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The Science-Policy Interface

Water and Climate Change, and the Energy-Water Nexus

Introduction

In Canada, policy research and the science-policy interface occur inside government, at
universities, or to a lesser extent, in think-tanks and lobby groups. In the US, think-tanks
play a much larger role in both research and influencing the public policy agenda,
although government and universities are also important contributors.

While linkages already exist between Canadian and US governments, Canadian and US
academics, and Canadian and US think-tanks, the links between Canadian universities
and US think-tanks are — at best — weak. Thus, there is potential gain to be had in
improving those links. For example, links could be fostered between individual
researchers, between institutions, or along topical lines. Among these possibilities, a
topical approach to strengthening these ties is likely to be the most useful for developing
strong, long-lasting linkages.

Several themes have been suggested for piloting an initiative to strengthen such links.
One such theme is freshwater. Several aspects of freshwater give rise to policy issues,
many of which are common to both Canada and the US.

On June 15, 2007, the Government of Canada’s Policy Research Initiative (PRI) organized
a planning meeting to identify freshwater topics that could be pursued. The participants
decided to examine areas of collaboration on “Water and Climate Change” and “The
Energy-Water Nexus,” and how different systems of governance, different needs, and
different political drivers have influenced current science and policies in Canada and the
us.

On October 2, 2007, the Woodrow Wilson International Center for Scholars hosted a
meeting in Washington, D.C., to explore possible areas and means of improving Canada-
US policy research links in freshwater policy in the context of “Water and Climate
Change” and the “Energy-Water Nexus” (see Appendix 1 for the meeting agenda).

The roundtable meeting was organized by the PRI and chaired by Dr. Howard Alper and
Dr. Heather Munroe-Blum. An equal number of Canadian and American experts in
freshwater science and policy participated, observed by senior Government of Canada
officials from Environment Canada, Natural Resources Canada and Foreign Affairs and
International Trade Canada (see Appendix 2 for a full participant list).

The content of this paper reflects the presentations and discussions that occurred on
October 2, beginning with a review of “Water and Climate Change,” followed by “The
Energy-Water Nexus.” The paper also includes a synthesis of the policy “pushes” and
science “needs” identified by the participants, and closes with a short discussion of
conclusions and next steps. A link to background materials is provided at the end of the



text. This material, which was prepared by participants, will provide additional
information on many of the subjects discussed in the document.

Water and Climate Change

There is a general consensus that the earth’s temperature is rising due to increased levels
of greenhouse gases. Impacts resulting from a changing climate will have important
consequences for water, including:

= A change in the seasonality of flow, marked by higher flows in the winter, particularly
in areas where water is stored as ice and snow;

» Increased evapo-transpiration resulting from higher temperatures, which may be
responsible for lower total annual flows; and

= More-frequent, high-intensity precipitation events that can change drainage patterns
and produce flash floods that could have safety implications, not only in terms of
physical hazards, but also for water quality.t

Climate-related impacts on the hydrologic cycle can have serious implications for water
availability, because they can often pose serious storage challenges. There are four types
of water storage — reservoirs, groundwater, soil moisture, and snow and ice. Increased
temperatures will cause premature melting of snow and ice, and will increase evapo-
transpiration that will remove moisture from the soil, reduce surface-water levels, and
have implications for groundwater recharge. The latter will also be limited by the high,
fast-flowing runoff that is associated with extreme rainfall. Changes in the timing of
flows will also present storage-related challenges. For example, short supplies in the
summer will coincide with periods of high usage. Managing our stores will thus be a
critical issue in the face of climate change in order to ensure a sufficient supply of water.
Planners will need robust tools and innovative strategies to cope.

Although our current scientific understanding can provide us with a fundamental sense
of the types of impacts we can expect, there is a tremendous amount of uncertainty
associated with climate change. It is critical that we incorporate this uncertainty into our
modelling tools and our decision-making processes.

Current modelling relies heavily on the historical record to inform outputs. This
approach is no longer appropriate. Not only is climate change introducing the potential
for large surprises, there is also a need to consider naturally occurring events that the
scientific community is only recently beginning to understand and appreciate, such as the
El Nino Southern Oscillation (ENSO), the Pacific Decadal Oscillation (PDO) and the
Atlantic Multi-decadal Oscillation (AMO). All of these phenomena are associated with
potentially significant departures from normal conditions and need to be regarded
jointly, not in isolation. A new paradigm in modelling is therefore required — one that
shifts away from stationary models and acknowledges both the potential for deep
uncertainty and the links between climate and the hydrologic cycle.

