatchewan, droughts have more re-
cently migrated farther northward and af-
fected communities less accustomed to dealing
with drought impacts (Wheaton et al., 2008).
Several studies completed within the project
show that the impacts of drought on the Cana-
dian Prairies during the last century have been
dramatic, such as the drought of the Great De-
pression, which affected millions of acres and
forced thousands of people to migrate into less
affected areas (Marchildon et al., 2008). The
most recent significant droughts—2001 and
2002—seriously impacted the Prairies: net
farm income was negative in Saskatchewan
and zero in Alberta, and agricultural produc-
tion losses reached over $2 billion in the two
provinces (Wittrock et al., 2007; Sauchyn and
Kulshreshtha, 2008). The IACC project carried
out several studies to analyze the impacts of
the 2001 and 2002 droughts on the six com-
munities selected for the vulnerability as-
sessment. Although the extent and severity
of low water levels varied from community to
community and affected the economic and so-
cial activities differently, these droughts had a
devastating effect on local economies and wa-



ter supplies (Wittrock et al., forthcoming; Diaz
et al., 2009b; Wandel et al., 2009).

Although the SSRB is particularly exposed and
sensitive to drought, too much precipitation
can and does pose significant problems for ru-
ral people. For both dryland and irrigated
farmers, an excess of rain means crop losses
and much other damage. Ranchers, on the
other hand, are far less vulnerable to excess
moisture at any stage of the growing season, as
grass is generally more resilient to these
events. Flooding is also a major natural hazard
in the upper reaches of the SSRB (southern
Alberta), mainly due to rapid rainfall events,
rapid snowmelt, or a combination of these fac-
tors. In contrast with the case of droughts,
floods can have very rapid and different severe
impacts on communities, ranging from hous-
ing, agricultural and infrastructure damage,
and can place significant strain on emergency
services. Producers in Taber, Kainai Blood In-
dian Reserve and Outlook have reported flood-
ing during extreme rain events in the growing
season. Since the early 1990s, the three com-
munities have experienced severe floods. The
floods of 1995, 2002 and 2005, for example,
resulted in significant costs for residents and
the local infrastructure (Magzul and Rojas,
2006; Pittman, 2008; Prado, 2008).

Rural people are also exposed to a range of
threats relating to surface and groundwater
quality and quantity. Nutrient contamination
resulting from agricultural and industrial ac-
tivities, as well as sewage effluent, storm water
runoff, and biological contamination affect the
aquatic ecosystems and water resources, with
potential negative impacts for the local popu-
lation. Increasing water demand is another
problem in the basin. Potential demand from
irrigated and non-irrigated agricultural areas,
limited supply for additional water allocation,
and the expected increase in population com-
pound water supply issues.

The SSRB has a sophisticated and diverse
economy that provided over one million jobs
in 2001, and contributes about $69 billion to
Gross Domestic Product (Bruneau et al.,
2009). However, most rural communities in
the SSRB are heavily dependent on agriculture
and face all the economic difficulties common
to this sector (e.g., high input costs, low com-
modity prices, market fluctuations, etc.).
These economic difficulties have contributed
to economic instability, financial hardships,
radical changes in family agriculture, high
family stress, rural out-migration, and signifi-
cant changes to rural infrastructure, health
care and education. These conditions, which
are the product, to a large extent, of the
transformations in the global agricultural
market and changes in agricultural policies,
are identified as an important source of
stress by rural people (see Epp and Whitson,
2001; Jones and Schmeiser, 2005; Knuttila,
2004; Stirling, 2004).

These non-climate sources of stress, in con-
junction with harsh climate conditions such as
drought, have created multiple exposure/
sensitivities for all communities. It is this jux-
taposition of multiple stressors that has been
identified by rural people as being at the cen-
tral core of their vulnerability. These external
stressors interact with regional and local con-
ditions, generating a number of additional is-
sues that result from this interaction (Patifo
and Gauthier, 2009).

PAST AND PRESENT
INSTITUTIONAL ADAPTATIONS

The rural history of the SSRB has been one of
continuous adaptation to multiple sources of
risk, climate being one of them. A variety of
practices, processes, systems, and infrastruc-
ture have been tried and adopted by communi-



10

ties and households to reduce risk and facili-
tate new opportunities. Accumulating assets,
relocating human resources, diversifying in-
come and crops, redefining land use, produc-
ing new crop varieties, harvesting water,
adopting new technologies, building irrigation
and flood control infrastructure, and using
kinship and community social networks are
among the myriad of strategies that the com-
munity vulnerability assessments as well as
other IACC studies have illustrated that rural
people employ in times of stress.

Agricultural producers have adopted a range
of management strategies to deal with climate-
related exposure-sensitivities. They rely on
changing the timing of their operations based
on microclimatic conditions, diversifying their
operations to include fewer moisture-sensitive
crops as well as livestock or, in the case of sev-
eral producers in the SSRB, replacing annual
crop production with livestock. Cattle produc-
ers also rely on a suite of management strate-
gies, including the construction of more or lar-
ger dugouts, fencing off existing ones and us-
ing on-demand pumps to maintain water qual-
ity as supplies run low. In some areas, produc-
ers have started digging shallow pipelines for
dugout recharge from secure sources (such as
pipeline tap-offs or good wells) and, in ex-
treme situations, ranchers have resorted to
hauling water using bulk tankers to bring their
cattle through extreme dry periods. Both farm-
ers and ranchers have diversified their sources
of income in order to deal with the economic
risks created by global economic processes;
off-farm work has become increasingly com-
mon in the basin. Adaptation to insecure
farm economics is particularly facilitated in
the SSRB by the presence of the oil and gas
industries. Producers are compensated for
oil industry access to both owned and leased
land. As well, these industries are a source
of high-paying employment, which in turn

can supplement farm income (Wandel et al.,
forthcoming).

These examples demonstrate adaptive capacity
at the local level, or the ability of rural people
to deal with climate variability and other
forms of risk. Adaptive capacity, however, is
unevenly distributed within the SSRB and
among social sectors. As the community vul-
nerability assessments have demonstrated,
rural communities differ in terms of their ac-
cess to resources, types of agriculture, institu-
tional capacities and so on; the Blood Tribe is
perhaps the most vulnerable community due
to its lack of resources.

The adaptive capacity that exists at the local
level has been shaped considerably by larger
decision-making frameworks, especially by
different levels of government and governance
networks. Since the early 1900s the adaptive
management process has been continuous and
characterized by the steady improvement of
management policies and practices, which
have to a large extent defined the degree of
exposure-sensitivity as well as the adaptive
capacities of rural people. This adaptive man-
agement process has evolved since settlement,
and has usually been reactive in times of crisis
(e.g., responses to drought). Over time the ac-
cumulated benefits of this process have facili-
tated (and constrained) the development of
capacities to deal with expected climate vari-
ability. Examples include improvements in
cropping, water management and land use,
and improved institutional adaptations
(Marchildon et al., 2008; Bruneau et al.,
2009). The project’s studies demonstrate the
outcomes of this process, its strengths and
weaknesses, and its contribution to building
capacity to deal with climate risks and oppor-
tunities, particularly drought.

The study of water-related conflicts and the
role of institutions in their resolution provided
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an opportunity to identify and understand
how the impacts of conflicts can increase the
exposure and vulnerability of affected
groups vis-a-vis access to water in the con-
text of climatic change. When these lessons
are acted upon in effective and meaningful
ways, the adaptive capacity of communities
and water governance institutions can be
enhanced (Rojas et al., 2009a).

The historical studies illustrate one key lesson:
that crises reveal vulnerabilities and expose
institutional weaknesses while at the same
time forcing institutional innovations that ad-
dress, at least in part, those same weaknesses.
In the early 20t century, two principal water
scarcity crises in the SSRB illustrate this les-
son: 1) the prolonged drought in southeastern
Alberta that preceded the Great Depression;
and 2) the prolonged drought after 1927 that
covered almost all of the Palliser Triangle.

Beginning in 1917, the Dry Belt (see Figure 3 —
Palliser’s Triangle) within the SSRB suffered
through ten years of successive drought, most
adversely impacting the large, specialized
wheat growers. This first crisis revealed the
weaknesses of the settlement pattern in the
Prairie Provinces, including the federal gov-
ernment’s encouragement of grain farming in
the driest part of the SSRB after 1909, and the
weak and divided structure of local govern-
ment that separated towns or urban munici-
palities from the farms organized in rural mu-
nicipalities. The major institutional innovation
in the face of this first crisis was the establish-
ment of the Special Areas Boards by the Gov-
ernment of Alberta and its active efforts to
shift to a system of land tenure more suitable
to the arid conditions of the Dry Belt and more
capable of taking on the risk associated with
periodic cycles of severe and multi-year
drought, providing local people with an insti-
tutional adaptive mechanism to reduce their
exposure to drought. This change in land ten-

ure was complemented by the establishment
of a larger administrative authority, which has
significant advantages over small and frag-
mented rural and urban municipalities in
terms of facilitating adjustment to prolonged
periods of water scarcity, particularly when a
shift in overall land tenure is required. This
advantage seems to be well understood by the
population living within the Special Areas.
Though offered the opportunity to replace the
Special Areas Board with democratically
elected local rural government, the people of
this sub-region have chosen to keep the Board
structure intact despite the fact that nothing
similar to the almost two-decade-long drought
of the interwar years has reoccurred
(Marchildon, 2007).

The second water scarcity crisis—the extensive
and prolonged drought covering most of the
Palliser Triangle from 1928 until 1939—
revealed the fatal vulnerability of the small
and bifurcated local government structures
throughout the SSRB. It also exposed the po-
tential weakness of provincial governments
acting in isolation of each other and the fed-
eral government. Relief was the most com-
mon, and the most expensive, institutional re-
sponse by governments, charitable organiza-
tions and local communities to the disaster of
prolonged drought from 1928 until the end of
the 1930s. Despite the many difficulties, fed-
eral-provincial collaboration in relief distribu-
tion likely prevented wholesale starvation in
the SSRB (Marchildon et al., 2008). This ex-
ample emphasizes the value of inter-
governmental and inter-agency cooperation.

Because of cattle ranching and irrigated agri-
culture in western Alberta, and policy inter-
ventions to restrict wheat farming and shore
up a weak municipal structure in eastern Al-
berta, Saskatchewan was considerably more
vulnerable than Alberta to the effects of the
prolonged and severe drought. As a result,
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Saskatchewan also became the centre of grav-
ity for the Prairie Farm Rehabilitation Admini-
stration (PFRA), the major initiative by the
Government of Canada to rehabilitate the
drought-stricken Palliser Triangle.

The Prairie Farm Rehabilitation Act was
passed in 1935. The Act set out that the federal
Department of Agriculture would administer
small earthen dam building to conserve water,
and grass and tree planting to prevent further
soil-drifting, as well as conduct extensive soil
surveys and establish demonstration farms
that would address the most pressing needs of
farmers in the most drought-stricken parts of
the Palliser Triangle. In 1937, these activities
were organized under the Prairie Farm Reha-
bilitation Administration, adding the creation
of community pastures out of the worst areas
of soil drifting. These federally owned and
managed pastures were to be made available,
at low cost, to surrounding mixed farmers and
ranchers to supplement their own livestock
feed. Because of the constitutional distribution
of powers, the PFRA—a federal agency—could
not operate without receiving a minimum of
provincial collaboration. In fact, the federal
government received the enthusiastic support
of the Saskatchewan government, and this
produced a fruitful collaboration that allowed
for a remarkable rehabilitation of drought-
stricken southern Saskatchewan. While the
PFRA received only grudging support from the
Alberta government, it was enough to launch
most of the PFRA’s initiatives with the prov-
ince, including major irrigation and water di-
version projects. The exception was the com-
munity pasture program, a limitation on the
PFRA that was not fatal because of the Al-
berta government’s pre-existing community
pasture program in the Special Areas
(Marchildon, 2009).

Since the late 1930s, PFRA has provided tech-
nical support and funding for soil and water

conservation projects, applied research and
demonstration for improved land use and ad-
aptation practices (e.g., use of drought-
tolerant crops, conservation tillage, etc.), and
on-farm and rural water development projects,
including farm dugouts, rural water pipelines,
and rural water infrastructure ranging from
irrigation works to rural water treatment
plants, increasing access to water supplies for
the agricultural sector and rural communities.
To a large extent PFRA has been responsible
for considerable drought resilience on the
Prairies. More recently, PFRA! has developed
climate monitoring and forecasting capabili-
ties designed to facilitate decisions and plan-
ning related to climate-induced water stress
events like droughts—significantly building
adaptive capacity to expected climate changes.
As a result of all this experience, PFRA cur-
rently appears to be far ahead of other federal
and provincial agencies on this front. In recent
years, however, some of the PFRA’s activities
in the region have been curtailed (e.g., reduced
water infrastructure programming) while
other activities have been enhanced (e.g., na-
tional agri-environmental programming).

In an effort to establish sustainable and prof-
itable agricultural practices, significant adap-
tations were implemented after the severe
droughts of the 1920s and 1930s. Reduced or
minimum tillage practices were adopted to
sustain and conserve soil and soil moisture,
marginal lands were converted from cropping
to permanent grass cover and community pas-
tures, and increased efforts were made to pre-

1In April, 2009, PFRA, once strictly a prairie agency, be-
came the Agri-Environment Services Branch. AESB will
remain a branch of Agriculture and Agri-Food Canada, but
takes on a national mandate focused on agri-environmental
sustainability and innovation to promote a competitive
profitable agricultural sector. Water and climate change/
adaptation are key priority issues that are currently driving
some of AESB’s national activities.
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serve ecological benefits of natural wetlands
(Bruneau et al., 2009).

Several other institutional measures have been
developed to ensure secure and reliable access
to water, especially in periods of water scar-
city. One of them has been a significant invest-
ment in irrigation infrastructure and technol-
ogy. Irrigation has always been perceived as
the primary adaptation of agriculture in semi-
arid and arid regions, such as the SSRB, and
the increasing presence of PFRA in the Prai-
ries has contributed to the establishment of a
large extension of land in Alberta and Sas-
katchewan under irrigation. At the present
time, Saskatchewan has approximately 11%
and Alberta well over 60% of Canada’s irri-
gated land. Access to irrigation provides ag-
ricultural producers with not only relatively
reliable access to water, but also creates the
conditions for crop diversification and the
related additional income. The benefits of
irrigation are, however, limited only to those
farmers and communities located in the irri-
gated areas.

