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1 MONDAY, MARCH 16, 2015

2 UPON COVMENCI NG AT 9:30 A M

3 THE CHAI RVAN.  Good norning. Wl cone
4  back. Welconme to our second week in W nnipeg.

5 We'll be here at the Fort Garry all of this week.
6 Today and tonorrow we w || be

7 presenting the experts engaged by the C ean

8 Envi ronnent Conm ssion. They will present their

9 papers and then be available for

10  cross-exam nati on.

11 This norning we're very happy to have
12 Dr. Harvey Thorl eifson, a Mnitoban who now plies
13 his trade just a fewmles to the south of us in
14 M nneapolis. He will be presenting on isostatic
15 rebound and the influence that it has on Lake

16 W nni peg.

17 Are there any other prelimnary

18 matters we need to deal with other than swearing
19 Dr. Thorleifson in? Could you do that, please?

20 Dr. Harvey Thorleifson: Sworn.

21 THE CHAI RVAN:  You nmay proceed.
22 DR. THORLEI FSON: Wl |l thank you,
23 M. Chairman. |'m pleased to be here this norning

24 and | wel come any suggestions on my m crophone or

25 ny manner of presentation. |'m happy to have this




Volume 4 Lake Winnipeg Regulation March 16, 2015

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

Page 634
opportunity to talk about the influence of

i sostatic rebound on Lake Wnnipeg. And if we're
all ready to proceed, 1'Il begin by providing sone
addi tional information on ny background, ny
education, mnmy experience with Lake W nni peg.

So starting with a very brief summary
of ny CV, which is included in nmy report. |I'm
presently the state geol ogist of Mnnesota. That
nmeans that I'mthe director of the Mnnesota
Geol ogi cal Survey. The M nnesota Ceol ogi cal
Survey happens to be a portion of the University
of Mnnesota. So while being the director of the
geol ogi cal survey and the state geol ogi st of
M nnesota, |I'ma University of M nnesota
professor. | was enticed to nove to M nnesot a,
despite ny desire to stay in Canada and stay in
Otawa. | had been working very happily at the
Geol ogi cal Survey of Canada in Otawa from 1986
until 2003. Before that, | conpleted a Ph.D. at
the University of Colorado, in Boulder. At the
time, this was one of the principal centres of
research in quarternary geol ogy, which is the
study of the ice age and effects such as the
i sostatic rebound that we'll be discussing on Lake

Wnnipeg. So | certainly was pleased to have had
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1 the opportunity to do ny Ph.D. at one of the

2 principal centres for research in this field in

3 the world.

4 Prior to ny tinme at the University of

5 Colorado, | did a Masters Degree in Science at the
6 University of Manitoba. Again, | was very pleased
7 to have had that opportunity to spend tine at the

8 Uni versity of Manitoba. And prior to that, | was

9 a student at the University of Wnnipeg in the

10 | ate 1970s, at which tine | spent tinme in the

11 geography departnent, the biol ogy departnent, and

12 much tinme in the field of student politics at the

13 time. Before that, | conpleted high school in ny

14 honme town of Bal dur, Manitoba, where | picked up

15 the love of the science that 1'I|l be speaking on
16 t oday.

17 So to expand on what | have nentioned
18 interms of nmy interest and expertise in Lake

19 W nni peg and rel ated topics across the region, to
20 summari ze ny perspective on Lake W nni peg, |

21 mentioned that | was at the University of Mnitoba
22 to do ny nmasters degree. M nasters program

23 i ncluded a thesis on Lake Agassiz, which is the

24 | ake that filled the entire Red River Valley

25 during the retreat of the ice age. And ny work on




Volume 4 Lake Winnipeg Regulation March 16, 2015

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

Page 636
Lake Agassiz required ne to understand how Lake

W nni peg was evolving. The way that Lake W nni peg
evol ved in post Lake Agassiz tinme told us
sonet hi ng about what woul d have happened during
the tinme of Lake Agassiz. So while at the

Uni versity of Manitoba, | needed to understand
everything that could readily be understood about
Lake W nni peg because that related directly to ny
t hesis research under the supervision of Dr. Jim
Teller at the University of Mnitoba.

During the tine of my undergrad and
masters, | also gained experience in the field of
| akes by working as a student for the Freshwater
Institute in the group coordi nated by Dave
Schindler. | worked at the experinental |akes
area, which is a facility that | believe many of
you will be famliar with due to the di scussions
on its future in recent years. So these are
exanpl es of the experience | gained on the | akes
rel ated research during the tinme that I lived in
W nni peg, between ny tinme in nmy hone town and ny
Ph. D. studies in Col orado.

So | needed to understand what coul d
be understood at the tine. And as | nade progress

in ny Lake Agassiz investigations, in cooperation
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1 wthJimTeller, | did pursue the topic of how

2 Lake Wnni peg was evolving at the tinme. And the

3 customary thing for a person like ne to do is to

4 present this work at a scientific neeting, and |

5 sought to present what could be said at the tine

6 about how Lake Wnnipeg was evolving. And | did

7 so at the national convention of the CGeol ogical

8 Soci ety of Anerica. That happened to be taking

9 pl ace in Nevada while | was at the University of
10  Col or ado.

11 So what |I'Il summarize today is the

12  further devel opnent of the research that |

13 attenpted to summari ze in a sonewhat conparabl e,
14 but considerably briefer and | ess wel | -devel oped
15 presentation, in the 1980s. But it is conforting,
16 I woul d suggest, that the overall picture of what
17 we understand Lake Wnnipeg to be doing nowis, in
18 terms of the broader aspects of the story, is

19 unchanged since the thinking that devel oped in the
20 1980s. In contrast, in the '60s, there was nuch
21 greater uncertainty. But through the 1970s, as

22 the picture of isostatic rebound came into focus
23 from for exanple, tide gauges on Hudson Bay, | ake
24  gauges on the G eat Lakes, and gl obal

25 conpilations, things started to cone into focus in
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1 the ' 70s and ' 80s.

2 And so the broad story that |

3 presented at the CGeol ogical Society of Anerica in
4 1985 is unchanged in terns of the broader picture.
5 Certainly, the details we have nade trenendous

6 progress since that time, and I will seek to

7 sumari ze that progress today.

8 So after those phases of work in the

9 1980s, | was very pleased to have had the

10 opportunity to act as a nenmber of a teamthat

11 coordi nat ed conprehensi ve geol ogi cal research on
12 Lake Wnni peg with sone support from Manitoba

13 Hydro in the 1990s. | had been working for the

14  Geol ogical Survey of Canada in Ontario in the |ate
15 1980s, and in the early '90s, Governnment of Canada
16 decided to send ne hone to take advantage of ny

17 famliarity and my connections in the prairie

18 regi on.
19 And so through the '90s, | was
20 involved in a broad array of soil and water

21 rel ated research across the prairie provinces, and
22 still extending into Ontari o and of fshore Hudson
23 Bay. Initially we are focusing on groundwater,

24  for exanple, in southeastern Manitoba. But by

25 bei ng here, | becane nore involved in cooperative
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1 research with the Manitoba Governnent. And of

2 course, | had worked as a student with the

3 Mani t oba Governnent a decade earlier, so our

4 interest in going beyond the sort of broad

5 synthesis that | had presented in the '80s, our

6 desire to do additional work on Lake W nni peg was
7 notivated by our scientific interests, our desire
8 to discover. In particular, the discussions

9 started between nyself and Eri k Ni el sen, who was
10 then with the Manitoba Geol ogi cal Survey. And

11 Erik and I had a great desire to work on Lake

12 Wnni peg, sinply because that's the science that
13 we had a grade passion for and we still have a

14 great passion for. And so we decided to pursue
15 di scussions in 1993 to see if we could possibly do
16 sone broad geol ogi cal research on Lake W nni peg.
17 And the way this devel oped, sone of
18 you are vividly famliar and sonme of you will nore
19 vaguely recall that 1993 was a year of high water
20 | evel s across the region. For exanple, in the

21 US., the Mssissippi fanously flooded in the

22 summrer of 1993, and simlarly there were high

23 water levels in this region. And so as Erik

24 Ni el sen and | sonewhat innocently brainstornmed

25 about whether we coul d possibly do some work on
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1 Lake Wnni peg, we said, well, how m ght we arrange

2 this support? |It's not easy to get support for

3 research in Gtawa. But we thought perhaps a

4 di scussion with Manitoba Hydro woul d be, could be
5 beneficial. And we quite innocently stunbled into
6 a situation in which there was great concern about
7 what was happeni ng on Lake W nni peg, great concern
8 about shoreline erosion.

9 And our discussions with Mnitoba

10 Hydro in 1993 lead to realization that Mnitoba

11 Hydro had a desire to support work. And at the

12 sane tinme, we recognized that the work woul d be of
13 greatest use if it was funded on a broad basis.

14 So we entered into an arrangenent in 1993 and 1994
15 in which a small portion of the funds for the

16 research were contributed by Manitoba Hydro. And
17 | was very pleased to not only be working with

18 Erik Ni el sen and Gaywood Matil e of the Manitoba

19 Governnent, but | also worked hard to nake

20 cooperative arrangenents with the people, for

21 exanple, at the Bedford Institute of Oceanography
22 in Halifax, Nova Scotia. To work on Lake

23 W nni peg, we really needed oceanographic

24  equipnment, and it ended up taking an entire

25 sem -trailer full of oceanographic equipnent to do
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1 the work we needed to do on Lake Wnni peg. And so

2 this is sonething that had to be arranged for.

3 And so ny job was largely to be the facilitator of
4 these cooperative arrangenents, to set up the

5 fundi ng arrangenents. And |'m pl eased that things
6 cane together very nicely.

7 And there we were on the Coast Guard
8 ship, the Mayo, in 1994, with a truckl oad of

9 oceanogr aphi ¢ equi pment, taking an approach t hat
10 was very broad in scope. Mnitoba Hydro put in a
11 smal | amount of support relative to the total

12 cost, that really hel ped nake things happen, that
13 once we were there, we took a very, very broad

14  approach, as broad as we possibly could. Because
15 our desire was to ensure that the full scope of

16 scientific activities, ranging fromthe rocks, to
17 the sedinents, to the water, to the biologica

18 systens on the | ake would be | ooked at. So that
19 was sonething that we pursued through the 1990s.
20 The results of that work are published
21 in the peer-reviewed literature, and as |'|

22 describe later in nmy presentation, work that was
23 started back in the 1990s continues to be worked
24 on and papers are still appearing in the

25 peer-reviewed literature and el sewhere, and ||
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sumari ze that progress.

And sonething that's relevant to ny
presentation today is that in 1998, | was asked to
wite a plain | anguage summary of the influence of
i sostatic rebound on Lake W nni peg. And when
was asked to prepare sonething for these
del i berations, | decided it would be nost hel pful
for me to sinply repeat what | wote in 1998, to
save troubl e anongst people who had recently read
what | wote back then, if they know that |I'm
repeating verbati mwhat | said then, that hel ps
t hem know how carefully to read what | have
witten now And also | wanted to draw attention
to the fact that, aside fromtrenmendous progress
on certain details, the broader aspects of our
interpretations have not particularly changed
since the late 1990s. So nmuch of what | wll
present in my powerpoint presentation this norning
conmes directly fromthat docunent that | initially
prepared in 1998, and that | repeated in ny
submi ssion to the Conmi ssion.

So in this bullet, | reiterate that
point, that nmy presentation today is |argely based
on ny 1998 summary.

And in addition to the past activity
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that I have summari zed so far in ny presentation

| want to enphasize that | continue to have a role
in related research across the region. M nnesot a,
of course, is not far away, and things that are
going on in Mnnesota relate to things that are
happening in Manitoba from a geol ogi cal point of
view. I'mstill working in cooperation, for
exanpl e, with Manitoba Geol ogi cal Survey peopl e,
both active and retired. So I'mstill very much
in touch and involved wth related research across
t he region.

So to broadly sumrarize what I'l1l seek
to present over the next hour or so, during the
i ce age, Canada was covered by a continental ice
sheet. And perhaps the best way to visualize this
is that Canada was covered by an ice sheet simlar
to those that presently cover G eenland and
Antarctica. So a sheet of ice shaped a bit |like a
pancake. |If you picture a frying pan on your
stove and you picture yourself pouring pancake
batter into that frying pan, as you pour the
batter, the pancake grows out in all directions.
So if you now picture the continent of North
America, you picture Hudson Bay, if you picture

yoursel f | oom ng above North Anerica with a
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1 pi cture of pancake batter, and you picture

2 yourself pouring that pancake batter into Hudson
3 Bay, and then picture a pancake growi ng out in al
4 directions, you have a hel pful visualization, |

5 woul d suggest, of the growh of the continental

6 ice sheet. |If you picture that pancake grow ng

7 north from Hudson Bay into the Arctic Islands, if
8 you picture it grow ng out towards Baffin Island,
9 out towards Labrador, south to the Great Lakes,

10 sout hwest across the Prairie Provinces, you

11 pi cture that pancake grow ng out from Hudson Bay,
12 that's nore or |ess what the continental ice sheet
13 | ooked Iike. W call it the Laurentide ice sheet.
14  The geonetry was governed by where snowfall was
15 concentrated, where the nelting was occurring,

16 where icebergs were formng. But if you have

17 paused to visualize that pancake growi ng out from
18 Hudson Bay, that's a good picture of what the

19 Laurentide ice sheet |ooked |iKke.

20 And the ice sheet was about three or
21 four kilometres thick. And when you consider the
22 thousands of kilonmetres wde it was, that's really
23 very thin, but it was a very significant |oad on
24 the continent. And as | say in this next bullet,

25 renoval of the ice sheet resulted in what we
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1 called isostatic rebound of the | and.

2 | sostatic is a word that we use for

3 processes conparable to buoyancy. The surface of

4 the earth floats on the interior of the earth.

5 So, for exanple, when we are tal king about trends

6 in sea level, we tend to tal k about isostatic

7 conponents and eustatic conponents. That's our

8 internal jargon. And | w | apol ogi ze when jargon
9 gets to be nystifying. But eustatic, for exanple,
10 refers to global sea level. |Isostatic relates to

11 t hose buoyancy effects in which land is rising and
12 falling in relation to the changes in the | oad.

13 So isostatic rebound sinply refers to the | and

14 rising as a result of renoval of that weight. So

15 this uplift, which is ongoing, is greatest in and

16 around Hudson Bay. And the reason for that is

17 because the ice was thickest in Hudson Bay.

18 | have offered for you this

19 vi sual i zati on of a pancake growing in al

20 directions from Hudson Bay. And if you think back
21 to your stove and that pancake that you made by

22 pouring batter, when you pour batter in the centre
23 of your frying pan, your pancake, of course, is

24 thickest in the mddle. So the Laurentide ice

25 sheet that covered Canada and the Northern U. S.
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1 was centred on Hudson Bay. It was thickest over

2 Hudson Bay. So that neans the | oad was greatest

3 over Hudson Bay. So if the |oad was greatest over
4 Hudson Bay, that nmeans that the depression was

5 greatest over Hudson Bay, that nmeans that after

6 the continental ice sheet was renoved, the uplift

7 is proceeding at the greatest rate in Hudson Bay.
8 But because the ice sheet was thinner
9 inall directions out from Hudson Bay, because the
10 | oad was | ess, because the depression was |ess,

11 that nmeans that the rate of uplift dimnishes in
12 all directions from Hudson Bay. So while the |and
13 surroundi ng Hudson Bay is rising at about a netre
14 per century at present, the rate di m ni shes

15 i nl and.

16 So this neans that Lake W nni peg,

17 which has its outlet in the north, has a north end
18 that is rising nore rapidly than the rest of the
19 basin. The north end of Lake Wnnipeg is rising
20 nore rapidly because it's closer to Hudson Bay,

21 it's closer to the centre of the depression,

22 therefore, closer to the centre of the uplift.

23 So because the outlet of Lake W nni peg
24 is at the north end, and because that outlet is

25 rising nore rapidly than the rest of the basin,
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that nmeans the entire Lake Wnni peg basin is being

tilted. And as water continues to overflow into
the Nel son River, as that tilting action applies
to Lake Wnni peg, that nmeans that Lake Wnnipeg is
expanding. The lake is gradually grow ng | arger
as the basin is tilted by that differenti al
i sostatic rebound.

So because the natural state of Lake
Wnnipeg is to steadily expand, because those
rising water levels on a geological tine scale are
bei ng i nposed often to the | andscape surroundi ng,
this nmeans that Lake Wnnipeg's natural state is
to expand t hrough the mechani sm of shoreline
erosion. And based on our inferences of the
ongoing tilting of the | ake basin, based on the
research that 1'll describe on expansion of the
| ake, based on observations of the rate of
shoreline recession prior to, for exanple, Lake
W nni peg Regul ati on, we see that the ongoing
expansi on of Lake W nni peg through shoreline
erosion is primarily natural, the natural
behavi our of Lake Wnnipeg, in particular in the
south basin is to pervasively and persistently
expand.

So |l will now set out to illustrate
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1 those points in greater detail, and I'll do so in

2 a way that seeks to thoroughly reviewthe

3 fundanment al aspects of this story. And so to

4 begin with the fundanentals and to put things into
5 context, let's start by looking at interpretation
6 of the underlying rocks. Lake Wnnipeg |ies at

7 the interface between granites and rel ated rocks

8 to the east and sedinentary rocks such as

9 limestones to the west. The granites fornmed 2 to
10 3 billion years ago. And I'll pause and stress
11 that's billions with a B. So that's a long tine

12 fromany perspective. The linmestones are nuch

13 younger, only a half billion years old,

14 500 mllion years old in round figures. And the
15 i mestones fornmed when central North Anerica was
16 covered by a shallow tropical sea in which debris
17 such as shells and coral s accunul at ed, including
18 the fossils that we see in tyndall stone. And |I'm
19 scanning the roomto see if we have any tyndal

20 stone present. W probably do el sewhere in the

21 buil ding. You all know t hroughout W nni peg we see
22 magni ficent fossils best known, for exanple, at

23 the Legislative Buildings, the Art Gallery,

24  Dbuil di ngs throughout Wnnipeg are made from

25 tyndall stone fromthe Garson quarry, and we see
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|_\

distinctive fossils in those stones.

2 | am pausing on this point because we
3 all struggle to visualize geological time and how
4 these things all fit together. Tyndall stone

5 formed in an ancient sea a half billion years ago,
6 whereas Lake Agassiz is nuch, nuch younger, only
7 10,000 years in round figures. So tyndall stone
8 is a half billion years old, Lake Agassiz is only
9 10, 000 years old, vastly younger.

