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i. Preface

This research paper was prepared for the Institute for Agriculture and Trade Policy as
background for a workshop entitled, “The Relationship of Agriculture, Trade, and the
Environment to Surface and Groundwater Management in the Great Lakes Basin”
(February 21-22, 2002), held in Sault Ste. Marie, Michigan. The goals of the workshop
were: 1) to better understand the ecological, economic, and political relationships within_
the Great Lakes ecosystem; 2) to identify policy challenges in managing the system; and
3) to identify gaps in knowledge and outline research priorities.

This project received generous financial support from the Joyce Foundation.




ii, Executive Summary

The world’s freshwater resources are becoming increasingly threatened. With an ever-

growing population, water withdrawals from lakes, their tributaries or the groundwater

feeding them have increased dramatically over the last century (World Water Council,

2001). At arecent international conference on the conservation and management of lakes

held in Shiga, Japan, (November 11-16, 2001), a panel of experts found that more than

half of the world’s five million lakes and reservoirs, which hold nearly 90 percent of all

surface freshwater, are facing massive ecological threats. One of the primary population--
related phenomena causing declining water levels and degradation is overuse of lake

water, especially from diversions for irrigation (Figure 1). Since 1900, estimated water .,
withdrawals worldwide have increased over 500 percent (from 578 kms per year to 3,800 <"
kms per year). Another study estimates a six-fold increase in water withdrawals from = (¢
lakes and rivers between 1990 and 1995, a rate that is twice as fast as population growth
(World Water Council, 2001).

The Great Lakes-St. Lawrence ecosystem holds nearly 20% of the world’s supply of
fresh surface water. The vast surface areas of each of the Great Lakes account for storage
of enormous quantities of water (Great Lakes Commission, 1995). It is one of the most .
intensively used freshwater systems in the world, serving multiple interests including
navigation and transportation, hydropower, irrigation and livestock, municipal and
industrial water supply, mining and recreation. Of these, the largest consumptive water
use (water not returned and assumed lost from the system) is food production (Great
Lakes Commission, 2000). Although long-term trends show increasing freshwater use
for irrigated land and livestock, and increasing exports of agricultural products by most of
the Great Lakes States and Provinces, the relationship between water used for food
production and Great Lakes water levels has not been well researched. Natural climatic
factors are recognized as having more influence on lake levels than human activities, and
recent low water levels, although below the historic mean, are averaging 1.5 feet (45 cm)
higher than their record low water levels (Great Lakes Environmental Research Lab
Website). Given the greater role of natural variability in water levels as compared to
human influences, it is difficult to determine how much of an impact food production
presently has on the water levels of this enormous ecosystem.

Despite its size, research is showing that the cumulative impact of increasing freshwater
use in most sectors will lead to decreasing water quantity in the Great Lakes Basin
N (International Joint Commission, 2000; Canadian Environmental Law Association and
N Great Lakes United, 1997; Quinn, 1999). It is estimated that if water is consumed at
N 4 currently projected growth rates, and if projected impacts of climate change occur, Great
J@SL) Lakes water levels will drop dramatically (Canadian Environmental Law Association and
M\%,__,,Greai@k_gﬂmn&iéé;?l); In less than forty years, the flow from the Great Lakes
system into the St. Lz renc??iﬁ@ been reduced to less than three-quarters of
its current flow, without accounting FortheCompounding impact that diversions out of
the Great Lakes Basin could have on the lake levels (Canadian Environmental Law

Association and Great Lakes United, 1997). Growing water uses in the Great Lakes
Basin, combined with potential future impacts from population growth, climate change,




land use and other changes, will lead to a combination of decreasing water availability
and an ever-increasing value of freshwater due to competing interests.

At a recent workshop held by the Institute for Agriculture and Trade Policy entitled, “The
Relationship of Agriculture, Trade, and the Environment to Surface and Groundwater
Management in the Great Lakes Basin” (February 21-22, 2002), held in Sault Ste. Marie,
Michigan, water quantity experts identified numerous research and data needs regarding
the role of agriculture and its relationship to water quantity in the Great Lakes Basin.
Such research needs include: 1) developing an integrated basinwide water quantity
management strategy that accounts for the role of agriculture to water availability and
use; 2) identifying the current and future role of agriculture in the basin; 3) the need for
multi-scale, geography-specific analyses which include both macro (watershed/region)
and micro-levels (local); and 4) the need for improved data to develop alternative future
agriculture, environment, trade and water quantity scenarios to better understand the
implications of potential policy decisions and to improve overall management of the
system.

This paper is written to provide general background on these issues largely through
literature review. It will focus on the relationship between food production and water
quantity in the Great Lakes Basin and will analyze historical trends in water balance and
fluctuations, ecological and ecosystem changes over time, current water uses, policy,
water management and legislation, and potential future conditions resulting from
cumulative impacts to water quantity in the Great Lakes Basin. The paper will explore
perceived gaps in knowledge, will outline a research agenda for agriculture, trade, and .
water quantity management based on workshop recommendations, and finally will make
general recommendations for improved water quantity management in the Great Lakes
Basin.




International Trends in Declining Lake Levels
from Water Withdrawals and Overuse:

Although lakes are among the most vulnerable and difficult to restore of all natural
ecological systems, they have been widely ignored even as they have deteriorated,
according to Masahisa Nakamura, Director of the Lake Biwa Research Institute in Biwa,
Japan (World Water Council, 2001). See Box.

“‘ "predommantly from he vy w1thd ‘awals for n'mgak

Source WorldsWater Councﬂ 2001,

The cumulative climatic, ecological and economic consequences of these worldwide
water losses are significant.

Figure 1: The Aral Sea, Disappearing Predominantly from Heavy Withdrawals for
Irrigation, 1960-1995
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Source: The Aral Sea Homepage




L Physical Characteristics and Geography of the Great Lakes Basin

The Great Lakes-St. Lawrence River drainage basin is the largest body of fresh water in
the world. The system extends from the Atlantic Ocean to nearly halfway across the
North American continent (Great Lakes Commission, 1995). The Great Lakes Basin is
bordered by eight U.S. States (Minnesota, Wisconsin, Illinois, Indiana, Michigan, Ohio,
Pennsylvania and New York) and two Canadian Provinces (Ontario and Quebec), (Figure
2). More than one tenth of the population of the U.S. and one quarter of the population
of Canada inhabit this basin (U.S. Army Corps of Engineers and the Great Lakes
Commission, 1999). '

Figure 2: The Great Lakes Basin
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Created by: Institute for Agriculture and Trade Policy
Data Source: Environmental Systems Research Institute

The five Great Lakes- Superior, Huron, Michigan, Erie and Ontario- with their
connecting channels and Lake St. Clair (Northwest of Lake Erie), have a total surface
area of 94,900 square miles. The maximum dimensions of the basin are approximately
740 miles from north to south, and 940 miles from east to west. The total length of the
shoreline, including islands, is 11,200 miles. Elevation ranges from 243 feet (Lake
Ontario) to 600 feet (Lake Superior), the average depth ranges from 62 feet (Lake Erie) to
483 feet (Lake Superior), and total drainage area of each of the lakes (both land and
water) ranges from 32,000 to 81,000 square miles (Table 1). Lake Michigan is
completely within the United States, while the lower St. Lawrence River is wholly within
Canada. The Canadian shoreline of the Great Lakes and the international section of the
St. Lawrence River are entirely within the Province of Ontario (U.S. Environmental




Protection Agency and the Government of Canada, 1995).
Table 1: Physical Features of the Great Lakes

Superior  Michigan* Huron* Erie Ontario
Elevation (feet) 600 577 577 569 243
Length (miles) 350 307 206 241 193
Width (miles) 160 118 183 57 53
Average Depth 483 279 195 62 283
(feet)
Maximum Depth 1,332 925 750 210 802
(feet)
Volume 2,900 1,180 850 116 393
(cubic miles)
Land Drainage Area 49,300 45,600 51,700 30,140 24,720
(sq. miles)
Water Drainage Area 31,700 22,300 23,000 9,910 7,340
(sq. miles) '
Total Drainage Area 81,000 - 67,900 74,700 40,050 32,060
(sq. miles) N
Shoreline Length 2,726 1,638 3,827 871 712
(miles) N\
*Lakes Michigan and Huron are hydraulically considered as one lake.
Sources: Great Lakes Seaway Website; U.S. Environmental Protection Agency and the
Government of Canada, 1995.

Only T percent of the water of the Great Lakes is renewed each year through annual
rainfall and river input (Canadian Environmental Law Association and Great Lakes
United, 1997). The other 99 percent of the water is a result of glacial deposition
(Michigan Environmental Council Website). This results in extremely long retention
times. It takes an average of 191 years for water to travel through Lake Superior
(O’Connor et al, 1970).

For more detailed information regarding Great Lakes physical characteristics, see U.S.
Environmental Protection Agency and the Government of Canada (1995) and U.S. Army
Corps of Engineers and the Great Lakes Commission (1999).

II. Historical Perspective: Water Balance and Lake Level Fluctuations

Natural variations in lake levels due to climate/meteorology




Lake levels are determined by the combined influences of precipitation (the primary
source of natural water supply to the Great Lakes), upstream inflows, groundwater
recharge, surface water runoff, evaporation, diversions into and out of the system,
consumptive use, dredging, and water level regulation. Climatic conditions control
precipitation (and thus groundwater recharge), runoff, and direct supply to the lakes, as
well as the rate of evaporation. These are the primary driving factors in determining
water levels. The lakes are generally at their lowest levels in the winter months when the
air above the lakes is cold and dry, the lakes relatively warm, and evaporation is greatest.
In the warmer months, as the snow melts, evaporation from the lakes is least in the spring
and early summer when the air above the lakes is warm and moist and the lakes are cold.
With more water entering the lakes than leaving, water levels rise (U.S. Army Corps of
Engineers and the Great Lakes Commission, 1999).

The total area of the Great Lakes Basin, both land and water, is 298,500 square miles, of
which about one third is lake surface (Quinn, in: Adams, 1999). This natural feature
absorbs the large variations in the precipitation falling directly on each lake and the
runoff from land draining into each lake. Consequently, the outflow of each lake is
modulated so as to maintain a remarkably steady discharge into the next lower lake
(Great Lakes Commission, 1995). Because of the relatively small range in lake levels,
about 6 feet (1.8 meters), significant human uses have become dependent upon
reasonably constant water levels and outflows, resulting in system sensitivity to fairly
small changes in climate variability and change (Quinn, in: Sellinger and Quinn, eds.,
1999). See Box.

Source: Environment Canada Website (1).

As shown in Figure 3, between 1860 and 2001, there were several periods of extremely
high and extremely low water levels. Levels of some of the Great Lakes fell to their
lowest recorded levels in the late 1800s, late 1920s, the mid-1930s, and the mid-1960s.
Extremely high levels occurred in some lakes in the mid-1870s and 1880s, in the early
1950s, the early 1970s, and the mid-1980s. High lake levels occurred between 1985 and
1987 when all of the lakes, except Lake Ontario, reached their highest levels recorded in
the twentieth century. Over the following two years, lake levels dropped rapidly to their
long-term averages. Much of the 1990s were characterized by persistently high water
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levels [Environment Canada Website (3)]. Extremely low water levels were experienced
in the late 1990s leading up to today.

According to Frank Quinn of NOAA’s Physical Sciences Division, precipitation in the
Great Lakes Basin had shown a consistent upward trend over the 30 years prior to the
1990s (through 1997), and is essentially the result of a changed precipitation regime
(Quinn, 1999). This phenomenon, more than any other, contributed to the higher lake
levels. According to Doug Cuthbert, manager of Environment Canada’s Water Issues
Division, although significantly higher than a half century ago, water levels on the lakes
for most of the 1990s were still within the range of normal variability (Great Lakes
Commission, Advisor, 1997).