Another significant institutional contribution
to secure water in the Prairies has been the
creation of the Prairie Provinces Water Board
(PPWB) in 1948. The PPWB, which operates
under a formal relationship between Manitoba
Environment, Saskatchewan Watershed Au-
thority, Alberta Environment and the federal
government represented by Environment Can-
ada and PFRA, oversees the apportionment
agreement on river water flow among the
three Prairie Provinces. Briefly, this agreement
requires that 50% of the waters which rise in
Alberta be allowed to pass into Saskatchewan,
which then has to pass half of the natural flow
into Manitoba—both what it receives from Al-
berta and what is added in Saskatchewan. The
PPWB also monitors the quality of water en-
tering and leaving each of the provinces. This
agreement provides some degree of certainty

on the quality and availability of surface water,
ensuring equitable sharing of the water re-
source across provincial boundaries, and help-
ing to avoid potential conflicts related to the
distribution of water resources.

There has also been increasing institutional
support to reduce the risks associated with un-
predictable weather conditions. Federal and
provincial governments have established
safety net programs that reduce the negative
impacts of these conditions on farmers and
ranchers. By 2002 there were several federal
programs to help lessen drought impacts. Al-
berta and Saskatchewan are partnered with
the federal government in several programs.
They also maintain their own crop insurance,
livestock drought assistance, farm manage-
ment, and conservation programs (Wittrock
and Koshida, 2005). These programs have
limitations, however, as was demonstrated in
the high costs they incurred during the 2001—
2002 drought and the dissatisfaction ex-
pressed by many farmers.

Water laws influence institutional capacity to
cope with and alleviate the impacts of water
stress. Saskatchewan’s water law consists pre-
dominantly of The Saskatchewan Watershed
Authority Act, 2005, S.S. 2005, S-35.03. The
Act establishes the corporation, the Saskatche-
wan Watershed Authority, and establishes its
powers, mandate, and rules for administration
moving from a legislated water rights model to
a water rights model managed by a Crown
Corporation. Issues formerly dealt with by leg-
islation were then left to be resolved at the dis-
cretion of officials of the then Water Corpora-
tion (and now Saskatchewan Watershed Au-
thority). It is argued that the licensed water
rights established by the statutory scheme
prior to 1984 remain in tact; water licenses
issued after that time are at the discretion of
the Corporation (Percy, 2004). As there is not
a statutory scheme of water rights, and there is
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not a publicly accessible record of water rights,
it is unclear what the priority of water rights
will be in the event of a conflict.

In Alberta, The Minister of Environment re-
sponsible for the Water Act designates a
“Director” who has responsibilities outlined in
the Act for the management of water including
issuing licenses, developing water manage-
ment plans, water conservation objectives and
authorizing water works. The Water Act estab-
lishes four classes of water rights: existing li-
censes, household users, traditional agricul-
tural users, and new licenses and established a
detailed structure of priority amongst these
users. Transfer of water rights is allowed if in
accordance with an approved water manage-
ment plan, and in the absence of such a plan,
Cabinet order. In the South Saskatchewan
River Basin there is a South Saskatchewan Ba-
sin Water Management plan which allows the
Director to consider applications to transfer
water allocations within the basin. This is de-
scribed as creating a non-regulatory method of
reducing wasteful use by creating an incentive
to save water and transfer its marginal value
for compensation (Percy, 2004).

Significant developments have contributed to
this growing capacity over the last decade. The
first was the development of a new institu-
tional water governance system aimed at im-
proving the management of water resources.
In Saskatchewan the new system was organ-
ized around the Safe Drinking Water Strategy
of 2002, which came to be as a response to
drinking water disease outbreaks in Walkerton
in 2000 and North Battleford in 2001. The
strategy involved a rearrangement of water
governance in the province and the develop-
ment of a wide-ranging water monitoring and
regulatory system for municipal drinking wa-
ter. The system required that municipalities
meet standards for water quality and have
qualified water treatment technicians. While

the institutional approach has its challenges, it
provides reliable drinking water to communi-
ties and surrounding farm households. In Al-
berta the new institutional development was
organized around the Water for Life Strategy,
created in 2001. Its goal was to achieve more
sustainable management of water resources
after Alberta recognized that it was facing sig-
nificant pressure on its water supplies (e.g.,
limited availability, water quality impacts,
competing demands, etc.).

More recently, the integration of civil society
into the governance of water resources was
linked with the creation of new institutional
systems in Alberta and Saskatchewan. In both
provinces local organizations and community
members are participating in watershed coun-
cils or committees, and engaging in the devel-
opment of water plans. Integrating local peo-
ple and communities into watershed decision-
making processes is a central theme of inte-
grated water resource management, and is
consistent with standards set by the World
Water Council. When this approach is fully
realized it should contribute to better manage-
ment of the risks associated with climate
change, as well as more sound water manage-
ment (Hurlbert et al., 2009b).

Finally, there has been a significant increase in
institutional research in water resources and
climate change areas within the SSRB. Climate
change research programs have been devel-
oped in regional universities, such as the Prai-
rie Adaptation Research Collaborative (PARC)
at the University of Regina, the Water Institute
for Semiarid Ecosystems based at the Univer-
sity of Lethbridge, the Alberta and Saskatche-
wan Research Councils, and other government
agencies. This increasing production of knowl-
edge is fundamental to understanding vulner-
abilities and impacts and for developing ca-
pacities to deal with climate and water
stresses, but they still need to be integrated
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into governance policies, management, pro-
grams, and practices.

The aforementioned institutional develop-
ments have benefited rural communities,
farmers and ranchers by strengthening their
adaptive capacity to deal with normal climate
variability and, to a certain extent, with ex-
treme variability, although some of the limita-
tions of their adaptive capacity were demon-
strated during the 2001—2002 droughts. Sev-
eral institutional challenges need to be ad-
dressed in order to enhance capacity and
build resilience to deal with future climate
change risks and opportunities. Some of
these challenges were identified in the as-
sessment of Alberta and Saskatchewan wa-
ter governance systems (Diaz et al., 2009a;
Wandel, 2009). They are:

. The distribution of adaptive capac-
ity. The community vulnerability assess-
ments demonstrate that resources are
unevenly distributed. The Kanai Blood
Reserve is the most vulnerable due to the
particular conditions that characterize
First Nation communities, but other
communities such as Cabri and Stewart
Valley are also highly sensitive to ex-
treme climate events such as drought,
due to their lack of access to irrigation
and their small and aging populations.
Those communities that are most resil-
ient have well-established water infra-
structure (storage reservoirs and distri-
bution networks) and utilize irrigation to
supplement periods of low precipitation
that do not meet crop water require-
ments. Policy responses targeted at rural
communities need to consider climate
impacts on several areas, particularly as
they relate to water, the environment,
and vulnerable economic activities such
as agriculture.

The scope of most policy analysis
and development in these commu-
nities. The community vulnerability as-
sessments reveal a large array of poten-
tial harms that climate change and inap-
propriate institutional actions can pro-
duce or perpetuate. These include:
harms to communal identities and sta-
bility; to people’s sense of heritage; to
cultural integrity; to informal systems of
governance (e.g., First Nation clan sys-
tems); and especially to trust-based rela-
tionships. The research studies on con-
flict and values point to the need to pro-
tect social capital (the connections be-
tween and within social networks)
through such activities as allocating re-
sources to augment community-
government relations, a practice utilized
by the former PFRA. The vulnerability
assessments also point to the need for
policy and programs to consider differ-
ent styles of development and ways to
relate to ecosystems and preserve the
environment (Morito, 2006; Rojas et al.,
2007). New methods of program deliv-
ery should incorporate future climate
scenario planning to anticipate future
climate conditions and impacts on re-
gional water supplies, with a balanced
view of environmental, social and eco-
nomic impacts, and ways to build local
and rural resilience.

Water data availability. The research
identified gaps in water data (water
quality, quantity and actual use patterns,
groundwater supplies, climate data) re-
quired for effective water management
and planning. This issue has also been
emphasized in much of the relevant sci-
entific and water management literature.
Knowledge of water sources and climate
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impacts on surface and groundwater
supplies is critical for effective water
management and planning. If the status
of available water resources is uncertain,
it is increasingly difficult to make projec-
tions about future resilience in the face
of climate change. For example, at pre-
sent Saskatchewan lacks a detailed
groundwater resource map. There is un-
certainty about what data are available,
what can be readily accessed and who is
responsible for making sure that data are
collected and shared. This, in theory, is a
manageable problem that can be amelio-
rated with dedicated resources (time,
people and finances).

The need for long-term planning.
While much effort has been directed to-
wards climate change mitigation issues,
governments are still in the early stages
of developing climate change adaptation
plans. Many current forms of govern-
ment activity assist in reducing vulner-
abilities or enhancing adaptive capacity;
other activities could easily be reoriented
to assist with improving adaptive capac-
ity. However, without a more intensive
and collaborative effort, it is difficult to
achieve the highest returns for climate
adaptation work. This is especially im-
portant where drought is concerned.
While many Saskatchewan agencies in-
volved in water governance mentioned
preliminary efforts to plan around
drought, nothing of significance cur-
rently exists. A number of case-specific
responses do not constitute a compre-
hensive plan. Not only is there a lack of
planning related to the negative impacts
of drought, there is little planning
around the potential opportunities and
benefits that drought in other regions

might offer Saskatchewan residents. The
absence of a drought plan is related to
the lack of sufficient data noted above
(Hurlbert et al., 2009a). Alberta has a
formal “Agriculture Drought Risk Man-
agement Plan,” which is primarily fo-
cused on short-term coping strategies at
the producer level. The 2001-2002
drought, however, highlighted the need
to address the larger picture of water
allocation during times of surface wa-
ter shortage (Wandel, 2009). Long-
term planning also needs to extend
beyond provincial boundaries, and
should consider regional approaches
to achieve effective adaptation.

The effectiveness of watershed ad-
visory groups. Watershed groups play
an important role in increasing adaptive
capacity in both provinces. They reflect
the widely recognized principle that wa-
ter problems and climate impacts are
always local. If impacts are to be dealt
with effectively, information must be
gathered at the local level and local
stakeholders need to be included in the
policy development and management
process, as well as in the implementation
of action plans to build resilience. While
the voluntary involvement of stake-
holders may be admirable and neces-
sary, the advisory group process is
unlikely to be sustainable under the ex-
isting model. The endurance of the advi-
sory groups is threatened by their lack of
predictable funding. While there is dis-
agreement about whether the groups
should be given a regulatory and taxing
capacity, their advice-giving role could
nonetheless be formalized. Ensuring that
local input is given due consideration
would assure the watershed advisory
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groups that their efforts are not wasted—
that they constituted something that
goes well beyond an “appearance” of lo-
cal involvement, and achieve a degree of
citizen and stakeholder engagement that
leads to adopting best adaptation prac-
tices (Hurlbert et al., 2009b; Wandel,
2009).

Interagency coordination. Sas-
katchewan’s water governance and cli-
mate monitoring system suffers from
duplication and a lack of coordination.
Alberta is attempting to address a simi-
lar situation with the creation of a Policy
Coordination Office, although little evi-
dence of this was seen during the inter-
views. A lack of coordination often re-
sults in failures to identify areas needing
attention because it is assumed that
other agencies are looking after specific
issues. Such complexity often creates
confusion among government officials
themselves, let alone stakeholders and
the general public. The overall need for
all orders of government to clearly estab-
lish roles and co-ordinate water activi-
ties is supported by the IACC research
findings through the stakeholder and
community interviews; it is also widely
supported by a growing body of litera-
ture (Pearse et al., 1985, Corkal et al.,
2007; Hurlbert et al., 2009a).

Operational challenges. The effec-
tiveness of water governance in Sas-
katchewan and Alberta is frustrated by
the complexity of the water governance
arrangements. Saskatchewan’s rural
communities and their residents are of-
ten frustrated by the need to deal with a
large number of agencies and they are

often unsure which agencies are respon-
sible for various aspects of water policy.
Although unlikely and possibly impracti-
cal, the “one-stop shopping” or “single-
desk approach” was identified as a solu-
tion by a number of respondents. Water
governance and management are also
frustrated by the levels of funding avail-
able for delivering services to rural com-
munities. Funding is sporadic and avail-
ability and eligibility rules often change
along with the election cycle. Rural resi-
dents and municipalities in Alberta are
constrained by the first-in-time licensing
arrangements. Large-scale long-term
projects (e.g., the construction of further
irrigation) are hampered by the need to
obtain a water license, which is impossi-
ble in the southern part of the basin.
Since the license is a necessary pre-
requisite for all new projects, the only
avenue for planning is within existing
licenses.

Central resources for solving cli-
mate change problems. Most water
supply and infrastructure challenges in
Saskatchewan are met by municipal gov-
ernments and individual farm operators.
Presently the federal Department of Ag-
riculture’s Agri-Environment Services
Branch (AESB, formerly the PFRA) and
SaskWater are the only senior govern-
ment agencies with the experience and
capacity to deliver rural water program-
ming solutions to water-stressed com-
munities and farmsteads. However, both
face uncertain futures due to potential
institutional rearrangements. There are
questions being asked in water govern-
ance circles about the current mandates
and future of these agencies. Were the
agencies to disappear, or lose their ca-
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pacity to provide infrastructure solutions
to water problems, there would be no
similar bodies in existence that could
pick up the slack should a major drought
event occur in Saskatchewan. Their loss
would represent a major reduction in the
province’s capacity to deal with climate
change (for a more detailed discussion of
these items see Hurlbert et al., 2009a
and 2009b). In Alberta, the Water Act
provides several mechanisms for surface
water shortages to be managed at the
regional scale. For example, the Water
Act includes provisions for temporary
water transfers. However, past effective
solutions have relied heavily on the abili-
ties and skills of particular Alberta Envi-
ronment and Alberta Agriculture em-
ployees. Alberta’s adaptive capacity to
water shortages therefore rests in part
on the shoulders of particular individu-
als, without whom the Water Act is
unlikely to be used to its full potential.

These institutional challenges are not simply
endemic to the SSRB. Rather, many of them
are representative of challenges that charac-
terize other Canadian water governance net-
works, as evidenced by a large number of pub-
lications that address the complexities of man-
aging water resources in a diversified political
and geographical setting (see Bakker, 2007,
and Sproule-Jones et al., 2008).