New approaches are needed in other domains as well. Existing legal frameworks in
Canada and the US treat surface water and groundwater separately, which limits our

! Increased sedimentation resulting from high runoff can introduce sediment-bound pollutants into surface waters, and
incidences of waterborne diseases peaking following high-intensity rain.



concerns associated with this industry, including the negative impacts it will have on
aquatic ecosystems. For example, the majority of corn production in the US occurs in
existing agricultural areas that have some of the highest nutrient and pesticide levels in
the country. As corn production increases, water quality problems will only worsen, both
locally and downstream. Furthermore, marginal agricultural land may be brought into
production to accommodate the growing demand for corn. To achieve adequate yields
from these areas, above average amounts of water, fertilizer and pesticides may be
required, thereby putting additional stress on ecosystems.?

In addition, new ethanol plants are proposed in areas that have declining aquifers, thus
causing additional strain in water-stressed environments. With corn production expected
to grow to 93 million acres in the next few years, there is a potential for serious water
quality impacts and water shortages. The gains that are linked with biofuel renewable
technologies may not be enough in terms of minimizing the environmental effects
associated with our energy use. In the short to medium term, it may be more beneficial to
invest in reducing the impacts of non-renewable energy supplies, rather than rushing into
renewable technologies for which the true environmental gains and costs are not
completely recognized.

Another area of research that is relevant to the energy-water nexus is the impact of
carbon reduction strategies on water. Because of the strong interdependence of water
and energy resources, it is thought that carbon reduction strategies, such as a cap and
trade system, may lead to more efficient water use. Carbon sequestration, whereby
carbon dioxide is pumped into deep aquifers, has unknown implications for water. If this
practice is to increase, we must determine the potential impacts for drinking water and
groundwater dynamics in general.

General Discussion

Following the organized discussions on water and climate change and the energy-water
nexus, the participants were asked to identify the policy and science needs that they felt
to be the most pressing. From this query, there was significant convergence on the
following themes:

= Data and Modelling

= Water-Related Research for the Energy Sector

= Watershed Management

= Policy and Programs to Increase Water Efficiency

= In-stream Flow Requirements and Ecosystem Needs

The following sections discuss the identified needs surrounding these topics separately,
although it should be noted that there are several science and policy links between them.

Data and Modelling
There appear to be several needs with respect to data. First, there is a consensus that

existing measurement and monitoring programs are insufficient. More capacity is needed
to collect data that will improve our understanding of hydrologic systems and how our

3 It should be noted that there are other types of biofuels and sources of ethanol that are not discussed here, which will
have varying environmental benefits, impacts, and concerns.
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water resources are being used. However, although more data and trend assessments will
help to inform better management decisions, we will need to resolve issues that arise
from inconsistencies. In many cases, data from shared watersheds do not match up at
political borders, making it difficult to understand what is going on. Neighbouring
jurisdictions will need to work together to ensure that their respective measurement
programs are complementary.

We also need to share data and information relating to water needs with municipalities
and other local stakeholders, and effectively communicate to policy-makers.
Furthermore, we need to link empirical data to forecasting models to compare model
outputs with what is happening on the ground. Better data will inevitably help improve
hydrologic models. However, other upgrades are needed. Linking hydrologic and climate
models could be very beneficial and informative, specifically for predicting potential
climate related impacts on water supply. Mainstreaming climate issues in general seems
to be preferred from both a modelling and planning perspective.

Water Related Research on the Energy Sector

There are two specific issues relating to water and energy that urgently need research:
the impact of corn-based biofuels on water quality and supplies, and water use in
bitumen extraction.

First, given the rapid growth of the biofuel industry, it is essential that the full
implications of increased corn production be understood in terms of the effects on water
quality and aquatic ecosystems. Corn production is expected to expand rapidly, which
would increase non-point-source pollution in areas that are already heavily contaminated
with nutrients and pesticides. Additional concerns, which could be exacerbated in a
changing climate, stem from the energy and water requirements of ethanol plants and
their placement in locations that have depleting groundwater supplies. If biofuels are
found to have an unacceptable impact on the environment, there is an opportunity to
influence renewable energy policies before additional damage is done.

Oil production in Alberta is thriving, but the rapid growth of the oil sands industry could
be limited by water if innovative solutions are not found. As discussed, bitumen
extraction is water-intensive and the region is experiencing serious water availability
concerns. There is a need for research and development in this area: efforts and
resources should be focused on finding water efficient technologies and alternatives so
that Canada can benefit sustainably from this valuable resource.