10 So to summarize this brief discussion
11 of the rocks, including the rocks that we get

12 tyndall stone from the processes that forned

13 t hese rocks no longer play a role in the evolution
14  of Lake Wnnipeg. The processes that gave us

15 granites, the processes that gave us |inmestones
16 are no longer active. That's an earlier phase.

17 In contrast, we really are living in
18 the ice age. The ice age is today. The effects
19 of the ice age are all around us. Tyndall stone,
20 that's way back. Lake Agassiz, we're still living
21 with the effects of the ice age. And in a way

22 that's the theme of everything | wll be saying
23 t hi s norning.

24 Shoreline erosion on Lake Wnnipeg is

25 directly linked to a very large degree to the
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1 after effects of the ice age, and in a way now

2 that |'ve said after effects, it's alnost better

3 to recognize that we presently live in the ice

4 age. Geenland is still glaciated. Antarctica is
5 still glaciated. We live in a time of great

6 continental ice sheets. W live in atinmein

7 whi ch these ice sheets have been advanci ng or

8 retreating readily. And so what's happening al

9 around us is really the sort of thing that is part
10 of the ice age as a whol e.

11 So it's geologically very recent in

12 terms of the tine since the glaciation of Canada,
13 and as | have just enphasized, it's sonething that
14 we still live with today. The ice age is also

15 known as the pleistocene. | nentioned, I'll

16 apol ogize if | use too nuch jargon, but if you

17 hear me or soneone say the pleistocene, that's the
18 i ce age.

19 So during the peak of the nobst recent
20 gl acial cycle between 10,000 and 20,000 years ago,
21 Canada was covered by a glacier simlar to the

22 continental ice sheets that presently cover

23 Greenl and and Antarctica. | have already stressed
24 this point, so | amnmaking it again. |Ilce flow

25 radi ated from Hudson Bay, you have heard this from
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1 me already nultiple tines, I"'mtrying to place

2 enphasis on this so we all visualize it simlarly.
3 And this ice flow scoured the Lake W nni peg basin

4 as we know it.

5 So with the retreat of the continenta
6 ice sheet during the end of the |ast glacial
7 cycle, during what I'lIl now call the current ice

8 age, Lake Agassiz forned. As the continental ice
9 sheet was reduced in size by climtic change at

10 the end of ice age, the nost recent cycle of the
11 ice age, the land that slopes toward Hudson Bay in
12 the Red River Valley filled with water due to the
13 presence of the ice barrier to the north. The

14 continental ice sheet extended south of here al

15 the way to lowa. So when the continental ice

16 sheet margin was in southern M nnesota, nelt water
17 fromthe glacier was happily draining to the

18 M ssissippi River. But as soon as the margin of
19 the ice sheet retreated north fromthe continental
20 drainage divide |ocated near where North Dakot a,
21 Sout h Dakota and M nnesota neet, the land from

22 there northward slopes to the north. W know t hat
23 the land slopes to the north because the Red River
24 flows from Fargo to Wnni peg and onto Lake

25 W nni peg. And so that |and that slopes northward,
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1 therefore, driving the flow of the Red River

2 filled wth water because the continental ice

3 sheet was there in a gradually dimnishing formto
4 the north. So Lake Agassiz sinply represented the
5 filling of the Red River Valley up to a |evel

6 determ ned by the drainage divide, which allowed

7 Lake Agassiz to spill to the Mssissippi River to
8 the south. So Lake Agassiz filled the Red River

9 Vall ey, and this was -- the | ake was in existence
10 in an ever-evol ving form between about 11, 000

11 radi ocarbon years ago and about 8, 000 radi ocarbon
12  years ago.

13 It was in Lake Agassiz that the clay
14 soils of the Wnnipeg region were deposited. Wen
15 the glacier finally was split into two remmants

16 that both soon nelted by the formation of icebergs
17 i n Hudson Bay, that neans the splitting of the ice
18 sheet happened in Hudson Bay by the formation of
19 i cebergs Lake Agassiz drained. So with the

20 dr ai nage of Lake Agassiz, that lead to the initial
21 i nception of Lake W nni peg and the renai ni ng

22 aspects of the | andscape.

23 So now to focus on isostatic rebound,
24  and | have enphasized that the word isostatic

25 essentially refers to buoyancy. Rebound is the
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1 uplift of the land related to that buoyancy

2 rel ated action. And | have touched on this

3 already but I'll reiterate it. The continental

4 i ce sheet was about four kilonetres thick over

5 Hudson Bay, the earth's surface of the earth

6 basically floats on the interior of the earth, so
7 accurrul ation of this ice nass depressed the

8 surface of the earth by about a kilonmetre. Wy a
9 kilonetre? That's a function of the ratio of the
10 density of ice to the density of the interior of
11 t he earth.

12 As the gl acier began to wane due to a
13 shift froma positive to a negative bal ance

14  between snow accunul ation and | oss due to nelting,
15 and formation of icebergs, its mass was reduced
16 and eventually renmoved. The continental ice sheet
17 nelted and floated away into the north Atlantic as
18 i cebergs. Renoval of this nmuch weight is |ike

19 taking a load out of a boat, and the surface of

20 the earth rose. Mich of the uplift took place

21 under the glacier. |In other words, as soon as the
22 ice sheets started to thin, the mass was bei ng

23 reduced. And as soon as the nass was being

24 reduced, the land began to rise. So uplift was

25 taki ng place |ong before the gl acier disappeared,
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1 si nply because the | oad was being reduced as soon

2 as the ice sheet began to thin. And as the

3 thinning of the ice sheet accelerated, the uplift
4 would have accelerated. And shortly after the

5 withdrawal of the ice sheet, the uplift rates were
6 quite rapid. And then when the ice sheet was

7 gone, the rates began to di m nish.

8 So the fact that Hudson Bay and the

9 surroundi ng region rose after di sappearance of the
10 ice sheet was first recognized in the |ate 1800s.
11 This was first recogni zed, for exanple, because

12 there are seashells, marine shells well inland

13 from Hudson Bay, so we can see that the sea water
14 previously extended far inland. Al so Lake Agassiz
15 shorelines woul d have been horizontal when they

16 formed, but as soon as people began to nmap those
17 shorelines in the 1880s and 1890s, we saw t hat

18 their elevation rises toward the northeast. So we
19 recogni zed early in studies of the ice age in the
20 | ate 1800s that the land had risen. But initially
21 we had little idea whether that uplift was

22 continuing, and that remained uncertain, as |

23 mentioned, really into the 1960s and 1970s.

24 So | sunmarize with this bullet point,

25 that several observations indicate that the 8, 000
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year period since deglaciation, in other words the

retreat of the ice sheet, has not been enough tine
for the earth to adjust to renoval of the gl acier.

So gradually we began to recogni ze
that not only had uplift occurred after the end of
the ice sheet, we cane to realize it was stil
ongoing at a very significance pace. So around
Hudson Bay, there are many mari ne shorelines that
have been | eft behind by retreat of the bay due to
uplift. | have already nmentioned this. But in
the early investigations, there was no obvi ous way
to determ ne how old the shorelines were, but this
dramatically changed with the invention of
radi ocar bon dating, carbon 14 dating, which
al l owed us, starting in the 1950s, to anal yze for
exanpl e these shells from shorelines around Hudson
Bay and we were able to see the age of successive
shorel i nes.

So here | summari ze by saying the age
of these shorelines can be determ ned by
radi ocarbon dating of shells found in the gravels
of these fossil beaches and in other deposits.

The hi ghest shoreline around Hudson
Bay dates to about 8,000 years. That was the

basis for what | said earlier, that the breakup of
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1 the ice sheet, we clarified to be 8,000 years.

2 And that had al ready been known to sone degree

3 fromother inferences such as the retreat of the
4 waterfall in Mnneapolis. This was one of the

5 basis with which sone indication of the duration
6 of post glacial tinme was determined in the late
7 1800s.

8 So we recogni ze that the highest

9 shoreline around Hudson Bay was about 8,000 years
10 ol d, but we recognize that shorelines closer to
11 the bay are as young as only about a thousand

12 years or so. So with the availability of

13 radi ocarbon dating in the 1950s, we recogni zed
14 that the uplift to Hudson Bay is ongoing at | east
15 close to the present, and that the uplift was

16 sonet hing that was sustai ned t hroughout post

17 glacial tine and was continuing to the present, at

18 | east close to the present.
19 So this, as this bullet says, this
20 indicates that retreat of the bay has continued in

21 recent centuries.

22 The fact that the uplift continues

23 today is indicated by observations such as results
24 fromthe Churchill tide gauge, where high quality

25 data coll ected since 1940 indicates that sea | evel
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1 at that site is retreating at a rate of about 0.7

2 netre per century. So decade by decade, our

3 under standing of what is driving the evol ution of
4 Lake Wnni peg cane into focus, first with

5 radi ocarbon dating of marine shorelines in the

6 '50s, and then through the '60s and ' 70s, sources
7 of information such as the Churchill tide gauge

8 clarified that not only was uplift happening in

9 recent centuries, it's continuing today.

10 So that Churchill tide gauge trend was
11 first recognized to be about 0.7 netre per

12 century, allowi ng for global sea |level rise of

13 about 20 centinetres per century in recent

14  decades, that's the inference that has been

15 derived over recent decades from a synthesis of

16 sea |level trends around the world. This allows
17 the uplift rate to be rounded off to about a netre
18 per century. So if sea level falls at Churchil

19 at arate of 0.7 nmetre per century, while gl obal
20 sea level is rising at 20 centinetres per century,
21 you can see that w thout that global conponent,

22 sea |l evel would have fallen about .9 netres per
23 century, and for the sake of this discussion |l
24  just round that off to about a netre per century.

25 The pattern of subtle trends and the
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1 strength of gravity across Canada supports these

2 concl usi ons and indicates, along wth information
3 fromthe Geat Lakes, that the general trend in

4 uplift is for rates to dimnish inland from Hudson
5 Bay in all directions.

6 So this is sonething | stressed in ny
7 i ntroduction, and now |I' m descri bi ng how we

8 gradual |y assenbl ed that know edge over the past

9 hal f century as information such as the

10 radi ocarbon dated shorelines becane avail able, the
11 Churchill tide gauge, G eat Lakes gauges, and

12 ot her neasurenents, we gradually cane to realize
13 that uplift is not only ongoing at Hudson Bay,

14 it's also ongoing inland all the way to Sout hern
15 Manitoba, and it's a pattern that di m nishes

16 inl and from Hudson Bay.

17 So differential uplift sinply refers
18 to this notion that the rate of uplift, the rate
19 of isostatic rebound di m nishes inland from Hudson
20 Bay. So differential just neans a |ower rate

21 farther inland. So because that rate dim nishes
22 inland, this is why we get a tilting action,

23 hi gher uplift to the north, lower uplift to the

24 sout h causes the | andscape to be tilted.

25 And again, as | have nentioned, we
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know t hat the Lake Wnnipeg region was tilted

after the retreat of Lake Agassiz because the
shorelines of Lake Agassiz, which would have been
hori zontal at the tinmes of the formation, now rise
in elevation toward the northeast. Hence for at

| east nmuch of its history, at |east nuch of its

hi story the Lake W nni peg basin has been rising
and the north end has been rising nore rapidly
than the south end.

So now | would like to very carefully
go through how best to infer how the |ake is
operating, what is the |ink between isostatic
rebound and the way the | ake works? And to do so
| would now like to focus on hydrol ogi cal budgets.
And ny introductory bullet point states, a clear
di scussion of the influence of tilting on a |arge
| ake requires a review of the natural nechanisns
that control |ake |evel

An open container of water, such as a
| ake, undergoes fluctuations in its |level as water
is gained and lost. That's exactly the sane as
the glass of water in front of you, or any other
container, all of the principles that apply to
your gl ass of water apply here. |If you reach for

the pitcher and pour water in your glass, the
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water level rises. And | think it's inportant for

us to think Iike this, because if | get into the
details of visualizing how Lake W nni peg works, |
think it's a challenging thing for us all to
visualize. And so for me, for us all, it's
inmportant for us to visualize these things whether
we think about a pan of water or a glass of water,
or if you picture lifting up one end of your
bat htub at home, that's the kind of thing that we
need to visualize. So I'll try to use
illustrations |like that as we go through these
bul I et points.

So an open contai ner of water, again,
such as a | ake, undergoes fluctuations in its
| evel as water is gained and |ost. The vol une of
a | ake does not determ ne | ake level, volune is a
result of lake level. And I'"'mdwelling on this
poi nt because sone of us feel that a lake is a
fixed volune of water. Sonme of us hear that Lake
Wnnipeg is a remmant of Lake Agassiz. And that
makes it sound |ike Lake Wnnipeg is a body of
water that's there, that's fixed, the vol unme of
water. And something I'lIl dwell on is | think
it's better to visualize Lake Wnni peg as being

water in notion. As we all know to a degree, the




Volume 4 Lake Winnipeg Regulation March 16, 2015

Page 661
1 rivers flowinto the | ake, Nel son River flows out

2 of the lake, and it's better to think of |ake

3 | evel as being related to that flow.

4 Sonetinmes | think of your bank account
5 as a good way to think about this. You could

6 t hi nk about your bank account as a fixed anount of
7 noney, and your noney sits there in the bank

8 account never changing, and it has a bank bal ance
9 that doesn't change. Well, | think for nost of

10 us, it doesn't work that way. And our duty is to
11 ensure that the deposits we make to our bank

12 account are balanced with the cheques that we

13 wite. |If you wite too many cheques relative to
14  your paycheque, you're in trouble, your cheques
15 bounce. On the other hand, if you nake way nore
16 noney than you are spending, then you are denying
17 yoursel f the benefits of what you could be

18 spending out of your bank account.

19 And so that is the kind of picture

20 that we all need to help us understand | akes. The
21 | ake, such as Lake Wnnipeg, is |like your bank

22 account. You get deposits fromthe inflow you
23 get expenditures fromthe outflow. And the |evel
24 of the lake is related to the balance of inflow

25 and outflow, a very dynam c balance. So if you
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1 have difficulty visualizing Lake Wnni peg and t hat

2 dynam c rel ationship between | ake | evel and the

3 inflows and the outflows, then think about your

4  bank account. Just renenber if you keep witing

5 cheques with no income, you are in big trouble.

6 So | think it's a good way to think about these

7 t hi ngs.

8 So input of water to a | ake occurs in
9 the formof river inflow, direct precipitation and
10 groundwat er di scharge from underwater springs.

11 Li ke your bank account, you get your paycheque,

12 you get your gifts, you get your inconme tax refund
13 and all in the same way the |lake has its inputs of
14 water. Losses fromyour bank account are |argely
15 cheques that you wite. Losses fromthe |ake

16 i nclude river outflow, evaporation, and a trivial
17 anount of groundwater recharge as seepage into the
18 | ake bottom

19 So we are thinking of the |ake as

20 having a budget. |If inflowis greater than |osses
21 due to evaporation and groundwat er recharge, the
22 | ake has a water surplus, and excess water is

23 evacuated fromthe outflow at the outlets.

24 | f evaporation and groundwat er

25 recharge together exceed inflow, the |ake has a
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water deficit and no outflow will occur. Hence,

2 the water budget of a lake is dictated chiefly by
3 climate, with secondary effects related to

4 groundwater. Climate controls the inflows and the
5 out f | ows.

6 In the case of a |ake with no outfl ow,
7 a closed basin with a negative water budget, |ake
8 level is purely a result of climate. As climte

9 changes, the water level rises or falls directly
10 linked to those climatic effects. Exanples of

11 closed | akes are Great Salt Lake in Utah and

12 Devils Lake in North Dakot a.

13 To the east of Manitoba, we don't have
14  cl osed depressions because the climate is sinply
15 too noist to have cl osed depressions. To the west
16 it's possible to have a negative water budget, and
17 we don't have to go far to where we see cl osed

18 depressions. Devils Lake we know has been a very
19 chal | engi ng i ssue because there's no natural

20 outlet to balance the fluctuations related to

21 climate. And so that's an exanple of a closed

22 depr essi on.

23 In contrast at present, however, Lake
24  Wnnipeg has a |large water surplus. Water

25 primarily derived fromthe W nni peg and
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1 Saskat chewan Rivers is evacuated from by the

2 Nel son River at a rate of about 60 cubic

3 kil ometres per year, a large flux conpared to the
4 small volunes stored in the | ake, about 300 cubic
5 kil onetres.

6 Now, this is something | have said to
7 hel p counter our tendency to think of the | ake as
8 a fixed volunme of water. And just as | have

9 stressed, illustrations such as bank accounts,

10 here |"msaying the lake is really water in

11 notion. There's only 300 cubic kilonmetres in the

12 | ake, and every year 60 cubic kilonmetres enter the
13 | ake and, therefore, 60 cubic kilonetres exit the
14 | ake. So the level of the lake is a dynam c thing

15 related to that flow through the | ake. The flow
16 through the lake is alnost as inportant as the

17 volunme in the | ake. So we want to think about the
18 | ake as being a very dynam c system of water

19 fl owi ng through the | ake.

20 Lake Wnnipeg, therefore, is governed
21 by processes related to a positive water budget.
22 Secondary short-termeffects on | ake | evel are

23 caused by wind setup and to a | esser extent

24  baronetric pressure.

25 Now, | think this afternoon we'll hear




Volume 4 Lake Winnipeg Regulation March 16, 2015

Page 665
1 nore about climate fluctuations and ny thinking is
2 | argely about, 1'Il also |largely be thinking about
3 nmean | ake |l evel and nean river flow, and I'I| be

4  thinking about how the water level is fixed at the
5 outlet in relation to nean flow. And | think,

6 G eg, this afternoon you'll enphasize nore the way
7 things fluctuate, but I'lIl work hard to clarify

8 that when | need to, | think.

9 So we have fluctuations due to w nd,
10 fluctuations due to baronetric pressure and, of

11 course, the dry years and the wet years that cause
12 the rise and fall of the | ake, which is now

13 subsequent|ly i nfluenced by regul ation.

14 So | ake level controls, in the case of
15 an outflowing | ake with a positive water budget,
16 | ake level is controlled by a conbination of

17 climate and outl et geonmetry. In other words, what
18 dictates what the |ake level is. Well, that's a
19 function of what the climate is currently doing,
20 whether it's a wet year or dry year, but how that
21 |l evel of flowin a wet year and a | esser |evel of
22 flowin a dry year, how that translates into

23 actual |ake level is a function of the geonetry of
24 the outlet. Wether we're tal king about Lake

25 Wnnipeg inits natural state or in its nodified
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1 state, outlet geonetry is what translates the

2 climate into an actual |ake level. dimte over
3 t he drai nage basin determ nes how nmuch excess

4 water there is to be evacuated. That's that

5 60 cubic kilometres per year nunber that |

6 mentioned there. So that's what we need to

7 evacuate through the outlet.