Climate Change in the SSRB

Scientists have developed sophisticated global
climate models (GCMs) to simulate the com-
plex interactions existing between the earth’s
atmosphere, oceans, ice cover and land sur-
face. Even with these complex models, scien-
tists cannot know the climate of the future but

rather only the probable response of the cli-
mate system to external forces such as increas-
ing concentrations of greenhouse gases. A high
level of confidence of the probable responses
can be placed in GCMs because they are: 1)
based on physical laws, such as conservation
of mass, energy and momentum; 2) able to
simulate important aspects of the current cli-
mate; and 3) able to reproduce features of past
climates and climate changes. GCM experi-
ments reproduce the warming of the past cen-
tury only when the climate is forced by natural
factors plus the observed increases in green-
house gas concentrations. During repeated
runs, minor differences in initial conditions
force these simulations of the complex climate
system down different paths; therefore GCMs
produce a range of plausible future climates or
climate change scenarios. Future greenhouse
gas concentrations cannot be known but only
estimated from assumptions about socio-
economic activities that mitigate or accelerate
global warming. The Intergovernmental Panel
on Climate Change (IPCC) published 40 dif-
ferent emission scenarios that provide a
range of future possible greenhouse gas
emissions. These socio-economic scenarios,
labelled SRES (Special Report on Emission
Scenarios), represent different demo-
graphic, social, economic, technological, and
environmental and policy futures as emis-
sion drivers.

Climate change scenarios are typically ex-
pressed as a change in mean precipitation and
temperature between a baseline of 1961—90
and a future 30-year period, usually the 2020s
(2010-39), 2050s (2040-69) and 2080s
(2070—99). These changes are converted to
future absolute temperatures and amounts of
precipitation by applying the differences or
ratios to the baseline climate. All climate
change scenarios for the mid-21st century sug-
gest increased temperature and variable pre-
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cipitation for the SSRB, as illustrated in Figure
4. These climate changes actually favour most
existing human activities in the basin, but the
net result depends on the distribution or tim-
ing of the extra heat and water. One of the
most certain outcomes of global warming for
the SSRB is shorter and wetter winters, and
longer and generally drier summers. The sur-
plus water in winter and spring will be lost
during more days of evaporation and transpi-
ration by plants during a longer frost-free
growing season. The net result is shown in
Figure 5 where the difference between pre-
cipitation and potential evapotranspiration
for May-June-July is mapped for 1961—1990
as well as the three 30-year intervals in this
century. The moisture deficit that naturally
characterizes the SSRB expands geographi-
cally such that there is an annual moisture
deficit of 150—200 mm from southern Sas-
katchewan across the SSRB.

Precipitation and temperature are plotted in
Figures 6 and 7 for Lethbridge, Alberta and
Swift Current, Saskatchewan by season and
time period for a range of five scenarios. These
plots clearly show the larger increases in mini-
mum winter temperatures and the much more
consistent increase in winter and spring pre-
cipitation as compared to the large range of
possibilities in summer.

The frost-free growing season is becoming
longer and warmer, which could be advanta-
geous to growing diversified, higher value
crops. On the other hand, winter is getting
shorter and that means that some advantages
of a cold winter will be lost. The ability of
frigid temperatures to control pests and dis-
eases will be lessened, and snow accumula-
tion, the most abundant, reliable and predict-
able source of water, will drop off, as most of
the extra precipitation expected with the
warming climate will fall as rain. Most of the
water in the SSRB originates as snowmelt run-

off from the Rocky Mountains, and decreased
runoff and a shift in timing of the flow from
summer to spring will cause lower river flows
in summer, which is the season of highest de-
mand. Climate scenarios show flow reductions
for the SSRB (Figure 8). This will result in
generally drier conditions, bringing also the
increased risk for long and severe droughts.
Unusually wet years are also expected occa-
sionally. While this seasonal shift to warmer,
wetter winters and drier summers is almost
certain, the greatest risk posed by climate
change is the increase in year-to-year precipi-
tation variability; unusually wet years and
drought years will alternate with greater sever-
ity and frequency than what occurred in the
20t century.

Predicted future climate variability will be a
result of natural climate patterns altered by
greenhouse gas-related warming. Historical
weather data contain detailed information on
climate variability on almost a daily scale;
however, these records are relatively short for
western Canada. Records that predate the
thermometer (paleoclimatologic data) can be
gleaned from climate-sensitive artifacts such
as trees, stones and sediment. These records
suggest that drought was generally more se-
vere prior to widespread European coloniza-
tion. The perception that the Prairies contain
an abundant and fixed supply of water re-
sources has influenced water use and manage-
ment in the Canadian west for a long time.
While this is partly a misconception, recon-
structions of past climate show that since the
beginning of the last century, Canadians have
indeed enjoyed relatively stable and secure
water supplies and an absence of drought in
relation to centuries past. But this is about to
change, if it has not already begun to do so.
Communities in the SSRB can expect severe
and prolonged drought simply because it is a
natural characteristic of the long-term climate
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variability for the region, and human-induced
global warming could make it worse.

Future Vulnerabilities in the SSRB

Expected climate change in the basin involves
increasing temperatures, changes in snow and
rainfall patterns, reductions in annual river
flows, increases in the intensity and severity of
extreme climate events such as drought and
rainfall, and a geographical expansion of the
area with an annual moisture deficit. These
changes are outside the range of natural vari-
ability that presently characterizes the SSRB,
and they provide a range of opportunities and
risks to rural communities and agricultural
producers.

FUTURE EXPOSURES

The new climate does offer some benefits. A
longer, warmer, frost-free growing season,
warmer winters, and the possibility to diver-
sify agricultural production by introducing
new crops represent some of them. However,
the risks are potentially significant and cannot
be ignored. Warmer temperatures in the sum-
mer may increase the possibility of heavy rain-
falls that lead to flooding—an already serious
source of risk for rural people. The most sig-
nificant trend associated with a warmer cli-
mate is an increase in water scarcity. A water
deficit is already a characteristic of the area
and the expected climate changes—higher
evapotranspiration, decreased snowmelt run-
off and a shift in the timing of the dominant
flow from summer to spring—will have signifi-
cant impacts on surface and groundwater sup-
plies and water quality, especially during the
summer months. The deficit becomes even
more serious when expected population

growth is factored in—the SSRB’s population
is expected to grow from 1.3 million in 1996 to
more than 3 million by 2046 (Sauchyn and
Kulshreshtha, 2008; Pietroniro et al., 2006).

Extreme events, however, bring greater risks
than a shift in average climate. Drier condi-
tions with droughts of greater length and se-
verity will most likely happen. The likelihood
of multi-year drought occurrence is not only
inferred from future climate change scenarios
but also from paleoclimatologic evidence that
shows that multiple-year droughts before 1900
were frequent and that the conditions leading
to these extreme droughts could easily reoc-
cur. Droughts are a serious source of risk be-
cause they affect not only the quality and the
supply of water to the regional population but
they also degrade ecosystems, reduce agricul-
tural productivity, increase the risk of fires,
affect people’s health, negatively impact soil
moisture, and create the potential for social
conflict resulting from competing water de-
mands.

Water resources in the basin will be seriously
constrained in the future, both in terms of
quantity and quality. Increasing levels of water
stress are expected, which may result in nega-
tive consequences for the process of regional
development. Although water scarcity will af-
fect everyone in the basin, it is likely that rural
people will be the most affected because of
their heavy reliance on natural resources and
their small population base. Therefore, it is
important to understand the degree to which
different agricultural sub-sectors—dryland
grain farming, irrigated crop agriculture, and
ranching—will be exposed and sensitive to re-
duced water supplies, as well as their capacity
to manage expected change.

Dryland farmers will face serious challenges as
a consequence of reduced soil moisture caused
by less summer precipitation and increased
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Figure 4. Annual Temperature (Top) and Pre-
cipitation (Bottom) for the SSRB. The Base-
line (1961—90) Conditions are Mapped on the
Right. These Median Scenarios were derived
from the Canadian Global Climate Model
(CGCM) Version 3.1/T47 and Greenhouse Gas
Emission Scenario B1(2).

evapotranspiration. Their agricultural prac-
tices are very sensitive to decreased precipita-
tion and increased heat during the growing
season because they are dependent on ade-
quate soil moisture to have a successful crop.
The expected climate conditions may facilitate
an earlier growing season and could perhaps
even allow for greater use of winter crops and/
or the introduction of new crop varieties. On
the other hand, dryland farmers also have to
face the possibility of too many hot days in a
dry summer, which could stunt crop growth. It
is obvious that dryland agriculture is highly
sensitive to drought, and a severe, multi-year
drought could be disastrous for this sector.

Ranching, similar to dryland farming, needs
sufficient precipitation for grass growth and
reliable water supplies for livestock. Tame
grasses need adequate amounts of rain during
the spring and summer, which makes them
more sensitive than native grasses, which also
need some rain but are not as sensitive to tim-
ing. Ranchers also need a secure source of wa-

ter for their animals. Dugouts that catch snow-
melt during the spring currently satisfy this
need, but with warmer winters this manage-
ment strategy could become ineffective, espe-
cially during sustained drought periods. The
alternatives are either to build extra water
storage reservoirs (e.g., dugouts) in order to
have a more adequate supply of water
(although in a multi-year drought this strategy
has limitations) or to install shallow pipelines
for dugout recharge, which requires access to
more reliable streams or canals and sufficient
runoff. Options may also exist to utilize
groundwater supplies for livestock water in
years where surface water is not adequate,
provided the necessary infrastructure (wells)
and water treatment are available for utilizing
mineralized groundwater.

Irrigated crop farmers, with their access to ir-
rigation, are better equipped to deal with re-
duced soil moisture. Precipitation is still very
important for them during the growing season,
although not as much as on dryland. They are
also susceptible to the effects of too much heat
on their crops. Two big challenges exist for ir-
rigators. During droughts, water scarcity

1961-90 2020s

2050s 2080s

0 e I

Figure 5. Median Scenarios of May-June-July,
Climate Moisture Index (P-PET) for 1961—90,
the 2020s, 2050s and 2080s, from CGCM3.1/T47
B1(2).
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Figure 7. Future Climate Scenarios for Swift Current, Saskatchewan by Season, Period, and for a
Range of Five Scenarios, Reflected in the Length of the Vertical Bars.

means that irrigators will not receive full water
allocations and will suffer shortages. The sec-
ond challenge may be water consumption and
the increased demand for water from non-
irrigation uses, which could double by 2021
(Sauchyn and Kulshreshtha, 2008). There will
likely be pressure to expand water infrastruc-
ture and distribution networks. This situation
could lead to significant conflicts if coupled

PRECIPITATION—(MM)

PERIOD

20505 |
20205 [ 2080s |

with periods of drought. As a highly successful
adaptation, irrigation expansion will need to
be considered where water availability exists.
Saskatchewan has significant irrigation expan-
sion potential to help build agricultural resil-
ience. However, such expansion requires sig-
nificant planning and investment and would
require a concerted effort by all stakeholders,
citizens and orders of government, in order to

TEMPERATURE—°C

Figure 6. Future Climate Scenarios for Lethbridge, Alberta by Season, Period, and for a Range of Five
Scenarios, Reflected in the Length of the Vertical Bars.
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Figure 8. Climate Scenarios, 2039—70, Suggest Average Reductions of 4% to 13% in the SSRB River
Flows (Martz et al., 2007). Map by: D. Perrick and D. Campbell.

balance economic, social and environmental
benefits and challenges.

Rural communities’ sensitivities to the ex-
pected climate conditions could be high if their
primary economic driver is the agricultural
industry. Most community businesses are af-
fected either directly or indirectly by the state
of agriculture, so periods of drought are prob-
lematic for residents as well. Communities are
also sensitive to changes in water quality. They
therefore require the financial resources to
build modern water treatment plants. Small
communities are constrained in their capacity
to raise the necessary capital, and unless gov-
ernments are willing to invest in these com-
munities, they will face problems meeting pro-
vincial water quality standards.

FUTURE INSTITUTIONAL
RESPONSE/ADAPTATION

The question for the future is whether current
adaptive capacity is sufficient to address future
challenges. The IACC research findings indi-
cate that the basin currently has sufficient
adaptive capacity to deal with the existing
range of climate variability. The future condi-
tions outlined by the climate change scenarios
fall outside this range, so a greater effort is re-
quired to develop a robust, coordinated, more
anticipatory approach to reduce future risks
and maximize opportunities. People in the
communities, too, recognize the need to
strengthen adaptive capacity. They recognize
the benefits of past and current adaptive
strategies but they also indicate that these ex-
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isting strategies will not be sufficient given fu-
ture climate scenarios. They argue for long-
term planning in terms of conservation, finan-
cial management, education and learning, so-
cial capital, improved agricultural practices
and diversification, and active participation in
watershed management decisions, among
many others. People say they need to be “more
prepared for more extremes,” which can be
accomplished by understanding the risks in-
volved and by identifying risk-reducers such as
more efficient equipment and the ability to
change crops, reduce farm expenses and have
access to “slush funds” accumulated in good
years for use in poor or drought years (Patino,
2008; Hurlbert et al., 2009a).

KEY JACC RECOMMENDATIONS

As in the past, institutional support is funda-
mental to building adaptive capacity. Without
this support, communities and agricultural
producers will be unable to access the re-
sources necessary to deal with future climate
conditions. Governance networks could help
build adaptive capacity through the following
(examples are also provided of the published
literature supporting these findings):

The IACC studies demonstrate the need to de-
velop and strengthen a policy process aimed at
building community resilience to climate
change. This requires a more comprehensive
strategy that combines both mitigation and
adaptation activities. Long-term strategies
need to adopt an anticipatory approach based
on knowledge and scenario planning rather
than relying on reactive, ad hoc, or “crisis

management” approaches. Strategies also
need to integrate (or mainstream) climate pol-
icy into several policy fields, especially as they
relate to water, the environment and highly
vulnerable economic activities such as agricul-
ture. (Planning for climate change and adapta-
tion requires long-term planning. See for ex-
ample: Environment Canada, 2008; Oliver
and Wiebe, 2003: 69—71; and Alberta Envi-
ronment, 2008.)