More generally, research is needed to find innovative technology throughout the energy
sector; to improve our understanding of the links between energy consumption and
water; and to determine how efficiencies applied to one resource can influence the other.

Watershed Management

There are many examples of place-based approaches to managing water resources and
consensus that the watershed is the appropriate scale at which to address water issues.
Policy work is needed, however, to address issues relating to shared watersheds and the
integration and engagement of different watershed users. Watersheds that are located in
more than one jurisdiction can have unique management challenges. We need to
establish frameworks to integrate the various laws and regulations that come into play in
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a shared watershed, so that legislation does not prevent different parties from reaching
common goals.

Rethinking how to resolve transboundary disputes at all levels may be beneficial as well.
Formal arrangements such as the 1909 Boundary Waters Treaty and the International
Joint Commission provide some mechanisms for addressing transboundary issues
between Canada and the US, but such issues can also be addressed through coordination
or negotiation directly between the two federal governments. There is, however, a trend
to devolve decision-making to lower levels of governments — a trend currently reflected
in numerous regional, state and provincial bodies. Connections and coordination among
the various levels needs to be kept in mind, especially as complexities and disputes
increase if and when the impacts of climate change begin to affect water quality and
supply in transboundary basins. Each partner can best contribute to that aspect that can
most effectively address the issue at hand, while avoiding cross-purposes and stovepipes.

Work is also needed in communicating the importance of the watersheds to stakeholders
and decision-makers who are affecting water resources. Integrating planners and land-
use planning tools into watershed management frameworks will be particularly
important, as will the empowerment of municipalities and local stakeholders in general,
through the provision of relevant data, information and best practices.

Policy and Programs to Increase Water Efficiency

The implementation of new and existing policy interventions that encourage water
efficiencies could reduce demand. Full-cost pricing is likely to encourage water
conservation while allowing utilities to recuperate costs. Water efficiency programs
should be developed and evaluated. Water efficiency labeling (similar to the Energy Star
program) and private water trusts are examples of potential programs that could have a
positive impact.

In general, governments need to follow and encourage the principles of adaptive
management in developing water-related policies, particularly with respect to climate
change impacts and adaptation. Our ability to manage will improve only as our scientific
understanding increases. We need to integrate flexibility into all forms of policy
development.

In-stream Flow Requirements and Ecosystem Needs

Improving the science surrounding in-stream flow requirements is a major priority. Part
of this process will be to define what in-stream flow requirements are — this would
benefit from academic collaboration on both sides of the border. Advancements in this
area will have important policy implications, because a metric for aquatic ecosystem
needs will provide a defensible basis for water-use reduction claims and allocation
policies.

Establishing the links between surface water and groundwater is another research
priority that is closely related to ensuring that we are meeting ecosystem needs. Taking a
holistic approach to managing water that is inclusive of ground and surface resources,
and mindful of their different systems (i.e., aquifers and watersheds), will allow
managers to develop conjunctive-use strategies that will protect in-stream flow
requirements and the needs of ecosystems. There are legislative issues that need to be
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addressed — particularly in Canada, where surface and groundwater responsibilities can
fall within separate agencies.

Other Suggestions

In addition to the common themes that emerged from discussion, there were a handful of
other suggestions that are worth mentioning. The participants identified the need to
research the potential of rain-fed agriculture as an alternative to irrigation and the public
health implications of climate related impacts on water. Work on the inequities of per-
capita water and energy consumption was also proposed.

Conclusions and Next Steps

The exchange between the meeting’s participants was rich and informative and the level
of convergence on important issues was both telling and encouraging. In terms of next
steps, it is felt that there is value-added in continuing bilateral discussions: several
options for collaboration and advancement of key issues were discussed.

First, it will be important to engage stakeholders that were not present at the October
meeting: specifically, industry representatives from the energy sector and American
academia. With those key inclusions, both place-based and issue-based collaborations
were proposed as next steps.

The participants suggested forming political and academic partnerships in important
transboundary regions, such as the Great Lakes, to advance the research topics
discussed. They also suggested comparing two jurisdictions with comparable geography
on either side of the border (such as Saskatchewan and Kansas) to see how different
institutions are addressing water and climate issues on a similar landscape. A
comparison of legislative solutions and approaches at the national level may also prove
to be a useful exercise.