8 Lake | evel has to reach at |east the
9 el evation of the | owest point on the topographic
10 barrier around the | ake, and that |owest point is

11 the bed of the outlet stream

12 Now, | ake | evel has to reach at |east
13 that | evel to begin evacuating the excess. Above
14 this level, an additional depth is required for

15 outflow to be adequate to evacuate the surplus

16 water. So a trickle of water over the bed of the
17 streamisn't enough to get rid of that excess, we
18 need an adequate depth to evacuate the surplus.

19 Now, how nuch additional depth depends
20 upon the geonetry of the outlet channel. So

21 there's no direct relationship between the anount
22 of flow and the additional depth. A narrow outl et
23 channel requires nore depth than a broad outfl ow
24 to achieve a given flowrate. This is called the

25 stage, or water |evel, versus discharge, which is
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1 the volunetric rate of flow, relationship for the

2 outlet.

3 Lake Wnni peg has, at |east in recent

4 mllennia, been an outflow ng | ake. The nean | ake
5 | evel, therefore, is constant at the outlet

6 relative to nean clinate at the tinme given that a
7 certain depth is required to evacuate excess

8 water. So by this, | nmean that thinking of the

9 average climate of the tine, thinking of the

10 average flow of the Nelson River where it

11 originates fromLake Wnnipeg, |ake level is fixed
12 relative to average climte and average | ake

13 | evel .

14 So if lake level is fixed at the

15 outlet, relative to average climate and average

16 | ake I evel, that means that if the basin is being
17 tilted -- I'"ll just read the bullet: Tilting of a
18 | ake basin causes nean | ake |level to pivot at the

19 outlet. So our lake level is fixed by that

20 hydr ol ogi cal bal ance at the outlet on Lake

21 W nni peg, the outlet is at the north end, so the
22 | evel at the outlet is governed by climate. If we
23 take that | ake basin, which you could visualize as
24 a pan of water, and we Iift one end of that pan of

25 water, if lake level is fixed at the outlet, then
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1 it has to respond to that tilting by a change in
2 | ake | evel throughout that pan of water. And if
3 | ake level is fixed at the outlet, that means it

4  expands everywhere.

5 So because the outlet of Lake W nni peg
6 isin the north, uplift of the north end of the

7 | ake progressing at a rate nore rapidly than the
8 basin to the south has neant |ake |evel rise over
9 the entire basin with the rate increasing

10  sout hward.

11 And at this point, I"'myearning for a
12 pi zza pan or sonething |like that to denonstrate
13 this. But | hope that if you think of a pan of
14 water in front of you and you visualize, for

15 exanple, a cake pan, if you tilt that pan you can
16 visualize that the water is going to be driven to
17 the other end of the pan. But if you have water
18 flow ng into your pan and that water is flow ng
19 out of the pan at this end, in other words you're
20 hol di ng that cake pan under the tap in your

21 kitchen sink, you' ve got that cake pan and you've
22 got a notch at one end of the cake pan, you hold
23 t hat cake pan under your tap in the kitchen sink
24  and you watch the water accunulate in the pan

25 until the water flows out of the notch. Then you
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1 tilt the pan a little bit, but you still have the

2 kitchen sink tap flowng, so as soon as you tilt
3 it, the water level has to rise until it trickles
4 out that notch again.

5 So you can do this experinent in your
6 kitchen if you have a cake pan -- well, get a

7 di sposabl e al umi num pan so no one is in trouble

8 for ruining a cake pan. Cut that notch, turn on
9 t he kitchen sink faucet, and you can do this

10 experinment. Tilt the pan, you'll see the water
11 | evel rises, because the water flowing in, the

12 water flows out your notch, but when you tilt the
13 pan, water level rises at the far end. That's

14  what Lake Wnnipeg is doing.

15 So the inportance of outlet position
16 relative to the pattern of uplift, thinking of

17 that denonstration we just did in which we are

18 visualizing a cake pan in your kitchen, or whether
19 we think of Lake Wnnipeg, a key point is that the
20 | ake i s expandi ng because the outlet is in the

21 north and the uplift rate is higher in the north.
22 But not all |akes are rising, not all |akes are
23 expandi ng, because how t he | ake behaves depends
24  upon where the outlet is |ocated.

25 An exanple is Lake Nipigon, which is
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1 the largest lake within Ontario. It has its

2 outlet in the south, so it's contracting. The

3 | ake basin is rising relative to the outlet. And
4 SO you can do that experinment in your Kkitchen

5 Rai se the pan at the end that's far away from your
6 notch, where the water is flow ng, and you find

7 that the water level falls. Lake Superior has its
8 outlet inthe mddle relative to the pattern of

9 uplift, soit's rising in the south, falling in
10 the north.

11 I n Mani toba, Lake W nnipegosis is

12 per haps a good exanple of a lake with its outlet
13 in the south. So the basin is rising relative to
14 the outlet. So if you | ook around Lake

15 W nni pegosi s, and you can see this in Google

16 Earth, you see shorelines inland because Lake

17 W nni pegosis is shrinking as the basin rises

18 relative to the outlet. So Lake Wnnipeg is

19 expandi ng because the outl et happens to be in the
20 north.

21 So now | et us consider what we know
22  from Lake Wnnipeg, what did we learn in the

23 studi es of Lake Wnnipeg in the 1990s that clarify
24  and confirmor otherw se these inferences? For

25 exanpl e, we can | ook at Hudson Bay sea | evel, we
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1 can |l ook at Great Lakes | ake gauges, we can infer

2 that the lake is being tilted. Can we confirm

3 this in the | ake?

4 Vell, we worked very hard to do this

5 through the 1990s. So in this bullet point, | say
6 we have collected cores fromthe bottom sedi nents
7 of Lake Wnnipeg. This is why we needed the Coast
8 GQuard ship, the Mayo, this is why we needed a

9 sem -trailer full of oceanographic equi pnent from
10 Nova Scotia, in order to collect those cores, as
11  well as the surveys we needed to support that

12 work. W have collected cores fromthe bottom

13 sedi ments of Lake Wnni peg that allow us to sanple
14 the entire sequence of sedinents deposited since
15 Lake Agassiz, including the first |layer of Lake

16 Wnni peg sedinents that buried the ol der Lake

17 Agassi z deposits.

18 So when we take that pipe and drive it
19 into the floor of Lake Wnni peg, when we sanpl e

20 the |l ayers of sedinents, we see the entire Lake

21 W nni peg sedi nent sequence, and then we see Lake
22  Agassiz sedinments below. We have obtai ned

23 radi ocarbon ages fromthis procedure that indicate
24  that nmuch of the south basin of Lake W nni peg was

25 dry land 4,000 years ago. In other words, we | ook
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1 at the sedinments we recover fromthe bottom of the
2 | ake, and first we see soft nuds, and then deeper
3 down we actually see a prairie soil in our

4  sedinents recovered fromwhat is now the m ddl e of
5 the south basin.

6 In Netley Marsh -- and we found that

7 prairie soil under Lake W nni peg, and we

8 radi ocarbon dated that prairie soil offshore from
9 Gmi to about 4,000 years. Simlar cores in

10 Netl ey Marsh indicate that the main portion of

11 Net | ey Marsh was only inundated 1,500 years ago.
12 So with this sort of analysis we began to actually
13 measure what turns out to be confirmation of the
14 expansi on of Lake W nni peg.

15 W al so have radi ocarbon dates from
16 rooted tree stunps just below | ake | evel that

17 suggest gradual rise in |ake | evel over recent

18 centuries. So you can see that the cores offshore
19 of Gnmi were indicating the progression of the

20 | ake expansion a few thousand years ago. Netley
21 Marsh is giving us data from about a thousand

22 years ago. The roots in the shore face are giving
23 us data fromrecent centuries. In other words,

24 this is a story that we have assenbl ed from many

25 di fferent perspectives in order to ensure that
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everything fits together and that there weren't

2 unanti ci pated phenonena goi ng on.

3 So these observations indicate that

4 gradual expansion of Lake Wnnipeg in response to
5 tilting has been continuous throughout post Lake

6 Agassiz tine.

7 So while we place our enphasis on

8 uplift, based on what we infer to be the dom nant
9 control, at least in the south four other

10 processes should be nentioned as secondary factors
11 af fecting Lake Wnni peg | ake | evel over the

12 long-term by the long-term | mean over thousands
13 of years. In order to |look at this research in a
14  broad perspective and to ensure that our

15 interpretation of uplift and shoreline erosion is
16 appropriate, we need to | ook at other factors

17 going on, that includes clinmate, river diversions,
18 basin nerging and outlet down cutting. So now I
19 want to consider to what extent these phenonena

20 are a factor.

21 Wth respect to clinate on a |l ong-term
22 perspective, running over thousands of years, our
23 radi ocarbon dati ng of basal Lake W nni peg

24 sedinents in cores indicate that, unlike the

25 gradual inundation of the rest of the | ake, the
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1 i nundati on of the central south basin was not

2 gradual. It seens to have occurred rapidly as

3 basal ages across this area cluster around 4,000
4 years. And this was not entirely unanti ci pated,

5 because we know from pollen records that span the
6 full 10,000 years or so of post glacial tinme, we
7 know that the climate in the region was warnmer and
8 dryer, and grasslands were nore extensive earlier
9 in post glacial tine. But around 4,000 years ago,
10 there was a shift to noister and cooler climate,
11 grassl ands becane | ess extensive, spruce and pine
12 becane nore extensive. And so this was well

13 est abl i shed before we | ooked at the | ake. And

14 therefore, it was interesting, but not entirely
15 surprising that we saw that the expansion of the
16 | ake in response to uplift was suppl enmented by

17 that shift to cooler, noister climte about 4,000
18 years ago.

19 So to summarize, this was the tine

20 when climate changed rather abruptly -- now,

21 abruptly, that nmeans it took place over a few

22 centuries -- when | say abrupt | am speaking as a
23 geol ogist -- over a few centuries there was a

24 shift to that cooler and noister clinmte, probably

25 raising |lake level a few netres.
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1 So this is sonmething that the |ake

2 woul d have been adjusting to as well, that shift

3 to noister conditions.

4 So climate of the Lake W nni peg region
5 has been relatively stable in the past 4,000

6 years. Again, |'mspeaking as a geol ogist.

7 You'll hear nore from Geg this afternoon about

8 fluctuations such as 1930s drought and recent

9 noi st climate, but froma | onger-term perspective,
10 the shift to noister, cooler climate 4,000 years
11 ago that caused the retreat of grasslands is

12 sonet hing that was foll owed by relatively stable
13 climate in the late post glacial tine.

14 So the inpact of this climte change
15 would have been applied rapidly with control of

16 | ake | evel evolution to their present day

17 returning to uplift dom nance.

18 Now, another significant factor in the
19 evol ution of Lake Wnni peg are river diversions.
20 Another factor in Lake Wnnipeg | ake | evel history
21 was diversion of the Saskatchewan River, which

22 formal |y bypassed Lake Wnnipeg in a channel now
23 occupied by the Mnago River. Between 4,000 and
24 5,000 years ago, uplift caused diversion of the

25 Saskat chewan Ri ver to Lake Wnnipeg. And the way
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1 t hi s happened was, just as Lake W nni peg has been

2 expanding in response to uplift, Cedar Lake was

3 responding in response to uplift, And eventually
4 the expansion of the | ake caused a new route to be
5 found. And so the Saskatchewan R ver sw tched

6 from bypassing Lake Wnnipeg to entering Lake

7 W nni peg. So thinking back to our discussion

8 about hydrol ogi cal budgets, | enphasized how

9 t hi nki ng of your bank account was a good way to
10 think about this. This was |ike suddenly having
11 your salary increased. |If your salary increases,
12 you can spend nore. And so thinking of the water
13 budget for Lake W nni peg that governs the | evel of
14 the lake at its outflow inheriting the

15 Saskat chewan Ri ver significantly increased the

16 inflows to the lake. So this would have raised
17 | ake | evel on a one-tine basis by about a half

18 nmetre.

19 So on top of that noister climte, we
20 also had the switch of the Saskatchewan River into
21  the | ake.
22 W al so had a nunber of -- Lake
23 W nni peg functioning as nultiple | akes, and
24  through post glacial tinmes, those nultiple |akes

25 began to nerge. And so | wll start this point by
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1 sayi ng at present Pl aygreen Lake and Lake W nni peg

2 are al nost functioning as one | ake.

3 Strong northward currents typically

4 flow through Warren Landing in what coul d al nost

5 be considered a narrows rather than a river,

6 feeding the Nelson River to the north. So by this
7 |"m stressing that the | evel of Playgreen Lake

8 very much influences the rate of flow out of Lake
9 W nni peg. And so Pl aygreen Lake and Lake

10 Wnnipeg, in pre regulation tine and in post

11 regulation time, very nmuch influence each ot her

12 And to illustrate this point nore, when strong

13 north wi nds bl ow, however, flow at Warren Landi ng,
14 for exanple, can be to the south.

15 Now, this wasn't the case earlier

16 because for a few mllennia after Lake Agassi z,

17 what is now Lake W nni peg was nultiple | akes,

18 three or nore | akes, a south basin | ake draining
19 through a river and a narrows to a north basin

20 | ake, which in turn drained to a conpletely

21 separate Pl aygreen Lake.

22 Al'l of these | akes expanded in

23 response to tilting, and eventually the north

24 basin and south basin | akes nerged. Relocation of

25 the outlet for the south basin | ake to a point
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farther north where uplift is nore rapid would

have accel erated | ake I evel rise in the south.

And nore recently, perhaps about 2000 years ago,

Pl aygreen Lake woul d have begun to nerge with Lake
W nni peg, again increasing the rate of |ake |evel
rise and | ake expansion in the south basin, once
again renewi ng the otherw se gradual |y di m ni shing
rate of rise.

So in the past few thousand years,
first there was noister climate, then there was
the inflow of Saskatchewan River, and then there
was the gradual beginning of the nerging of
Pl aygreen Lake and Lake W nni peg that continues at
present. And this resulted in the Jenpeg area,
Whi skey Jack nore specifically, becom ng the
outl et of Lake Wnnipeg rather than the |evel
being dictated at Warren Landing. So a nunber of
factors are causing a supplenent to the expansion
of the | ake.

Now, one final consideration that we
can largely dismss, outlet down-cutting, we're
trying to be thorough here thinking of how has
climate changed, how have river diversions
changed. CQutlet down-cutting is a factor that

seens not to be a significant control on the
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1 hi story of Lake Wnnipeg. |In contrast, whereas

2 this was the dom nant factor controlling the early
3 hi story of Lake Superior, the outlet of Lake

4  Wnnipeg at Warren Landing is shallow and broad

5 and woul d have been rapidly eroded to the

6 resistant bedrock.

7 Therefore, while this could have been
8 a conpensating factor offsetting the rise due to
9 uplift, it seens not to have played a role.

10 So now we have tal ked about the

11 control, what controls |ake level? W have

12 t hought carefully about the nultiple factors. W
13 have thought about clinate, we have thought about
14 basin nmergi ng, we have thought about down-cutting.
15 And we're saying that the dom nant control on Lake
16 Wnni peg, froma geol ogi cal point of view, has

17 been uplift. So let's now focus on the nore

18 detailed considerations of that pattern of uplift,
19 and thus how isostatic rebound is affecting Lake
20 W nni peg.

21 This bullet is derived fromthe

22 witing | didin 1998. And what | said at the

23 time was that maps showi ng the pattern of present
24 uplift on the world in continental scales may be

25 seen, and | provided exanples of the tinme, at the
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1 time. And ny point was to enphasize that the

2 research that was going on through the '80s and

3 '90s nmde rapid progress. And global syntheses

4 were made based on sea |evel trends and ot her

5 observations such as | ake gauges in the G eat

6 Lakes to begin putting together a nore

7 gquantitative picture for the pattern of uplift.

8 So these general nodels that began to
9 be synthesized in the 1970s and 1980s, general

10 nodel s such as these based to varying degrees on
11 continent wi de syntheses of radi ocarbon dated

12 mari ne shorelines, tide gauge trends, |ake gauge
13 trends and gravity, gave us a rough estimte for
14 uplift rates of 0.4 netre per century at the north
15 end and 0.2 netre per century at the south end of
16 Lake W nni peg.

17 So while we were maki ng our inferences
18 directly fromcores in Lake Wnni peg, or tree

19 stunps in the shore face, we tried to cone at this
20 topic fromnultiple directions to use one

21  observation as a check for the other. W cane to
22 be able to use global syntheses to infer what the
23 apparent rate of tilting was.

24 And so what cane available in the

25 1990s was the inference that the tilting of the
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1 | ake is causing a 20 centinmetre per century rise
2 in the south. And so later in ny presentation
3 "1l go through nore recent research which is

4 suggesting that the rate m ght actually be higher,
5 possi bly 40 centinetres per century. But I'll go
6 through now, the way | wote this largely in 1998,
7 in terns of how we reconcile our observations on

8 Lake Wnni peg and confirmfor nultiple

9 per spectives our understandi ng of what's happeni ng
10 on Lake Wnnipeg in ternms of what's driving its

11 nat ural evol ution.

12 So to summarize at this stage, the

13 di fference between these two values inplies a 20
14 centinmetre per century rise in |ake level at the
15 south |l evel of Lake W nni peg.

16 This prediction can be tested by

17 conparison to avail able data from Lake W nni peg.
18 O fshore fromGmi, at our site 122, the pre Lake
19 W nni peg surface |lies under 10 nmetres of water and
20 four metres of sedinment. W have dated the

21 initiation of Lake Wnni peg sedinmentation at this
22 site, as | nentioned, at about 4,000 years. A

23 rise of the lake to its present |evel over the

24 past 4,000 years inplies a rate averagi ng 35

25 centinetres per century. So that's the 10 netres
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1 of water and four netres of sedinent adding up to

2 1,400 centinetres of |ake level rise over 4,000

3 years or 40 centuries. You can do the arithnetic
4 yourself, 1,400 centimetres divided by 40

5 centuries inplies a rise of about 35 centinetres
6 per century. This would be an average of higher
7 rates earlier in the period in question, because
8 uplift is gradually dimnishing in post gl acial

9 time, and | ower rates at present, perhaps

10 conparable to the current estimte of 20

11 centinetres per century. So it's a reasonably

12 good fit, a fewtens of centinmetres per century
13 inferred by our cores and i ndependently inplied by
14  uplift syntheses.