Climate interacts with many other stressors,
and there is a need for an inclusive policy
framework across branches and orders of gov-
ernment that emphasizes the links between
adaptation and sustainable economic develop-
ment priorities, while also specifically target-
ing communities with low adaptive capacities.
The inter-relations between climate change
and economic and social vulnerabilities re-
quire an approach that is able to strengthen
the general sustainability of the community,
and this will involve a great deal of coordina-
tion among government agencies. We need to
plan and act across traditional sectors and is-
sues, and bring together environmental man-
agement, disaster reduction and social and
economic development measures. (The need
for improved integration and co-ordination of
all orders of government is a frequent theme
in the published literature on water strategies,
a theme that is closely linked to climate
change adaptation. See for example: Brandes
et al., 2005; Banks and Cochrane, 2005; Bak-
ker, 2007; Morris et al., 2007; Hoover et al.,
2007; de Loé, 2008; Sproule-Jones et al.,
2008).
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Efforts should be made to strengthen civil so-
ciety organizations that participate in the wa-
ter governance process (e.g., irrigation asso-
ciations, watershed groups, and other stake-
holders), as they are crucial to fostering adap-
tive capacity in both Saskatchewan and Al-
berta. Their participation in water governance
widens the range of interest that is included in
the adaptive process, helps legitimize deci-
sions, and enhances goal achievement. It is
important to support these groups with
enough operational and project funding to en-
sure their ability to function. No less impor-
tant is to define their role, so that they are
more than simply advisory groups to govern-
ment agencies, and so that they can play a cen-
tral role in a large range of adaptations to wa-
ter stresses (especially implementation) as
well as in (potential) conflict resolution. (The
principle of participatory planning is widely
referenced in the published literature on inte-
grated water resource management, estab-
lished by the 1992 Dublin Principles. See for
example: WWCWAU, 2003: 23; Moss, 2008;
Global Water Partnership, 2009; World Mete-
orological Organization, 2009).

Managing the risks and opportunities created
by climate change requires a governance struc-
ture that improves communication between
communities and government agencies. Ap-
propriate and locally relevant solutions to ad-
dress community sustainability problems re-

quire a proper understanding of local vulner-
abilities. At the same time, mobilizing and co-
ordinating external resources to alleviate local
vulnerabilities requires a systematic knowl-
edge of programs available within govern-
ment. Both are required to develop the knowl-
edge base and build the incentives required to
strengthen communities. Drought planning
considering future vulnerabilities will be cru-
cial; climate change adaptation will need to be
factored into existing programs and policies.
(See for example: Oliver and Wiebe, 2003: 69
—71. There is also a need to counter the Cana-
dian myth of water abundance, as stated in
Sprague, 2007.)

A special joint effort between communities
and government should be directed toward
improving local and regional capacities. Local
training and capacity building could enhance
the skills and knowledge available in the
SSRB, aiding in the management of risks and
opportunities. Water conservation and man-
agement is one area in which local knowledge
and resources could be improved and sup-
ported by an institutional framework, particu-
larly one that supports and trains individuals
as to how to implement local water conserva-
tion strategies and secure water quality. Exist-
ing federal institutions such as PFRA need to
be reinforced to assist this process. Programs
oriented towards developing or strengthening
community networking could foster commu-
nity organization and mobilization to reduce
vulnerability. Furthermore, improving inter-
community (and inter-provincial) coordina-
tion around common issues, such as water-
shed planning committees, could help bring
communities together to resolve regional
problems. All these measures would not only
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provide rural communities with the instru-
ments to become more sustainable, but they
would also contribute to a more effective
climate change risk reduction strategy. (As
noted in the previous point, climate change
adaptation will need to be factored into ex-
isting policies and programs; Oliver and
Wiebe, 2003: 69—71).

Water scarcities could easily lead to water con-
flicts among water users. In order for govern-
ments to truly represent the public good, they
must be proactive, making sure that their re-
sponses include a highly transparent and ac-
countable decision-making process, which will
in turn enhance the legitimacy of government
action in the eyes of stakeholders. This will
also encourage stakeholders and communities
to be more accepting of water management
strategies undertaken in times of water scar-
city. The IACC project recommends that gov-
ernments make use of the adaptive conflict
resolution approach, which can create a
stakeholder dynamic that can often trans-
form conflict into a learning opportunity
and at the same time uncover possible insti-
tutional adaptations that may have been be
unimaginable prior to the conflict. Although
all stakeholders can contribute to the imple-
mentation of this approach, the role of gov-
ernment in creating the conditions for their
implementation is essential.

There is a need to improve the processes of
gathering and sharing water data within each

province’s water governance network and be-
tween federal and provincial agencies. The re-
search identified gaps in water data (e.g., the
climate and hydrology of the upper part of the
basin; groundwater data, water quality, quan-
tity and usage information) required to moni-
tor and predict future water supplies and the
impact of climate change on water resources.
In addition it is essential to maximize the co-
ordination and use of data (e.g., through an
umbrella water data portal that would accom-
modate effective water management and plan-
ning). (The need for more complete water data
is frequently referenced in the published lit-
erature. See Banks and Cochrane, 2005, Mor-
ris et al., 2007, de Loé, 2008).

Interdisciplinary research that addresses all of
the previously mentioned issues is fundamen-
tal to reducing rural community vulnerability
and improving institutional efforts to increase
adaptive capacity. Climate change impacts and
vulnerability are issues that cut across several
scientific disciplines, from philosophy to cli-
matology, from social sciences to engineering.
Therefore, comprehensive and appropriate
responses to climate change impacts and chal-
lenges will need to be based on solid interdis-
ciplinary teams that are able to collaborate
with a variety of stakeholders and policy-
makers. A more intensive effort to bring to-
gether governments and universities to organ-
ize an interdisciplinary research agenda
around climate change would be a great step
in reducing the vulnerability of prairie people.
A further step would be to incorporate indus-
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try and target research towards sustainable
adaptation practices. (The inclusion of inter-
disciplinary teams is advocated by the inte-
grated water resources management principles
for sustainable development. The approach
attempts to balance social, environmental and
economic aspects affecting water resources
[and by inference, climate-induced water
stress] (WWCWAU, 2003: 23; Moss, 2008;
Global Water Partnership, 2009; World Mete-
orological Organization, 2009).

The efficacy of water governance is frustrated
by the complexity of water governance ar-
rangements, especially the lack of interagency
coordination. Water governance and climate
monitoring systems suffer from duplication
and a lack of coordination, which creates con-
fusion among government officials and stake-
holders. It is important to reduce this ineffi-
ciency and lack of coordination between fed-
eral and provincial agencies, as well as within
provincial networks, to ensure a comprehen-
sive and systematic approach to the develop-
ment of a more robust adaptive capacity. The
initiative taken in May 2008 by the Western
Canadian Premiers is a step forward in ad-
dressing the needs identified above. The for-
mation of the Western Water Stewardship
Council illustrates the need for stronger fed-
eral leadership in water and climate change
issues and associated vulnerabilities in the
SSRB and across Canada. The Premiers’ plans
to develop a drought preparedness plan for the
west and a climate change policy framework
are laudable. While natural resource manage-
ment is a provincial government mandate, this
current provincial initiative demonstrates that

there is a need for regional approaches. The
federal government could play a significant
role in supporting such provincial initiatives
that enhance regional adaptation. It would be
advantageous to develop climate and water
strategies that span 10 to 20 years with built-
in performance measurement requirements.
Such strategies should allow for flexible and
incremental improvements as knowledge is
improved. If implemented, this type of ap-
proach would provide unique adoption oppor-
tunities and adaptive resilience for regional
and local needs. (See for example: Brandes et
al., 2005; Banks and Cochrane, 2005; Bakker,
2007; Morris et al., 2007; Hoover et al., 2007;
de Loé, 2008; Sproule-Jones et al., 2008.
With respect to the South Saskatchewan River
Basin, Banks and Cochrane [2005] suggest
that all orders of government need to work
together. This wide body of literature identi-
fies a need to clarify water governance ar-
rangements and to integrate water activities.)

The vulnerability of rural communities in the
SSRB is not defined solely by the severity of
the climatic events they experience, but also by
a variety of social and economic conditions
that characterize the daily life of rural people.
A reduction in vulnerability will require a syn-
chronized institutional effort across all levels
of government, an interdisciplinary perspec-
tive that integrates both the natural and the
social sciences, and strengthened stakeholder
and citizen engagement. This collaborative ef-
fort will help us manage the risks and explore
the opportunities presented by the new cli-
matic conditions.
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Past and Present Vulnerabilities

PAST/PRESENT DROUGHT
AND OTHER CLIMATE-RELATED EXPOSURES

The ERB (Figure 9) is the northernmost basin
of the Coquimbo region in northern Chile (29°
40’S to 32°10’S). It spans 9,675 kmz2, from the
Pacific coast to the Andes Mountains. Its
northern limit is the arid Atacama region; its
southern limit is the Limari Basin, the second
of three basins within the Coquimbo region;
its western limit is the Pacific Ocean; and its
eastern limit is the Argentinean border. Its cli-
mate is influenced by the desert to the north
and the semi-arid Mediterranean climate of
the central region to the south (Cepeda et al.,
2008). The ERB has four major geographic
and physical zones (described from west to
east): (1) the lowlands of the coastal fringe’s
gentle slopes ascend from the sea toward the
mountains and transport coastal humidity,
which influences the climate regime as far as
25 km from the coast into the valley; (2) the
narrow Elqui valley slopes from east to west,
at an average altitude of 850m at Rivadavia,
broadening up as they reach the gentler slopes
of the coastal plateaus; (3) the mid-mountain
range with altitudes between 800 to 3,000
meters; and (4) the high Andean mountains
range in altitude from 3,000 to peaks up to
6,332 meters. The fourth zone experiences the
highest amount of precipitation, with high
snow accumulation in winter, and glacier melt
feeding the highland tributaries of the Elqui
River. The region is heavily engaged in agricul-
ture, with the majority of agricultural produc-
tion occurring in the second zone.

The climate of the ERB is strongly influenced
by the high pressure of the Pacific sub-tropical
anti-cyclonic system that moves north during
the winter, allowing low pressure systems to
bring precipitation one or two months of the
year to the valley, where the majority of agri-
culture takes place and where the majority of
communities in the basin are located. Average
precipitation is 100 mm per year, although it
may double or triple during the wet El Nifio
phase of the El Nifio Southern Oscillation
(ENSO), and be half the average or less during
the dry La Nifia phase of ENSO. Eight to ten
months without precipitation is a common
feature of Zone 2. Zones 3 and 4 also experi-
ence a high degree of inter-annual variability;
however, these zones experience a much
higher average precipitation than in the valley
(Fiebig-Wittmaack et al., 2008).

Temperatures in the basin are mild, with sum-
mer temperatures ranging from 13°C to 23°C
in Zone 1, and reaching 14°C to 29°C around
the middle valley area of San Carlos (Zone 2);
whereas in the winter they range from 7.8° C
to 16°C on the coast (Zone 1), to 9.5°C to 18.5°
C at San Carlos. At 1600 meters of altitude,
temperature starts to decrease rapidly
(approximately -6.5°C per 1,000m change)
(Fiebig-Wittmaack et al., 2008). The rela-
tive humidity also decreases from the coast
(85%) to the drier, more arid interior (40%
at San Carlos).

A shift in precipitation has been recorded at
the La Serena airport station—the oldest
coastal station in the area. Records show a de-
crease in precipitation over the past century
from between 150 and 180 mm per annum in
the early 1900s to the currently experienced
100 mm. In the last 25 years, the decreasing
precipitation trend has levelled off, and even
shows a slight recovery (Fiebig-Wittmaack et
al., 2008). Still, this is among the most pro-
nounced decreases in all of Chile, and it repre-



29

sents a risk that affects both human and natu-
ral systems (Cepeda, 2009).

There are diversified agricultural operations
within the ERB that are highly dependent on
runoff from the Andes—this is the primary
source of water for irrigation (Fiebig-
Wittmaack et al., 2008; Zavala, 2009). High
fluctuations in the precipitation regime, which
naturally characterize the region, acts as im-
portant exposure for communities, as precipi-
tation can vary drastically from year to year
(e.g., from 40 mm to 360 mm). ENSO has a
strong influence on precipitation (e.g., years
1982, 1986, 1997, 2002), and can result in
over 40 mm of rain in a few hours, which
increases the risk of mudslides and floods,
particularly given the unstable nature of the
denuded and meteoric soils as well as the
steep slopes on both sides of the valley
(Fiebig-Wittmaack et al., 2008).

There are four conditions that increase com-
munity exposure to mudslides: (1) the pres-
ence of dendritic and loose material on the
steep valley slope; (2) intensive rainfall on
poorly developed soils with slopes greater than
or equal to 25%; (3) human activities such as
the construction of infrastructure (e.g., roads
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Figure 9. The Elqui River Basin and Study Com-
munities. Map by: Andrés Bodini S.

and irrigation channels), deforestation, over-
grazing and unsustainable agricultural prac-
tices on unstable soils; and (4) unstable mine
tailing sites (Cepeda, 2008: 291).

The rural communities chosen for the commu-
nity vulnerability assessments are: Pisco Elqui,
Diaguitas, Marquesa and El Molle (Figure 9).
Community members’ livelihoods depend to a
large extent on the agricultural sector, which
has been rapidly integrated into the global
economy in recent years. Marquesa has a sig-
nificant mining presence, and Pisco Elqui is
heavily involved in tourism. El Molle is located
below the Puclaro Dam (Figure 9), and thus
benefits from regulated water availability.
Diaguitas is located between two dams, while
Pisco Elqui relies entirely on the Claro River.

Mudslides were often mentioned by commu-
nity members as the climatic exposure to
which the four selected communities of the
ERB are most sensitive, particularly in Diagui-
tas and Marquesa (Salas et al., 2009). This is
due to the fact that all too often communities
are located on the foothills close to the river
and ravines which render them particularly
vulnerable to mudslides and floods. The steep
hills and narrow valleys of the ERB leave few
options for community dwellings. Concen-
trated rain patterns along with the precari-
ous location of rural housing in hamlets and
risk prone areas, the lack of early warning
systems and poor contingency and emer-
gency plans highly increase rural people’s
exposure to mudslides and floods (Cepeda,
2009; Salas et al., 2009).