The recent decline of Great Lakes' water levels, now at lows not seen since the mid-
1960s, is due mostly to evaporation during the above-average temperatures of the past
three years, a series of mild winters, and below-average snowpack in the Lake Superior
Basin. Although below the long-term average, studies of water level fluctuations have
shown that the Great Lakes can respond relatively quickly to changes in precipitation,
water supply, and temperature conditions (International Joint Commission, 2000).
However, the factors that influence lake levels are still poorly understood (Great Lakes
Environmental Research Lab Website).
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Figure 3: Historic Annual Mean Lake Levels, 1860-2001
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The following key findings are summarized by Sellinger (in: Sellinger and Quinn, eds.,
1999) from workshop proceedings of research on the last 4,000 years of Great Lakes
water levels:

e Lake levels are at the peak of the 150-year fluctuation and are headed back to a
low period (Thompson, in: Sellinger and Quinn, eds., 1999);,

e Fluctuations on Lake Superior for the.last 2500 years are estimated to have ranged
between 1 to 1.5 meters (Larsen, in: Sellinger and Quinn, eds., 1999);

e Lake Ontario’s water levels fluctuated between 1 and 2 meters for about 1000
years within the last 4000 years (Lewis, in: Sellinger and Quinn, eds., 1999);

e Evidence indicates that the range in historical water levels has been exceeded over
the last 3000 years for both Lake Superior and Lakes Michigan-Huron;

e Paleo lake levels for Lakes Ontario and Erie are much harder to quantify but have
probably varied around the historical range;

e There may be a significant correlation between longer-term atmosphemc
circulation patterns and lake level fluctuations.

The natural range of lake level fluctuations is greater than any caused by anthropo gemc
influences in recent years [Environment Canada Website (3)].

Lake levels vary from year to year and can be expected to continue to do so (U.S.
Environmental Protection Agency and the Government of Canada, 1995), with size and
capacity being the fundamental characteristics governing the balance of water in the
Great Lakes. According to the Great Lakes Commission (1995), although water
availability from the Great Lakes appears unlimited, there are numerous societal matters
in which water balance may play a role (Great Lakes Commission, Advisor, 1997).

Anthropogenic changes imposed due to irrigation, diversions, hydropower, and water
level regulations must be considered in the overall water balance of the Great Lakes.
Several human activities have affected levels and flows. For example, structures have
been built to regulate the outflows of Lakes Superior and Ontario. Lake Superior has
been regulated since 1921 as a result of hydroelectric and navigation developments in the
St. Marys River. Lake Ontario has been regulated since 1960 after completion of the

St. Lawrence Seaway and Power Project. Besides assisting navigation and allowing for
dependable hydropower, these regulation structures have helped, to some extent, to
stabilize the range of lake level fluctuations [Environment Canada Website (3)]. Still,
because the major factors affecting the water supply to the lakes- precipitation,
evaporation and runoff- cannot be controlled or accurately predicted for more than a few
weeks into the future, our ability to effectively regulate lake levels is limited. Nature has
a much greater influence through the effects of natural hydrologic cycles (Quinn, 1999;
Great Lakes Net Website).

Hydrologic Cycles
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Water level fluctuations affect most of the 40 million people who live within the Great
Lakes watershed. High water levels are of serious concern to those who own and live on
Great Lakes shoreline property as serious flood and erosion damages can occur during
storm conditions. Low water levels, on the other hand, can have a huge economic impact
on several industries, including shipping, recreational boating, hydroelectric power
generation, and water suppliers. Fluctuating water levels also affect wetlands and
fisheries [Environment Canada Website (1)].

Fluctuating water levels on the Great Lakes are essential for the well being of marine
ecosystems. Various natural processes such as precipitation and evaporation can vary
substantially with time. Water levels on the Great Lakes change seasonally and can vary
dramatically over longer periods. There are three types of water level fluctuations on the
Great Lakes: long-term (multi-year), seasonal (one-year) and short-term (from a less than
an hour to several days). Short-term changes are generally of greater magnitude than
monthly averages [Environment Canada Website (1)].

Long-term fluctuations: Long-term fluctuations occur over periods of consecutive
years. More than a century of records in the Great Lakes Basin indicate no regular,
predictable cycle. The intervals between periods of high and low levels and the length of
such periods can vary widely and erratically over a number of years, and only some of
the lakes may be affected (Canadian Hydrographic Service, 2000).

Seasonal fluctuations: These fluctuations of Great Lakes levels reflect the annual
hydrologic cycle, characterized by higher net basin supplies during the spring and early
summer and lower net basin supplies during the remainder of the year. With more water
entering the lakes than leaving, water levels rise to their peak in the summer. Seasonal
rises begin earlier on the more southern lakes that experience a slightly warmer climate.
Lake Superior, the northernmost lake, is generally the last to peak, usually in August or
September (Figure 4) (Canadian Hydrographic Service, 2000).

Short-term fluctuations: Some water level fluctuations are not a function of changes in
the amount of water in the lakes, but are due to winds or changes in barometric pressure.
These short-term fluctuations can last from a less than an hour to several days. One such
phenomenon, known as wind set-up or storm surge, (seiche), occurs when sustained high
winds from one direction push the water level up at one end of a lake, which reduces the
volume by a corresponding amount at the opposite end. In deep lakes such as Lake
Ontario, the surge of water level rarely exceeds 1.5 feet (0.5 meters), but in shallow Lake
Erie, water-level differences from one end of the lake to the other of more than 16.5 feet
(5 meters) have been observed. Although the range of fluctuations may be large, there
are only minor changes in the volume of water in the lake (Canadian Hydrographic
Service, 2000).

For a more detailed discussion regarding hydrologic cycles, see the Canadian
Hydrographic Service (2000) and Quinn (2000).
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Figure 4: Historic Monthly Mean Lake Levels, by Lake 1918-2000
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Despite the predominant role played by climatic influence on Great Lakes water levels, in
1975, the International Joint Commission predicted that water consumption in the Great
Lakes would increase three to seven times by 2035. The IJC estimates that such an
increase will result in drops of about one foot (a third of a meter) in the water levels of
Lakes Michigan, Huron and Erie (Canadian Environmental Law Association and Great
Lakes United, 1997). Ecological impacts from human activities have already been
extensive.

Ecological and Ecosystem Changes from Human Activities

The glacial history of the Great Lakes region and the vastness of the lakes create unique
conditions that support a wealth of biological diversity, including more than 130 rare
species and ecosystems with vast forests and wilderness areas, rich agricultural land,
hundreds of tributaries and thousands of smaller lakes, and extensive mineral deposits
(World Water Council, 2001). Each river basin contains many natural ecosystems
including not only the aquatic habitats associated with water in the river channel, but all
of the elements of the river catchment that contribute water, nutrients and other inputs to
the river (Great Lakes Commission, 2001). These ecosystems include: the headwaters
and the catchment landscapes; the channel from the headwaters to the sea; riparian areas;
associated groundwater in the channel/banks and floodplains; wetlands; the estuary and
any near shore environment that is dependent on freshwater inputs (Great Lakes
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Commission, 2001). These ecosystems perform functions such as flood control and
storm protection, yield products such as wildlife, fisheries and forest resources, and are of
aesthetic and cultural importance to millions of people (Great Lakes Commission, 2001).

Habitat within the basin has changed dramatically, both in terms of area and quality,
since settlers arrived in the late 1600s (Maynard, in: Great Lakes Commission, 1996).
Globally, fully 36 percent of species extinctions since 1600 that resulted from known
causes are attributed to habitat destruction (U.S. Congress, Office of Technology
Assessment, 1995). The Nature Conservancy has identified 100 species and 31
ecological communities at risk within the Great Lakes system, and notes that half do not
exist anywhere else (Barlow, 1999). Since the early twentieth century, significant
changes in land use in the Great Lakes Basin have resulted from deforestation, urban
development and encroachment, agricultural practices such as land clearing and drainage,
and the management of water levels (Maynard, in: Great Lakes Commission, 1996). One
result of such activities is a staggering loss in two-thirds of the once extensive wetlands
(Barlow, 1999), at a rate of 20,000 acres (8,000 hectares) per year (Canadian
Environmental Law Association and Great Lakes United, 1997). Such land use changes
have altered the runoff characteristics of the drainage basin. Although the extent to
which these changes affect lake levels is difficult to define, research suggests that land
use changes have increased water flows into the Great Lakes from some tributary streams
[Environment Canada Website (3)].

In addition to loss in wetlands, another impact from human activities is an abundant loss
in groundwater aquifers. Groundwater is important to the Great Lakes ecosystem
because it provides a reservoir for storing water and for slowly replenishing the Great
Lakes through base flow into the lakes and tributaries. Groundwater also serves as a
source of water for many human communities, plants and other biota (International Joint
Commission, 2000). However, groundwater supplies, like surface waters, are becoming
increasingly depleted. According to Sandra Postel of the Worldwatch Institute (1999),
because of accessibility and lower cost as compared to river/surface water irrigation,
groundwater overpumping may be the single biggest threat to food production
worldwide. Postel describes further that the vast majority of this overpumped
groundwater is used to irrigate grain, the staple of the human diet. Since it takes about
1,000 tons of water to produce one ton of grain, some 180 million tons of grain—roughly
10 percent of the global harvest—is being produced by depleting water supplies
(Worldwatch Institute, 1999). Although most freshwater used (all water use categories)
in the Great Lakes Basin comes from surface water, about half of the water used for
irrigation and livestock comes from groundwater sources (USGS, 1995).

Human activities have also resulted in the introduction of non-indigenous, invasive
species to the basin. According to Mills et al, (in: Great Lakes Research Review, 1998),
since the early 1800s, the Great Lakes have been host to 141 non-indigenous species-
nearly two-thirds of which arrived in the Great Lakes via two methods: unintentional
releases (34 percent) and shipping activities (31 percent). Mills et al. assert that almost
one-third of these exotic species have been introduced in the last thirty years,
corresponding with the opening of the St. Lawrence Seaway. According to Barlow
(1999), two hundred years ago, the five Great Lakes each had a flourishing aquatic
community. However, over time, the native species in each of these aquatic communities
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is being outnumbered by exotic species, with devastating results to local species (Barlow,
1999).

I11. Current Conditions: Trends in Water Use

Global, U.S. and Canadian Water Use

Global water usage has increased dramatically over the last century, with consumption of
freshwater doubling every twenty years (The Western Producer, 2001). The predominant
increase in water withdrawals (Figure 5) and water currently consumed (Figure 6), is
devoted to agriculture (World Meteorological Organization, 1997). Irrigation accounts
for 70 percent of the water taken from lakes, rivers, and underground sources (World
Meteorological Organization, 1997).

Figure 5: Global Water Withdrawals by Sector, 1900-2000
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Figure 6: Current Water Withdrawal and Consumption by Sector, 1997
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The total amount of irrigated land and water consumed for irrigation worldwide has been
increasing dramatically over the last century (Figure 7). Water withdrawals for irrigation
have increased over 60 percent since 1960 (World Meteorological Organization, 1997).
Until the late 1970s, the growth in the amount of land being irrigated exceeded the rate of
population growth. Since then, the amount of irrigated land has increased more slowly
than population, due to a limited amount of additional land suitable for irrigation,
increasing water scarcity and the loss of some irrigated areas due to soil degradation
(World Meteorological Organization, 1997).

Figure 7: Amount of Irrigated Land in the World, and Water Consumed for
Irrigation, 1900-2000
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In the U.S., total national water withdrawals increased from 1965 to 1980, and gradually
declined from 1980 to 1995, as illustrated in Figure 8 (USGS, 1995; USGS Website).
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Public supply and rural domestic and livestock categories are the only two categories that
show continual increases from 1960 to 1995. The increase in public supply is largely due
to population increases. The increase in rural domestic and livestock withdrawals is
attributable to an increase in livestock withdrawals, especially animal specialties
withdrawals. More water continues to be withdrawn for thermoelectric power generation
than for any other category, peaking in 1980. Industrial withdrawals declined from 1980
to 1995 as a result of new industries and technologies that require less water, improved
plant efficiencies, increased water recycling and conservation measures. Total irrigation
withdrawals steadily increased from 1965 to 1980, and gradually decreased from 1980 to
1995. Irrigation application rates vary from year to year and depend on annual rainfall,
surface water availability, energy costs, farm commodity prices, application technologies
and conservation practices. In the 1980s, improved application techniques, increased
competition for water, and a downturn in the farm economy reduced demands for
irrigation water (USGS, 1995; USGS Website). However, according to the International
Joint Commission (2000), irrigation use in the Great Lakes region increased fairly
steadily from 1960 to 1995, and is expected to continue to grow.

Figure 8: National Trends in U.S. Water Withdrawals, by Sector, 1960-1995
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The two largest U.S. water use categories continue to be thermoelectric power and
irrigation. In 1995, the most water (fresh and saline) was withdrawn for thermoelectric
power cooling, whereas the most freshwater was withdrawn for irrigation (USGS, 1995).

As illustrated in Figure 9, in Canada, the trend in overall water usage is increasing
(Agriculture and Agri-Food Canada, 2000). On a national level, agriculture withdraws a
relatively small amount of water (9%) compared with thermal power generation (63%)
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and manufacturing (16%), however, unlike these industries, agriculture does not return a
large portion of what it uses (Agriculture and Agri-Food Canada, 2000).