15 Now, in the 1970s during the

16 preparation for regulation, a very inportant study
17 was done. We refer to this as the Penner and

18 Swedl o study, which is best known, | think it's
19 fair to say, for a neasurenent of pre regulation
20 shoreline recession rates. A synthesis of those
21 recession rates appears in the appendi x of the

22 Lake W nni peg shoreline managenent handbook.

23 And also in that report, Penner and
24 Swedl o reported a 40 centinmetre thick peat bed

25 found three netres bel ow | ake | evel near El k
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1 | sl and, which was radi ocarbon dated at 1,060 years

2 for the upper part of the bed and 1,660 years for
3 the lower part of the bed. Interpolating between
4  the upper date and present |ake |evel gives an

5 estimate of 28 centinmetres per century, in other
6 words, 300 centinetres in 10.6 centuries for |ake
7 | evel rise over the past m |l ennium

8 And so it's a conforting confirmation
9 yet again that this general interpretation of how
10 uplift is causing expansion of Lake Wnnipeg is
11 fitting together from many perspectives.

12 Also at the time | wote work by

13 Dr. Erik Nielsen of the Manitoba Geol ogi ca

14 Servi ces Branch on the radi ocarbon age of drowned
15 stunps in the Lake Wnni peg shore face al so

16 i ndi cates a subnergence rate of about 20

17 centinetres per century over the past 300 years.
18 So avail able data at the tinme, and

19 this continues to be the case, are strongly

20 supportive of the |ake level rise predicted by

21 uplift nodels. So no natter what you assune to be
22  your observation versus your inference, whether
23 you begin with our observations in the | ake,

24  whether you | ook at rates of shoreline recession,

25 whether you look at gravity first, things are
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1 fitting together for nultiple perspectives.

2 So even wthout this sort of data, the
3 experienced eye can quickly see that water |evels
4 are rising on Lake Wnnipeg. So here I'mtrying

5 to come at this topic yet again fromas many

6 di fferent perspectives as we possibly can. And

7 this is sonething that geol ogists can say with

8 nore confidence as research continues. For

9 exanpl e, geol ogi sts now agree that barrier islands
10 are a sign of water level rise. The sandy beach
11 that separates the south end of the | ake from

12 Netl ey Marsh is a barrier island. O her good

13 exanpl es can be seen on Lake Manitoba, the East

14 Coast of the U S., Duluth, Hamlton, Ontario,

15 nort hwestern Europe. In other words, we see where
16 water levels are rising on a geological tine

17 scal e, where sedinments and gradients are

18 favourabl e, we see barrier islands form

19 The geol ogi cal nodel for how barrier
20 islands work is for there to be erosion on the
21 basin side and accretion on the |agoon side. In

22 ot her words, the natural behaviour for a barrier
23 island is for it to mgrate |landward |Iike a
24 conveyor belt.

25 One can al so recogni ze water | evel
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1 rise on a geological tinme scale on Lake W nni peg

2 in the formof drowned valleys, also known as

3 estuaries such as | ower Netley Creek and | ower

4 Icelandic River. So things are fitting together
5 frommany different perspectives.

6 So now even if Hudson Bay is stil

7 being uplifted, and even if the G eat Lakes are

8 still being tilted, and even if there's evidence
9 for Lake W nni peg havi ng expanded in recent

10 m |l ennia, centuries and even decades, this does
11 not prove that Lake Wnnipeg is presently being
12 tilted. So we need to obtain that confirmation
13 from additional observations. |It's possible that
14 conplexities in the uplift pattern could have

15 fornmed in recent tine.

16 Lake gauge data, however, have

17 provided that indication. So in order to confirm
18 present day uplift wthin Lake Wnnipeg, the |ake
19 gauge data are an exanpl e of how we now confirm
20 that the uplift is indeed ongoing.

21 Now, in the case of this exanple, this
22 takes the formof a gradual increase in the

23 di fference between sout hern gauges and northern
24 gauges over several decades. So on top of al

25 t hose ot her observations, we confirmthat the
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1 uplift is indeed happening today. And as I']I

2 mention, this has now been confirnmed by GPS and

3 gravity. [I'll nmention that in greater detail.

4 So this quote frommy 1998 witing

5 tal ked about the initiation of that research that
6 has been published since that tine. And what we
7 said at the tine is that we also are investigating
8 this topic with new approaches, in cooperation

9 with NASA, the National Aeronautics and Space

10 Admnistration in the U S. W have installed two
11 new gl obal positioning systemsatellite receiving
12 stations, and several nore have been installed

13 since that tinme. But initially we installed

14 stations at Pinawa and at Flin Flon that, at the
15 time, were nmeant, in conbination with existing

16 stations in lowa and Churchill, to give us

17 measurenents of uplift rates. And we now have

18 results fromthat work.

19 In cooperation with the U S

20 Governnment, we also are doing very sensitive

21 measurenents of gravity along a transect of sites
22 fromlowa Churchill that will give us an

23 i ndependent check on uplift or subsidence rates.
24 So that's a quote fromny 1998 witing that |I have

25 guoted in ny report and we now have results in
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fromthat work, as | will mention.

The 1974 Penner and Swedl o report
suppl ement ed exi sting knowl edge of shoreline
erosion rates with information from surveys done
at intervals of one to a few decades fromthe
1870s to the late 1960s. It was found that the
shoreline of the south basin retreated over this
period at rates typically a half netre per year to
five metres per year. So Penner and Swedl o
denonstrated that before the tinme of |ake |evel
regul ation, the shoreline in the south basin was
retreating typically a half netre per year on the
western shore, typically five nmetres per year on
t he southern shore. An average rate of, for
exanpl e, one netre per year could, of course,
represent 10 nmetres in one year and no recession
for nine years.

So the question that, of course,
arose, and a good question to ask to this day is,
can this steady rate of shoreline erosion be
expl ained by a 20 centinetre per century rise in
| ake | evel ? And that question remains before us,
of course. So let's relate that 20 centinetre per
century rise to regional topographic gradients.

At Gni, the land rises about 25
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metres within 10 kilometres inland, so that inland

gradient fromthe shore is a gradient of about two
and a half nmetres per kilonetre.

In this case, a 20 centinetres per
century |l ake level rise would translate to a
| ateral shift of about 0.8 netres per year. This
is very simlar to the actual shoreline erosion
rates reported by Penner and Swedl o.

So if we take the inferred water |evel
rise driven by uplift, we inpose that on the
inland gradients, then we would predict rates of
shoreline recession simlar to what were observed
in pre regulation tine and that had been ongoi ng
in post regulation tine.

Thi nki ng of the southern shore from
the centre of the south basin to Netley Creek, the
surface under Lake Wnni peg sedinents rises to the
present |land surface at a rate of about 0.3 netres
per kilonetre.

A 20 centinetre per century | ake | evel
rise in this case translates to a latera
m gration of about 6.7 netres per year. Again,
this estimate is conpatible with our data offshore
fromGmi that shows that the south end of the

| ake has mgrated 30 kilonetres to its present
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1 position in 4,000 years, in this case inplying an

2 average rate of shoreline retreat of about seven
3 and a half metres per year.

4 This agreenent is, as | would suggest,
5 surprisingly good. So regardless of what we

6 consi der the observation and the inference, it al
7 fits together in a very consistent manner.

8 Penner and Swedl o reported simlar

9 retreat rates over much of the southern shore. So
10 what was observed in pre regulation tinme, and

11 bei ng observed to be sustained in post regulation
12 time, fits with what woul d be predicted from

13 uplift.

14 So now let's dwell on this, let's

15 ensure that we can convince ourselves that this
16 makes sense. And so what |'m saying here is that
17 | arge increnments of basin expansion being driven
18 by a few inches of |ake level rise may seem

19 counter-intuitive. So what |'msaying here is

20 that | think it's fair for anyone to say, Harvey,
21 you need to convince ne that a few centinmetres of
22 uplift can devastate people's hones on Lake

23 W nni peg, for exanple. So let us try to

24 illustrate this.

25 When | tal ked about glaciers earlier,




Volume 4 Lake Winnipeg Regulation March 16, 2015

Page 690

|_\

| urged you all to think about pancakes. So now
2 "1l do ny best to help us all visualize how can
3 that uplift, how can that isostatic rebound be

4 responsi bl e for the devastati on we observe rel ated
5 to shoreline erosion?

6 So in the next bullet | say, a one

7 nmetre rise in |ake | evel happens frequently due to
8 wnd setup, and the water level, water line only
9 noves a few netres. So here I'mtrying to

10 visualize a person saying, |ake level fluctuates
11 by netres and | see what it does. Harvey, you

12 need to convince nme that uplift of a few

13 centinetres can cause the inpact we see in

14 shorel i ne erosion.

15 But according to the above reasoning,
16 a one netre permanent rise in |ake level wll

17 drive the shoreline inland 400 netres to the west
18 and over three kilonmetres to the south. So let's
19 illustrate this. How can this apparent

20 contradiction be reconciled?

21 The key point is that shoreline

22 processes have cut a notch at the waterline that
23 has a much hi gher gradient than the surrounding
24 | andscape.

25 Penner and Swedl o i ndicate that the
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1 gradi ent between the high water and | ow water |ine

2 on Lake Wnnipeg typically is about 10 percent, or
3 a hundred netres per kilonetre. And of course we
4 can see this on any hydrographic chart. Penner

5 and Swedlo is a nice source, but we can readily

6 see that.

7 It is this slope that takes up the

8 short-termfluctuations. The steeper near shore

9 gradi ent can al so be seen on the hydrographic

10 chart for the south basin, as | nentioned. Around
11 Gmi, the offshore gradient is about 3.4 netres
12 per kilonmetre between the shore and 10 feet depth,
13 while farther offshore the gradient is |ess than
14 one netre per kilonetre. Along the south shore,
15 the gradient to 10 feet depth averages 1.2 netres
16 per kilonetre, while farther offshore it's about
17 0.25 netres per kilometre. Hence, short-term

18 fluctuations are taken up by that high gradient

19 slope at the water line. So if we have a dry year
20 or a wet year, if we have a strong sustained north
21 wind, if we have a strong sustained south wi nd, we
22 see the fluctuations that occur in |ake |evel.

23 And those fluctuations cause a retreat of the

24 waterline, or an advance of the waterline, largely

25 governed by that high gradient slope inmediately
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1 bel ow water | evel and at the waterli ne. But a

2 permanent rise that related to the relentless

3 progress of uplift exposes the south slope, that

4 sl ope which is a notch fornmed by erosion along the
5 shoreline, to a sustained increase in wave power.
6 So, in the case of a one-step | ake

7 | evel rise, the shoreline would retreat and the

8 shore profile would flatten until wave power

9 delivered to the shore dimnishes to a | evel that
10 allows a stable coastal position. |In the case of
11 a steady ongoing rise, which is what we have

12 inferred to be the case, a steady retreat of the
13 shore results.

14 So the rise in | ake | evel driven by
15 uplift delivers wave power to the shoreline that
16 cause a relentless attack of the shoreline, which
17 results in the sustained and pervasive shoreline
18 erosion and the continued retreat in shoreline due
19 to the shoreline recession that results fromthat
20 er osi on.

21 So even if a steady rise were to stop,
22 or if we wanted to slow or stop shoreline erosion
23 by mani pulating | ake |l evel, there would be a

24  continued adjustnment of the shoreline, because it

25 takes tine for the | andscape to adjust to that
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1 geological time scale adjustnment in | ake | evel.

2 And so | ake level rise, if stabilized, would

3 result in no stop in shoreline erosion because it
4 would take decades to centuries for the | andscape
5 to fully adjust to the uplift that has already

6 occurred.

7 So it is useful to conpare shoreline

8 erosion on Lake Wnnipeg with global trends at sea
9 level in order to further illustrate and to firm
10 up our confort level. And these are

11  well-docunented on the U S. coast in a reference |
12 cited in my 1998 witing by Pilkey and Thieler,

13 the values on the Atlantic and Gulf Coasts of the
14 U S are about a half netre to four netres per

15 year. And so these were values that are sinmlar
16 to what we're seeing on Lake Wnnipeg. Shoreline
17 erosion is a major issue on Lake W nni peg.

18 Simlarly, shoreline erosion is a major issue on
19 the Atlantic Coast of the U S., on the Gulf Coast
20 of the US. And we now see that shoreline erosion
21 on the Atlantic Coast and the @ulf Coast is driven
22 by gl obal sea level rise. And the inferred rate,
23 20 centinmetres per century, just happens by a

24 fluke to be simlar to the rate of |ake level rise

25 that we infer for Lake W nni peg.
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1 So what we observe on Lake W nni peg,

2 what we deal with on Lake Wnnipeg is very simlar

3 to what we're observing on the Atlantic Coast.

4 And so by |l ooking at these other regions, that

5 ensures that what we are inferring to be taking

6 pl ace on Lake W nni peg makes sense, because it's

7 simlar to what is being observed and what is

8 being inferred el sewhere.

9 So ny presentation so far is largely a
10 restatenent of what | said in ny witing in 1998,
11 and so now |I'I|l nention some exanples of research
12 t hat has been published since 1998. And that
13 research has firnmed up what we inferred to be
14 taking place in the 1990s, and if anything, it is
15 inplied that the actual rate of differential
16 uplift is actually higher.

17 | " ve been using the nunber 20

18 centinmetres per century. The nobst recent

19 synt heses inply that the actual rate m ght be

20 closer to 40 centinetres per century. But to give
21 exanpl es of the research that has taken place over
22 the | ast coupl e of decades, Lanbert and ot hers,

23 i ncl udi ng nysel f, published the first synthesis of
24 gravity and GPS and | ake gauge syntheses fromthe

25 region in 1998, that firmed up what we were
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1 inferring fromglobal syntheses. So that was the

2 first regional synthesis. And it was conforting
3 that there were no big surprises.

4 Erik Nielsen's work was published in
5 1998, and that was the inference fromtree stunps
6 that not only showed a 20 centinetre per century
7 bal | park rise at the south end, he al so showed

8 mani f estati ons of nore basin wide rise that may

9 relate to the climate and river diversion and

10 basin nerging trends that we see el sewhere on the
11 | ake.

12 Gary Tackman, for exanple, published
13 synt heses from Lake W nni pegosi s and Lake Dauphin
14 that provided further confirmation of the broad
15 regi onal trends.

16 Qur work on Lake W nni peg was

17 publ i shed under the | ead authorship of Mke Lew s
18 in 2001. And this is where we published our

19 results on the uplift driven expansion, as well as
20 that nore climte related suppl enent 4,000 years
21 ago.

22 Tony Lanbert and co-aut hors provi ded
23 addi ti onal updates in research |argely supported
24 by Manitoba Hydro and linked in with research

25 el sewhere, beginning with his paper in 2001. An
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update in 2005 was very conprehensive in scope,

and steadily provided updates in terns of what the
results we were getting from GPS gl oba

positioning stations, fromgravity, froml ake
gauges, and gradually over the past decade this
has been firmed up.

| was a co-author of a research
project that denonstrated how the Red River is
losing gradient to uplift. So in this case, we
drew attention to the way the differential uplift
is inmpacting the Red River, just as it's inpacting
Lake W nni peg.

Thi s paper, van der Wall and ot hers,
in 2009, is an exanple of a recent synthesis in
whi ch people are comng at this topic from
multiple directions. And it's conforting, of
course, that we're not getting any real surprises.
There are no effects that we didn't anticipate.
What we're doing is just gradually firmng up the
notion that uplift is ongoing and that uplift is
gradual ly di m nishing inland, and we're just
getting better quantitative estimates all the
time.

And nost recently this synthesis,

agai n under Tony Lanbert's |ead authorship, is the
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nost recent synthesis for the entire region. And

it's this synthesis that not only includes the GPS
stations that have been installed in the region,

al so the absolute gravity stations that we began
toinstall in the 1990s, now we al so have
satellite, the gravity neasurenents, the GRACE
satellite, Gravity Recover and Cinate Experinent.
This sinply adds to the story. It provides
details. W actually see the inpact on gravity
from changing water levels. But the key point is
that we're just gradually firmng up our
interpretations, and actually inferring fromthis
nost recent work that the rise in |ake |level at
the south end of Lake Wnnipeg in response to
ongoi ng i sostatic rebound, according to this nost
recent synthesis, is actually 40 centinetres per
century, a higher nunber than what we estinmated in
t he ' 90s.

So to sumarize, again, | have tried
to carefully go through what is the ice age, what
was the continental ice sheet, why did it grow,
what did it |ook |ike, how extensive was that ice
sheet, where was it thickest, and what inpact did
t hat have on all of Canada, all of the northern

United States? And | focused on how that ice




Volume 4 Lake Winnipeg Regulation March 16, 2015

Page 698
1 sheet was thickest over Hudson Bay, and how

2 renoval of the ice sheet resulted in isostatic

3 rebound of the land with that thick, nost rapid

4 uplift in Hudson Bay. And here | summarize this
5 uplift, which we now have confirmed to be ongoi ng,
6 is greatest in and around Hudson Bay, that the

7 uplift rate dimnishes in all directions from

8 Hudson Bay.

9 The Lake Wnnipeg outlet is thus

10 rising relative to the rest of the basin. Lake
11 W nni peg, therefore, is expanding due to isostatic
12 rebound. And the final bullet in ny sumary is
13 t hat ongoi ng shoreline erosion on Lake Wnnipeg is
14 natural. This was known because of the steady

15 progress of shoreline erosion in pre regulation
16 tine. And we have tried to be as careful and

17 t horough as we can to assenble a quantitative

18 measur enent of post glacial isostatic rebound in
19 terms of how it has inpacted Lake W nni peg.

20 Per haps the nost rel evant concl usion
21 is that we have gradually and progressively

22 confirnmed that isostatic rebound is ongoing, from
23 mul ti pl e sources of information, we have

24 quantified it to the best of our ability. W

25 infer how this isostatic rebound woul d be expected
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1 to be inpacting Lake Wnni peg. W have

2 measurenents in Lake Wnni peg that confirmthat

3 t he expansion of the | ake that would be inferred
4 fromneasured isostatic rebound is indeed taking
5 place. And we see that the rates inferred from
6 i sostatic rebound in ternms of shoreline recession,
7 if we look at inland gradients on the western

8 shore of Lake W nni peg, south basin, if we | ook at
9 i nl and gradients on the southern shore of Lake

10 Wnni peg, we see that the shoreline erosion that
11 is so pervasive and persistent is taking place at
12 arate that fits very well with what would be

13 predicted in relation to isostatic rebound. And
14 so we have, | believe, confirmed the shoreline,
15 the isostatic rebound rates, and we see that this
16 fits with what woul d be predicted from shoreline
17 er osi on.