A devastating mudslide took place on the night
of April 22, 2004 in the community of Diagui-
tas, which received 90 mm of precipitation in
twelve hours. The soils in the vineyards lo-
cated on the hillsides of Quebrada Puyayes be-
came waterlogged and a mudslide rushed
down the valley slope via a ravine, collecting
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large rocks, trees and debris. More than 150
families were affected; over 60 families lost
their homes, approximately 800 hectares of
agricultural land had its irrigation infrastruc-
ture badly damaged, and the school was de-
stroyed. Four years later the community had
still to fully recover from the losses it suffered
that day (Salas et al., 2009: 292).

Floods are a common characteristic of the
ERB. There were 373 flood events documented
in the ERB between 1900 and 1981. This figure
is almost four times more than what was ob-
served in the other two basins of the Co-
quimbo region. In 1997, an ENSO year, mud-
slides and floods killed two people at El Al-
mendral and negatively affected the economy.
Low income families and subsistence farmers
are more sensitive to high precipitation events
because they often settle in areas with higher
probabilities of mudslide or floods, as is the
case in Marquesa and Diaguitas.

In addition to extreme precipitation events,
droughts create risks for rural communities.
Between 1915 and 2003 there were 11 years of
extreme drought (annual precipitation of less
than 30 mm) and 16 years of moderate
drought (annual precipitation of between 30
and 60 mm). Some communities are more
sensitive to drought than others, and droughts
have different effects on different communi-
ties. A review of the period 1980-2003
showed that Montegrande suffered extreme

2The information provided by the National Statistic Institute
(INE) portrays a 45% increase in the number of goats in the
1997—2005 period with 78,000 heads for the Province of Elqui
(Instituto Nacional de Estadisticas, 2006).

sTranshumance, the seasonal migration of livestock, is common
strategy used by over 25% of the goat farmers moving their
animals from lowlands to higher altitude pastures during the
summer. Almost 46% of goats are raised in this manner
(Instituto Nacional de Estadisticas, 2006).

drought in 8 of 23 years (35%), while Rivada-
via had 9 of 23 years (39%) and Pisco Elqui
had 8 of 23 (35%) years with moderate
drought (Perez-Valdivia et al., 2009).

Goat herders who rely on natural grasslands
and shrubs for fodder are particularly sensitive
to droughts. Goat herding is an important
component of the poorest communities’ sub-
sistence economy (Salas et al., 2009). For over
300 years herders have used common pasture
lands for winter and summer grazing, but land
use changes and overgrazing have drastically
reduced the availability of natural pastures
(Jorquera, 2001; Cepeda, 2008). Many herd-
ers move their herds to the upper reaches of
the ERB where natural grasses thrive (Cepeda
et al., 2008). In recent years, the number of
herders, as well as the size of herds, has de-
creased, as fodder is becoming scarce in winter
as a result of droughts and limited access to
lands due to crop expansion (Salas et al.,
2009: 17). Recent studies show a 43% de-
crease in the number of goat herders in the
last 17 years2. The number of registered
herders in the Elqui province was 1,155, with
close to 160,000 goats in 2006 (CEAZA,
2009; Salas et al., 2009)3. During severe
droughts, herds may be decimated. Farmers
themselves claim that “nature is regulating
how much cattle we can manage” (Varas et
al., 2007 cited by Salas et al., 2009). Still,
herding has helped build the adaptive ca-
pacity of subsistence farmers by providing
income opportunities (e.g., through milk by-
products and meat and leather products).

Droughts also affect natural ecosystems. Na-
tive species have been subjected to climate
variability and they have developed the ability
to cope with a certain range of variability. The
regional arid and semi-arid biota is expected
to be well-adapted to greater aridity induced
by future climate change (Arroyo et al., 1988;
Huenneke, 2001). Nevertheless, biota will ex-
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perience accelerated changes that are 10 to 40
times faster than the changes they have had to
adapt to in the past (Peters, 1988 cited by Ce-
peda, 2008). This rate of change would pro-
duce an increase in extinction rates for many
species; however, it may favor others, or even
promote diversification. Human activities
(e.g., the expansion of agriculture) limit op-
portunities for many species because their en-
vironments have been destroyed or modified
by overgrazing, deforestation, fires and pesti-
cides/herbicides (Cepeda, 2008).

Occasional cold spells and near-freezing
temperatures in winter also affect agricul-
tural producers. The 2007 cold spell that
lasted several days had severe impacts on
vegetable and fruit crops (Salas et al., 2009)
—over 50% of crops in the ERB were lost.
This motivated the Ministry of Agriculture
to declare an agricultural emergency in or-
der to protect farmers against financial
bankruptcy (Portal Coquimbo, 2007).

Water quality is an issue for communities.
Mining accounts for much of communities’
employment opportunities (e.g., Marquesa
and Nueva Talcuna), and community mem-
bers accept seasonal employment on labour
intensive, small-scale mining operations that
leave behind unmanaged tailings sites. These
tailings are later removed by floods, which re-
sults in the contamination of soil and water
resources (Salas et al., 2009). Many of the
communities believe contamination is a result
of the unmanaged tailings and pesticide resi-
due that is applied in surrounding areas. How-
ever, there is little institutional regulation and
no enforced legislation pertaining to mine tail-
ings. Another factor influencing water quality
is the lack of proper sewage infrastructure for
the collection and treatment of all rural drink-

4The Laguna dam has a capacity to hold 40 million m3 of water.

ing water systems, which are managed by the
communities themselves (Reyes et al., 2009).

PAST AND PRESENT
INSTITUTIONAL ADAPTATION

Adaptation to climatic and other conditions
that create risks and opportunities for rural
communities has been a historical process in
the ERB. Community adaptations include mi-
grating to northern mining districts to diver-
sify income, diversifying crops and income,
building water harvesting and irrigation infra-
structure, building flood control infrastruc-
ture, adopting new technologies, and changing
targeted markets. These are some of the
strategies revealed through the community
vulnerability assessments.

The construction of water and irrigation infra-
structure started early in the 19th century in
the ERB (Jorquera, 2001), but it was not until
the mid-20th century that the construction of
large water reservoirs became a central ele-
ment of government policies aiming to regu-
late river flows and water storage. Adaptations
to secure reliable water resources during peri-
ods of scarcity have been primarily achieved
through the construction of dams and irriga-
tion systems, and more recently, by introduc-
ing more efficient forms of irrigation, such as
drip irrigation systems. The early construction
of the La Laguna Dam in 1941 in the upper
reaches of the ERB was the first major attempt
to regulate river flow and store water for irri-
gation4. This small dam and the management
of the irrigation system assisted in the early
development of social adaptations to cope with
water scarcity. The creation of an Irrigation
Association at Estero Derecho helped secure
water resources as well as more secure crop
yields in the upper and lower reaches of the
Valley. It took another 57 years before another
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dam—the Puclaro Dam—was built in the lower
mid-reach of the Elqui River in the late 1990s5.
Together, these two dams secure irrigation for
approximately 25,000 hectares (62,000 acres)
of crops. There are three Irrigation Associa-
tions managing an irrigation system that con-
sists of 126 channels. This reflects the high de-
gree of social learning in the valley. The De-
partment of Hydraulic Works (DOH) of the
Ministry of Public Works provided the techni-
cal training and initial managerial support to
the Irrigation Associations, which are now
autonomous, well-structured organizations
that satisfy other social roles in the communi-
ties (Salas et al., 2009; Reyes et al., 2009). The
dams, the irrigations systems, and the Irriga-
tion Associations managing them are consid-
ered proactive adaptations that increase water
security and reduce the effects of drought on
agriculture. The Puclaro Dam, for example,
secures a two-year water supply for irrigation.
However, conflicts have arisen as a result of
the construction and management of the dam.
The construction of the Puclaro Dam required
the relocation of the town of Gualliguaica and
three nearby hamlets, sparking several years
of conflict and controversy in the area (Rojas
et al., 2009b). Without proper environmental
and social assessment studies for this major
project, the institutional response to the de-
mands of local communities was controversial;
they undermined social capital, and created
serious social conflicts among the communi-
ties and the project’s developers®. The major
issues in the conflicts were both the loss of
access to water for irrigation and agricul-
tural lands flooded by the dam. The com-

5The Puclaro dam is located at an elevation of 432 meters,
with a reservoir 7 km long, 2 km wide and a 200 million m3
holding capacity.

6The relocated communities complained of poor and unequal
access to information, housing arrangements, social infrastruc-
ture and information, all of which favored those with greater
negotiating capacity.

pensation packages could not replace the
social capital lost nor their traditional or-
chards and river habitats.

The communities were relocated next to the
dam but are unable to extract water for irriga-
tion or use it to develop income generating ac-
tivities (e.g., tourism) (ibid). Villa Puclaro, the
result of an amalgamation of three communi-
ties located in the southern portion of the
dam’s reservoir, has a seriously undermined
social capital, as many of the community
members now suffer from depression. The bet-
ter-compensated inhabitants of New Gual-
liguaica, located in the northern portion of the
reservoir, feel they were adequately compen-
sated for their relocation; however, they lost
their ability to engage in agriculture, and the
social relations within the community have
been forever changed. The two relocated com-
munities highlight the positive and negative
consequences of an irrigation project in the
ERB. Their new location is probably safer in
terms of flood risk, but they are now more ex-
posed to mudslides and drought and are lack-
ing land and water for subsistence farming
and other activities (Rojas et al., 2009b).

Another adaptation relates to more efficient
forms of irrigation. The introduction of water-
saving technologies has been closely associ-
ated with the recent expansion of vineyards
and avocado plantations for sale in export
markets. Drip irrigation in the Elqui Valley is
an advanced adaptation that eases the growing
demand for diminishing water resources.
Vineyards and avocado plantations on hill-
sides are adopting this technology, with pow-
erful pumping systems, which allows agricul-
tural producers to plant more crops while us-
ing the same amount of water as they used
previously. Vineyards are the one crop that
grows in extreme conditions. Harsh winter
conditions and the strong summer sun tend
to result in high quality vintages. These
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highly efficient irrigation systems have fa-
cilitated the expansion of agriculture to the
steep valley slopes; commercial fruit planta-
tions (including vineyards) and production
have more than doubled in the area in the
last ten years (Instituto Nacional de Estadis-
ticas, 2007)7.

The adoption of more efficient irrigation and
other water-saving technologies is not enjoyed
by all producers of the ERB. Access to water
and improved technologies, as is demon-
strated by the IACC’s community vulnerability
assessment, is unevenly distributed. Most agro
-industrial operations have the financial re-
sources and know-how to secure the latest
technologies to reduce the risks associated
with water stress. These operations may even
acquire water rights through the water market.
Small producers and traditional farmers, on
the other hand, have little access to water re-
sources and tend to mainly use traditional irri-
gation systems that are not as efficient (e.g.,
flood irrigation). Government agencies’ finan-
cial support for water infrastructure has rein-
forced the trends towards high productivity
goals and the export-led agricultural model,
which marginalizes small subsistence farmers,
sparking conflicts and leading to exclusion
(Rojas et al., 2009b).

High-tech drip irrigation systems and other
technological innovations associated with
modern agriculture are not always embraced
in communities; they are often accepted with
hesitation, as many community members ex-
pressed concerns regarding the future impacts
of these technologies on the environment. One
area of concern is related to the availability of
water for irrigation downstream. In traditional

7The region of Coquimbo has shown one the largest in-
creases in cultivated area in the last agricultural census of
1997—2007 with more than 26,000 hectares (65,000
acres), doubling the cultivated area in one decade
(Instituto Nacional de Estadisticas, 2007).

irrigation systems, water usually feeds back
into the system, which ensures that all users’
water rights are generally satisfied and that
the lower reaches of the river receive the full
water allocation. After the water is used for
irrigation, the infiltrated water re-enters the
river system. Drip irrigation systems, on the
other hand, ensure effective water use but
limit aquifer recharge in the lower zones of the
valley. More area can be irrigated and less wa-
ter is “lost” compared to traditional systems.
However, producers are concerned that there
may not be sufficient recharge, causing alloca-
tions in the lower reaches to not be satisfied.
They are also concerned that drip irrigation
could cause conflicts among farmers in the
lower reaches (Lira, 2003), which may be
compounded by droughts and aquifer exhaus-
tion, something already experienced in the
Copiapo Basin north of the ERB. Water gov-
ernance institutions have not yet addressed
the pressing issue associated with the over-
exploitation and depletion of aquifers. Small
farmers with limited access to water rights fear
their rights will be compromised by their tech-
nologically advanced neighbors.

Salinization of soils is another important con-
cern associated with drip irrigation technology
that has yet to be properly addressed in the
ERB. The intensive use of pesticides in the ex-
panding plantations is also a cause of concern
for communities in the valley (Salas et al.,
2009). Community members expressed con-
cerns about the potential risks of mudslides
in the hillsides that have been drastically
changed by the new terracing and cropping
patterns that have arisen after the adoption
of these new irrigation technologies. Ex-
treme precipitation events have already dev-
astated communities in the basin and their
members fear that the recent land use
changes will increase the risk of mudslides
(Salas et al., 2009).
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The National Irrigation Plan acknowledges
that the construction of reservoirs and dams
does not always take into account long-term
agricultural plans or include integrated basin
management plans or adaptation policies.
Dams and reservoirs are often constructed
because of the political and social commit-
ments made during elections, rather than
being based on integrated water and basin
management approaches that take a holistic
perspective on water management.

Existing Chilean water laws are embodied in a
water code that has undergone significant his-
torical changes since 1855 (see Mentor, 2001).
The current water code was enacted by the
military regime in 1981. It replaced the 1967
water code, which gave the state significant
authority over water rights and supported the
massive redistribution of agricultural land.
The 1981 water code was oriented to promote
private agricultural development and eco-
nomic efficiency through a water market. This
code has sought to increase the legal security
of private water rights, separating them from
land ownership. Water resources are still de-
fined as public property, but the state can
grant private rights to use. Once water rights
are granted, they are fully protected as private
property rights under the Chilean constitution
and they can be freely sold, bought, trans-
ferred, or inherited as any tradable commodity
(see Bauer, 2004a; Mentor, 2001). The fact
that water rights have constitutional protec-
tion means that they cannot be appropriated
by the state without specific legislation and
compensation. Under this legal framework for
water resource allocation private rights are
extensive and state authority and control are
constrained. Those who own water rights are
not required to indicate how they will use their
water resources, nor can they be lost as a re-
sult of non-use. Moreover, owners of water
rights do not have to pay taxes or fees to the

government. This unconditional nature of wa-
ter rights allows for unregulated speculation in
water rights and, in some other cases, for
hoarding of these rights (Bauer, 1988). It is
also important to mention that most of the wa-
ter rights are not formally registered. They
predate 1981 and they are recognized as tradi-
tional rights, with the same constitutional pro-
tection as the rights awarded after that year.