Estimates regarding the exact amount of water loss from irrigation vary. The World
Meteorological Organization (1997) estimates about 40 percent of water used for
irrigation is lost to the system; Agriculture and Agri-Food Canada (2000) estimates more
than 70 percent loss; and USGS estimates 100 percent consumption from irrigation
(Crane, in: Great Lakes Commission, 1996). Most states and provinces agree that
consumption from irrigation is not 100 percent, however little research has been done to
determine better consumption coefficients (Crane, in: Great Lakes Commission, 1996).
The efficiency of irrigation systems also varies considerably depending on the type of
irrigation and the crop grown.

In Canada, the demand for water is growing in most sectors, increasing the potential for
competition and conflict among water users. Irrigation, the largest agricultural consumer
of water, is often at the centre of such competition (Agriculture and Agri-Food Canada,
2000).

Figure 9: Total Water Withdrawals in Canada, by Sector, 1972-1991
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Consumptive Water Use in the Great Lakes Basin:
Freshwater use for food production

Water use in the Great Lakes Basin consists of consumptive and non-consumptive uses.
Consumptive use is defined as that portion of water withdrawn or withheld from the
Great Lakes and their connecting channels and assumed to be lost, or otherwise not

~ returned to the system due to evaporation, incorporation into products or other processes
(Great Lakes Commission, 2000). Consumptive uses include agriculture/irrigation and
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livestock production, domestic, industrial and municipal water uses, and diversions and
dredging. Non-consumptive use refers to any water withdrawal or instream use in which
virtually all of the water is returned to the system (U.S. Army Corps of Engineers and the
Great Lakes Commission, 1999). Non-consumptive uses include hydropower,
transportation, navigation and recreation.

Consumptive uses of Great Lakes water are generally not directly measured but are
reported by water users under state or provincial water use permit programs, and are
usually estimated from water withdrawals using consumptive use coefficients (Great
Lakes Commission, 2000). ‘

reglon 1ncreased
Canada, the rate of
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At a national scale (1995), freshwater consumptive use in the Great Lakes region is
minimal, as compared to other parts of the U.S. (Figure 10). Total freshwater
consumptive use in the East (water resource regions east of and including the Mississippi
region) accounts for only 20 percent of the nation’s consumptive use. By comparison,
freshwater consumptive use in the West is about 47 percent of freshwater withdrawals
nationally. The higher consumptive use in the West is attributable to the fact that unlike
in the East, irrigation accounts for the largest part of consumptive use (USGS, 1995).
Figure 10: Freshwater Consumptive Use by Water-Resources Region, 1995
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However, in terms of intensity of freshwater usage per area, Great Lakes States withdraw
more freshwater than other regions. Figure 11 shows the intensity of freshwater
withdrawals by State in million gallons per day per square mile. The highly populated
states in the Eastern U.S. show the most intense withdrawals by area (as well as
California).

Figure 11: Intensity of Freshwater Withdrawals per Area, by State, 1995
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At a national level, the Great Lakes region, with modest rainfall and humidity as
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compared to the West, uses less freshwater for irrigation than other regions of the U.S.
(Figure 12).

Figure 12: Irrigation Freshwater Withdrawals by Water-resources Region, 1995
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Similar to the trend in irrigation, the Great Lakes region uses comparatively little
freshwater for livestock, as compared to other regions in the U.S. (Figure 13). However,
of the freshwater used for irrigation and livestock in Great Lakes States, about half comes
from groundwater sources (Figure 14). Over time, this will lead to an increasing pressure
on groundwater aquifers.

Figure 13: Total Livestock Freshwater Withdrawals by Water-resources Region,
1995
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Figure 14; Surface and Groundwater Withdrawals for Irrigation and Livestock by
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Great Lakes States, 1995
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Nearly 25 percent of total Canadian agricultural production and some 7 percent of U.S.
production are located in the Great Lakes Basin (U.S. Environmental Protection Agency
and the Government of Canada, 1995). In the Great Lakes States, between 1974 and
1997, although the total number of farms decreased, total acres of irrigated farms
increased almost three-fold (Figure 15). Over time, the result is increasing water usage
for food production.

Figure 15: Acres of Irrigated Farms in Great Lakes States, 1974-1997
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In Canada, the Province of Alberta has the highest percentage of irrigated land nationally
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(60%), whereas the Great Lakes Provinces of Ontario and Quebec represent a combined
total of just 12 percent of Canada’s irrigated land (Figure 16). Availability of water is
generally not a problem in Canada. Water supply issues are limited and generally apply
to the semi-arid West (Harker, 1999). There, water quantity issues often revolve around
considerations of whether there is enough water, how it will be apportioned, and security
of supply. As discussed by Harker (1999), when it comes to irrigation, demand/pricing
for irrigation water can significantly reduce the amount of water available for wildlife,
recreation and other uses. He argues that irrigation development itself may be restricted
due to a shortage of water, and that there may simply not be enough water available to
irrigate substantially more lands. Over time, this may mean increasing pressure to divert
Great Lakes water to more arid parts of the country.

Figure 16: Distribution of Irrigated Land in Canada
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Total area of irrigated land in the U.S. and Canada is projected to continue to grow
(Figure 17). As irrigation in the Great Lakes Basin increases, reservoirs and groundwater
levels may be reduced, potentially causing conflicts with other water uses (Crane, in:
Great Lakes Commission, 1996).

Figure 17: Irrigation Area in the U.S. and Canada, 1950-2025
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Agricultural Exports

With an ever-growing increase in irrigated lands, it is not surprising that over the last
decade, national exports of agricultural products by the U.S. and Canada have also

increased (Figure 18).

Figure 18: Exports of Agricultural Products by the United States and Canada,
1990-2000
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Other Consumptive Water Uses
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Domestic and Public Use: In the United States, water use for domestic and public
purposes in the Great Lakes Basin generally increased from 1960 to 1995 and is expected
to climb gradually through 2020. In Ontario, however, the modest downward trend
established in recent years because of water conservation efforts is expected to continue
(International Joint Commission, 2000).

Industrial and Commercial Use: In the United States, industrial and commercial water
use has declined in response to environmental pollution legislation, technological
advances, and a change in the industrial mix from heavy metal production to more
service-oriented sectors. A similar trend is evident in Ontario, so combined use is
expected to gradually decline through 2020 (International Joint Commission, 2000).

Diversions: Two human activities, diversions and consumptive use, have the potential to
impact lake levels. Diversion refers to the transfer of water from one watershed to
another. As discussed earlier, consumptive use refers to water that is withdrawn for use
and not returned. Such changes have resulted in either permanent alteration of water
levels or a decreased range of levels (Quinn, 1999), resulting in significant
environmental, social and economic harm (Canadian Environmental Law Association and
Great Lakes United, 1997). For example, permanent alterations in levels result from
diversions into, out of, or between the lakes, navigational dredging, and infrastructure
placed in the connecting channels. A decreased range in levels results from the
regulation of Lakes Superior and Ontario. At present, more water is diverted into the
system than is taken out (International Joint Commission, 2000). However, as discussed
by Quinn, (1999), “While individual impacts may or may not seem significant,
cumulative impacts of even small changes may be important™.

In 1982, the International Joint Commission reported on a study of the effects of existing
diversions into and out of the Great Lakes system and on consumptive uses. Until this
study, consumptive use had not been considered significant for the Great Lakes because
the volume of water in the system is so large. The study concluded that climate and
weather changes affect the levels of the lakes far more than existing human-made
diversions. However, the report also concluded that if consumptive uses of water
continue to increase at historical rates, outflows through the St. Lawrence River could be
reduced by as much as 8 percent by around the year 2030 (U.S. Environmental Protection
Agency and the Government of Canada, 1995). The diversion at Chicago, (the only
major diversion out of the Great Lakes Basin), plus other diversion proposals have alerted
the Council of Governors and Premiers to adopt a posture of opposition to any further out
of basin diversions (Great Lakes Commission, 1995).

Dredging: Unlike other consumptive uses, dredging in the connecting channels has had
a significant impact on lake levels, even in comparison to natural fluctuations.
Connecting channels and canals that have been dredged to facilitate deep-draft shipping
have permanently lowered Lakes Michigan and Huron by approximately 16 inches (40
cm) [International Joint Commission, 2000, Canadian Environmental Law Association
and Great Lakes United, 1997, Environment Canada Website (3)]. Channel and shoreline
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modifications in connecting channels of the Great Lakes have affected lake levels and
flows as well. For example, in the Niagara River, construction of bridges and infilling of
shoreline areas have slightly reduced the flow carrying capacity of the river [Environment
Canada Website (3)].

“While individual impacts may or may not seem significant,
cumulative impacts of even small changes may be important”
(Quinn, 1999).

Non-Consumptive Water Use in the Great Lakes Basin:
Hydropower, transportation, navigation, recreation

Hydropower: Ninety-four percent of the water withdrawn from the Great Lakes for
human use is taken by hydroelectric power plants. It does not figure in consumptive use
estimates since almost all of it is returned to the lakes. However, the use of water for
hydropower seriously disrupts the natural flows and levels of the rivers and lakes and
thus affects downstream users- both people and wildlife (Canadian Environmental Law
Association and Great Lakes United, 1997).

Water use for hydropower also poses potential conflicts in other ways than consumption,
for example: higher water levels above the turbine increase shore erosion, and dams
result in barriers to fish migration (Great Lakes Commission, 1995). As discussed by
Linton (in: Barlow, 1999), “existing water diversions and hydroelectric projects in
Canada are causing local climate change, reduced biodiversity, mercury poisoning, loss
of forest, and the destruction of fisheries habitat and wetlands”.

“The use of water for hydropower seriously disrupts the natural flows
and levels of the rivers and lakes and thus affects downstream users-
both people and wildlife” (Canadian Environmental Law Association

and Great Lakes United, 1997). |

Transportation/Navigation: The Great Lakes-St. Lawrence transportation system
stretches more than 3,700 kilometers. Transportation was a pivotal factor in the
development of the Great Lakes-St. Lawrence region. The combination of a natural
water transport infrastructure and-a strong resource base promoted settlement,
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agricultural development and a manufacturing economy (Great Lakes Commission,
1995).

Combined with the St. Lawrence Seaway, the Lakes are the mid-continent's trade link to
world markets. Opened to navigation in 1959, total annual U.S. and Canadian tonnage
for the 145 ports and terminals in the system has averaged around 200 million tons (181
million metric tons) in recent years. The St. Lawrence Seaway part of the system has
moved more than 2.1 billion metric tons of cargo in 40 years, with an estimated value of
$173 billion U.S. ($258 billion Canadian). Almost 50 percent of this cargo travels to and
from overseas ports (Great Lakes-St. Lawrence Seaway Website).

Great Lakes and St. Lawrence River commodity movements are dominated by relatively
low value bulk commodities. Grain flows have been quite variable as the world grain
market adjusts to new supplies and demands (Great Lakes Commission, 1995). While
there have been year-to-year fluctuations since the late 1970s, there has been a substantial
negative trend in average Seaway tonnage (Great Lakes Commission, 1995).

Recent studies of the system's economic impact indicate that more than 60,000 U.S. and
Canadian jobs are dependent on the cargo movements that generate more than $3 billion
in business revenue and personal income. Maintaining levels of flow for shipping,
maintenance dredging, and ice management, among other aspects of the transportation
use of the Great Lakes, poses potential conflicts with other uses (Great Lakes
Commission, 1995).

Recreation: The Great Lakes support a wealth of recreational opportunities. The Great
Lakes States are home to 4.2 million recreational boats, or about one-third of all
registered recreational vessels in the United States (Great Lakes-St. Lawrence Seaway
Website). Additionally, an estimated 1.2 million recreational boats are registered in the
Canadian Province of Ontario. Recreational boating provides over 125,000 jobs and
contributes approximately $9 billion (U.S.) annually to the regional economy (Great
Lakes-St. Lawrence Seaway Website). Although recreational activities do not impact
water levels, decreasing water levels would have negative consequences on this sector of
the economy.

1V. Water Use Management
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The Roles of the International Joint Commission and the Great Lakes Commission

The United States-Canadian border runs through four of the five Great Lakes and their
interconnecting rivers, causing them to come under federal jurisdiction in both countries.
Many policies related to U.S. and Canadian-provided services on the Great Lakes involve
the work of two unique bi-national bodies, the International Joint Commission and the
Great Lakes Commission.