18 So that's the end of ny power poi nt

19 presentation. And | note that | also have

20 submtted a witten report that included sone

21 di scussi on on specific points regardi ng shoreline
22 erosion. For exanple, at the tine there had been
23 t he suggestion that if we see a hundred year old
24 tree falling on the shore of Lake Wnnipeg, this

25 proves that Lake Wnnipeg is higher than it has
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1 ever been in a hundred years. And so in the

2 witing that | did in 1998, that | have quoted in
3 ny witten report, | attenpted to hel p people

4 understand that this is not an appropriate way to
5 | ook at Lake W nni peg, given that the natural

6 state of Lake Wnnipeg is to be steadily rising.

7 Also in ny witten report, | was asked
8 to comment on whether we can expect isostatic

9 rebound to continue in the future. And |

10 indicated in my witten report that, yes, we can
11 expect isostatic rebound to continue at a

12 gradual ly dimnishing rate. And as a rough

13 estimate, we mght estinmate the rate m ght

14 di m ni sh sonething |like 10 percent per m |l ennium
15 And so froma human perspective, that's just a

16 rel entl ess ongoing rate.

17 | also was asked to assess whet her

18 felt that isostatic rebound is appropriately

19 depicted in the docunents submtted by Mnitoba

20 Hydro for these deliberations. And | quoted a

21 nunber of cases of references to isostatic rebound
22 in the reports. And | comented that | felt that
23 i sostatic rebound is appropriately depicted in the
24  docunents that have been submtted.

25 | al so noted the suggestion from
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1 Mani t oba Hydro that it's their understandi ng that

2 they have not increased shoreline erosion rates by
3 their activities, and | have no disconfort with

4 that statenent given ny famliarity with the way
5 t hat shoreline erosion has progressed persistently
6 over the entire period of post glacial tinme, given
7 t he neasurenents that were nmade in pre regul ation
8 tine, given what we infer to be taking place in

9 terms of differential uplift, and in ternms of our
10 measurenents from GPS, fromgravity and from ot her
11 nmeasurenents, we can see that those uplift rates
12 are ongoi ng.

13 And so indeed we know that clinate

14  causes fluctuations in |ake level. There are dry
15 years and wet years, there are dry decades and wet
16 decades, but those fluctuations are inposed on the
17 rel entl ess ongoi ng expansion of the |ake. And so
18 while the | ake fluctuates, the overall pattern of
19 shoreline recession is driven by the |long-term
20 trend. And that |ake level rise has been inposed
21 on | andscape, even if we attenpted to nmanipul ate
22 | ake |l evel, there m ght be short-term
23 mani festations on the rate of shoreline erosion.
24 But over the longer term the expansion of the

25 | ake driven by that expansion will be relentless,
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1 and thus the shoreline erosion that has been

2 observed on Lake Wnni peg for many decades is the
3 nat ural behavi our that can be fully explai ned and

4 that can be expected to continue in the future.

5 | hope that my presentation has been
6 hel pful, and | | ook forward to further discussion.
7 THE CHAI RVMAN:  Thank you very nuch,

8 Dr. Thorleifson. Thank you for a very interesting
9 presentation, and particularly thank you for

10 maki ng it understandable to those of us who are

11 not scientists.

12 W'l|l take a 15 m nute break, cone

13 back at about 25 after, and then we'll open the

14 floor to sone questions of Dr. Thorleifson.

15 (Proceedi ngs recessed at 11:09 a. m
16 and reconvened at 11:25 a.m)
17 THE CHAI RVAN:  We' Il come back to

18 order. Dr. Thorleifson is now avail able to answer
19 guestions. First up will be Manitoba Hydro.

20 VMR. BEDFORD: And we have no

21 guestions, thank you.

22 THE CHAI RVAN:  Thank you. Do any of
23 t he partici pant groups have questions?

24 Oh, you're getting off easy.

25 Panel nmenbers? Edwin, M. Yee?
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1 MR. YEE: Thank you, M. Chairman.
2 Dr. Thorleifson, | asked you this at
3 the break but 1'Il ask it again. | sort of have a

4 doubl e question here. The first one is do we have
5 a prediction when isostatic rebound will

6 eventually reach sone sort of equilibrium there

7 will be no nore isostatic rebound? And | guess

8 the other thing is, and it seens to be obvi ous

9 fromyour presentation, but this is affecting al
10 of the lakes in Manitoba as well?

11 DR. THORLEI FSON: Thank you for that
12 guestion, sir. And in very round figures, | would
13 say sonmething in the order of another 10,000 years
14 wll bring the after-effects of the |last glacial
15 cycle to an end. And so that neans that Hudson

16 Bay will |argely di sappear. Hudson Bay is

17 relatively shallow. And if we recognize that, we
18 have uplift taking place at about a netre per

19 century, then Hudson Bay will |argely disappear.
20 And although the rate will dimnish, there is

21 significant uplift left to be conpleted so the

22 process that | have described wll be ongoing for
23 several mllennia into the future. And so that

24 means that Lake Wnnipeg will continue to expand

25 and it can be predicted within a few thousand
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1 years that it would expand all the way to W nni peg

2 and beyond if we allowit. But no doubt, human

3 ingenuity will be brought to bear whenever the

4 time cones.

5 But you al so added the point to

6 further clarify whether all |akes are affected by
7 t hi s phenonenon. And the answer is yes, every

8 | ake is being tilted. However, the very

9 significant consideration is the extent of the

10 | ake perpendicular to the lines of uplift,

11 perpendicular to the effect. So, for exanple, a
12 small-ish lake is being tilted, but because the
13 effect is projected on an angul ar basis, it's just
14 not significant in the case of a small | ake.

15 Thi s phenonenon is significant for

16 Lake Wnni peg because it's a large | ake. And when
17 the effect is projected at an angle fromthe

18 outlet, it becones significant. Now if Lake

19 W nni peg happened to be elongate parallel to the
20 lines of equal uplift, then it wouldn't be as

21 significant a factor.

22 So it's all a question of geonetry.
23 And | had been working hard to find illustrations
24 today. And if you could think of using a |ever,

25 if you want to lift a heavy object with a | ever,
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you need a long board. If you try to lift a rock

with a short board, you're not going to have much
luck. But if you have a long board, it works as a
| ever because of the way that the length of the
obj ect magnifies the effect.

Simlarly, it's the |large | akes that
are vulnerable to this effect because the effect
is projected fromthe outlet. And the larger the
| ake, the greater the effect.

MR. YEE: Thank you very nuch.

THE CHAI RVAN:  Bev, Ms. Suek?

M5. SUEK: Yes. | amnot a scientist.
Sol'dlike to put these in |ayperson's ternms. W
heard a | ot when we did the community
consul tations about erosion in the | ake from
peopl e around the | ake who sone of them supposing
that Lake W nni peg Regulation is the cause of
erosion. Fromwhat | hear you saying, this is a
big contributor to erosion around the |ake. And I
assune there's other things like climte change
and it's wetter these last few years. So that is
essentially what you're saying, is it? 1Is ny
concl usi on correct?

DR. THORLEI FSON: Yes. The princi pal

cause of shoreline erosion is isostatic rebound.
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1 M5. SUEK: And |I'm wondering at

2 Jenpeg, they had been rel easing water pretty

3 constantly over the |ast few years because of the
4 | ake level. In the nore recent future, not 10, 000
5 years, but in the next 20 years, is the flow at

6 Jenpeg going to have to be nore or will we see

7 impacts fromthis on the actual operation of Lake
8 W nni peg Regulation? 1Is this a long-termthing or
9 wll we see anything in the short termwith this
10 tilt?

11 DR. THORLEI FSON: Well the way that

12 pervasi ve and persistent shoreline erosion is

13 being driven by isostatic rebound is a very

14 long-termprocess. The uplift that has

15 accurul at ed causi ng Lake W nni peg to expand

16 agai nst that |andscape is sonmething that will take
17 significant tine to adjust to regardl ess of how we
18 mani pul ate | ake | evel .

19 So even if we tried to | ower the |ake,
20 that m ght have sone effects. But the bigger

21 picture is that the | andscape has to adjust to the
22 accunul ated uplift. And even though sone

23 shoreline erosion would be taking place here and
24 there, were it not for isostatic rebound, the way

25 that shoreline erosion is pervasive and persistent
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1 in the south basin is a result of isostatic

2 rebound over the longer term And broadly

3 speaking, that will be sustained no matter what we
4 do because it would take decades to centuries to

5 adjust to the uplift that has already taken pl ace.
6 And the shoreline erosion continues under the

7 water |level, even if at |ower |evels.

8 So al t hough mani pul ation of |ake |evel
9 would no doubt have sone effect on the detail ed

10 aspects of erosion fromthe longer termand a

11 br oader perspective, shoreline erosion is

12 inevitable and it's dictated by uplift that has

13 al ready occurred. And any adjustnent to changed
14 water level regine will take decades and centuries
15 anyway.

16 M5. SUEK: Just one final question.

17 You nentioned Netley, a | ot of concern around the

18 Netl ey Libau Marsh and the fact that it's wetter

19 and continues to be wetter. Is this a factor in
20 terns of the marsh at all in your view?
21 DR. THORLEI FSON: Well, the isostatic

22 rebound is driving the evolution of Netley Mrsh
23 in the sense that the barrier island that
24 separates Lake Wnnipeg from Netley Marsh is there

25 because on that |ow gradient surface, the water
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1 gets ahead of the shoreline. That's the sinplest

2 way to explain a barrier island. So Netley Mrsh
3 represents the expansion of Lake W nni peg getting
4  ahead of the beach.

5 And as Lake W nni peg expands in

6 response to isostatic rebound, the natural

7 behavi our for the barrier island that separates

8 Netl ey Marsh from Lake Wnnipeg is for the

9 shoreline to erode on the | akeward side and for it
10 to accrete on the landward side. So the barrier
11 island very naturally is mgrating into Netley

12 Marsh. And neanwhil e, Netley Marsh, over the

13 geol ogical tinme scale, expands to the south. And
14 so the overall evolution of Netley Marsh as well

15 as its very existence is entirely dictated by

16 isostatic rebound.

17 M5. SUEK: Ckay, thank you.

18 THE CHAI RVAN:  Nei | ?

19 MR. HARDEN:. So you're saying to ne

20 shoul d not be making any |long-terminvestnents in
21 the Port of Churchill?

22 Ckay, a couple of questions. Does

23 under | yi ng geol ogy affect the rebound rates? For
24 i nstance, you were saying that the granite,

25 bedrock on the eastern side of the | ake versus the
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1 Li nestone. Ganite being nore rigid, would that

2 have an inpact on the rebound rates?

3 DR. THORLEI FSON: Wl |, thank you for
4 that question. And first with respect to the

5 material, the short answer is no, there's no

6 ef fect because those buoyancy effects, the

7 flexural effects relate to rocks deeper down. And
8 al t hough we have changes from for exanpl e,

9 granite to the east and Linmestone to the west, at
10 shal | ower depths, the controls on the uplift

11 mani f est thensel ves deeper down. And so the

12 change fromgranite to |inestone has no effect.

13 El sewhere in the world, uplift of this
14 nature can be affected by faults. For exanple,

15 nost of us are famliar with the San Andreas Faul t
16 in California and howit's active and howit is

17 t he source of mmjor earthquakes. |If we had active
18 faults in our region, then those features |ikely
19 would influence the way the uplift takes place.

20 But we are instead in the ol der nore geologically
21 stable continental interior where we don't have

22 active earthquakes. And so this is why the post
23 glacial uplift, the manifestation of isostatic

24 rebound is a pattern that's sinple in its regional

25 pattern. The way we're able to say that uplift
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1 rates di mnish gradually inland from Hudson Bay,

2 that very gradual trend and sinple pattern in part
3 is areflection of the fact that we're in the old
4 stable continental interior rather than in the

5 continental margins, for exanple, such as

6 California where there are active major faults

7 t hat woul d change the pattern

8 So that makes ny work sinpler because
9 we don't have phenonena such as active faults

10 playing a role.

11 MR. HARDEN: Ckay. And one | ast

12 guestion then. You're saying there's arise in
13 | ake level from 20 centinetres to 40 centinetres
14  per century in the south basin. Does that follow
15 then that say the flood control benefits of Lake
16 W nni peg are di mnishing by that, Lake W nni peg
17 Regul ation are dimnishing by that rate per

18 Century?

19 DR THORLEI FSON: Yes. Yes, in the
20 sense that if we were to keep | ake | evel constant
21 relative to a certain discharge at the outfl ow,

22 then on a relentless and chronic basis, we would
23 expect | ake level to be rising at the south end by
24  what we previously would have inferred to be 20

25 centinetres per century but the nobst recent
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1 synt heses are actually saying nore |like 40 netres

2 per century. So indeed, yes, the tendancy for

3 coastal flooding would increase unless we respond

4 in terns of the way that the outflow is managed.
5 MR. HARDEN:. Ckay, thank you.
6 THE CHAI RMAN:  Thank you. | have a

7 coupl e questions, Dr. Thorleifson. One or two of

8 ny questions were answered al ready.

9 What we have heard two or three tines
10 in our community hearings was that with erosion,
11 the sedinent that erodes would fall to the bottom
12 of the | ake, making the bottom shall ower so rising
13 the | ake | evel.

14 Now we al so heard from ot her people
15 that when it erodes, that just sort of nakes the
16 | ake wi der so the water goes into there and keeps
17 the | ake nore or |ess the sane. This may not be
18 your field of expertise but can you comment on

19 t hat ?

20 DR. THORLEI FSON: This is a good

21 exanpl e of how challenging it is to visualize how
22 a |l ake works and this is how !l dwelled on ny

23 various illustrations |ike bank accounts and cake
24  pans in your kitchen. And I think we need to be

25 fully understanding that for us all, this is a
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1 chal lenging thing to visualize and that's why |

2 went through all those bullets as carefully as |
3 could.

4 | think what | hear you sayi ng,

5 M. Chairman, is that some of the nenbers of our
6 comunities that you have dealt with have observed
7 that if there is material being renmoved fromthe
8 shoreline, such as sand and gravel and silt and

9 clay, it's going sonewhere. And indeed they are
10 right. That sedinent, to a significant degree,
11 would be carried out into the |ake and it would be
12 deposited on the | ake bottom And indeed that's
13 why we were able to take cores from Lake W nni peg
14 as a record of geological history.

15 And so you nentioned, M. Chairman,
16 that some nenbers of our communities that you

17 interacted with expressed the concern that if

18 | arge anounts of geological material are being

19 carried out into the | ake causing the bottom of
20 the lake to rise, then they have a good questi on;
21 does this cause | ake level to rise if the bottom
22 is rising? This is where we need to focus on ny
23 di scussion that |ake level is dictated by outl et
24  geonetry and climate and not by the volunme of the

25 | ake. Because we all have a tendency to think of
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1 a |lake as a fixed volunme of water, a body of water

2 that is there. 1In fact, we grow up hearing this,
3 that a lake is a body of water. And so we say

4 fine, if it's a body of water then it nust be a

5 thing that is there. And if we raise the |ake

6 bottom why wouldn't the | ake |level rise?

7 And the reason is yes, indeed we think
8 of a | ake as a body of water but it's a body of

9 water in notion, whether that notion is flow or

10 evaporation. And so this is the reason why | went
11 t hrough that di scussion.

12 And so as you know, M. Chairman, if
13 the I evel of the |ake bottomrises, and the |evel
14 at the outlet doesn't change, the response to that
15 per son who expressed the concern doesn't just

16 cause a rise in |ake level, the response in fact
17 is with respect to constant clinate and with

18 respect to sedinentation of the | ake bottom the
19 volunme of the lake is getting smaller.

20 So that's the short answer to that

21 guestion. That thinking of the scenario as

22 outlined rather than | ake level rising due to that
23 sedi nent ati on, vol unme decreases.

24 THE CHAI RMAN:  Thank you. | have a

25 coupl e of questions that related to how the rising
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1 of the | ake, at |east at the south end, well |

2 guess at both ends because of isostatic rebound,
3 how t hat m ght inpact Manitoba Hydro's operations?
4 And first if we take, at the south end, 20 or 40
5 centinetres over a century, the controls have been
6 in place for about 40 years now. Sone of the

7 power danms on the Nel son are over 40 years. But
8 just tal king about Lake W nni peg Regul ation

9 specifically, the first question, would the

10 additional four or five, eight inches over the
11 | ast 40 years, how would that inpact Hydro's

12 ability to maintain the | ake level at 715 or

13 between 711 or 715, or would that have any direct
14 i npact ?

15 DR THORLEI FSON: Well, it does have
16 inpact and it sinply neans that gradually with
17 time, a conmtnment to maintaining constant | ake
18 | evel would call upon slightly but significantly
19 nore aggressive pronotion of outflow to maintain
20 the nean, if that's the conm tnent.

21 And so | haven't attenpted to

22 cal cul ate, you know, maybe someone has, but |

23 think that -- soit's significant, it's

24  measurable. And as the decades accunul ate, it

25 will actually influence policy.
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1 So if that's the point that you're

2 seeking to discuss and clarify, M. Chairman, then
3 | agree with you that with the passage of tine, it
4 gradually is a factor. And as we think about

5 working together to optimze circunstances on Lake
6 Wnnipeg as we work together to optimze benefits
7 for the people of the region and for ecosystens,

8 then we have certain objectives in terns of |ake

9 | evel s and el ectrical power generation, then

10 gradually with time, | think one of the objectives
11 of these deliberations is to clarify what

12 consi derations should guide us all as we go

13 forward. And as we make conmitnents to how | ake
14 I evel is regulated, as we nmake comm tnents with

15 respect to electrical power generation, as we nake
16 commtnments with respect to inpacts on ecosystens,
17 and as we make commtments in terns of how | ake

18 | evel interacts with the people who |live on the

19 | ake, then these various considerations are

20 bal anced.

21 And | think it would be fair to say

22 that so far, those nmanagenent considerations could
23 | argely disregard isostatic rebound because even
24  though it's the geological factor that's driving

25 the shoreline erosion that is so devastating for
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1 peopl e who live on the | ake, the inpact on

2 operating rules for the | ake could reasonably be

3 i gnor ed.