As Bauer (2004b) argues, the 1981 water code
was oriented mainly to ensure irrigation rights
and it does not deal specifically with water
uses and how to coordinate them. The law
does not establish any priorities in terms of
the use of the resources because this function
competes with the market. This means that
disagreements about water use and coordina-
tion are left to the market, where private bar-
gaining among owners of water rights plays a
central role. When this bargaining fails the
only alternative left to resolve existing con-
flicts and differences are the civil courts. This
alternative, however, is not viable for small
agricultural producers who have had their wa-
ter rights violated due to the costly and slow
judicial process (Galaz, 2003; Sabatini and
Sepulveda, 1997).

A comprehensive assessment of ground and
surface water is incomplete for the basin, and
hence water right allocations as well as irriga-
tion infrastructure follow the logic established
by the 1981 Water Code—first come, first
served; no priority use or performance de-
mands are incorporated into the water rights
system. The net result has been an active water
market and a large mobilization of technical
and financial resources to manage water as a
private good and commodity (Hearne and
Easter, 1997). Current policies are aimed at
privatizing dams and giving users full control
of the related infrastructure.
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The State is also shifting its public investment
policies, creating new protocols that permit
private investment in irrigation infrastructure
and that demand financial investment from
water users before an irrigation project is ap-
proved. Thus, this requirement for users to
pay the State for the construction of water in-
frastructure such as dams and irrigation sys-
tems ensures that water is used efficiently and
that water users have a more market-oriented
perspective regarding water resources. As a
result, water associations and regional govern-
ance institutions need to reach agreements,
and hence, new rules and administrative ca-
pacities emerge.

The Irrigation Association of Rio Elqui has
made an agreement to pay the construction
costs of the Puclaro Dam. It will take owner-
ship of the dam’s operations and be responsi-
ble for its maintenance costs; neither will be
carried out by government agencies any
longer. Private ownership of dams has sparked
new institutional arrangements that integrate
energy generation as a cost-recovery and in-
come-generating alternative. The ERB show-
cases the first regional case of the integration
of irrigation and energy generation schemess.
This win-win situation provides opportunities
for dam shareholders to diversify income, and
is an important step towards renewable and
low-impact energy production that could also
be extended to other dams in the region. This
adaptation strategy is also linked with emis-

8This arrangement is in stark contrast with growing conflicts
among farmers and energy companies over the priorities for
water resources in large dams in south-central Chile (Reyes et
al., 2009).

9The National Energy Commission hopes that its assessment of
over 290 irrigation opportunities with potential to generate
890 MW (Reyes et al., 2009) will be fulfilled with similar agree-
ments in the future.

1oRegular and frequent water quality control and sewage re
-collection systems are two of the major weaknesses of the
rural drinking water systems.

sion reduction strategies?. Institutional capaci-
ties to manage climate, water and other
stresses are emerging through the manage-
ment, diversification and administration of the
Irrigation Association of the Elqui River.

The benefits of this strategy are not equally
shared among water rights holders, which is
one major drawback of this strategy. The
strong and powerful become even stronger
and more powerful, and there is no mecha-
nism to bring those without access to irriga-
tion water on board, unless they can pay mar-
ket price for water rights, which most cannot.

Sufficient quality water plays an important
role in rural community members’ health. An
important goal of government in the 1960s
was to improve access to potable water in rural
areas. The potable drinking water systems
were built by government and are community
-operated. Later, Rural Potable Water Com-
mittees (CAPRs) were established and now
serve as administrators. There are more
than 1500 CAPRs that serve over one mil-
lion people in Chile’s rural areas. The con-
struction of the drinking water systems and
the autonomous management and admini-
stration of the CAPRs have helped build so-
cial capital in communities. This is an im-
portant adaptation strategy that seeks to
collectively secure a basic necessity of rural
communities.

Although there are institutional and legal gaps
with respect to the rural services offered by
CAPRs'°, they have managed to remain
autonomous and self sustaining, fighting at-
tempts to privatize their services, as what hap-
pened with all major water facilities in the
1990s in the entire country (Reyes et al.,
2009). Even though CAPRs exist and help pro-
vide rural communities with drinking water
and sewage collection services, the more iso-
lated and dispersed communities
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(representing close to half a million people)
still rely on water trucked in by rural munici-
palities, their own wells, or makeshift systems.
Poor coordination among government agen-
cies and a lack of resources has seriously af-
fected water quality management. Sewage col-
lection and water treatment will require major
government funding in order to meet the
needs of the rural population and to avoid
health risks. So far no major diseases or con-
tamination situations have seriously affected
communities, but poor management is gam-
bling with community health. Mining, sewage
and pesticides are among the major threats to
drinking water sources. Currently there are no
comprehensive regulations, programs or poli-
cies to address these activities, which could
turn into major water quality risks for rural
communities.

The return of a democratic government to
Chile in the early 1990s saw an increase in
public investments to establish several large
irrigation infrastructure projects and to up-
grade existing ones. The initial focus was on
arid and semi-arid regions (Huasco, Elqui, Li-
mari and Choapa Basins), followed by the
Mediterranean basins of La Ligua and the
Aconcagua rivers!!. Between 1990 and 2000
almost 275,000 hectares (700,000 acres) of
agricultural land in Chile were converted to
irrigation (Lira, 2003). In the ERB, over
20,000 hectares (50,000 acres) of agricultural
land is irrigated (Reyes et al., 2009).

The National Irrigation Commission (CNR)
also increased its efforts and resources to at-
tain ambitious irrigation targets set by the cur-
rent government!2. Irrigation is considered a

uThe “El Bato” reservoir is currently being built in the Choapa
basin in the Coquimbo region.

12The goal established by the Ministry of Agriculture is 460,000
hectares (1,140,000 acres) of newly irrigated land by the year
2014.

key component to agricultural expansion, to
achieving the goal of Chile being among the
top ten agricultural exporting countries in the
world, and to strengthening Chile’s current
position as the largest fruit exporting nation in
the Southern Hemisphere.

Irrigation programs within agricultural poli-
cies have become increasingly important for
agricultural producers in terms of enhancing
economic activity and reducing the risks asso-
ciated with unpredictable weather conditions.
Currently, close to 330,000 hectares (816,000
acres) are under fruit production in the coun-
try, three times the area in 1990. Fruit exports
jumped fourfold from US$800 million in 1990
to US$3,500 million in 2007. There are ap-
proximately 60 major water reservoirs and
1,180 medium and small dams irrigating over
1,200,000 hectares (3,000,000 acres), being
managed by 212,000 users. Presently, irri-
gated land accounts for 80% of agricultural
exports, and hence, CNR’s goal is to turn fam-
ily farms into food exporters. CNR’s mandate
and policies were strengthened in 2005 when
they received a substantial amount of funding
for irrigation projects after the Ministry of Ag-
riculture set a mandate to turn Chile into a
“Food Exporting Power.” Climate change is
not yet among the concerns of CNR, as they
believe that irrigation has already protected
agricultural producers against drought, one of
the major climate change risks for the ERB
(Reyes et al., 2009). There is no doubt that
public investment in irrigation infrastructure
has helped secure water resources, and en-
hanced the adaptive capacity of large and me-
dium farmers, but a major drawback of this
strategy is that it lacks an integrated approach
to water resource management and does not
incorporate social equity.

A major deficit of agricultural and irrigation
programs is that family and subsistence agri-
culture—producing mainly for domestic mar-
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kets—have not developed technologically, nor
have they developed access to water for irriga-
tion. One factor limiting their incorporation
into irrigation systems is that surface water
rights and most groundwater are fully allo-
cated. Farmers already holding water rights
are therefore the only ones who can be the
subject of irrigation subsidies, as those with-
out rights do not qualify. Poor farmers without
water rights do not have access to water and
new technologies, a recurring problem for
small farmers in the ERB. Thus, irrigation
policies are still strongly biased towards large
and medium farmers and companies that hold
or have the financial resources to purchase
water rights.

Three major factors have enhanced agricul-
tural modernization and diversification in the
ERB: (1) The agrarian reform of the late 1960s
and early 1970s that broke the traditional land
holding system and redistributed land to many
peasants and farmers; (2) Many indebted
farmers lost their lands in the 1980s and early
1990s; a few cooperatives survived the harsh
economic and political period, managing to
maintain and expand their vineyards and pisco
processing plants. Most sold their land to agro
-industrial companies and landowners seeking
to expand into export-oriented farms. This ini-
tiated the process of agricultural moderniza-
tion in the valley. Cereals, pasture land and
orchard production gave way to vineyards, cit-
rus and avocado plantations that have higher
input costs associated with them and a need
for sophisticated irrigation systems (Jorquera,
2001). Soil quality stopped being a barrier as
they conquered the hillside with drip irrigation
and fertilization. Former farmers turned to
migration, and many have become seasonal

3The recently established “Regional Water Dialogue” is a multi
stakeholder approach to integrate different social actors in a
broader regional water strategy and the “Caminar” Project fo-
cuses on the ERB. See www.cazalac.org/caminar

labourers for large agricultural operations,
while others have maintained their tradi-
tional migrations to mining areas to secure
and supplement farm income; (3) Public in-
vestments and incentives to support exports
and new market opportunities associated with
free trade have been the essential ingredient in
the drive to modernize agriculture in the Elqui
valley. In the coastal areas, however, some
family farms and orchards have continued
producing traditional crops (e.g., vegetables)
to sell in regional and metropolitan areas (e.g.,
La Serena and Santiago).

In the rural communities of the ERB social
capital is being rapidly lost due to migration
and land transformation, with the exception of
Irrigation Associations, rural drinking water
committees, and a few neighbourhood associa-
tions (Salas et al., 2009). Small- and medium-
sized producers have trouble organizing and
are poorly represented in decision- making
structures. This limits their capacities to nego-
tiate with government institutions for funding
to adopt new innovations, to adapt their op-
erations to changing market demands, to pur-
chase crop insurance, and to be able to bear
the financial burdens when extreme climate
events result in crop losses. However at the
regional level there is renewed interest in un-
derstanding and responding to social and eco-
nomic challenges posed by expanding aridity
and desertification processes!s.

Institutional research capacity has increased
in the region. A research cluster on arid zones
and water governance is being created in the
region. The Center for Advanced Studies in
Arid Zones (CEAZA) created in 2003 inte-
grates two regional universities (Universidad
de la Serena and Universidad del Norte) and
the National Institute for Agricultural Re-
search (INTA) of the Ministry of Agriculture.
Also, in 2006, the United Nations Educational,
Scientific and Cultural Organization
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(UNESCO) and the Chilean chapter of the In-
ternational Hydrological Program (IHP) cre-
ated the Centre for Water in Arid Zones for
Latin America and the Caribbean (CAZALAC).
Its objective is to strengthen the development
of technical, social and educational capacities
of the region to manage water in arid and
semiarid zones and to enhance the role of
communities in the development of a new wa-
ter culture (Reyes et al., 2009).

Water governance institutions are also seeking
ways to face the challenges of integrated water
resource management through new initiatives,
as in the case of the recent public discussion in
the emerging Regional Water Dialogue estab-
lished in 2008. This dialogue brings together
the water concerns of public, private and social
organizations in order to provide leadership
and water policy direction. The influence of
this emerging initiative on decision-making is
still unclear. A similar, smaller scale initiative
for the ERB and other basins are non-
existent!4. In fact, multi-agency coordination is
weak and aside from the emerging policy on
integrated basin management, there are no
major concerted efforts to strengthen adaptive
capacities and no multi-agency planning ini-
tiatives to anticipate more severe drought and
flooding events associated with future climate
change. Public agencies are focusing their ef-
forts on expanding agricultural production
and improving irrigation and water regulation
infrastructure (Reyes et al., 2009)

Data on surface water availability and flow
patterns in the ERB is fairly complete, but
there is insufficient knowledge on groundwa-
ter withdrawals and the recharge capacity of
aquifers in the ERB. There are important gaps
in water data collection and integration, espe-

14The exception is the “Caminar Project” recently initiated by
CAZALAC which focus on the ERB in Chile and two basins in
Peru and Bolivia. See www.cazalac.org/caminar

cially when it comes to water quality, quantity,
and climatic data for higher altitudes of the
Elqui Valley. The information needed to
model the ways in which subsurface water
and glaciers will respond to future climate
change scenarios is incomplete, and the data
sets that do exist have high levels of uncer-
tainty associated with them (Fiebig-
Wittmaack et al.,, 2008). This uncertainty
reduces the capacity of water governance
institutions to plan in the medium and long
term, both regionally and nationally. Lo-
cally, most stakeholders complain that they
do not have access to the data they need to
fully understand the challenges that climate
change may bring (Reyes et al., 2009).

One institutional adaptation strategy devel-
oped to help producers manage the risks asso-
ciated with extreme climatic events is crop in-
surance. Almost all crop insurance programs
are geared towards medium and large produc-
ers. However, the Ministry of Agriculture via
the Instituto de Desarrollo Agropecuario
(INDAP) recently created a program that seeks
to integrate small producers into crop insur-
ance programs. For now, just a small group of
these producers can afford it, even though
50% of the costs are covered by INDAP. Crop
insurance could compliment other govern-
ment aid programs (e.g., drought bonuses)
that do not cover the economic effect of
droughts on producers; those that attempt to
do so do not provide pay-outs in a timely man-
ner (Salas et al., 2009). No plans in the near
future exist to develop an income guarantee
system for producers during extreme events,
and the capacity of small producer groups is
not strong enough to convert this into a politi-
cal priority.

The recurrence of mudslides and floods in the
ERB tests the capacity of the National Emer-
gency Office to coordinate responses in light of
these natural hazards. Community members
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of Diaguitas and others feel that institutional
responses during mudslides and floods are
inadequate, and that there is insufficient com-
munication and coordination among public
regional institutions, municipalities and the
affected communities (Salas et al., 2009: 19).
Effective disaster relief capacities require close
coordination and preparedness among public
institutions and local governments. Yet, com-
munities have difficulties identifying which
public institutions are responsible for what,
and how the institutions go about completing
their tasks. Thus, poor planning, enforce-
ment and communication limits the capacity
of state institutions to take preventive action
and build adaptive capacity. The fact that
schools and housing are located in risk
prone areas with no plan to relocate them to
safer areas in times of crisis is commonly
cited as an example of the challenges faced
by institutions that negatively affect rural
communities (Salas et al., 2009: 19).