The International Joint Commission (IJC): Canada and the United States are party to
the 1909 Boundary Waters Treaty, which was designed to address and resolve disputes
and issues regarding the Great Lakes and other boundary waters. This treaty established
the International Joint Commission, a quasi-judicial body that has three responsibilities
under the original treaty: 1) it may give or withhold approval for the use, obstruction, or
diversion of boundary waters shared between Canada and the United States that would
affect the natural level of flow on either side; 2) to conduct studies of specific problems;
and 3) to arbitrate specific disputes between the two countries in relation to boundary
waters. If requested, it investigates matters of concern to one or both governments
(Environment Canada Website (3); U.S. Environmental Protection Agency and the
Government of Canada, 1995).

The Great Lakes Commission (GLC): The Great Lakes Commission is an eight-state
agency founded in state and federal law that represents the collective views of the Great
Lakes States. An Associate Membership Program also provides for Canadian provincial
involvement and a bi-national focus. The Commission is actively involved in research,
analysis, policy development, and advocacy associated with issues of water quantity
management. Among others, this has included serving as a participant in an Ontario
hearing related to a proposal for the bulk export of Lake Superior water. The
Commission is also a member of an IJC Study Team for an ongoing reference on the
topic (Great Lakes Seaway Website).

Water Policy Timeline

Over the last century, there have been numerous policy initiatives regarding water
quantity issues in the Great Lakes Basin- each stemming from limitations of the previous
initiative to achieve its intended goal of controlling diversions: the 1909 Boundary
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Waters Treaty; the 1985 Great Lakes Charter; the 1986 Water Resources Development
Act; and Annex 2001 to the Great Lakes Charter. See Box.

Water Policy Timeline

~'d1sputes and lssnes regardmg the Great‘Lka‘k‘es and other boundary waters It created the Intematlonal Jomt ‘
;Comm1ss1on and gave it the power and respons1b1hty to regulate the ﬂow of waters along the boundary ‘
n Uni E ,

‘: prevent the removal of Great Lakes water from anothe
~ Envn‘onmental Conservation Websxte) -

The Water Resources Development Act of 1986: The U.S. Water Resources Development Actof 1986
}(WRDA) requires "ap oval by the governor of each of the Great Lake tates for diversions out of the Great“
Lakes ] Basin (transfers of water from the i ‘ .
. of one of the Great Lakes ito that ¢

f‘Lakes Charter, WRDA‘ does not apply to majo or consurnptlve uses within the basm; 'As d;scussed by Farld

31




f ot al (m* Canadlan Envnonmental Law Assocxatlon‘ and,Great Lakes Umted 1997), this legxslatlon has

basin dweréions . there is emblgulty as to whethef j
| must actually con nt to a dlversmn proposai or wh

Water Use Policy and International Trade Implications

Over the last few years, the diversion of water from the Great Lakes Basin has become a
high profile issue, both nationally and internationally. The most notable story concerned
a Canadian company's 1998 proposal to export Lake Superior water to markets overseas.
Throughout the basin, concerns were voiced over the lack of consultation, the
environmental implication of the withdrawal, and the legal precedent that such a
withdrawal may set. The request was subsequently withdrawn. This situation brought
diversion issues to the top of the Great Lakes agenda (U.S. Army Corps of Engineers et
al, 2001).

In response to growing demands for limited water supplies, most Canadian provinces

have developed water rights legislation to regulate the withdrawal of surface water and
groundwater for beneficial uses. An exception to this occurs in Quebec and British

Columbia, where the withdrawal of groundwater is not subj ect to licensing (see Box). 4—%@%7‘*: z
Another issue is the export of water. Although this topic is undergoing considerable LA o
debate, it is generally believed that water becomes an export commodity only when it is
bottled. It is still unclear whether bulk or flowing-water exports are permitted under
existing legislation [Environment Canada Website (5)].
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In March 2000, the IJC issued a report recommending that Canadian and United States
federal, provincial, and state governments not permit the removal of water from the Great
Lakes, citing the need to protect its ecological integrity (Anderson et al, in: Bennett,
2001). The only exception would be if the permit applicant can show that the removal
would not have any adverse environmental effects. In addition, the applicant would have
“to demonstrate that there are no practical alternatives to the removal, sound planning has
been applied in the proposal, the cumulative impacts of the removal have been
considered, and that conservation practices are in place in the region importing the water”
(International Joint Commission, 2000). In December 2001, Canada reintroduced
legislation to prohibit bulk water removals from the Great Lakes. Likewise, the eight
Great Lakes States, acting through the Great Lakes Commission, have formed a united
front to oppose the withdrawal of Great Lakes water for overseas export (Great Lakes
Commission, 1998).

There has been some speculation, however, that these actions are resulting more as a
result of public sentiment than to any real environmental threat that water exports pose to
the Great Lakes (Anderson et al, in: Bennett, 2001). The IJC conducted an extensive
analysis of the demand for bulk water exports from the Great Lakes and found that it is
limited due to transportation costs. Regarding the bottled water industry, the IJC found
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that the Great Lakes region is a net importer of water (Anderson et al, in: Bennett, 2001).

Regarding international trade, as discussed by Farid et al. (in: Canadian Environmental
Law Association and Great Lakes United, 1997), given the existing distribution of water
on the continent, exports of water are most likely to come from the Great Lakes. The
development of free trade in water has serious implications for attempts to prevent
diversions from the Great Lakes and, as a result, for Great Lakes water levels. Under
current trade agreements such as NAFTA (North American Free Trade Agreement
between the U.S., Canada and Mexico), if water is traded as a commodity, the provisions
of NAFTA apply. The primary guiding principle in this and other trade agreements (such
as FTA/Free Trade Agreement between the U.S. and Canada) is that governments cannot
act in ways that give economic advantage to their own people over people in other
countries who wish to trade with them (Canadian Environmental Law Association and
Great Lakes United, 1997).

A number of consequences flow from water being a “good”. Barlow (1999) explains that
there are three key provisions of NAFTA that place water at risk once it is traded. One is
“National Treatment,” whereby no country can “discriminate” in favor of its own private
sector in the commercial use of water resources. Thus, if a Canadian company gained the
right to export Canadian water, American trans-nationals would have the right to as much /U@
Canadian water as they wished,
—
The second provision is “Investor State” (Chapter 11), whereby a corporation of a
NAFTA country can sue the government of another NAFTA country for compensation if
the company is refused national treatment rights or if that country implements legislation
that “expropriates” the company’s future profit. Thus, if any NAFTA country, state or "~ { V |
province tries to allow only domestic companies to export water, corporations in the othe>
countries would have the right to compensation for “discrimination” (Barlow, 1999).

Third, the provision of “proportionality”, under which the government of a NAFTA

country cannot reduce or restrict the export of a resource to another NAFTA country once
the export flow is established (Barlow, 1999). As further discussed by Farid et al, (in:
Canadian Environmental Law Association and Great Lakes United, 1997), “Free trade

has serious implications for attempts to prevent diversions from the Great Lakes. The
ability of governments to act through the Great Lakes Charter, the imposition of special
taxes on water use, the use of subsidies to help water users convert to conservation
methods—all these are placed into serious doubt by free trade...The threat of a challenge
under trade agreements may Well be enough to discourage governments from even trying

to proceed with such programs”. Farid et al. conclude that it is essential to prevent the
export of water from the Great Lakes Basin because, “under free trade, once we turn the

tap on, we cannot turn it off”. Only by specifically exempting water from NAFTA would Me.
the Canadian government be free to place a real ban on water exports. Atﬁ?ﬁ“”ﬁme T

neither the U.S. nor the Mexican governments have even attempted to restrlct water

exports (Barlow, 1999). [ | |
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Like NAFTA, the World Trade Organization (WTO) intends to render it more difficult

for nations to place safeguards on exportable products, including natural resources

(Barlow, 1999). Barlow explains that there is one provision of the WTO that particularly

places water at risk. Article XI specifically prohibits the use of export controls for any

purpose and eliminates quantitative restrictions on imports and exports. Thus, any quotas

on water exports imposed for environmental purposes could be challenged. Furtherthe /

authority of the WTO includes water. Unlike any other global institution, them\??ih_as

both legislative and judicial authority to challenge laws, policies and program$ of

member countries if they do not conform to WTO rules, and it can strike down these W
.

rules if they can be shown to be “trade restrictive”. Barlow concludes that global trade in
‘'water will likely be seriously proposed in futyre, with the full support of the WTO, /\jﬁ/,,&/

eaving water at grave risk.

V. Water Use Legislation

- There is a substantial mixture of water management regimes w

in the Great Lakes

the needed funds have not been allocated to this purpose. Finally, although most™.
jurisdictions have attempted to conform to the provisions of the Great Lakes Charter,
each state or province takes a different approach to doing so.

Water Use Legislation in Great Lakes States

The current system for approving withdrawals, [as legislated in the Water Resources ,
Development Acts (WRDA) of 1986 and 2000], prohibits any diversion or export of ﬂ%/
Great Lakes water outside of the basin without the consent of all 8 Great Lakes Y U)) !
Governors [Northeast-Midwest Institute, (1)]. However, there is no standard regarding x/‘/"
how the various states legislate and monitor water withdrawals. Several states (and

provinces) have programs that require large water users to obtain water withdrawal

permits. Others require large water users to register with the state (or provincial) ({) M’”ﬂJ
regulatory agency but do not have to apply for a permit. Only Minnesota has a formal

system that clearly defines water use priorities under the riparian system (Crane, in: Great
Lakes Commission, 1996). See Box.
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Source: Northeast—Midwest Institute Wehsite (D).

In 2000, WRDA amended the authority given to the Great Lakes Governors to manage
Great Lakes water withdrawals so that a better framework for dealing with such
withdrawals would be created. “Annex 2001” calls for the establishment of a standard
that would be used in reviewing water withdrawals that involve both exports outside the
basin and withdrawals within the basin. This new standard would be created through a
separate binding agreement among states and provinces. - The principles of the Annex
state that any Great Lakes water withdrawal proposal: (1) must implement reasonable
water conservation measures; (2) will not cause significant adverse impacts; and (3) will
result in an improvement to the resource. There will be an exception for withdrawals
with de minimus impact. Once authorized by state and federal legislation, this new
standard will apply to all new and expanded witlidrawals within and outside of the Great
Lakes Basin [Northeast-Midwest Institute Website (1)].

Regarding this requirement for governments to consider “reasonable water conservation
measures” when considering withdrawal requests, Farid et al (in: Canadian
Environmental Law Association and Great Lakes United, 1997), speculate that it is
doubtful that this provision can be used under NAFTA. It is argued that the national
treatment provisions will discourage efficient uses of water in the Great Lakes since no
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party can impose a tax or duty on another party that it does not impose on itself. The
result will force domestic and export consumers to pay the same price for water.
“Because Canadians and Americans do not pay the full cost of water, any trade from the
Great Lakes Basin would subsidize the cost of water for the export consumer. Thus, until
the full cost of water is charged to domestic consumers, the water will be a good deal for
those who are importing it and will encourage wasteful usage. Given the important
limitations on what types of regulations are permissible under free trade, government
conservation programs will be more difficult to achieve. If a government were to
subsidize industry in order to promote water conservation, this could be seen as an unfair
trade advantage and could be challenged by foreign competitors”. They continue: “If the
residents of the Great Lakes Basin are to have any hope of protecting the waters of the
Great Lakes under free trade, it is essential that they quickly develop and implement a
powerful, effective water conservation program that is uniform throughout the Great
Lakes. Only in this way could they hope to withstand a challenge under the free trade
agreements if they try to impose restrictions on exports of water- even then it may be
difficult” (Canadian Environmental Law Association and Great Lakes United, 1997).

Provincial Water Use Regulations

Provincial water use regulations generally list water uses in order of importance, with
domestic.and municipal needs in first and second place. Domestic uses are generally
exempted from legislation or from licensing. Use of water for other purposes without a
license or outside of license conditions carries penalties.

Besides meeting the requirements of water rights legislation, major water projects, such
as irrigation and hydroelectric dams, must also comply with other federal and provincial
statutory requirements. Among the major pieces of federal legislation that govern water
development and use are the Fisheries Act, Navigable Waters Protection Act, Canadian
Environmental Protection Act, and Canadian Environmental Assessment Act
[Environment Canada Website (5)].

Outflow Regulations for Lakes Superior and Ontario

In 1914, the 1JC approved a‘diversion for hydropower generation. The order specified
certain conditions be met in the construction and operation of the facilities, which led to
the regulation of outflows of Lake Superior (International Joint Commission, 2001).
Although some control can be exerted over the levels and flows in the upper lakes, like
the impacts of other human activities, outflow regulation is limited, and has a minimum
effect on levels and flows as compared to natural variability (International Joint
Commission, 2001).