4 And | agree with you, M. Chairman,

5 that with the passage of tinme, with each decade,

6 it wll gradually becone nore relevant. G ven

7 that, for exanple, if our criterion is nmaintenance
8 of along-termnean, then with each passing

9 decade, it will be a slightly nore significant

10 factor to deal wth.

11 THE CHAI RVAN:  Mani t oba Hydro has

12 presented evidence that since the controls at

13 Jenpeg went into operation in 1976, the average

14 hei ght of Lake Wnni peg, the average |evel of Lake
15 W nni peg i s about one or two inches higher. Could
16 sone of that be accounted for by isostatic

17 rebound?

18 DR THORLEI FSON:  Wwell, 1 woul d be

19 hesitant to word it that way in the sense that |
20 think as will be expanded upon this afternoon and
21 as we all know, recent |ake |evels have largely

22 been driven by noister climate. And so | think

23 you' re asking an interesting question,

24 M. Chairman, and |'m glad you asked it because

25 this is the sort of thing that we all need to
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1 structure in our m nds.

2 | think it's fair to say that slightly
3 i ncreased nean | ake | evel is a tendency encouraged

4 by isostatic rebound. So in other words, it's a

5 factor, it was a factor. It was one of the

6 contributors, however, | think that it's

7 appropriate to say a greater factor -- well, |
8 want to reword this. It would have been a

9 contributing factor and a greater factor has been
10 the noist clinate.

11 THE CHAI RMAN: But that one or

12 two inches could al so have been caused by the

13 controls at Jenpeg. | think that's the inpression
14  that nost readers of their docunent would assune,
15 that the controls at Jenpeg had that slight rise
16 of the | ake or caused that slight rise of the

17 | ake.

18 DR. THORLEI FSON: Wl |, perhaps we're
19 starting to venture beyond ny expertise; however
20 if you have asked ne for an answer --

21 THE CHAI RVAN:  Actually, it was nore
22 of an observation.

23 DR. THORLEIFSON: | think |I would

24 largely say that it was the controls at Jenpeg

25 t hat prevented even nore of an increase.
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1 THE CHAI RVAN:  Even nore?
2 DR. THORLEI FSON: Even nore of an
3 increase in recent years.
4 THE CHAIRVMAN:  Yes. | think this is

5 ny final question and it's just sort of the bigger
6 Hydro picture. [Isostatic rebound, is everything

7 lifting equally at the sane tinme in a broad area?
8 The specific question then, Hydro has these big

9 generating stations on the Nelson River and | mnean
10 t hey are hunongous structures. |If they have

11 lifted eight or 10 or 12 inches in the last 40

12 years, could that have any inpact on the operation
13 or the efficacy of those structures?

14 DR. THORLEI FSON: Great question. And
15 the answer is that isostatic rebound is a

16 pervasi ve phenonenon that affects the entire

17 | andscape. So indeed, the Nelson River is |osing
18 gradient. After the 1997 Red River flood,

19 everyone, including us all to sone degree no

20 doubt, were called upon to do whatever we coul d do
21 to make sure that Wnni peg and the surrounding

22 regi on woul d not be threatened by a flood of that
23 magni tude again. So that's why the fl oodway was
24 expanded and that's why | was heavily involved in

25 a program of research that followed the 1997 Red
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Ri ver fl ood.

And so that's why we did nmany things,

i ncluding the research that | nentioned that
quantified the way that isostatic rebound has
caused the Red River to lose half of its gradient.
One reason we did that was part of the research we
did after the 1997 Red R ver flood was to ask the
guestion how | arge have floods like this occurred
in the past so that we coul d understand whet her
the 1997 Red River flood, for exanple, was
unnatural. And what we denonstrated fromnultiple
sources of information was that Red R ver fl oods
of that magnitude have been taking place once or
twi ce per century for many centuries.

And one of the sources of information
that we pursued to work out that flood record were
ar cheol ogi cal sites going back thousands of years.
So we needed to quantify how isostatic rebound has
changed the fl oodi ng behavi our of the Red R ver.
Because if we found evidence for a flood in an
archeol ogi cal site fromthousands of years ago, we
need to bear in mnd how t he behaviour of the
river has changed. So | slip that in there as an
exanpl e of how we did do research on how isostatic

rebound has changed t he behavi our of the Red
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Ri ver.

Now, M. Chairman, you have asked ne
about the Nelson River and whether the isostatic
rebound that we're tal king about today is
i npacting the way that the Nel son River operates?
And the answer is absolutely. The Nelson River is
| osing gradient to isostatic rebound.

And so now to extend that discussion
as you have presented, M. Chairnman, how does
i sostatic rebound affect human activities such as
hydr oel ectric power generation on the Nel son
River? And | am happy to have the question and |
intend to answer it and | have to pause because
it's not sonething | think about everyday. Again,
t hi nki ng of the earlier question, thinking of the
Forebay, the water stored, the reservoir behind
t he dans, those reservoirs are getting | arger
But the effect is insignificant given what |
referred to earlier, isostatic rebound primarily
mani fests itself on | arge | akes because the effect
is magnified on an angul ar basis fromthe outlet.

And so the actual inpact on the
reservoirs is not significant. And the head by
which electricity is generated isn't changi ng

because that's a local drop in elevation from
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1 point Ato point B. And in those points, point A

2 and point B are both rising but they are rising by
3 t he sanme anount .

4 So to summari ze, isostatic rebound is
5 occurring everywhere across the region. It

6 affects rivers on the long-termtine scale, but it
7 woul dn't affect hydroelectric operations on the

8 Nel son River.

9 THE CHAI RVAN:  Thank you. And | just
10 want to clarify an answer you nade to Ms. Suek

11 earlier just about shoreline erosion. | think you
12 said that the majority or the vast majority of it
13 would be due to isostatic rebound?

14 DR. THORLEI FSON: Yes. Wen we | ook
15 at how the | ake as a whole is expandi ng, when we
16 | ook at the rates of uplift that we have inferred,
17 when we | ook at inland gradients, for exanple, on
18 the western shore of the south basin or the

19 sout hern shore of the south basin, we can see that
20 the rate at which the shoreline is receding

21 mat ches what we woul d predict on the basis of

22 i sostatic rebound.

23 So we can therefore conclude, with

24  progressively greater confidence, that isostatic

25 rebound is driving shoreline erosion. And no
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1 matter what we do with | ake | evel, we mght be

2 able to affect the rate of shoreline erosion to

3 sone degree, at |east on a tenporary basis. But
4 the big picture is that that persistent pervasive
5 shoreline erosion is driven by isostatic rebound.
6 Now wi t hout isostatic rebound, what

7 woul d the | ake be doing? Well, there would still
8 be shoreline erosion here or there just because

9 t hi ngs evol ve, things change. The | ake m ght

10 break through a barrier and there would be

11 shoreline erosion. W see adjustnents to the

12 shoreline in the north basin that nmay be sinply
13 because there's w de expansi ve vul nerabl e

14 materials that are just being relentlessly chewed
15 at by the shoreline, so there are exceptions. But
16 on the south basin, we see that shoreline erosion
17 is so extensive throughout the basin and the rate
18 of retreat is so steady, we, on that basis, can
19 see that by far the dom nant factor is isostatic
20 rebound, and it's an effect that has accunul at ed.
21 And even if we strive to mnimze shoreline

22 erosion through | ake | evel nodification, it wll
23 t ake decades and centuries for the | andscape to
24 adjust to the uplift that has already occurred.

25 And so i ndeed, isostatic rebound is a
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1 nat ural aspect of Lake Wnnipeg that's driving

2 shoreline erosion. W know that that causes great
3 consternation and di stress anongst the people who
4 live on the |ake. Just because it's not natural,
5 that doesn't nean it's deeply troubling and

6 difficult for the people who Iive on the |ake.

7 But it's a natural aspect of the | ake that was

8 well-docunented before regulation and that we

9 coul d maybe slightly nodify. But broadly

10 speaking, it's something that I think we're stuck
11 with.

12 THE CHAI RVAN:  Thank you, Dr.

13 Thorl ei fson. Has that provoked any questions from
14 Mani t oba Hydro? O her panel nenbers?

15 Vel |, thank you very nuch, Dr.

16 Thorl ei fson. You are getting off quite easy

17 today. | think it speaks to how good your

18 presentation was and how wel |l you explained this,
19 that it didn't provoke a | ot of questions or any
20 chal | enges.

21 So thank you very nuch for taking your
22 time to prepare the paper in the first place and
23 then to cone up here for this hearing this

24 norni ng. Thank you.

25 We're finished early now so we'l|l
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1 adjourn until 1:30. So back here at 1:30.

2 (Proceedi ngs recessed at 11:57 a.m
3 and reconvened at 12:02 p.m)
4 THE CHAIRVAN: Ckay. |1'd like to go

5 on the record for two mnutes or three mnutes.

6 When we broke, | asked Harvey a question about

7 Wllow Island just out of personal interest

8 because | grew up near there. Then the response

9 he gave nme, and then | recall that we did have a
10 presentation fromthe WIlow Island Cottage Omers
11  Association in @Gnmi, sol think it is relevant or
12 may be rel evant.

13 So, Dr. Thorleifson, I'd like to ask
14  you whether or not WIlIlow Island would be

15 considered a barrier island as you described them
16 earlier in your presentation.

17 DR. THORLEI FSON: Yes, | regard WI I ow
18 Island to be a barrier island. In our

19 di scussions, we tal ked about how Netley Marsh is a
20 prom nent feature on Lake Wnnipeg. And Netley

21 Marsh is separated from Lake Wnni peg by a barrier
22 island. And we now increasingly recognize that

23 barrier islands formwhere water | evels are rising
24 on a geological tine scale. And what happens is

25 that the water gets ahead of the shoreline. So we
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1 have the marsh, the | agoon behind the shoreline.

2 And then when the barrier island is exposed to

3 sufficient wave power in deeper water, then what

4 we see the natural behaviour of the barrier island

5 being is for there to be erosion on the | akeward

6 side and accretion on the | andward side such that

7 t he natural behaviour of a barrier island is for

8 it to mgrate | andward.

9 W also see a simlar barrier island
10 on Lake Manitoba where the |ake is separated from
11 Delta Marsh by a barrier island. W see a simlar
12 barrier island at Dul uth, M nnesota on Lake
13 Superior. W see a simlar barrier island at
14 Ham I ton, Ontario. And in all of those cases,

15 these are | akes that are naturally expandi ng.

16 Lake Manitoba is rising in the south. Lake

17 Superior is rising in the south, Lake Ontario is
18 rising in the south.

19 And sonet hing | have nentioned is that
20 global sea levels are rising. And this

21 suppl ements the previous rise that related to the
22 transfer of water fromcontinental ice sheets. So
23 the barrier islands we see up the eastern U S. are
24 a manifestation of that rising water |evel trend.

25 So on Netley Marsh, we have a barrier
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1 island and we see that it is behaving in the way
2 it's expected. Barrier islands m grate |andward.
3 Now ny interpretation of WIIow Point
4 is that it's a fragnment of a Lake Agassiz barrier
5 island that may well have connected to G and

6 Beach. Because at Grand Beach, we see a simlar
7 barrier island. W see the alignnent of WII ow
8 Poi nt and G and Beach. And so they both have the
9 nor phol ogy of a barrier island and we can explain
10 why they are across each other by it being a Lake
11 Agassi z shoreline that was | ater breached by the
12 expansi on of Lake W nni peg.

13 So WIlow Point, being a barrier

14 island fragnment that is now exposed to the

15 processes of Lake W nni peg, given what we know

16  about the natural behaviour of barrier islands, we
17 can infer the natural behaviour for WIIow Point
18 is for it to mgrate |landward due to erosion on
19 the | akeward side and accretion on the | andward
20  side.

21 THE CHAI RVMAN:  Thank you very nuch.
22 Now I think that should conclude finally. Thank
23 you, Dr. Thorl eifson.

24 Ckay, we're back off the record and

25 back at 1:30.
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1 (Proceedi ngs recessed at 12:06 p. m
2 and reconvened at 1:30 p.m)
3 THE CHAI RMAN:  Good afternoon, we wl|

4 continue with the presentations. This is the

5 second presentation froma w tness commi ssioned by
6 the Oean Environment Conmi ssion. This afternoon
7 we have Dr. Greg McCul | ough, geographer, climte
8 change scientist and researcher at the University
9 of Manitoba.

10 Dr. McCullough, I will ask the

11 Comm ssion secretary to swear you in.

12 G eg McCul | ough: Sworn.

13 THE CHAI RVAN:  You nay proceed with
14  your presentation.

15 DR. McCULLOUGH Hello. As | was

16 introduced, this is a presentation that was

17 requested by the Manitoba C ean Environment

18 Conmi ssion. The topic that | will be talking to
19 you about will be the |level of Lake W nni peg,

20 water levels in Lake Wnni peg as they are

21 i nfluenced by climate. And by climte, we are

22 going to be tal king about both climte history,
23 how it has changed over the last century in the
24 recorded record, and how it may change in the

25 future as is best predicted by global clinate
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nodel s.

So | wll begin by saying that this
follows a submtted a witten presentation. W CV
is in that presentation. | have a Bachel or of
Science, a Masters of Science and a Ph.D, all from
the University of Manitoba. Beginning with
graduation with the Bachelors in 1971, and then a
| ong hiatus, and then | went back to school about
10, 15 years ago and conpleted ny Ph.D just in
2007, so a nore recent part of mny history.

In that ong hiatus | worked for
al nrost 20 years with the Departnent of Fisheries
and Cceans. And relevant to this docunent, and
what |'mable to talk about up here, | spent about
10 years of that studying in particular shoreline
erosi on, erosion processes, sedinentation
processes, and sedi nment transport on Sout hern
I ndi an Lake and t hroughout the Churchill River
Di version region and on the | ower Nel son.

Since then, since 2006, |'ve worked as
a research associate with the Faculty of
Environnent, and | have been specifically enpl oyed
to look at or to -- | suppose the nost specific
part of nmy work is to | ook at the freshwater

interactions with the nmarine system of Hudson Bay.
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1 So | continue to work on the | ower Nel son system
2 But in the interim over the last 15
3 years, |'ve been working with a group of people

4 fromthe Departnent of Fisheries and Oceans,

5 ei ther on contract research or other independent
6 research on questions related to eutrophication of
7 Lake Wnni peg, both fromthe point of view of

8 satellite renote sensing of algae, and at the

9 other end fromthe point of view of nutrient

10 | oading to the |l ake. And | suppose nost recently
11 | aminvolved very directly again with questions
12 of shoreline erosion in Lake W nni peg, though not
13 with the shoreline erosion nost of you think

14 about. |[|'ve worked specifically on questions of
15 erosion and how t hey affect Lake W nni peg al ong
16 the north shore.

17 | think that's sufficient

18 introduction. There is a conplete CV attached to
19 ny presentation and you can refer to that.

20 Dr. Thorleifson, who presented this
21 nor ni ng, presented the long-termpicture. The

22 |l ong-term story on Lake Wnnipeg is a geol ogi cal
23 story. The interimtermis probably a climte

24 story and I'"'mgoing to present that side of it.

25 By way of introduction, | think you
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1 could say that Dr. Thorleifson was talking about

2 processes that are geologic in tinme, understood
3 well enough to be able to predict themw th great

4 confidence going off into the future. So that he

5 i s tal king about processes that are al npbst
6 inevitable. 1'mtalking about processes that we
7 have much | ess power of prediction for. |I'm

8 tal king about the effects of clinmate on the |evel
9 of Lake Wnnipeg. And it does have |ong-term

10 trends, but when we talk long termin terns of

11 climate, we are tal king maybe centuries, and in
12 many cases we are really only talking

13 nmul ti-decadal sort of periods, so a very different
14 tine scale fromwhat you heard this norning.

15 Il will talk -- and noving into

16 restructured as on that slide in front of you, |
17 will talk about historical climte and runoff into
18 the | ake and runoff is driven ultimately by

19 climate, in very large part. | will elaborate on
20 that. 1'mgoing to talk specifically in terns of
21 tenperature, precipitation, that's rain or snow,
22 and di scharge of the major tributaries into Lake
23 Wnnipeg. | will talk about tenperature briefly
24 because it is climate, but I wll not have nuch --

25 there is not much to say about it in ternms of
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regul ati on on Lake Wnnipeg. There are sone, |

2 suppose, rather nore tenuous connections that one
3 can make with regulation, but I"'mreally going to
4  be talking mainly about precipitation and river

5 di scharge on the lake level. | will go on to

6 historical climte and tal k about what we foresee
7 in the 21st century to be the nost |ikely scenario
8 and I will be probably couching that in a | ot of

9 qual i fications about uncertainty. And | wll

10 finally talk about those aspects of climte

11 specifically with regard to how they affect |ake
12 | evel .

13 So tenperature. Very sinply then we
14 can |l ook historically at tenperature, we have

15 hi storical records for tenperature going back in a
16 few cases to the late 19th century, the late

17 1800s. You can go a little further if you take

18 things like the City of Wnnipeg records and you
19 can take other records. But the picture over the
20 | ast century is up on the screen in front of you.
21 You will see if you take stations scattered around
22 Lake Wnni peg, there are six different tenperature
23 records, those are annual val ues connected by

24 curves. You wll see that they all say pretty

25 much the sane thing, that tenperature right now,
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1 average tenperatures are a little nore than -- a

2 little nore than a degree higher than they were at
3 the turn of the 20th century, 115 years ago.

4 | woul d say, though, that you should
5 not interpret that as a long-termtrend. |[|f you
6 | ook at that, you in fact see that the highest

7 tenperatures in the recorded history around Lake
8 Wnnipeg were in the 1930s. These are not annual
9 tenperatures, these are July, August tenperatures,
10 and | chose that specifically because those are
11 the tenperatures that would affect Lake W nni peg
12 particularly.

13 You will see long-termtrends

14 described in the literature. For this region they
15 are usually only statistically significant if you
16 describe the mninmumdaily tenperatures, for

17 i nstance, you have to get very particul ar before
18 you can be very cl ear about how tenperature is

19 responding to a gl obal condition where nean

20 annual , or nmean gl obal tenperatures, pardon ne,

21 are clearly rising, and have been over a century.
22 In the | ocal case they are going up and down.