There was consensus that much of the expertise to research the scientific needs resides
in academia in both the US and Canada. As a next step, the participants suggested that a
university consortia be established to address one or two of the themes that have
emerged from the meeting’s discussions, such as in-stream flow needs. The consortium
could address specific questions and concerns and help to develop a common
understanding of the topic despite differences in research methods. Regardless of the
approach, any further collaborations and discussions should be multidisciplinary, with
active participation from industry, government and relevant research institutes, and
should focus on science policy integration.

In addition to discussing important topics related to water, a key purpose of the October
meeting was to strengthen links between Canadian and US think-tanks and academics.
Given the level of exchange between participants, it is believed that new connections
have been formed. The strength of these connections will be demonstrated by continued
and sustained interaction. The identification of key policy and science needs has created
an opportunity to advance key issues that are important to both Canada and the US in a
collaborative, multidisciplinary and productive manner, and to communicate the
importance of water to those beyond the water community.
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Definitions

Adaptive management refers to approaches that make conscious efforts to learn from
policy implementation, establish a more rigorous and systematic approach to learning,
and facilitate continuous efforts to learn from policy implementation.

Mainstreaming (in this context) is the process of assessing the implications of climate
change on any planned action, including legislation, policies or programs, in all areas and
at all levels.

Soft path methodology focuses on scenario planning through a technique called
“backcasting.” First, it defines a sustainable and desire future state for society’s
management of water sources and uses. It then works backward to identify policies and
programs that will connect the present to the future.

Distributive governance refers to shifting conventional government toward an
organizational model that is more collaborative in style. Decision-making becomes more
distributed (a concept that should be distinguished from decentralization). Distributive
governance involves moving from governments to governance; from requlating to shared
responsibility; and, from water management to watershed management.
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Further Reading

Background Material

Presentation and papers that were provided to participants of the October meeting can

be found at the following link:
<http://policyresearch.gc.ca/page.asp?pagenm=ev_pas_Agenda-Presentations_Oct-
2_water>

PRI Documents

The PRI has a number of water-related publications (listed below) that touch on some of

the themes discussed in this paper. They can be accessed using the following link:
<http://policyresearch.gc.ca/page.asp?redir=on&pagenm=rp_sd_pub&project=SD>

Does Pricing Water Reduce Agricultural Demand? An Example from British Columbia
Briefing Note
February 2007

Wet Industry: An Opportunity for Strategic Municipal Water Demand Management
Briefing Note
June 2005

Integrated Landscape Management Modelling
Workshop Report
June 2005

Towards a National Capacity for Integrated Landscape Management Modelling
Briefing Note
May 2005

Market-Based Instruments for Water Demand Management I: The Use of Pricing and Taxes
Briefing Note
February 2005

Market-Based Instruments for Water Demand Management II: Water Markets
Briefing Note
February 2005

Economic Instruments for Water Demand Management in an Integrated Water Resources
Management Framework

Synthesis Report

February 2005

Integrated Landscape Management Models for Sustainable Development Policy Making
Briefing Note
January 2005

Integrated Water Resource Management
Briefing Note
June 2004
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Appendix 1 - Agenda for October 2, 2007 Meeting on Water

8:30

Opening

9:00

9:15

Arrival

Welcome and introductions

Setting the stage

Session 1: Water: Adapting to Climate Change

Chair

9:35

9:45

10:15

10:35

11:10

11:40

12:10

Howard Alper
Context

State of the Science: Global Warming Impacts on North American Water
Resources (presentations followed by 15 minutes discussion)

- Predicted future water availability

- Ecosystem impacts

Break

Near-term strategies (presentations followed by 20 minutes discussion)
- allocation efficiency

- efficiency technologies

Big Picture Options (presentations followed by 20 minutes discussion)
General Discussion on Water and Climate Change (30 minutes)

- What are the water and climate change policy issues?

- What science is needed for policy in this area?

Lunch

Session 2: The Water-Energy Nexus

Chair

1:00

1:10
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Heather Munroe-Blum
Context

The Energy-Water Nexus (presentations followed by 15 minutes
discussion)

- energy used in the municipal, industrial and agricultural water sectors
- water used in electricity production, water used in fuel production



1:40

2:00

2:20

2:50

3:30

4:30

Near-term strategies (presentations followed by 15 minutes discussion)

- energy savings from water conservation and energy-saving water
technologies energy conservation/efficiency impacts on water use

Break

Big Picture Options (presentations followed by 20 minutes discussion)

General Discussion on the Water-Energy Nexus (30 minutes)

- What are the Water-Energy Nexus policy issues?

- What science is needed for policy in this area?

General Discussion on water issues and next steps (60 minutes)

Adjourn
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