Only limited controls of levels and flows are possible and currently, only for Lake
Superior and Lake Ontario (International Joint Commission, 2001). The flows are
controlled by locks and dams on the St. Marys and St. Lawrence Rivers, respectively.
The current regulation attempts to balance the levels of Lake Superior and Michigan-
Huron about their mean levels, with considerations for their natural fluctuations.
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Minimum allowable outflows designed to maintain minimum water levels in the lower
St. Marys River are incorporated into the regulation. The plan also includes maximum
winter allowable outflows to reduce risk of flooding from ice jams in the lower St. Marys
(International Joint Commission, 2001).

Since the Upper Great Lakes Basin has been experiencing episodes of very high and very
low water levels in recent years, concerns have been expressed about the ability of the
current regulation plan to cope with these situations, as well as changes in future water
supplies due to climate change and variability. In October 2001, ped a
draft Plan of Study for review of the regulation of outflows from(%Eake Superior5 The
objective of the study is to review the current regulation criteria and regulation plan, to
identify the needs of interest groups affected by water levels, to consider potential climate
changes that could affect water levels and flows of the Great Lakes system, and to
determine possible improvements to Lake Superior outflow regulation. This document

describes the necessary tasks, schedules, and costs. It is expected that the first phase of
the study would be completed in 2004 (International Joint Commission, 2001).

The IJC has also established a binational group to develop a Plan of Study to review the
criteria in which Lake Ontario levels are regulated. The mission of the study is to
consider, develop, evaluate and recommend updates and changes to the 1956 criteria for
Lake Ontario-St. Lawrence River water levels and flow regulation, taking into account
how water level fluctuations affect all interests and changing conditions in the system
including climate change, all within the terms of the Boundary Waters Treaty
(International Joint Commission Website).
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VI. Future Conditions

Other issues likely impacting Great Lakes water availability and levels in the future
include population growth, climate change, land use changes, bulk water removal/export,
and water conservation practices.

Population Growth

Many of the risks to the world's lakes derive from a growing global demand for water,
which will be increased as the world population rises by nearly 2 billion people by the
year 2030 (Figure 19), (World Water Council, 2001). Postel (in: Worldwatch Institute,
1999) discusses the disparity between increasing population and water availability.
Regarding the growing use of groundwater aquifers for irrigation, she raises a vital
question: “if so much of irrigated agriculture is operating under water deficits now, where
are farmers going to find the additional water that will be needed to feed the more than 2
billion people projected to join humanity’s ranks by 20307

Figure 19: Long-term World Population Growth, 1750-2050
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“Many of the risks to the world's lakes derive from a growing global
demand for water, which will be increased as the world population rises
by nearly 2 billion people by the year 2030”

(World Water Council, 2001).
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As shown in Figures 20 and 21, population in the Great Lakes Basin has also been
growing over the last century, most significantly near Lakes Erie, Michigan, and Ontario.

Figure 20: Population Growth in the Great Lakes Basin, 1900-1990
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Figure 21: Percent Population Growth by Lake Region, 1900-1990;
Current Population Distribution, 2000

Minnesoia

°

Percent Population Growih
by Lake Region, 1900-1990

[lo-s0%
100 - 150%
I 150- 280%
o Mediom/Larges Cities
¢ 30,000)
o  Small Cities
(< 30,000)

Created by: Institute for Agriculture and Trade Policy. Data Sources: U.S. EPA and the Government of
Canada, 1995 (population growth); Environmental Systems Research Institute (population distribution).

40




In-migration for both the U.S. and Canada has also been increasing dramatically since
1970. In 1995, the U.S. and Canada were ranked first and fifth by the United Nations
Population Division (1999) of the ten countries or areas with the greatest in-migration. In
the next century, population growth in the U.S. and Canada is estimated to increase 26
and 37 percent, respectively, between 1999 and 2050 (United Nations Population
Division, 1999). As the supply of freshwater becomes more limited, population growth is
likely to be greatest in those regions of greatest supply.

Climate Change

Research is showing that the impacts of potential climate change to Great Lakes water
levels could be dramatic [International Joint Commission, 2000; Quinn et al, 2000;
Quinn, in: Adams, 1999; Canadian Environmental Law Association and Great Lakes
United, 1997].

Experts from the U.S. National Oceanic and Atmospheric Administration (NOAA) and
Environment Canada believe that climate change could result in a lowering of lake level
regimes by up to three feet (one meter) or more by the middle of the 21st century, a
development that would cause severe economic, environmental, and social impacts
throughout the Great Lakes region. Experts associated with the U.S. National
Assessment on the Potential Consequences of Climate Variability and Change indicate
the possibility of both slightly increased and decreased lake levels as a result of their
analysis of climate models. Given the large discrepancies in some results of the models,
there continues to be a high degree of uncertainty associated with the magnitude of
potential changes (International Joint Commission, 2000).

Despite the uncertainties, many experts agree that factors such as future consumptive use,
small-scale water removals and climate change are likely to place downward pressures on
water levels. Although there are insufficient data and inadequate scientific understanding
to place precise estimates on the extent and timing of such impacts, the impacts could be
significant, The International Joint Commission (2000) concludes that this, plus the
prospect of adverse cumulative impact of new human interventions, suggests a need for
great caution in dealing with those water use factors that are within the control of basin
managers. Because population will increase, there is a greater probability of increasing
water use in the future than there is of decreasing use (International Joint Commission,
2000).

As discussed by Farid et al, (in: Canadian Environmental Law Association and Great
Lakes United, 1997), scientists forecast that if CO, concentrations double by the year
2100 as is now predicted, climate change will have the following impacts on the Great
Lakes Basin:

o Average temperature increases of 15 degrees Fahrenheit (9.1 degrees centigrade);

o Lake level decreases basinwide by over three feet (one meter), and in Lake
Michigan by 8 feet (2.5 meters);

e Loss of wetlands and the concomitant loss of essential habitat;

e Loss of forests, especially the boreal forests north of Lake Superior;
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e Loss of cold water fish;

e Decreased water quality because of the resurfacing of buried contaminated
sediments;

e Increased human health problems, including diseases now unknown in the Great
Lakes region such as malaria;

¢ Increased crop damage;

e Decreased shipping because of low lake levels; ,

e Losses to industries such as breweries, the chemical industry and hydropower
generators which are highly dependent on water.

Land-use Change

There are very few areas in the Great Lakes Basin which have been unaffected by human
activity. As discussed by Maynard (in: Great Lakes Commission, 1996), since the early
twentieth century, changes in land use in the Great Lakes Basin have occurred resulting
in significant habitat loss in the lower basin. According to Thorp (in: Great Lakes
Commission, 1996), one of the most significant land use changes is the continuing
growth of major metropolitan areas into agricultural lands (Figure 22). Conversion of
farmland to non-farm use, particularly around metropolitan areas, is increasing, resulting
in dramatic impacts on the natural resources that sustain the regional economy. Land
classified as farmland in the basin has declined by more than 4.5 million acres between
1981-82 and 1991-92. Thorp argues that efforts should be directed toward reversing this
trend to improve long-term sustainability: “If significant conversion of farmland
continues in the basin, the agricultural production base will decline and with it future
farming opportunities. Also, because of the connection between farmland conversion and
proximity to metropolitan areas, efforts to preserve farmland may also help to contain
sprawling development patterns and improve community sustainability” (Thorp, in: Great
Lakes Commission, 1996).

Bulk Water Removal/Export

Although the U.S. and Canada currently oppose bulk export of Great Lakes water, future
conditions will likely lead to increasing pressure to do so. Issues such as water
availability in regions outside the Great Lakes Basin where current and/or projected water
demands far exceed sustainable supplies, as well as stresses from natural disasters,
drought and other crisis situations in other parts of the world, will likely lead to ongoing
consideration of bulk water export.

Figure 22: Land Use in the Great Lakes Basin, 1991
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Water Conservation

Water conservation efforts in the Great Lakes region are currently limited by a
widespread sentiment that there is an almost limitless supply of water. The predominant
research and environmental focus has targeted water quality as opposed to water quantity
issues. This, as well as low water pricing in both countries has resulted in minimum
water conservation measures.

In those areas of Canada where water supply is limited, there is a growing emphasis on
demand management rather than supply management, creating a climate favorable to
research on technologies that use water more efficiently, such as improved irrigation
systems. At the same time, public support of water metering and user-pay programs is
increasing. In agricultural terms, demand management involves finding ways of using
existing water more efficiently, learning to farm with less water, and facing the prospect .
of paying for water that traditionally has been a free or low-cost resource (Agriculture
and Agri-Food Canada, 2000). In Ontario, there has been a modest downward trend in
domestic, industrial and municipal water use in recent years because of water
conservation practices (International Joint Commission, 2000)..

In the U.S., the degree of future water conservation will depend on numerous factors, but
likely will not improve dramatically without changes to current water use policies, clear
economic incentives, appropriate water valuation (World Meteorological Organization,
1997), and sensible water pricing that encourages conservation.
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VII. Cumulative Impacts of Reduced Water Levels

Long-term agricultural expansion in the Great Lakes Basin will likely be limited by water
quantity issues such as increasing competition for water among sectors, water pricing,
water exports, water allocation priorities and climate change, as well as water quality
issues (Figure 23), (Agriculture and Agri-Food Canada, 2000). Increasing water usage
and the potential for permanently lowered water levels will have significant ecological
and economic impacts, not only to agricultural production. The synergy of such impacts
will likely result in new water policies not previously considered.

As discussed by Farid et al, (in: Canadian Environmental Law Association and Great
Lakes United, 1997): “As water sources throughout the North American continent are
depleted, the grand schemes that have thus far been set aside may well become more
viable and the need ever more compelling”.

Figure 23: Constraints on Agricultural Expansion Related to Water
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“As water sources throughout the North American continent are
depleted, the grand schemes that have thus far been set aside may well
become more viable and the need ever more compelling”
(Canadian Environmental Law Association
and Great Lakes United, 1997).

Ecological Impacts

Human interventions (withdrawals, consumptive uses, regulation, dredging, land use,
etc.) are inherently cumulative. Although the impact of localized, small-scale activities
may be difficult to quantify on an individual basis, collectively, they can significantly
alter the level and flow regime and associated ecological conditions. Even modest
changes induced by individual, discrete actions have incremental and other cumulative
impacts on both a localized and system-wide basis (International Joint Commission,
2000).

Although changes to lake levels and outflows are relatively easy to determine, the impact
of these changes is subject to interpretation. The impacts of the changes in levels on the
ecosystem as a whole, and especially on its lake and river subsystems, are not well
understood. Research shows that decreasing water levels have many impacts to Great
Lakes habitat, including changes to the hydroperiod, reductions to water flow variability
and ecological niches, reduced biodiversity to coastal wetlands, and potential disruptions
in breeding of fish populations. However, experts participating in a workshop on
cumulative impacts concluded that it is difficult to quantify with any degree of precision
the ecological impacts of most water withdrawals, consumptive uses, and removals
(International Joint Commission, 2000).

Nestler & Long (1997), (in Great Lakes Commission, 2001), present a hydrological
analysis of historic stream data collected on the Cache River at Patterson, Arkansas, as
the basis for cumulative impact analysis of riverine wetlands. Subtle, long-term changes
in hydroperiod (length of one wet and dry cycle), which could collectively have major
effects on wetland function, are quantified. Various types of analyses show a steady
decline in the magnitude and predictability of the baseflow during low flow periods.
Complementary information suggests that hydroperiod alterations are associated with
increased groundwater pumping. The changes in hydroperiod identified using these
methods may have potential to explain changes in biotic communities or wetlands
structure as part of comprehensive wetlands studies.

Adamus & Stockwell (1983), (in Great Lakes Commission, 2001), review wetland
functions. Cumulative impacts and social factors affecting wetland significance are
discussed, and effects of various factors on wetland function are documented, including:
surface area, area of watershed and drainage area, land cover, soils, climate, wetland
system, vegetation form, hydroperiod, water level fluctuations, tidal range, depth,
vegetation density, flow pattern, human disturbance, temperature, and biotic diversity.

Naiman & Turner (2000), (in Great Lakes Commission, 2001), explore trends in
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alterations to freshwater ecosystems, discuss the ecological consequences of biophysical
alterations expected to occur in the next 20-30 years, and identify some of the major
scientific challenges and opportunities to effectively address the changes. Topics
discussed include altered hydrological regimes, biogeochemical cycles, altered land use,
riparian management, and relations between climate change and water resource
management. They focus their discussion on processes at the watershed and landscape
scales that require better understanding. They conclude a basic need is the incorporation
of ecological principles into aquatic resource use and management decisions.