23 There are warner periods and cool er periods in

24 that record, and the rise is not nearly so clear

25 if you just take the daily neans in m dsumer.
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1 However, that does connect very

2 directly to | ake tenperature. And the graph on
3 the left, if you |look at that, what you see are
4 water tenperatures on the Y scale and vertica

5 scale, and air tenperatures on the horizontal

6 scale. Those are nonthly nean tenperatures, and

7 what you see is that in general a degree in rise

8 in air tenperature, an average nonthly tenperature
9 wll yield an average nonthly tenperature increase
10 in surface water in the | ake of about a degree.

11 And nore specifically on the right --

12 pardon ne, on the right | have actually used a

13 better equation to estimte tenperature, and al
14 that does is take the current nonthly tenperature
15 and the previous nonthly tenperature, and if you
16 put the two of themtogether into a pol ynom al

17 regression, you get a good estimator fromair

18 tenperature to water tenperature. In other words,
19 if you go back to the graph | presented earlier,
20 you woul d expect that the | ake tenperature had

21 noved pretty nmuch as you see the air tenperature
22 has noved in ternms of the summer nonthly nmean

23 tenperatures at |east.

24 | won't say much about that. Those

25 are very inportant things fromthe point of view
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of the ecology of the |ake, the biota of the | ake,

2 tenperature is probably the single nost inportant

3 factor. |If you are thinking about the fisheries,

4 for instance, we have whitefish in that |ake that

5 may wel | disappear if the tenperature of the |ake

6 rises by a couple of degrees nore. They are near

7 the southern [imt of their habitat in Lake

8 W nni peg.

9 I f you |l ook at our current overriding
10 concern, which is cyanobacteria bl oons, or bl oons
11 of blue green algae, they do respond and
12 produce -- are nore likely to produce bloons in
13 warmer years, given the sane, nore or less the
14 same concentration of nutrients. So tenperatures
15 are very inportant to the | ake. However, it
16 doesn't seemthat | can make really strong
17 connections between that and regulation, so it is
18 just a fact.

19 Let's go on to precipitation.

20 Hi storically, precipitation in the Lake W nni peg
21 basin has overall increased over the century.

22 What you see are a series of graphs from Al berta
23 t hrough Saskat chewan, Manitoba, down into

24 M nnesota and over to Ontario. |In each of those

25 graphs the gray circles are the annual nean
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1 precipitation, or the annual total precipitation,

2 pardon ne, total precipitation in mllinetres per
3 year. And overlaid on those is a snmooth running
4 mean, a 10 year running nean to show t he general

5 patterns. And overlaid on that is a dashed |ine
6 which shows the overall century long trend. In

7 every case the century long trend is to increasing
8 precipitation.

9 It is inmportant to realize, of course,
10 that that trend, which suggests that throughout

11 the basin precipitation has increased by 7 to 14
12 per cent over the early part of the 20th century,
13 that in any given year, or even through a several

14 year wet period, it can be nmuch higher or nuch

15 | oner than differing fromeven 13, 15 per cent of
16 the normal. |In other words, annual precipitation
17 can still be higher or lower than it was at the

18 turn of the 20th century in any given year.

19 And so you always need to bear that in
20 m nd when you consider these long-termtrends.

21 They are trends in the average. They are very

22 inmportant to sonme kinds of understanding of the

23 | ake, but in other concerns you really do need to
24  be concerned about the fact that precipitation in

25 any given year is very low If you |ook at the --
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1 "' m | ooking at sone places where you actually see,

2 | believe it is in Mnnesota, you can see that the
3 hi ghest and | owest annual precipitation occurred

4 within a year of each other. So bear that in

5 m nd.

6 The other thing that you begin to see
7 here, when you | ook at the black curvey lines, is
8 that you are beginning to see that there are wet

9 periods and dry periods. There is not only really
10 wet years and really dry years, but there are

11 decades when it tended to be wetter and decades

12 when it tended to be drier. And I wll talk about
13 that a little bit nore when you see it in the

14 runoff, you see it that much nore strongly.

15 Now | 'm going to, in this graph which
16 you are |looking at now, you are |ooking at those
17 patterns displayed on a map instead of in a tine
18 series. And what we are | ooking at here are

19 circles that show, in three cases for

20 precipitation and in the fourth case for the

21 runoff fromthe watershed, that show the change in
22 precipitation and runoff. And in this case |I've
23 taken the period, and | did this several years

24 ago, the period from 1996 to 2005. And | show in

25 t hese maps the per cent change or difference
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1 bet ween that | ast decade of precipitation and the

2 previous 50 years. So if you look at a circle in
3 the upper -- let's |ook at the upper left, that

4 bi ggest circle within Eastern Saskatchewan is

5 actually Cote, Saskatchewan, and it shows the

6 Decenber, March precipitation was about 25 per

7 cent higher in the |ast decade that |I'm show ng

8 here conpared to the previous 50 years. |n other
9 words, it had increased by about 25 per cent over

10 t he previous average.

11 So now you | ook at all of them and
12 what you will see is that -- let's | ook at Apri
13 to June, first of all, where there are the biggest
14 changes. There has been a ot nore rainfall in

15 the northern Red River basin, and actually the

16 northern and eastern, northern and western

17 English, really the whole English R ver basin and
18 Lake of the Wods area. Trenmendous increases in
19 preci pitation, those anount to, many of those

20 circles, well over 30 per cent changes. Mbdest
21 changes t hroughout the whole of the Lake W nni peg
22  watershed.

23 So the Lake W nni peg wat ershed from
24  that picture can be said to be generally getting

25 wetter in the spring period. It is not changi ng
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1 nearly as consistently in Decenber to March. So
2 snowfall is not changing a |ot, except for a few
3 odd places, and in fact snowfall, because there is

4 sonme blue circles there, is slightly less than it
5 used to be. W are not getting bigger snow, in

6 average years, by the way, in decadal averages,

7 not in annual val ues.

8 And in July to Novenber, that's

9 summer, fall, it isalittle wetter in the Red

10 Ri ver and again the English R ver Basin than it

11 used to be. That covers those three precipitation
12 maps.

13 Now i f you | ook at the |lower right you
14 wll see the runoff that results fromthat. |

15 want you to know, first of all, | changed the

16 scale. So those circles for precipitation, the

17 maxi num val ues are only of the order of 30 to 40
18 per cent changes. But the increases in runoff, in
19 the Red River in particular, in the Red R ver

20 basin are in the order of 50, 40 to 50, up to well
21 over 100 per cent, or a doubling of precipitation
22 in the southern Red River Valley. Sonme of the

23 bi ggest changes, consistent changes are actually
24 right along the main stemof the Red River, which,

25 by the way, goes a long way to explaining why 1996
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to 2005 were very wet years. And, in fact, if |

repeated this exercise now, you woul d say probably
see a simlar thing. Those circles are all the
smal | streans that are nonitored in the Red River
basin. So that throughout the basin, every stream
is producing nore water. But that's not happening
in sumer and -- those are annual values, it is
not happeni ng throughout the watershed, it is
happeni ng i n the southern and sout heastern part of
t he wat ershed by that map.

| will go to what | have in the
witten docunentation, which is not presented here
exactly, but if you go to the literature you wll
find that for runoff, there are very thorough
studi es, several of them published now for the Red
Ri ver basin and the Wnni peg R ver basin, that
show that in both cases the runoff is
statistically higher, has increased statistically
over the century, and that in the Red River basin
that increase is between -- | have to | ook back at
ny docunent, but it is over 50 per cent, very
| arge increases in the Red River basin.

| will leave that for a second,
actually I wll talk about this a little bit

better with another graph that should cone up
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1 soon, when | talk about river discharge itself.

2 So | wll nove on to tal k about what

3 we were |looking at in the lower right-hand corner

4 inalittle nore detail in this next section, to

5 make nore sense here. But | will preface talking

6 about changes in totals by tal king about changes

7 in contributions throughout the watershed of the

8 maj or tributaries.

9 Now, there are four nmajor tributaries
10 that we are concerned about; the Wnnipeg River,
11  which has always contributed nore than 40 per cent
12 of the flow to Lake Wnni peg, and actually now
13 contributes well over 50 per cent. So over the
14 century, the proportion of flow fromthe Wnnipeg
15 Ri ver going to Lake W nni peg has increased say
16 from40'ish to 50 sonething per cent. At the sane
17 tinme the contribution of the Saskatchewan River
18 has decreased from about al nost equal to the flow
19 of the Wnnipeg River to only about a third of the
20 flow of the Wnnipeg Rver. And coincidentally,
21 the flow of the Red River has increased as well.
22 So that we now -- it now requires the
23 Saskat chewan, the Red, and the Dauphin to
24  contribute what Saskatchewan used to contribute

25 al one, | suppose you could say. | think the Red
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River, if you |look at those nunbers, the

contribution of the Red R ver was sonething |ike
seven or eight per cent at the turn of the 20th
century, and it is now at the order of 15 to 18
per cent on any given year. So big changes in the
contributions of the different systens, and those
have happened because the flows from each of those
tributaries has changed over the century. And
here they are, the flows fromthose four rivers,
Saskat chewan, Dauphin, Red and W nni peg River.

Agai n, | have presented the annual
values as circles, the ten-year running nean as a
black line, and the long-termtrend, the linear
trend as a dashed I|ine.

The first thing you should notice is
that in this case only three out of the four ngjor
contributors have increased over the century. |
will begin wth the Saskatchewan. The
Saskat chewan Ri ver total discharge has decreased
by al nost 20 per cent over the century. Sone of
t hat has been shown to have been due to human
usage. And the main uses -- the main reasons that
water is renoved fromthe Saskatchewan River is
for irrigation and donestic consunption purposes,

but mainly for irrigation in southern Al berta and
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1 to a |l esser extent in sout hwestern Saskat chewan.

2 These probably have renpoved al nost -- or

3 contributed at least a third to the decrease in

4 flowin the Saskatchewan Ri ver.

5 Anot her major contributor to the

6 | osses in flow in the Saskatchewan are the |arge
7 reservoirs on the Saskatchewan, particularly the
8 D ef enbaker reservoir. Putting a |large reservoir
9 in the mddle of a systemgives you a very |large
10 surface area in the hot, dry climate in the

11 sumer, to evaporate, and Saskatchewan | oses a | ot
12 of water as it passes through Lake Di ef enbaker in
13 the sumertinme. And | suppose since only a third
14 of the losses in the Saskatchewan River are

15 attributed to consunptive uses, as they are

16 called, then a large part, maybe two-thirds of the
17 | osses in the Saskatchewan River may be due to

18 climate change.

19 | f you renmenber back, the

20 precipitation data suggests there is certainly

21 | ess snow falling over the Saskatchewan basin,

22 over a large part of it there is no big changes,
23 no significant changes in rainfall. But there

24  probably have been increases in evaporation over

25 t he Saskatchewan basin, as well as transpiration.
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1 Evaporation is directly off the water,

2 transpiration is water |lost off plant surfaces and
3 therefore largely by crops in Saskatchewan.

4 Let's move on to -- | will go down to
5 the Wnni peg River for just a nonent then. The

6 Wnnipeg River has increased -- the flows have

7 i ncreased by over 50 per cent, and that's a

8 statistically significant increase. There was

9 one, at |east, publication describing that very
10 carefully and ascribing it to various reasons.

11 But I want you to |look at the Wnni peg Ri ver and
12 realize that it too is not a linear trend. 1In

13 fact, the highest flows, the highest decadal

14 flows, if you take the decadal nean, not the

15 short-term nmean, we are way back circa 1969, 1970,
16 very, very wet years. It is only now recovering
17 to the anobunt of flowthat it had in the late

18 '60s, early 70s.

19 The Dauphin River and the Red River
20 bot h show | arge increases, alnost 100 per cent for
21 t he Dauphin and 160 per cent increase for the Red
22 River. Very large increases in total flow That
23 160 per cent increase is fromof the order of

24 5,000 cubic feet per second in the turn of the

25 20th century to 12 to 13,000 cubic feet per second
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1 for decadal averages now. Al so, though, not a

2 sinmple linear trend.

3 In the case of the Red -- well, in

4 every case if you |l ook at those data you will see
5 that there are, through the 20th century,

6 generally three dry periods and four wet peri ods,
7 | guess. The dry periods are well known to all of
8 us, certainly to every one of us who has

9 connections with farmng roots, the '30s, the

10 '60s, and the '80s. One part, or a very large

11 part of the Wnnipeg basin, particularly the

12  southwestern basin and the Red River were affected
13 by drought at sone time or other during those

14 three periods, '30s, '60s and ' 80.

15 In between that the flows of the Red,
16 and the Dauphin for that matter, have risen back
17 to new and higher levels each tine. So the

18 inmportant thing, fromthe point of view of Lake
19 Wnnipeg, | think, is that although there are --
20 there are two inportant things. The dry periods
21 are inportant, but the other inportant thing about
22 the wet periods is that every succeedi ng wet

23 peri od has been wetter during the 20th century.

24 So that's a very solid trend, it is not strictly

25 speaking a linear trend, although the peaks of the
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1 wet periods are pretty nmuch linear, and it is

2 rising.

3 You will notice for the Dauphin River
4 by the way, in case | didn't say this but |

5 shoul d, perhaps the outlet to Lake Manitoba, the
6 Dauphin Ri ver has a remarkably high peak in 2011
7 and that's due to the diversion of the Assiniboine
8 River through it. You can see in 2011, both the
9 Red Ri ver and Dauphin River peaked. Both the Red
10 and -- the Assiniboine was at an all tine high

11 flood, | think it recorded as nuch as a 300-year
12 return period flood. And the Red River was

13 suffering one of its half dozen highest floods of
14 record at the sane tine.

15 Now, if you think back to those

16 precipitation graphs, we were tal king about 10 to
17 20 per cent changes in precipitation over a

18 century. And now I'mtelling you that the rivers
19 have increased by 50 to 60, | think it was for the
20 W nni peg, 90 per cent increase in the Dauphin

21 Ri ver, and 150, 160 per cent increase in the Red
22 River. Wiy the big difference? Don't those

23 rivers flowfromthe rain? Isn't it the rain and
24  the snow that supply the water? Well, yes, it is,

25 but it is not a direct and sinple relationship.
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1 To preface this, the way | put it in the report |

2 wote, if you have increasing rain, even snal

3 anounts of increasing rain, they are often

4 associated with increasing frequency of

5 rainstornms, and also often with increasing

6 intensity of rainstorns. |If you have a half inch
7 of rain out at Starbuck, after a dry spell, you

8 are not likely going to see the LaSalle River

9 rise. But if you have a half an inch of rain

10 after a wet sunmmer, its probably -- alot of it is
11 going to run off. And that's going to happen

12 because either the capacity of the soil for nore
13 noi sture has increased, or has decreased in the

14 way I'mtalking about it, or in the case of a dry
15 spell there are probably a ot of little holl ows,
16 rills, places that water is going to sit for a few
17 days, in which case it nmay well evaporate. In

18 other words, it is not only the total anount of

19 rain that falls, it's howit falls, how frequently
20 it falls, whether it is falling on wet soil. Wth
21 the result that a small increase in rain or
22 precipitation can result in a large increase in
23 runof f .
24 And | will give you this exanple here.

25 This is fromdata for the Red Ri ver basin. These
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1 are for amal ganated runoff for streans in the

2 western Red River basin, the eastern Red R ver

3 basin, east of the Red River main stem the

4 sout hern Wnni peg R ver watershed and the northern
5 W nni peg River watershed, which is actually the

6 English River. You wll notice that, of course,

7 as precipitation rises on the X axis, runoff

8 increased on the Y axis. It should be obvious.

9 But how much does it increase?

10 Vell, if you have -- and | drew two

11 red lines on here to illustrate this -- if you

12 have an increase in precipitation from550 to 660

13 mllimetres, that's about a 20 per cent increase.
14 Look at the runoff in -- that's the eastern Red
15 Ri ver watershed that | chose there -- it actually
16 increased from50 to 110 mllinetres of runoff.

17 So now we have nore than doubled the runoff. W
18 have increased the rainfall, snowfall, whichever
19 it was, by 20 per cent annually, and we put out

20 twice as nuch runoff, nore than twi ce as nuch

21 runoff. So a small change in rainfall over the

22 wat er sheds, especially in our dry western

23 watersheds can result in very large increases in
24 runoff. That's why when you saw on that map

25 changes of the order of 10 to 30 per cent in
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1 precipitation were matched by changes in runoff of

2 the order of 50 to well over 100, getting on

3 towards 200 per cent in the worst cases.

4 So when people, when | get into

5 tal king about future climte, when people nodel a
6 10 per cent increase in precipitation, you better

7 wat ch out for your runoff, it is going to be nore

8 than that. It is likely going to be nore than
9 that.
10 Let's put it all together. This is

11 the total inflowto Lake Wnnipeg, this is just a
12 conposite, add up all of the mgjor tributaries,

13 add in alittle bit for the unnonitored area, and
14 you get total flowinto Lake Wnnipeg. And that
15 black line is the total flow into Lake W nni peg.
16 As wth the other graphs, the gray

17 dots are annual flow into Lake Wnni peg. Wat you
18 wll see there is that the wet, dry, wet, dry, wet
19 dry pattern -- | think there was one too many

20 dries there -- three dry periods separated by

21 three wet periods is reproduced in the total

22 inflow This is the sumof all inflows. So

23 whatever el se happens, even though droughts may
24 not cover the entire prairies at once, they nust

25 be sufficient phases across the Lake W nni peg
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1 watershed that they do affect the total inflow.

2 And that's what you see happeni ng.

3 But as with each river, you still can
4 have vastly different annual flows fromyear to

5 year, that are nuch |larger than the average

6 decadal flow fromperiod to period. So even

7 t hough you are in a wet period now, if you | ook

8 back to the lower right nost gray dot, that's

9 2003. 2003 is in the early part of a wet phase,
10 and yet the third | owest annual inflow to Lake

11 W nni peg occurred in that year. So bear in mnd
12 that, when | talk about wet periods and dry

13 periods, that's inportant from some perspectives,
14  but fromthe point of view of individual years,
15 you can not guarantee that a wet period wll not
16 have a dry year, and vice versa. | just don't

17 want to nmake it too sinple for anybody here.

18 There is one other thing on there that
19 | want to talk about. So we have this wet, dry,
20 wet, dry thing, that's actually -- and this is no
21 surprise to hydrol ogists, no surprise to farmers,
22 no surprise to anybody who lives on the prairies,
23 we have here what we often refer to as the prairie
24 drought cycle, which is maybe to sone people a

25 nore or | ess accurate way of describing it. But
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1 we have a nmulti-decadal oscillation between wet

2 and dry in the Canadian prairies, the whole west,
3 and | think into the mdwest of the United States,
4 it is avery broad thing. And it is no -- they

5 are not independent, they are affected by gl obal

6 climte.