Although local governments have the most di-
rect links with local community organizations,
they do not have clear legal mandates regard-
ing water issues's. However, during droughts,
mudslides and other disasters, drinking water
systems are often damaged or stop working
altogether, and local government is the first to
organize relief operations and truck water in
for human and animal consumption. But in
the case of water contamination or other water
management issues, they have no capacity to
either respond or provide direction to water
users. It is unclear if the emerging integrated
basin management approach, which is still in
the pilot phase, will be effective in enhancing
the capacities of local governments in water
management areas, which would improve co-

15An exception could be the development of municipal by-laws,
but these are not developed in the ERB.

16See http://www.conama.cl/portal/1301/article-42435.html

for more information.

ordination, planning and communication, and
improve institutional learning.

Centralization is a common complaint among
regional water governance institutions, as
regional agencies have limited power to
change water policies and resources (Reyes et
al., 2009). The 1981 Water Law is perceived as
a major obstacle in the adoption of a
regionalized perspective on integrated water
management. Multi-agency coordination and
planning that integrates regional and national
agencies is inadequate. These agencies have
limited capacities to undertake anticipatory or
preventive measures to effectively deal with
drought and other climatic stresses. Water
policies are defined at the central level and
regional approaches for integrated water
management are still in their early stages
(Reyes et al., 2009). There are new
institutional efforts to establish an integrated
approach to water management at the basin
level under the leadership of the National
Commission on the Environment (CONAMA).
The National Strategy and Pilot Plans for
Integrated Basin Management were approved
in 2007 and three pilot basins have been
selected. If these results are relevant and
applicable, they may help to secure political
support for implementation in all regions of
Chile and ensure the meaningful participation
of different stakeholders in the planning
process. However, without clearly established
institutional roles, this integrated
management approach may not work. The
recently created Water Table could be the
basis for social learning that strengthens
integrated water management at the basin
level, although it is not clear whether this
initiative would permit a positive change in
regional water governance institutions.

Limited access to information is perceived as
an important factor that is negatively affecting
institutional adaptive capacity. Local stake-
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holders state that they do not have the infor-
mation necessary to fully understand the risks
of climate change. The managers of the
Elqui River Neighborhood Watch, for exam-
ple, recognize that climate change could be a
threat, but they cannot understand what it
means for them. Information regarding cli-
mate change is scarce and is not appropri-
ately communicated to those stakeholders
and institutions that would benefit from
having it (Salas et al., 2009).

Climate Change in the ERB

Future climate scenarios required the applica-
tion of downscaling techniques in order to
provide relevant information for decision-
making and to produce plausible future cli-
mate change impact scenarios for the basin
(Fiebig-Wittmaack et al., 2008). Vicuina, a
small city in the middle of the basin, was se-
lected as being representative of agricultural
productivity in the ERB. Statistical down-
scaling techniques were carried out on the Vi-
cuna site data using the Long Ashton Research
Station Weather Generator (LARS-WG)
(Semenov and Barrow, 2002). The study
shows the results from the Canadian CGCM3
with the T47 and T63 resolutions (CCCma
2005) and the emission scenarios SRES A2
and B2 (Semenov and Barrow, 2002).

The period of observed meteorological data for
Vicuiia (baseline) was 1960—1990, and output
data were calculated for the periods 2011-
2030, 2046—2065 and 2070—2100 for most of
the climate indices defined by the ETCCDI
(Expert Team on Climate Change Detection
and Indices). The first two periods were cho-
sen because these periods are more relevant to
Chilean decision-makers and planners.

The following climate indices that are relevant
for agriculture and/or represent sensitivities

for rural communities in the ERB were the fo-
cus of the scenario analysis:

1. monthly average minimum temperature;
2. monthly average maximum temperature;

3. monthly average degree day (monthly
sum of hours with temperatures >10°C)
(DG10);

4. monthly average number of hot days
(maximum temperature >30°C) (SU30);

5. monthly average number of frost days
(minimum temperature <0°C) (DOO0);

6. annual precipitation; and

7. number of extreme precipitation events
(daily precipitation >40 mm).

Future scenarios for the two periods (2011—
2030 and 2046—2065), shown in Figures 10
and 11, illustrate a trend towards increased
minimum and maximum temperatures, espe-
cially in winter (i.e., June and July). The
warming is reflected in the increasing degree
day index (DG10), where increases of 36% in
September, 30% in October, 15% in Novem-
ber, 9% in December, 11% in January, 24% in
February and 25% in March can be seen (see
Figure 12). The Degree Day Index significantly
affects crops, from germination to harvest
(September through March). The analysis for
the number of hot days also shows a strong
increasing trend, mainly during the period Oc-
tober to April (Figure 11); but this result
should be taken with caution, given common
overestimations in the simulations. In addi-
tion, the number of frost days decreases from
June to September, and slightly increases in
May (Fiebig-Wittmaack et al., 2009).

The downscaling results for precipitation show
that annual precipitation will remain close to
or be lower than observed precipitation, but
interpretations concerning precipitation are
also subject to caution, given the high level of
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uncertainty in its simulation. Even without a
clear negative trend for future precipitation
amounts, annual precipitation during the
last decades has been low enough that the
potential continuation of this trend is a
great cause of concern. Extreme precipita-
tion from April through to August may de-
crease slightly in both periods, but a slight
increase of these events is shown for the two
scenarios in the later part of the year.

The scenarios generated by the models have
important consequences for agricultural ac-
tivities in the basin, particularly vineyards,
fruit trees (orchards) and vegetable produc-
tion. The increase in average minimum tem-
perature will reduce the amount of cold hours
(i.e., the number of hours when the tem-
peratures range between 0°C and 7°C) dur-
ing the dormancy period of plants (May
through August), which may result in ir-
regular budburst in grapes and deciduous
fruit trees; plant productivity may also de-
crease. On the other hand, the decrease in
frost days may be beneficial for producers
with frost-sensitive crops, primarily early
harvest vegetable crops (e.g., potatoes, to-
matoes, bell peppers) and fruit trees (e.g.,
papayas, chirimoyas, avocados, citrus).

The increase in days with temperatures greater
than 30°C during the spring and summer will
have negative effects on the photosynthetic
process of all fruit trees cultivated in the ERB
(Jackson and Lombard, 1993). Yield and qual-
ity will be affected; however, this may reduce
the incidence of some common plant diseases
in the ERB.

Higher winter temperatures could have posi-
tive effects on the productivity of early spring-
summer horticultural crops because these
could then be cultivated earlier during the
year, potentially enabling producers to obtain
premium prices in urban markets. However,

as a consequence of higher temperatures,
evapotranspiration rates will increase, which
will increase water demands from agriculture
and irrigation. This may result in increased
competition and conflicts among water users
and between communities and other sectors
(e.g., tourism and mining).

The projected increase in the Degree Day In-
dex will result in a shorter growing period for
grapes, which will allow an earlier harvest, po-
tentially resulting in higher prices. However,
vineyard productivity and fruit quality will
likely diminish as a consequence of the shorter
growing season, as grapes will not have the
necessary time to reach preferred maturity.
This warmer weather could stimulate the ex-
pansion of insect plagues, resulting in higher
input costs for pest control and increasing the
risk of insect and plague contamination
(Cepeda et al., 2009).

The future shifts in these climate indices not
only create risks, but also opportunities. Some
new agricultural crops may be introduced in
the ERB, and some traditional crops could be
relocated to higher elevations in the valley.
Maximizing opportunities, however, will re-
quire enhanced adaptation in terms of the
awareness of various agro-climatic trends, for
example, and of their implications for current
and future possible agricultural products.

For some communities and farmers living on
dryland or rain-fed agriculture, or with limited
access to irrigation water, the impacts of the
above scenarios will be dramatically different,
as water is already a major limiting factor. On
the other hand, the slight decrease in frost
days may be beneficial by reducing the vulner-
ability of some frost-sensitive crops, mainly
early harvest crops and some fruit trees. With-
out access to irrigation, many of the crops cul-
tivated by small farmers, from which they
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draw their income, will experience reduced
yields.

Higher winter temperatures may be beneficial
for the productivity of some horticultural
crops, as they may be cultivated earlier in win-
ter, when precipitation is available in the ERB.
Yet, the overall increase in evapotranspiration
and subsequent increases in water demand
will limit the potential for farms with poor ac-
cess to water for irrigation.

Goat producers are most sensitive to reduced
water availability since this will translate into
lower productivity of natural pasture lands
and shrubs, on which they depend. The overall
decrease in rain will likely further decrease the
available fodder, which may negatively affect
herd size and quality. Goat herders may have
to graze larger areas for their herds to obtain
the same amount of food, and this may accel-
erate the erosion process in the already
stressed and highly eroded hillsides.

Community members engaging in subsistence
economies may have to migrate to find sea-
sonal and/or permanent employment oppor-
tunities in order to supplement their income
(Salas et al., 2009). Scenarios show a small
decrease in the number of extreme precipita-
tion events during April to August but a slight
increase in the latter part of the year. For low
income families living in mudslide and flood
prone areas, this may mean either a reduction
in these risks or a shift in the timing of these
events into the early spring.

With increasing temperatures, the isotherm
will continue to shift towards higher altitudes,
decreasing snow and ice reserves at higher al-
titudes, resulting in decreased precipitation,
higher evapotranspiration, and reduced river
flows. Decreased precipitation and higher
evapotranspiration rates, along with a higher
demand for water, may mean greater risks for
wells feeding potable water systems. Reduced

river flows and future potential increases of
agricultural and urban-industrial effluents
may increase the risk of water contamination,
as the dilution potential of rivers will be re-
duced. Overall, communities will experience
greater water stress as there will be greater
competition for water because there will be
less water available to meet growing demands
in the future.

In terms of river flow, it is unclear as to
whether or not there will there be enough
water in rivers to meet future environmental
and social needs. The fact that there is
sparse high mountain precipitation data and
a lack of knowledge concerning the
cryosphere in the ERB, stream flow behavior
is difficult to understand and predict (Fiebig
-Wittmaack et al., 2008).

On the east side of the Andes Mountains, at
monitoring sites in Argentina, precipitation
has shown an increasing trend in the past cen-
tury (Minneti et al., 2003). To the west, it is
uncertain whether or not precipitation at
higher elevations in the Andean zone has de-
creased, or if permafrost and glaciers have
melted or are currently melting. Also uncer-
tain is whether or not these have contributed
water to surrounding rivers; if they have,
higher stream flows could be temporary. This
is alarming because, besides the changes in the
temperature-related indices, the loss of valu-
able water resources stored in the form of
snow, permafrost and glaciers can result in
environmental and socio-economic stresses in
the near future. This emphasizes the critical
importance of monitoring of the cryosphere,
evaluating current and future trends, and dis-
cussing adaptation measures to water scarcity
(Fiebig-Wittmaack et al., 2008).

Improving data collection, integrating infor-
mation and enhancing coordination between
public agencies and research institutions may
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Figure 10. Monthly Average Minimum Tempera-
ture for Vicuiia. The black line represents the
baseline (1960—1990), while the others corre-
spond to results calculated with LARS for differ-
ent emission scenarios, for the period 2011-
2030 (above) and 2046—2065 (below).

yield more realistic, reliable climate change
models, and contribute to the development of
more pertinent adaptation measures.

Future Vulnerabilities in the ERB

Future climate models project decreases in
precipitation, increases in temperatures and in
the severity of extreme climate events (e.g.,
droughts and intense precipitation events),
decreases in annual river flow, and fewer frost
events. These create both risks and opportuni-
ties for rural communities as well as agricul-
tural producers.

6 i
Hlonih

Figure 11. Monthly Average Maximum Tempera-
ture for Vicuiia. The black line represents the
baseline (1960—1990), while the others corre-
spond to results calculated with LARS different
emission scenarios, for the period 2011—2030
(above) and 2046—2065 (below).

FUTURE EXPOSURES

Aridity in the basin will be exacerbated by
the projected increases in monthly average
minimum and maximum temperatures,
monthly average degree day (DG10), and
monthly average number of hot days. Many
of those expected changes will be outside of
the climate currently experienced in the
ERB and beyond the coping range of rural
communities.

Warmer winters and higher maximum sum-
mer temperatures will create stress for human
activities and natural systems. The increases in
temperature will lead to higher evapotranspi-
ration rates, reduced water availability, and
increased water demands. Future exposure-
sensitivities may include greater competition
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Figure 12. Monthly Average Degree Day Index
Temperatures >10°C). The black line represents
the baseline (1960—1990), while the others cor-
respond to results calculated with LARS for dif-
ferent emission scenarios, for the periods 2011—
2030 (above) and 2046—2065 (below).

for water, which may result in conflicts among
water users.

As the climate of the region becomes more
arid, snow and ice reserves in the Andes are
expected to diminish. This will affect the sea-
sonality and amount of snowmelt and surface
runoff, which has implications for annual river
flows, groundwater recharge and water ecosys-
tems in lower elevations.

The forecasted increases in temperature will
also have an impact on wild species, and it is
unclear how they will respond to a warmer cli-
mate. It is possible that species with fast bio-
logical cycles and high biotic potential (e.g.,
insects, rodents, rabbits) can benefit from fu-
ture warming, potentially becoming more
abundant, and subsequently becoming plagues
(Carey, 2001 cited by Cepeda et al., 2008).

The frequency and magnitude of intense rain-
fall events associated with ENSO will increase
in the future, creating risks for communities,
including landslides, avalanches, and flooding.
ENSO will also bring more severe droughts
(Cepeda et al., 2009). There is evidence that
extended, severe and multi-year droughts will
seriously amplify aridity trends. An expansion
in aridity may result in an increase in water
scarcities and have negative implications for
agriculture and people’s livelihoods.

New exposures will arise in the future in the
ERB. A reduction in the amount of cold hours
will affect the productivity of some crops, such
as grapes, whose dormancy period, for exam-
ple, is critical for uniform budding, which
ultimately influences yields and quality. Ir-
regular budding resulting from an inade-
quate dormancy period will decrease pro-
ductivity in fruit trees and reduce the num-
ber of temperate fruit species that can po-
tentially be cultivated in the ERB. Similarly,
increases in the Degree Day Index will cause
decreases in fruit quality and productivity,
and affect the financial returns of the fruit
plantation operations in the valley, although
earlier crops may allow producers to obtain
higher prices.