Regarding bulk water removal, another study concluded that in conjunction with other
variables such as climate change and industrial, municipal and agricultural uses, bulk
water removal projects could have direct or cumulative impacts on watersheds. Impacts
could include the inter-basin transfer of non-native micro-organisms and exotic species,
the alteration of natural ecosystems and changes in water flows and levels, and
groundwater tables [Environment Canada Website (2)].

Economic Impacts

Should lower water levels continue in future, there are numerous economic impacts that
could be significant to the regional economy including losses in hydroelectric power
generation, higher shipping/transportation costs, commercial navigational impacts, and
losses in tourism/recreation (International Joint Commission, 2000). See Box.
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In the event of large-scale diversions of water from the Great Lakes, according to one
- study, significant costs on shipping and hydroelectric power production would result
(David et al, 1988). This same study, however, did not attempt to quantify the economic
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impact of diversions on environmental attributes (such as wetlands, wildlife, and
recreation), that would be affected by changes in lake levels. Neither did the study
consider the cost of physically moving large amounts of water from the Great Lakes,
considered to far exceed the estimated costs to shipping and hydroelectric power
production. The authors thus believe that their findings significantly understate total
potential costs of diverting water from the lakes (David et al, 1988).

Synergy of Effects:
As freshwater becomes less plentiful and more valuable, how might our thinking
change regarding water quantity management in the Great Lakes?

As fresh water becomes more and more valuable, the need to revise certain aspects of
water policy and management in the Great Lakes Basin will be necessary. In a future
environment of increasing population and decreasing water availability, policy options
that may have seemed too costly or politically impossible to implement in the past may
need to be reconsidered. This section will discuss pros and cons of some water
management policies either not being considered under the current regime, or that could
be expanded or improved upon under specific circumstances to better manage Great
Lakes water resources for the future. Issues such as integrated watershed management,
water markets/exports, inter-basin cap and trade, water transfers, green reporting,
irrigation water conservation policies, and other voluntary initiatives are presented.

Integrated Watershed Management

Economic development is inherently linked to environmental health. The watershed is
the fundamental ecological unit in protecting and conserving water resources. A
consolidated, broad-based approach to watershed management that recognizes the
linkages of water systems and the need to manage water within drainage basins rather
than on a river-by-river or lake-by-lake basis is needed to support a sustainable economy
over the long-term [Environment Canada Website (2); Kerr at al, 1998]. In Canada,
provinces, territories and the federal government are adopting a watershed approach as a
key principle in water policy and legislation [Environment Canada Website (2)]. In the
U.S., much research also discusses the need for a broad-based watershed management
approach (Canadian Environmental Law Association and Great Lakes United, 1997,
International Joint Commission, 2000; Regier and Baskerville in: Clark and Munn,
Editors, 1986; U.S. Environmental Protection Agency and the Government of Canada,
1995).

Although both countries are focusing more broadly on management of the Great Lakes
Basin than they had in the past, no government agency currently has the ability both to
legislate and manage Great Lakes water resources according to an integrated watershed
approach. Current integrated watershed management efforts could be greatly improved
through better coordination of management efforts between stakeholders, specifically
governments. As discussed by Farid et al. (in: Canadian Environmental Law Association
and Great Lakes United, 1997), sustainable watershed planning requires a basinwide
management plan, making it necessary that the political system of each of the
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jurisdictions must adapt to the demands of the Great Lakes ecosystem. However, each
government jurisdiction in the Great Lakes Basin has a different management system in
place to address water quantity issues. Even more significantly, some jurisdictions have

very few controls over the consumption and diversion of water. AS < (7/ -
SN Y TS
Lo ST S
Water Markets/Bulk Water Exports \ (,7 L /K

Although the Great Lakes States and current Canadian government are committed to a
ban on bulk water exports, some provinces are not in agreement, and could feasibly
reverse this policy (Barlow, 1999). Since there are no guarantees that a ban on bulk
water exports will continue indefinitely, it is necessary to consider whether under certain
policy alternatives water markets/bulk exports might be achieved sustainably, without
causing significant environmental or economic harm to the Great Lakes Basin. In this
context, it is important first to determine whether there is any surplus water available for
export, as well as the current amount and impact of non-bulk water exports such as food
products, beer, and bottled water.

The total global value of ecosystem goods and services is estimated at $33 trillion (U.S.)
per year, of which roughly 25 percent relates directly to freshwater ecosystems (Great
Lakes Commission, 2001). With widespread and still growing recognition of these
ecosystem values, it is necessary to determine how much water is required for the
maintenance of ecosystems to provide environmental goods and services, and how much
water is necessary to support agriculture, industry and domestic services (Great Lakes
Commission, 2001). Understanding and accounting for these values in the Great Lakes is
a key baseline for assessing bulk water exports from the basin.

In this regard, successful Great Lakes water management would require extensive
anthropogenic and ecological water needs research, such as the development of model
estimates for future water needs in all sectors, improved understanding of water needs for
current and expanded food production, appropriate water valuation and necessary water
requirements to maintain healthy ecosystems in the basin. If ecological needs and in-
basin consumption demands can be adequately met, national water exports could play a
role in supplying water to regions with limited alternative sources, alleviating the stresses
of drought and providing a reliable source of drinking water.

According to Anderson et al. (in: Bennett, ed., 2001), interstate water markets offer a
blueprint for how global water markets might work. With the increasing demands and
growing value of water, proposals to develop water markets that cross political
boundaries have increased. Anderson et al, explain that supply-side solutions that require
government-subsidized dams and delivery systems to supply cheap water are becoming
increasingly difficult to implement due to fiscal and environmental constraints. Water
crises are becoming more common around the world, building pressure to change the
institutions that govern water allocation.

Anderson et al. further argue that water markets and water exports are improving the way
water is managed and used. In the case of Australia, which has the longest and most
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extensive experience with interstate trading, water markets have created huge incentives
to conserve water where none previously existed. The enormous financial potential of
these markets encourages much needed new investment from the private sector.
However, water markets face a number of challenges. The success and future of these
growing markets ultimately hinge on legislative activities and the government’s ability to
establish water rights that both protect water resources and encourage active trading.
This requires defining what water can be exported, how benefits and costs are allocated,
and establishing clearly defined, secure, and tradable water rights. Such water rights
ensure that owners bear the benefits and costs of their decision to keep or trade water
(Anderson et al, in: Bennett, ed., 2001). Other issues, such as accounting for differing
conservation practices, measurement, monitoring, currency, and transparency of trades
must also be considered.

Inter-basin Cap and Trade

If research shows that there is surplus water that is not being used for human use or
ecosystem needs, and thus is deemed available for trade, another policy consideration
might be to implement an inter-basin cap and trade program. Similar to emissions
trading to reduce air pollution (U.S. Environmental Protection Agency, Clean Air
Markets Division Website), water users in the basin could be allocated water use rights to
either use now, bank for future use, or trade with other inter-basin users for profit,
creating a clear market incentive to conserve water. After developing the necessary
understanding of both current and future water needs, governments could prioritize water
uses in such a way that it would be considered a “commodity” only after essential needs
of the environment and people have been met. A policy of sensible water pricing should
also be implemented to promote conservation, with a heavier price burden placed on
agribusiness and industry than on citizens (Barlow, 1999).

National water use and pricing statistics show that the U.S. and Canada lead the world in
per capita water usage while at the same time maintaining some of the lowest water
prices worldwide (Figures 24 and 25). With relatively low water prices, there is little
conservation incentive and perceived profits are likely too low to stimulate expansion of
these water markets.

Figure 24: National Water Use, 1991
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Figure 25: National Water Prices, 1995
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The key feature would be a cap, or limit, on the “surplus” water available to trade, in
order to protect Great Lakes water resources. Although currently hindered by
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international trade agreements, the basis of such a program would be that necessary water
levels and usage amounts would be maintained by capping the amount of surplus water
that could potentially be withdrawn for other uses in any given year. Only this surplus
amount of water would be allocated (or sold) to water users for potential trading. In
order to maintain the necessary amount of water required for both environmental and
economic sustainability, once this annual limit is reached, no further water withdrawals
would be allowed. Such an intricate program would require development of new water
legislation, identification of all water users, complex allocation of water use rights, as
well as coordinated government regulation and swift penalties in order to be successful.
Necessary modifications to international trade agreements should also be considered.

Water Transfers

Market provisions for the sale of water rights or temporary lease of water could also
encourage the conservation of agricultural water by providing farmers compensation for
unused water entitlements. However, legal and institutional barriers have restricted
widespread development of operational markets for water. For most federal water
projects, changes in water deliveries are subject to administrative review, and water is
generally not transferred beyond the project service area. Further, laws governing water
use and transfer are vested with the individual state. In most states, irrigators do not
retain rights to water conserved through improved irrigation efficiency. Thus, water
“saved” is not available for transfer and is most often used on the farm for higher yields
or irrigation expansion. Meanwhile, political concerns have focused on downstream
impacts and secondary effects of reduced agricultural activity on local communities (U.S.
Department of Agriculture, Economic Research Service, July, 1997).

In recent years, barriers to water marketing have been reduced in some locations.
Statutory changes at the state level have increasingly recognized both the need to transfer
water to meet new demands, and rights to water “salvaged” through conservation.

Recent reform of water transfer policies may suggest a relaxing of constraints on
transfers involving federal water supplies (U. S. Department of Agriculture, Economic
Research Service, July, 1997).

Green Reporting

Green reporting refers to practices that increase consumers' awareness of the
environmental benefits of a particular product. Environmental labels, the most widely
used form of green reporting, benefit both the producer and consumer. “Green”
companies may maintain or enhance their market share in environmentally conscious
markets (Kerr et al, 1998), and consumers are given relevant information to make
purchasing decisions accordingly. The interested public would thus have environmental
information such as water usage and conservation initiatives to compare products. Again,
there are numerous implementation issues associated with such measures, including
monitoring, reporting standardization, comparability of alternative conservation
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initiatives, and in terms of trade, international recognition and acceptance of such
standards (Kerr et al, 1998).

There are currently several companies who have demonstrated that superior
environmental performance can be consistent with strong financial performance (Kerr et
al, 1998). Within the context of international trade, Kerr et al. (1998) explain that the
environment-competititveness relationship works in two broad ways. One,
environmental concerns can be the basis for excluding a good or service from a country.
This can happen via government mandate or regulation, including those adopted under
multilateral environmental agreements, regulations aimed at protecting consumer health
and safety, as well as consumer actions and boycotts on issues of environmental or social
concerns. Two, environmental concerns can be the basis for a company expanding its
share in foreign markets through improved products, eco-labels, or environmental
improvements that yield economic benefits.

Irrigation Water Conservation Policies

Various research has examined the effects of irrigation water policy on water use and
conservation., It was found that while limited water savings can often be achieved
through lower-cost efficiency gains, more significant water savings generally requires
reductions in consumptive use, with implications for producer profit (U. S. Department of
Agriculture, Economic Research Service, July, 1997). Significant water savings are more
likely to be observed through changes in irrigated land base and acreage by crop, rather
than through adjustments in per-acre water applications. In addition, substitutions among
crops and inputs can result in significant regional water savings. One study found that
improvements in on-farm water use efficiency increased the level of regional water
savings attributable to crop substitution. A mix of conservation policies may help to
distribute the costs of water conservation across water users and regions (U. S.
Department of Agriculture, Economic Research Service, July, 1997).

Other Voluntary Initiatives

A shift in diets could also conserve large amounts of irrigation water. Postel (in:
Worldwatch Institute, 1999) explains that the typical U.S. diet, with its high proportion of
animal products, requires twice as much water to produce as the nutritious but less meat-
intensive diets common in some Asian and European nations. Increased concern with the
health impacts of high animal-fat diets, in combination with environmental

considerations and the higher cost of animal products, could encourage some groups to
reduce their intake of animal products and subsequently use less water.

VIII. Perceived Gaps in Knowledge: Research Agenda for Agriculture, Trade and
Water Quantity in the Great Lakes Basin
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Although it is projected that future cumulative impacts of increasing water usage in the
Great Lakes Basin will result in dramatic reductions of Great Lakes water levels, current
research regarding the relationship between food production and decreasing water
availability is limited. In the current literature, various research gaps have been identified
regarding water quantity management including: the need for research that differentiates
between natural climatic variability, anthropogenic influences and the impacts of water
management strategies to water levels; research that quantifies the cumulative impacts of
increasing water use; research that bridges water quantity changes with specific
ecosystem effects; improved methods to accurately measure consumptive uses; and
research that better quantifies the ecological and economic impacts of water withdrawals,
diversions and consumptive uses.

At a recent workshop held by the Institute for Agriculture and Trade Policy entitled, “The
Relationship of Agriculture, Trade, and the Environment to Surface and Groundwater
Management in the Great Lakes Basin” (February 21-22, 2002), held in Sault Ste. Marie,
Michigan, water quantity experts identified numerous research and data needs regarding
the role of agriculture and its relationship to water quantity in the Great Lakes Basin.
Such research needs include: 1) developing an integrated basinwide water quantity
management strategy that accounts for the role of agriculture to water availability and
use; 2) identifying the current and future role of agriculture in the basin; 3) the need for
multi-scale, geography-specific analyses which include both macro (watershed/region)
and micro-levels (local); and 4) the need for improved data to develop alternative future
agriculture, environment, trade and water quantity scenarios to better understand the
implications of potential policy decisions and to improve overall management of the
system.

1) Integrated Basinwide Water Quantity Management Strategy

A comprehensive, consolidated basinwide water quantity management strategy is vital to
maintaining a sustainable ecosystem over the long-term. Considerable efforts should be
directed toward identifying specific management goals, improving social equity and
stakeholder involvement in governance issues, and considering alternative water policy
options that will balance human water rights with ecosystem needs.

Management Goals

What are our short and long-term goals for managing water quantity in the Great Lakes
Basin?

A common strategy and benchmark for management must be developed in order to
understand current conditions, to coordinate and develop necessary procedures and
governance institutions for successful implementation, and to measure progress. Issues
such as total water consumption (and specifically agricultural water use), ecosystem
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needs, conservation strategies (types, measurement, monitoring), standardization of
consumptive use measurement methods, stakeholder participation and timeframe must all
be considered in developing common management goals. Questions such as who
controls the water, water access/“ownership”, human water rights and natural limitations
of water availability should also be considered. Only after management goals are clearly
defined can we look toward establishing the applicable institutions and legislation to
achieve these goals.

Governance

Does the current form of governance balance the interests of all stakeholders? How can
it be improved?

Equity in governance is a central component of an integrated basinwide water quantity
management strategy since water availability in the Great Lakes ecosystem impacts a
multitude of stakeholders and interests. Stakeholder participation in governance is a benefit
to long-term management goals in that it has been shown to have longer lasting results than
~ non-participation and helps build trust and stakeholder commitment to the management
effort, thereby increasing the potential for success (United Nations Commission on
Sustainable Development, 2002).

Successful water quantity management will more likely be achieved through governance
that links government accountability and environmental protection (Hemmati, 2001). If
multi-stakeholder involvement is not a management priority, the likelihood of a
coordinated, sustainable use management strategy is significantly reduced.
Improvements must be initiated to balance multiple stakeholder interests and
relationships in the basin, for example to improve equity between: international interests;
state/tribal interests; urban/rural interests; upstream/downstream interests; gender and
race; as well as corresponding legislation among stakeholder groups.

Case studies of participatory processes and institutions should be examined as potential
governance models (Hemmati, 2001), such as the European Union’s Water Framework
Directive which focuses on sustainable use and stakeholder participation (Europa: The
European Union Online, 2002). Such participatory governance models represent an
opportunity for improvement in Great Lakes water management efforts. One principal
example is the need for modification of Annex 2001, which currently excludes such key
stakeholders as the International Joint Commission, U.S. and Canadian federal
governments and Tribal Nations in its governance objectives. Such integral players in
water quantity management should be engaged in the decision-making process such that
all stakeholders fully patticipate in the creation of a much needed binding agreement
regarding regional water management.

Coordinated Water Policy
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What policy alternatives will balance water rights for human use with ecosystem needs?

One of the more complex aspects of a successful integrated water management strategy is
the choice of water policy components. The idea of water markets, water exports, ‘
diversions, conservation strategies and water use regulations will likely evoke a diverse
array of opinions. However, in the context of decreasing water availability and
increasing value, it is necessary to consider whether there are circumstances under which
certain contentious policy alternatives such as water markets/exports or diversions might
be achieved sustainably, without causing significant environmental or economic harm.

If so, considerable effort must then be devoted to coordinating equivalent policy and
legislation among the various stakeholders.

Active water trading is already occurring (Waterbank Website), despite current policy
against it. As well, although present U.S. and Canadian policy bans “bulk” water
exports, there is no such policy regarding water exports in other, non-bulk forms such as
food products, beer and bottled water. Primary concern regarding water exports has
focused on bulk water, whereas non-bulk water exports have been virtually ignored.
Focus should be directed toward exports in all forms, in order to understand the
sustainability of both current and future water exports over the long-term.

Research that provides a better understanding of the implications of various policy
options will help to ensure an environmentally sound water policy is part of a basinwide
management strategy. Research that quantifies total water consumption/use by sector,
potential impacts of water diversions, and increased knowledge of the water budget
(water available for use) is central to understanding whether certain policy options may
or may not be sustainable. International trade implications, import/export controls, total
and regional water/agricultural trade statistics, basinwide conservation initiatives (long
and short-term) for targeted/all sectors, adequate water pricing options that encourage
conservation, and differences in federal/state/provincial water regulations must all be
examined.

What is our responsibility to provide water to water-scarce regions? If we do so, how
can we ensure that water goes to those in need, vs. to those who can afford it?

The ethical issue of providing water to water-scarce regions also deserves careful
consideration in water policy development. The primary question that needs to be
answered regarding this issue is how much water can be used/removed annually from the
basin without causing ecological harm? It is yet unclear as to how much of the water in
the system can sustainably be used, as is the differentiation in impacts between surface
water vs. groundwater sources. Some experts maintain that since only 1% of the water in
the Great Lakes system is recharged annually, only this amount of water is available for
use. This view is also held by the European Union’s Water Framework Directive: “There
is only a certain amount of recharge into a groundwater each year, and of this recharge,
some is needed to support connected ecosystems (whether they be surface waterbodies,
or terrestrial systems such as wetlands). For good management, only that portion of the
overall recharge not needed by the ecology can be abstracted — this is the sustainable

55




resource, and the Directive limits abstraction to that quantity” (Europa: The European
Union Online, 2002).

However, the Great Lakes hold nearly 20% of the world’s supply of freshwater. In
extreme crisis situations, or even non-critical situations, what is our responsibility to
provide water to those in need? Should water exports be allowed, and how will the
decision be made? In the example of recent efforts to increase the export capacity of the
Mississippi River, the argument for widening the lock system is based on the idea that
improved transportation of Midwest corn and soybeans is helping to feed the world’s
hungry. Recent research assessing the use and destination of Midwest grains transported
down the Mississippi River shows that this is not the case. Instead of feeding those most
in need, these grains are in fact being shipped to those who can best afford them (Institute
for Agriculture and Trade Policy, 1999). If a policy of crisis-driven water export is
considered, additional research would be necessary to ensure that water exports are
indeed need-based. If not, we must be prepared to articulate the reasons behind this
decision.

2) The Role of Agriculture

The greatest consumptive water use in the Great Lakes Basin is irrigation for agriculture.
Understanding the current role of agriculture and its relationship to water availability is
fundamental to the future of water quantity management in the Great Lakes Basin. There
are various factors which may change the role of agriculture that are not well understood,
such as the relationship between agriculture and water availability, environmental
impacts of land use change, and trade in agricultural products. Understanding these
issues will help us to better determine the current role of agriculture, how the role of
agriculture will change in future, and in turn, the potential impacts to water availability.

Agriculture/Water Relationship

What is the impact of agriculture to water quantity in the Great Lakes Basin, and how
may it change in future?

How can total consumptive water use for agriculture be reduced, while maintaining
agricultural output? ’

What are the limitations of current agriculture and water use data?

In order to understand the role agriculture plays in terms of economic output and impacts
to water availability and the environment, additional research that quantifies various
aspects of agricultural practices and water usage is necessary, such as total agricultural
output, crop types, crop-specific water needs, total water use, irrigation practices,
irrigation sources (surface water vs. groundwater), application techniques, delivery
efficiencies, conservation efforts and water costs.
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Only some of this data is currently collected, and there are significant limitations
associated with its accuracy and usefulness which need further research. For example, a
major challenge associated with annual state-level water consumption data collected by
the Great Lakes Commission for the Great Lakes Regional Water Use Database
Repository, is each jurisdiction’s ability to provide complete water use data in a timely
manner (Great Lakes Commission, 2000). This water use database has been operational
since 1988. However, the most recent annual report available, revised in February 2000,
represents 1993 water use data. The state of Michigan is still unable to submit complete
water use data despite such obligations set forth in the Great Lakes Charter (Great Lakes
Commission, 2000). Data collection methods are inconsistent and non-standardized, thus
limiting the accuracy of both total regional estimates and state by state comparisons. As
well, since most data are collected at a state/macro-level, it limits some of the farm-
specific/micro-level questions from being answered, except on an aggregate. In order to
improve the usefulness of the data necessary for understanding the role of agriculture and
water availability in the basin, both a data needs assessment as well as a broad data utility
analysis should be performed in order to understand the limitations of the current data
and to determine what additional data may need to be collected for more informed
decision-making,

Land Use

How much land is currently devoted to agriculture in the basin?

How has it changed, and how is it likely to change in future?

In addition to changes in agricultural practices and water use, land use changes also play
an important role in both agricultural output and water quantity. Research is needed to
provide a better understanding of how trends in agricultural land use issues such as farm
size, farm number, productivity and other non-farm land uses are changing in the basin
and why.

Trade in Agricultural Products

How much food/agricultural products are currently produced in the basin (tons/dollars)?
How much of that produced is actually consumed in the basin, vs. exported?

How might this change in future, and how will it impact water availability?

The future role of agriculture is also highly related to trade. Research that evaluates
trends in agricultural output of the basin, agricultural products consumed in the basin, and

agricultural products exported from the basin would benefit our understanding of how the
role of agriculture will likely change in future, and how water quantity may be affected.
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3) Multi-scale, Geographic Analyses (by region/watershed; state/province;
local/county)

Multi-scale analyses are needed to determine the differences in agriculture and water
consumption patterns geographically, to begin to understand the reasons behind the
differences, and if applicable, to apply geography-specific policies to better manage
water resources. For example, in some cases macro-level policy may not be as effective
at the micro-level, if local conditions differ significantly from the basinwide average (i.e.
variations in land use, irrigation, conservation initiatives, soil characteristics, flow
conditions, legislation, etc.)

Geographic data and mapping techniques are valuable tools in that the locations of
certain behaviors and patterns can be illustrated visually, at multiple scales. By
overlaying various geographic datasets in map format, one can better understand the
spatial relationships between the data layers, such as the relationships between water
consumption patterns, agriculture, land use, demographic trends, climate change and
ecological trends, at the regional, state, or local level. Further analysis can then be done
to understand the likely reasons behind the patterns, and to consider whether alternative
management strategies can successfully be applied.

Types of research questions to be answered with multi-scale, geographic analyses:

Where are the predominant geographic differences in agriculture, water consumption
patterns and ecological impacts at the watershed/regional level vs. state/province vs. the
local level?

In comparing those regions of greatest and least water use, what can be learned about
the policies, legislation and conservation strategies of each location regarding total

water consumption? Can successful policies used in some regions successfully be
applied in others?

e Water Consumption/Costs by Sector

What are the geographic trends in water consumption and costs by sector?
(Agriculture vs. municipal vs. industrial water use).

Do the trends differ at differing scales? Why? (Differences in land use,
irrigation, conservation initiatives, soil characteristics, flow conditions,

legislation?)

How can high consumption patters in certain areas be improved?
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e Land Use vs. Water Quantity

Agricultural land conversion: Where has most agricultural land conversion
occurred? (Total acreage used for agriculture vs. urban areas/other uses).
What has been the impact to water levels in nearby communities and
basinwide, as a result?

Borderline/outlying communities: What are the impacts of growing borderline
urban centers to agriculture and water use trends?

Rural/municipal conversion: Are water supplies for rural or borderline
communities coming from rural sources, or are there increasing cases where
water is being supplied from more distant urban centers? Has there been any
movement away from groundwater sources to surface water sources?

Environmental status: To what extent has agricultural land conversion
impacted environmental/ecosystem health? How can these geographic
differences be explained?

e Demographic Trends
To what extent has a growing population in the basin impacted land use and

agricultural areas (in terms of settlement patterns and agricultural land
conversion)? Where are most of these changes occurring?