Increasing water demand is likely to drive
farmers and enterprises to invest in water-
saving technologies (e.g., drip irrigation), the
development of new water sources (e.g., pur-
chase new or more water rights, which will re-
sult in more active water markets), and/or un-
derground water exploration and technology.
As a result, the risk of over-extraction and de-
pletion of aquifers may increase.

There may also be opportunities for produc-
tion systems in the future if there is better ac-
cess to information, technology and financial
resources to facilitate shifts in current agricul-
tural practices to new, more -climate-
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appropriate crops. The warmer climate will
provide an opportunity to introduce new crops
that demand fewer cold nights and days, while
frost-sensitive crops will benefit from a reduc-
tion in frost events.

The forecasted increases in aridity will cause
an expansion and intensification in the deser-
tification process, potentially reducing yields
and opportunities for subsistence agriculture.
This will reduce food production capacity and
the income generating potential of subsistence
agriculture. Communities reliant on dryland
agriculture are already exposed to drought;
further droughts will negatively affect culti-
vated areas, water storage capacities and in-
come opportunities. Animal husbandry, par-
ticularly goat herding, which has been an im-
portant diversification of farm income, will
feel the impacts of water stress in the ERB.
With less natural fodder available as result of
lost moisture, herd sizes will continue to de-
crease, and herders will be forced to migrate
further distances to highland areas to feed
their animals, or they may change their liveli-
hood altogether.

There is a slight decrease in the intensity of
rainfall events in the winter, with a shift to-
wards the early spring. However, since torren-
tial rains are often associated with ENSO
years, it is unclear if mudslides will be more or
less common, while the forecasted decrease in
precipitation in the highlands may reduce the
risk of flooding. Currently, communities do
not have access to early warning systems, nor
do they have the institutional support required
to anticipate or respond to emergencies arising
from sudden climatic changes. This signifi-
cantly reduces their adaptive capacity to deal
with hazardous events such as mudslides.

The CAPRs will experience great difficulties
as a result of decreases in the water table
and greater competition for water among

different economic sectors. Water contami-
nation may also be a more common occur-
rence, if they continue to lack the tools nec-
essary to prepare for these stressors. Local
governments do not have the human and
financial resources to support and improve
drinking water systems in rural areas, nor
do they have the resources to secure water
supplies and efficient technologies for rural
communities. Unless regional and central
governments are prepared to invest in water
security in these rural communities, they
will experience great risks related to water
security (both quality and quantity).

FUTURE INSTITUTIONAL
RESPONSE/ADAPTATION

Until recently, the Chilean government had
not developed many adaptation strategies or
policies to confront climate change. Most of its
efforts and commitments within the United
Nations Framework Convention on Climate
Change (UNFCCC) have been associated with
greenhouse gas emissions in different eco-
nomic sectors, and linking them to reduction
processes through the Clean Development
Mechanism and carbon credit projects. The
National Strategy on Climate Change was ap-
proved by the Council of Ministers in 2006
(see CONAMA, 2006a), while the National Ac-
tion Plan on Climate Change was launched just
days before the UNFCCC Conference in
Poznan in December, 2008 (CONAMA, 2008).
More recently, the Ministry of Agriculture has
created a “Climate Change Council for Agricul-
ture,” formed by multiple agencies and re-
searchers from different institutions to pro-
vide advice and direction regarding adaptation
policies. The completion and release of climate
change scenarios for Chile, and a recent analy-
sis of climate change vulnerabilities in silvicul-
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ture, agriculture, water and soil resources have
contributed to the incorporation of climate
change considerations into public and policy
discussions (CONAMA, 2006b; 2008). There
is still a long way to go before those discus-
sions are reflected in effective adaptation poli-
cies and become well-funded, decentralized
programs. A major drawback of future climate
projections for 2070—2100 is that they are too
far removed for policy actions to take place.
The scale of the projections is also too broad to
be able to make informed decisions at a re-
gional and basin scale.

Statistical downscaling makes an important
contribution for the early development of
adaptation programs and policies at re-
gional and basin scales. The assessment of
vulnerabilities and institutional capacities at
the community, basin and regional levels
highlight the local capacity to manage cur-
rent climatic stressors, but it is unclear if
those capacities will be sufficient under fu-
ture climate change.

KEY JACC RECOMMENDATIONS

The following recommendations emerged
from the IACC’s research activities as ways to
increase the adaptive capacity of governance
institutions in the ERB in order to alleviate the
risks and maximize the opportunities of cli-
mate change for rural communities:

. Create an umbrella organization that can
effectively monitor and more accurately
generate water scenarios (e.g., generate,
collect and process climate and hydro-
logical data and integrate climate change
scenarios for both highlands and low-
lands in the ERB).

. Improve climate monitoring, paying par-
ticular attention to improving and inte-

grating highland monitoring and data
collection stations, including teledetec-
tion in the high Andes where climatic
conditions are critical for understanding
the hydrology of the ERB.

Improve inter-institutional coordina-
tion and develop new tools to dissemi-
nate climate change information and
build local and regional institutional
capacities.

Establish and develop a watershed au-
thority that would both effectively man-
age and coordinate institutional re-
sponses to changing climatic conditions
and their effects on rural communities,
people’s livelihoods, household income,
agriculture, and other aspects of society.

Coordinate and develop decentralized
tools and programs that improve water
use efficiency and water storage and
harvesting potential, with particular
attention to the most vulnerable (i.e.,
small and medium size farmers and
rural communities).

Create networks and training programs
that sustain an early warning system for
droughts, floods, mudslides, and other
hazardous climatic events.

Develop an integrated pest control
program. This would reduce the risks
as well as the costs associated with the
wide use of pesticides on monocrop-
ping operations

Public institutions and basin authorities
should develop conflict management and
conflict mediation capacities, since fu-
ture increases in water demand will lead
to both increased competition and con-
flict among sectors.

Regional water governance institutions
would benefit from better surface and
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groundwater coordination, monitoring
and documentation. This is particularly
important for securing adequate, quality
drinking water for communities and for
avoiding groundwater contamination
and aquifer overexploitation.

. Municipal governments are the first to
respond to rural community needs, and
they therefore need to develop and
strengthen their capacities to communi-
cate climate adaptation measures and
water management issues to communi-
ties.

. Water and development agencies need
to develop an institutional framework
that enhances municipal, community
and other stakeholder involvement in
water management (e.g., conservation,
protection and restoration).

. Current and future climate change
risks and opportunities require pro-
grams that strengthen civil society or-
ganizations (e.g., capacity building for
local, regional and national CAPR as-
sociations, Irrigation Associations, re-
search and education teams, etc.). A
strong and well-organized civil society
will be in a better position to deal with
climate change.

The current adaptive capacity of rural commu-
nities and of local and regional governments in
the ERB reveals some important limitations to
confronting the emerging challenges of future
climate change and extreme climatic events.
Coordination among public institutions, wa-
ter data availability, and integrated water
resources management emerged as some of
the major factors influencing adaptive ca-
pacity. Policies aimed at reducing resource
concentration and improving planning and

risk prevention measures are needed to re-
duce rural community vulnerability to cli-
mate and water stresses.
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COMPARISON OF
THE SSRB AND ERB

The two case studies discussed above provide

a brief summary of the key exposure-
sensitivities affecting rural communities in
two dryland river basins—the SSRB in Canada
and the ERB in Chile—and the adaptive strate-
gies rural people use to cope with these. The
two basins are characterized by an agricultural
sector that is dynamic and highly integrated in
global markets, although they differ in terms
of their size, population, history, and the social
and political conditions that influence the lives
of their people. The two also have different
water rights systems. In Chile, once water
rights are acquired, they are treated as a trad-
able commodity, which can be bought and sold
through an open market, whereas in Canada,
no such market for water rights exists. Not-
withstanding these differences, they share sig-
nificant similarities in the context of their vul-

nerability to climate and other stressors. Com-
munities in both basins experience similar ex-
posure-sensitivities, and they draw on a simi-
lar suite of adaptive strategies to manage these
stresses. Both cases have a history of adapta-
tion where governance institutions have
played a significant role in shaping rural peo-
ples’ adaptive capacities. These capacities,
however, are not sufficient under future cli-
matic, social, economic, political and environ-
mental change.

In both basins water scarcities constitute the
most important exposure. A lack of precipita-
tion and runoff that leads to water shortages
and droughts negatively affects people’s liveli-
hoods, particularly agricultural producers
(whether irrigated, dryland or rancher) as they
are highly dependent on a sufficient amount of
water for their crops or livestock to be success-
ful. For rural households, poor water quality is
also problematic. Poor water quality is not al-
ways the result of natural causes, but is also
influenced by human activities (i.e., use of pes-
ticides) and/or institutions (i.e., inadequate
training of individuals to operate local water
treatment facilities).

Although rural people are highly sensitive to a
lack of precipitation, excessive precipitation is
also problematic. Precipitation events that
lead to floods can significantly damage com-
munity infrastructure and contribute to water
contamination. The topographic characteris-
tics of the ERB create the conditions for addi-
tional problems created by excessive precipita-
tion (e.g., mudslides and avalanches), expo-
sures to which some of the rural communities
in the Chilean basin are highly sensitive. Peo-
ple that live in areas affected by mudslides and
avalanches have few options but to live in
these risk-prone areas (at low elevations sur-
rounded by mountains with denuded soils).
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Extreme temperatures also present challenges
for rural people in both basins. Low tempera-
tures in winter affect ranchers in Canada, as
they facilitate illness in livestock. They also
result in increased feed requirements, and
subsequently increased input costs. Low tem-
peratures can also affect the quality of vegeta-
bles in storage. In the case of Chile, fruit pro-
ducers—a dynamic sector that has oriented
its production toward markets in the north-
ern hemisphere—are sensitive to cold snaps
in winter (near or below freezing tempera-
tures), because, although the plants are dor-
mant, they are still sensitive to cold tem-
peratures in winter, which can significantly
reduce crop yield as well as quality in the
subsequent growing season. In both basins,
high temperatures can lead to high
evapotranspiration rates, causing reductions
in water availability and soil moisture, and
affecting agricultural production.

In the two basins, exposures to climate and
water overlap with exposures to poor market
conditions (e.g., low price and high input
costs), an overlap that increases household
vulnerability. These climatic and economic
conditions largely affect agricultural produc-
ers, especially those with reduced capital. In
the case of the ERB, there are few sources of
permanent employment, which creates a vari-
ety of problems, including the inability to en-
sure enterprise viability and secure household
income to support the family. In this context,
exposure to droughts and floods compounds
the stresses produced by economic conditions.

The strategies that rural people draw from to
cope with these stresses include diversifying
income and production, as well as securing
access to water resources. In both Canada and
Chile, many producers have adopted higher
value crop varieties to secure income and/or
have developed value-added products and ser-
vices; in Chile goat herders supplement their

income by selling cheese and leather, while in
Canada some producers sell their mechanical
services. For many producers off-farm em-
ployment is an important source of additional
income; seeking employment in the oil and gas
industries in Canada or working for larger
farms in the ERB is becoming more and more
common. Securing water resources involves
mainly access to irrigation in both basins, al-
though in Canada access is restricted to those
in close proximity to the irrigation develop-
ment, while in Chile there are irrigation canals
throughout the basin; however access, in the
case of Chile, is limited to those with water
rights and the technological and financial
capital to invest in this technology. Irriga-
tion can provide a significant opportunity to
maximize water use and sustain producers
through dry periods. Building protective
structures to reduce the effects of floods,
mudslides and avalanches has also reduced
the risks associated with hazardous water-
related events, although in many cases they
do not effectively reduce risk.

Many of these adaptations have been facili-
tated and often developed by governance insti-
tutions, and many governance institutions
themselves have been created as adaptations
to climate and water stress. The PFRA in Can-
ada and the CAPRs in Chile were created in
response to rural community needs. Zero and
minimum tillage was promoted by the PFRA/
AESB as a way to conserve soil moisture; the
majority of producers in the SSRB now employ
zero or minimum tillage management prac-
tices. In Chile, the CAPRs have taken on the
responsibility of providing rural people with
access to clean drinking water; without them,
people may not have clean drinking water,
which poses health risks and several other
problems. Governments in both countries pro-
vide funding for water and irrigation projects,
and these services are an important institu-
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tional adaptation that increases rural peoples’
adaptive capacities to deal with climate and
water stresses. These institutional adaptations,
however, often tend to favour the large agri-
cultural producers that are the most produc-
tive, as well as those in powerful positions.
This causes an unequal distribution of adap-
tive capacity and leaves those with low capaci-
ties (e.g., First Nations peoples, subsistence
farmers, producers without access to water
rights, etc.) in a vulnerable situation and more
susceptible to risk.

Climate change is expected to have similar ef-
fects on both basins. Scenarios for the SSRB
and the ERB suggest that the two basins will
most likely experience increases in maximum,
minimum and average temperatures, as well
as decreases in precipitation. These scenarios
present both risks and opportunities. Since
communities in both basins are heavily en-
gaged in agriculture, which is partly depend-
ent on favorable environmental conditions to
be successful, increases in temperature and
decreases in precipitation could be problem-
atic (i.e., conditions that currently create risks
for communities may be exacerbated in the
future), and although institutions have made
great contributions to enhancing community
capacity to deal with stresses in the past, these
efforts have provided communities with a
capacity that is not sufficient to cope with
climate change. In other words, the future
climate conditions will be beyond rural peo-
ples’ current coping range. Rural people
need to be better prepared to cope with fu-
ture climate change, and enhancing their
adaptive capacity and resilience by adopting
anticipatory approaches that include all
stakeholders is perhaps one of the best ways
of doing this. A significant challenge in both
basins is to improve the fair distribution of
adaptive capacity in order to ensure the well
-being of all rural households.
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CONCLUSION

This research identified the climate and water
stresses that rural communities in the SSRB
and the ERB have experienced in the past, the
suite of adaptive strategies they use to cope
with stress, and the ways in which governance
institutions influence their capacity to cope
with stress, particularly those that are climate
and water related. These research findings
were used to develop recommendations that
address community needs. It is important to
note that these needs, and therefore the rec-
ommendations, are very similar for both ba-
sins and are therefore applicable in a variety of
contexts.
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