¢ Climate Change Impacts
What is the geographic differentiation of climate change impacts in the basin?

Is agriculture moving north due to increasing temperatures? (Long-term
trends in average temperatures vs. location and type of crops grown).

What is the geographic distribution of increasing irrigation needs in terms of
reduced water availability in soil, rivers, and lakes?

e Ecological Impacts

Habitat loss: What is the geographic relationship between land use and
habitat loss to changes in inflows to lakes? Where is most habitat loss
occurring and why?

What are the species that are endangered, threatened, or completely lost to
the system? How sensitive are they to changes in hydroperiod?
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Can habitat loss be explained in terms of water consumption by sector (which
sector has the most influence?)

Groundwater/tributary impacts: What is the geographic relationship between
total basin and sub-basin withdrawals and consumptive use patterns to
recharge rates, tributary dynamics and related ecology?

4) Scenario Building

Finally, research that attempts to answer broad, policy-relevant questions regarding the
future of agriculture, trade, the environment and water availability in the Great Lakes
Basin is necessary. In order to build future scenarios, accurate, comprehensive data on
the key drivers for change is critical. By identifying the drivers for change, recognizing
data limitations, considering geographic differences, and modifying the drivers based on
future expectations and management goals, we can develop prospective
agriculture/trade/environment/water scenarios that will help us to determine the best
options for improving water quantity management in the Great Lakes Basin.

Determining the Drivers for Future Change:
Water Use/Water Policy, Population Growth, Land Use, Climate Change Science

e  Water Use/Water Policy

As discussed earlier, data concerning water use by sector, groundwater vs.
surface water use, a viable water budget, water costs, water pricing schemes
and the role of economic incentives in conservation strategies are all
necessary in understanding how meaningful reductions in water consumption
may be achieved, as well as sustainable options for potential trade in water.
For example, what types of conservation strategies (regulatory vs. market-
based/economic incentives) will likely result in the most meaningful
reductions in water consumption for agriculture? How do pricing schemes
impact water consumption? How much water is currently exported in non-
bulk form (food products, beer, and bottled water)? Can bulk water exports
be achieved sustainably? Issues of comprehensive water needs, water budget,
water scarcity, and trade implications of water exports must all be considered.

¢ Population Growth
Data regarding projected population growth for the Great Lakes Basin in the

coming century are necessary to estimate future water needs. For example,
how important a role will in-migration play in terms of the increasing
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potential for “environmental refugees” relocating from regions suffering
environmental crises? Such issues are important in terms of projected total
water consumption, impacts to food production, and future water availability.

¢ Land Use

Data regarding potential land use change, specifically as related to population
growth, are necessary to interpret how much additional land may be converted
from agriculture to other/urban uses, and what the impacts of such land
conversion may be to water availability and the environment.

e Climate Change Science

Data regarding the direct and indirect impacts of climate change to agriculture

are necessary to understand the potential long-term impacts to food production

and water availability. More information is needed about projected direct

impacts to agriculture, such as the likely overabundance of water combined

with increasing drought conditions (due to increasing precipitation and

1nten31ty of prec1p1tat10n events and decreasing number of precipitation days),

1n01easmg tempelatures increasing pathogens and decreasing recharge of

water in soil, lakes and rivers. More information is also needed regarding

projected indirect impacts to agriculture, such as extended growing seasons

(likely resulting in different crops grown), changing water requirements, and

the exacerbation of existing water quantity issues from decreasing

supply/lower flow conditions and i 1ncreasmg irrigation and water needs. Dk [0 =
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1) Integrated Basinwide Ecosystem Management

Improve management strategies for an integrated basinwide approach, not only for water
quantity, but for coordinated management of the entire Great Lakes ecosystem. Efforts
should be directed toward identifying specific management goals, improving social
equity in governance, improving representation of and coordination among stakeholders,
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and to the extent possible, standardizing policy options and management systems in both
the U.S. and Canada regarding water quantity issues, such as legislation, regulatory
controls, monitoring and improved conservation initiatives. In this context, more focus
should also be given to current international trade agreements and potential water
quantity implications from future legal precedents.

2) Research

As outlined in section VIII, additional research is necessary regarding the role of
agriculture and its relationship to water quantity in the Great Lakes Basin, including
developing an integrated basinwide water quantity management strategy that accounts for
the role of agriculture to water availability and use; identifying the current and future role
of agriculture in the basin; the need for multi-scale, geography-specific analyses which
include both macro (watershed/region) and micro-levels (local); and the need for
improved data to develop alternative future agriculture, environment, trade and water
quantity scenarios to better understand the implications of potential policy decisions and
to improve overall management of the system.

Additional research is also needed to bridge water quantity issues with both ecosystem
effects and policy, specifically as related to cumulative impacts of reduced water
availability. In the literature, the primary concerns of reduced water levels are economic
(shipping/navigation, reduced hydropower, recreation, etc). Research on the relationship
between water levels and measurable ecosystem impacts should be expanded.

3) Data Quality, Monitoring, Availability, and Presentation

While progress has been made in developing a uniform and consistent methodology for
collecting and reporting water use data by Great Lakes States and Provinces, such a
uniform methodology is lacking. Better estimation techniques are necessary to improve
the quality of consumptive water use data and improve current coefficient estimates.

Consideration should be given to integrating U.S. and Canadian water level monitoring
efforts in terms of standardization of measurement and collection methods, equipment,
data format (GIS), timescale, availability, etc. Such coordination would be beneficial
both in terms of cost savings as well as reducing potentially duplicative efforts.

Expanded utilization of geographic information systems (GIS) would be useful both for
improved decision-making as well as a persuasive communication tool: to improve
analytical capabilities of current and future water policy alternatives, water consumption
patterns, land use change, agricultural trends, conservation strategies and cumulative
impacts at multiple scales; to improve public understanding of the geography of Great
Lakes environmental issues; and to make Great Lakes data available on the Web in GIS
format for public use. ‘
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4) Public Outreach, Communication and Education

Improve outreach and communication of Great Lakes water quantity and environmental
concerns and highlight the importance of this enormous ecosystem to the public. Raising
general awareness of the Great Lakes as an invaluable natural resource- regionally,
nationally, and worldwide- would improve our ability to manage it effectively. The
threat to the Great Lakes should be given national attention to raise public awareness,
similarly to the threatened Florida Everglades. Educational materials should emphasize
the ecological and economic importance of the ecosystem, include explanation of policy
issues and legislation, ongoing strategies for improved water quantity management,
conservation initiatives, and options for public involvement. Such materials should be
directed not only to the general public, but also to the various stakeholders such as
farmers/food producers, power producers, industry, Tribal Nations, policy makers,
researchers and students.

5) Product Development

Provide all Great Lakes water quantity data and information via one bi-national,
centralized Website. Currently all Great Lakes environmental data are housed by
multiple agencies and organizations in the U.S. and Canada. One bi-national
coordinating body should act as a data clearinghouse/data repository for both U.S. and
Canadian Great Lakes data and information. Technical management of databases could
be assigned to a university, likely fueling additional research and interest in Great Lakes
environmental issues. It would greatly benefit policy makers, researchers and the public
if all/most of the ongoing studies and analyses, data, map products, and current/future
management scenarios could be provided in one location.

In addition, based on current and future research, the creation of a geographically-based
Great Lakes Water Atlas is necessary to better understand, communicate, and balance
water needs and use. Like the Water Resources Atlas of Florida (Florida State
University, 1984), such a product would be an invaluable tool for providing a
comprehensive assessment of the threats to Great Lakes water quantity, surface and
groundwater use, water laws and policy, water management, human impacts to the
system, conservation initiatives, future scenarios, current research objectives and options
for improved management. Most of this information would be illustrated using maps,
images and graphics, in addition to tables and written information.

6) Expand the Role of the International Joint Commission
Effort should be directed toward granting legislation and enforcement capability to the
1JC to ensure its recommendations are legally binding. Similar to the problems faced by

the non-binding nature of the Great Lakes Charter, the role of the IJC is limited by its
inability to legislate or enforce its recommendations.
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A uniform and consistent regional conservation initiative is also essential for managing
the Great Lakes ecosystem. Although not one of its current responsibilities, the [JC
would be the likely bi-national organization to lead such an effort.

7) Policy

Make water quantity issues an agricultural policy priority. In recent years, policymakers
have recognized some of the adverse environmental impacts that have resulted from

_agriculture such as phosphorus and sediment runoff. Because of increased awareness and
changes in agricultural policy, some reductions in runoff have occurred. Water quantity
issues need to be prioritized in a similar manner. Both market-based and regulatory
approaches to managing irrigation and drainage should be explored.
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XI. Glossary of Terms

Agricultural water use: can be divided between irrigation and livestock. Irrigation
includes all water applied to farm or horticultural crops; livestock incorporates water used
for livestock, dairies, feedlots, fish farms, and other farm needs.

Boundary waters: shared waters with the U.S. - Canada border running through them.
The principal boundary waters are the Great Lakes.

Bulk water removal: the removal and transfer of water out of its basin of origin by man-
made diversions (e.g., canals), tanker ships or trucks, and pipelines. Such removals have
the potential, directly or cumulatively, to harm the health of a drainage basin.

Consumptive use: that portion of water withdrawn or withheld from the Great Lakes
basin and assumed to be lost or otherwise not returned to the basin due to evaporation,
incorporation into products, or other processes.

Commercial water uses: those which take place in office buildings, hotels, restaurants,
- civilian and military institutions, public and private golf courses, and other non-industrial
commercial facilities.

Diversion: a transfer of water from the Great Lakes Basin into another watershed, or
from the watershed of one of the Great Lakes into that of another.

Domestic water use: includes everyday uses that take place in residential homes.

Dredging: the process of deepening a harbor, canal, river, etc. often to maintain or
improve navigation. '

Great Lakes Basin: the watershed of the Great Lakes and the St. Lawrence River,
upstream from Trois Riviéres, Quebec.

Great Lakes Basin ecosystem: the interacting components of air, land, water and living
organisms, including humankind, within the Great Lakes Basin.

Great Lakes Basin water resources: the Great Lakes and all streams, rivers, lakes,
connecting channels, and other bodies of water, including tributary groundwater, within
the Great Lakes Basin.

Great Lakes States and Provinces: the States of [llinois, Indiana, Michigan, Minnesota,
New York, Ohio, and Wisconsin, the Commonwealth of Pennsylvania, and the Provinces
of Ontario and Quebec.

Great Lakes regioh: the geographic region comprised of the Great Lakes States and
Provinces.

Hydrologic cycle: the natural cycle of water on earth, including precipitation as rain and
snow, runoff from land, storage in lakes, streams, and oceans, and evaporation and
transpiration (from plants) in the atmosphere.

Industrial water uses: include cooling in factories and washing and rinsing in

67




manufacturing processes, estimated to be 8 percent of total freshwater use for all
offstream categories. (Some of the major water-use industries include mining, steel,
paper and associated products, and chemicals and associated products).

Instream water uses: those which do not require a diversion or withdrawal from the
surface or ground water sources, such as: :

o Water quality and habitat improvement
» Recreation

e Navigation

o Fish propagation

o Hydroelectric power production

Inter-basin diversion: a transfer of water from the Great Lakes Basin into another
watershed.

Non-consumptive use: refers to any water withdrawal or instream use in which virtually
all of the water is returned to the system.

Offstream water use: involves the withdrawal or diversion of water from a surface or
_ground water source for:

e Domestic and residential uses
e Industrial uses

e Agricultural uses

o Energy development uses

Removals: waters that are conveyed outside their basin of origin by any means, for
example, diversion, other types of removals such as removal by marine tanker, bottled
water, or ballast water. :

Return Flow: the difference between the volume of water withdrawn and that consumed.
Riparian states/provinces: those states or provinces bordering a river.

Seiche: an oscillation in water level from one end of a lake to another due to rapid
changes in winds and atmospheric pressure.

Watershed: a land area draining into a common watercourse or waterbody. Often called
a catchment area, a drainage basin or a river basin. Examples of major watersheds in
Canada include Atlantic (including the Great Lakes and St. Lawrence River), Hudson
Bay, Pacific and Arctic. For example, the Great Lakes Drainage Basin is not restricted to
the lakes themselves, but includes the many rivers and their tributaries that ultimately
flow into the lakes.
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Wind set-up: a local rise in water levels caused by winds pushing water to one side of a
lake.

Withdrawal: water extracted from surface or groundwater sources.
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