7 And just for exanple | have put on

8 here the Pacific decadal oscillation, which is

9 really just an index that uses the pressure, the
10 air pressure, or the sea tenperature, which cones
11 out to the sanme kind of pattern in tw points in
12 the Pacific Ocean, and if you nake an i ndex of the
13 di fference between pressure in, | think it is the
14 nort heastern Pacific and the western Pacific, you
15 will find that that index correlates very well

16 with a lot of different weather patterns

17 t hroughout North America. It is not the only

18 global index that will do this, but it does this
19 very well with, for instance, the total inflowto
20 Lake Wnni peg. So you have a systemhere that is
21 respondi ng exactly as you woul d expect it to on a
22 hem spheric scale, a scale wth the whole of North
23 Anerica for sure and actually nore globally than
24 that. So none of this is unusual.

25 VWhat is a little bit interesting is
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1 that al though there is an approximate fit between

2 that black Iine and that blue line, thereis, to

3 ny way of thinking, a fairly dramatic divergence

4 at the latter part of it in that although we are

5 following the same pattern, we are getting nore

6 runoff out of it than we would expect if it

7 foll owed the sane pattern and kept the sane

8 relationship to the Pacific decadal oscillation.

9 And there are al so hem spheric scale
10 or global scale reasons to think that m ght be

11 actual ly happening. And that is you have an index
12 that is basically over the oceans which are

13 responding to climate change actually nore slowy
14 with nmuch nore buffering fromthe ocean than the
15 continent, so that the relationship between an

16 oceanic index like the Pacific decadal oscillation
17 and the actual weather, as opposed to the pattern
18 of weather on the North Anerican continent, may be
19 changi ng, we may actually be getting wetter for

20 any given oscillation and what is happening in the
21 Pacific ocean. And there is quite a |ot of

22 evi dence and investigation in the literature to

23 support that. But we will talk about that a

24 little bit nore when | tal k about future climte.

25 And that's what 1'mgoing to tal k about now
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1 apparently.
2 Qui ckly, tenperature, I won't spend a
3 lot of tinme on it, but | do have a couple of

4 graphs just to show you that we do expect, first

5 of all, global climatic nodel expect that air
6 tenperature over central North America -- actually
7 I"mthinking of a study of the Prairie Provinces,

8 that global, that tenperature over the Prairie

9 Provi nces over the next 50 years -- actually over
10 the next 30 years, they begin these studies

11 usual ly ending in about -- conparing usually about
12 the 1970 to 1990 or sonething |like that. By 2030
13 it is expected that the Prairie Provinces will be
14 two to three degrees warner. By 2050 it is

15 expected that they will be four to five degrees
16 warnmer. These are results based on gl obal

17 climatic nodels that run nmany different scenarios
18 rangi ng from do everything you can to reduce our
19 use of our burning of carbon based fuels, to do
20 not hi ng. So when peopl e give you a range of

21 future tenperatures, they are often saying that's
22 because there's a range of things that we m ght do
23 about it. But we do expect warmng in the order
24 of about two to three degrees by 2030s, and maybe

25 four to five degrees by the 2050s.
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1 What you see here is based on a study

2 that | did actually about five or six years ago,

3 and it was actually based on if there were an

4 i ncrease of two degrees in the average sumer

5 tenperatures in Southern Manitoba, then you woul d
6 see Lake Wnni peg increase by these amounts. And
7 what you are looking at is the black line with the
8 boxes are the 1970 to 1992 average tenperatures

9 estimated for the north basin and south basin of
10 Lake Wnnipeg. And the Iines above it are a

11 series of tenperatures predicted for the | ake for
12 different scenarios. And it is suggested that the
13 | ake in the south basin or the north basin wll

14 warmby at |east two degrees by 2090, as | put it
15 there.

16 Now, if | did that today it would

17 probably be higher, because nore recent study

18 suggests nore warmng than I was working with when
19 | was doing the studies that | was thinking about
20 at the tinme. Regardless, of whatever warmng is
21 predi cted for Southern Manitoba is going to show
22 up as a warmng for Lake Wnni peg about a degree
23 for a degree. That has a whol e bunch of

24 ram fications for algae and for the fishery, which

25 are really not part of our concern here but
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1 sonething to be aware of.

2 Possibly a little closer to the

3 concern here is how that m ght affect breakup and
4  freezeup. Wat you see here are, on the X axis

5 are all of those different scenarios fromreally

6 reduced carbon consunption, carbon fossil fuel

7 burning, to do nothing, sort of fromBl to A2,

8 increasing effects. And I show what woul d happen
9 from 2050 to 2090. And again, the box on the |eft
10 shows the current nmean and standard devi ati on and
11 range of surface water -- sorry, well, first of

12 all, ice nmelt and breakup in the north basin and
13 the south basin, so the left two graphs. So

14 currently the average breakup in the south basin
15 is about the 8th of May, and in the north basin

16 about the 22nd of May. And you can expect both of
17 those to progress downwards by the order of a week
18 by the 2050s, and possibly in the north basin in
19 the order of two weeks by the 2090s.

20 So you will have an earlier breakup, a
21 week to two weeks earlier over the next century.
22  And conversely, you will have a week to two weeks
23 later in the following century. That probably has
24 sone -- actually, it is sonmething that you would

25 be interested in if you are regulating the | ake
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1 because ice can affect regulation. Though |I doubt

2 very much it is a significant thing, because you
3 have specifically devel oped outlet channels to
4 avoi d and reduce the effect of ice on outflow

5 However, it is where the future lies in terns of

6 ice on the | ake, where it may lie.
7 Now, | ooking at the Lake W nni peg
8 basin and | ooking at tenperature, |'ve just pulled

9 out one of several predictions. This is data from
10 a Natural Resources Canada study, and it is a

11 pretty thorough, interesting, careful study

12 Canada-w de, but with groups fromeach of the

13 regions, including the Prairie Provinces,

14 produci ng data for it.

15 The basis of this study was to run

16 seven global climte nodels fromthe United

17 States, from Europe, and the Canadi an nodel s, and
18 to run themw th seven different scenarios. So

19 there is be 49 different possibilities here. The
20 trend now when you are | ooking at climte

21 prediction is, for safety sake | guess, to run as
22 many different nodels as you can and see what they
23 all do, and tal k about the range of results. And
24 the reason for that is there is a |lot of

25 uncertainty in this nodeling business, and you
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m ght as well at |east know what the uncertainty

is.

What | presented here is not
uncertainty, but sonme of the nedian results. Wat
you see is predictions for the 2050s, shown there
by season, and then annual, | think I will just
mention the annual ones right now, suggests that
in the grasslands of the Prairie Provinces, it
will be, by the 2050s, about three degrees warner,
and there will be sonething like a five per cent
increase in precipitation. And for the 2080s, by
the 2080s there m ght be as nuch as a five degree
increase in tenperature and a 10 or 11 per cent
i ncrease in precipitation.

If you go to the forest, the nunbers
are fairly simlar for tenperature, alittle bit
| oner, and that the forest would actually be the
northern part of the Lake Wnni peg basin and the
eastern part of the Lake Wnni peg basin. You
woul d be |l ooking at three to five degree increases
in tenperatures, but overall still only 11, 12 per
cent increase in precipitation. However, that
appears to have cone earlier in the case of the
forest and the grassl ands.

Regardl ess, we are looking at this
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1 thing about the precipitation itself. Overall, we

2 are thinking that in the future we are going to

3 have a slightly wetter clinmate. That's on bal ance
4 of probabilities. This is a map that shows really
5 the sane data for precipitation, which gives you

6 sone sense of what they are tal ki ng about when

7 they are tal king about grasslands and forest, they
8 are really dividing up the Prairie Provinces and

9 the region around theminto sone pretty big

10 squares. And what that says is that, it gives you
11 sone idea of a range that they are tal king about.
12 And you will notice the range goes fromright from
13 slight decreases in precipitation in southern

14  Saskat chewan and south central -- southern

15 Saskat chewan and central Al berta. |'ml ooking at
16 the two brown squares in the upper |eft-hand

17 graph. So you see that the predictions range from
18 slightly drier to considerably wetter, but

19 slightly drier is maybe in the order of 10 to 20
20 per cent drier, and wetter is of the order of at
21 nost in the 20 to 30 per cent range, | think, on
22 t hat graph.
23 | think the take-hone picture, though,
24 is |less change to the south and west and

25 greater -- less change in precipitation to the
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west and slightly greater changes to the northeast

and southeast. 1'mgoing to buttress that by
noving on to runoff, which is probably even nore
t enuous because it is now a derived value. You

t ake those nodel precipitations and now you nodel
the runoff, which neans that you have i ncorporated
into your nodel things like the -- not only the
total precipitation, but when it occurs, whether
it occurs with snow, whether the runoff is as a
result of snow nelt or of rainfall, which nmakes
quite a big difference to the per cent that are
runoff. And they take into account -- they would
have had to take into account in their nodels
evaporation and transpiration of the crops, al
are big estimates. So you get this picture here,
this is a picture, again, with many nodels and
many scenari os put together and averaged and, in
this case, interestingly they have added anot her
map whi ch shows an agreenent in the nodel. This
is a paper by MIly et al a few years ago.

And | ooking at North America, you can
see on the top that northern North Anerica is
expected to get wetter, and the southwest is
expected to get drier, and Lake Wnnipeg, the

basin sits right on the edge. To the southwest,
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1 ei ther not changing or drier, right over Lake

2 W nni peg and t hroughout the W nni peg R ver basin,
3 wetter, with a lot of uncertainty in the Red River
4 basin itself.

5 I f you go down to the bottom graph you
6 wll see what is really just an evaluation of the
7 nunber of nodels and scenarios that agreed or

8 di sagreed with the top graph, or the total

9 agreenent. And you can see for the white area,

10 which is the whol e southwest of the Lake W nni peg
11 basin, half of the nodels say wetter and hal f of
12 the nodels say drier. That's what white neans

13 there. And at best in the northern part of the

14 basin, only up to maybe 10 per cent -- no, 10 of
15 the 20 -- | need to look at that, | think it is 10
16 of the 20 nodels, 10 of the 20 nodels. In other
17 words, only a fraction of the nodels agree.

18 What |'mgetting to here is there is a
19 prediction for drier in the southwest and wetter
20 over Lake Wnnipeg and to the southeast, but there
21 is alot of uncertainty about it. And | think
22 every planner who is planning for the next few
23 decades had better plan for uncertainty. And
24 again, this is not conforting, | suppose, to

25 managers, but it is certainly very commbn anong
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1 researchers to be aware of this. And

2 hydrol ogi cal |y, what we tal k about here, the word
3 we use for this is we are noving into an area, a

4 tinme of lack of stationarity. Stationarity is a

5 confortabl e thing whereby you can cal cul ate the

6 duration curve for a hydrol ogical event. So what
7 is -- which is a way of tal king about the

8 frequency or likely occurrence of this event. In
9 an unstationary -- in a stationary systemall you
10 have to do is take the historic data and cal cul ate
11 the probabilities based on historical data. In an
12 unstationary or non-stationary system you can't
13 rely on that anynore, because the climate itself
14 i s changing that gave you what you thought was a
15 stationary system

16 W al ready knew that, everybody who

17 has dealt with floods in the Red River Valley. W
18 grew up, | grew up, sone of you maybe not have

19 grown up quite as long ago, but | grew up know ng
20 that the 1950 fl ood was a 100-year flood. That

21 was an exanple of -- that was based on a duration
22 curve of probability derived fromthat, that we

23 all accepted until about 1979, and we began to get
24 unconfortable with it when there were a series of

25 floods in the 1970s. And by 1997, we had
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1 recal culated it and 1950 becane a 25-year fl ood.

2 That's probably not good enough for

3 sonme of us, we also think that you should no

4 | onger calculate things quite that way. W don't
5 gquite have a better idea perhaps, but the point is
6 that tines are changing.

7 Ckay. Let's talk about -- let nme talk
8 about how we think about this in terns of |ake

9 | evel . What does this do to the |ake, and how

10 should we think about it?

11 Vell, not surprisingly the | ake has

12 its low periods, its |ow stand and hi gh stand

13 decades, and they fit right on with the wet

14 periods and dry periods. So the '30s are | ow

15 stands, the early '60s is what you m ght see as a
16 series of low stands, and the |ate '80s, early

17 1990s were relatively | ow stands. Once again, if
18 you | ook at that graph, and that graph shows you
19 the dark blue is the m nimum annual |evel, the md
20 blue, the light blue is the top -- that's the nean
21 | evel, and then the white bar on top shows you the
22 maxi mum | evel. So you have the range there. And
23 the black Iines are sinply 10-year running neans
24  of that data.

25 Once again you can see that the | ake
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1 can be very high or very low, in particular it can

2 be very low even during the relatively wet period.
3 Secondly, there is sonmething wong

4 wth that graph because the total inflow rose, the
5 wet periods rose in each succeeding wet period for
6 the total inflow, but they don't rise in each

7 succeeding period for the lake level. And that is
8 because, of course, since 1976 that |ake has been

9 regul ated and the nmaxi num | evel has been dict at ed,
10 in so nuch as we can dictate to nature, by the

11 Province's requirenent that at 715 you turn on al

12 of the spigots and get it back down as fast as you

13 can.
14 Now, if you take the average annua
15 | evel of the lake and try and correlate it with

16 the total inflow, you wll find there is actually

17 a very poor correlation. You would think that

18 i nfl ow woul d be enough. You knew how nuch cane

19 into the | ake, you would know how high it is going
20 to be. Well, it is not quite that sinple. But

21 sonmet hing that does work pretty well, and this is

22 the black dots on this graph, if you take the peak
23 | ake | evel during the year -- and by the way, |
24  probably didn't preface this as | should have so |

25 will go back and say what | nean about peak water
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level. | will take these water |evels and average

two stations, one in the north basin and one in
the south basin for a week, and | have done a
runni ng nean. \What that has done, it has snoothed
it, it has gotten rid of the peakiest peaks, the
ones that only last a day or so, in particular it
has gotten rid of setup due to the wind. So right
now | ' mtal king about water |evels have no setup
on them And these levels, if you take the peak
of these setup free levels, you find that if you
know t he amount of flow that occurred in the
previous 12 nonths, and you know the peak nonthly
flowin this year, you can estimate pretty well
what the water |evel should be. And that's what

t hose bl ack dots are.

So from 1914 to 1971, | took every
year in which there were no gaps in the |evel
records, so that | knew for sure that if | saw a
maxi mum |l evel, it was the maximumlevel. That's
why there aren't quite enough -- as many dots
there as you m ght think over that |ong period.
Those are the ones that have no gaps in the
record, for either inflowor for level. And you
find that if you use an estimating equation that

includes, it is actually -- well, the previous 12
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1 nonths flow prior to April, and the highest flow

2 in this current year, the highest nonthly flow,

3 you can fairly accurately predict what the water

4 level should have been. And it would fall al ong

5 that dotted line, nore or less. And you can see

6 by the black dots how nmuch uncertainty there is in
7 it. So you are going to be right, give or take a
8 foot. So it is not perfect, but not too bad.

9 Now, let's look at 1978 to 2013, which

10 are the years when | ake level didn't follow

11 inflow If you are bel ow 715 peak | ake | evel, you
12 wll likely fall pretty much right on the

13 predicted curve. In other words, if you are at

14 | ow | evel , nothing nuch has changed, inflow still
15 predicts |ake level fairly well. So at | owest

16 values, those boxes down in the |ower |eft-hand
17 corner, | can't renenber which is which, but one
18 of those would be say 2003, very low inflow, very
19 | ow previous year's inflow, and very |ow |evel.
20 It falls right on the pre-regulation curve |ine.
21 But as you go up above 715 on the X axis, so

22 followng the estimted peak |evel, the estinmated
23 | evel starts to head off to the right, it starts
24 to be larger than the actual recorded peak |evel.

25 And that, of course, is because as soon as it gets




Volume 4 Lake Winnipeg Regulation March 16, 2015

Page 765
1 above 715, we do everything in our power to

2 prevent it fromgetting higher.

3 So if you go over to the far right,

4 you are |l ooking at two boxes there, that top red
5 box is 2011. Peak flow on the highest ever flow
6 on the Assiniboine River, and it is all getting

7 into Lake Wnni peg during that year, even though
8 sone of it is going through Lake Manitoba, and a
9 very high flood on the Red River, it would have --
10 | woul d have to check this, but | think it was

11 pretty high on the Wnnipeg R ver and not bad on
12 the Saskatchewan, a big inflow year all in all.

13 And it gave us a value of 718 and a half or so

14 feet for the peak level, which is a | ong ways

15 above 716, and it is also -- it is quite a ways
16 above that line, it is a foot higher than the

17 nodel predicts it. In other words, if we didn't
18 regul ate the |l ake, it would have been a foot

19 hi gher in 2011

20 And the next one down on the far right
21 is 1997. In 1997, even bigger case, the inflow,
22 total inflowwas -- well, it was the '97 flood, it
23 was a very big year, very high peak in that year,
24  which is one of the factors in the equation, and

25 al so a very high previous year. 1996 was, until
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1 1997, 1996 was a mserably bad flood. So we had

2 tw flood years in a row that raised that |ake to

3 718 and a hal f, again, roughly speaking, just

4 reading off the graph. It should only have been

5 716 if it weren't regulated -- no, it was only 716
6 because it was regulated, it would have been 718

7 and a half, according to that graph and that

8 relationship. And that relationship is pretty

9 good if you don't have regulation from 1947 to

10 "71. | trust very much that 1997 woul d have been

11 al nost two feet higher, and 2011 woul d have been a
12 foot hi gher by that analysis.

13 You have seen perhaps simlar analysis
14 in the book and presentation nade by Ray Hessl ein,
15 that has graphs that tell you the sane thing in a

16 different way, certainly presentations by Manitoba
17 Hydro which tell you the sanme thing in a different
18  way.

19 | think this is an interesting way to

20 do it because it doesn't actually require any

21 conpl ex nodeling of the |ake to see that things

22 woul d have been different. This is a pretty

23 sinple enpirical relationship that appears to work
24 fairly well and it is unlikely to be that far in

25 error. So | think we can say those two things
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1 about 2011 and '97 with sone confi dence.

2 Now, you heard a | ot about isostatic
3 rebound this norning. Lovely presentation

4 actually by Harvey, and | just wanted to add to
5 it, and I'"'mgoing to put a different enphasis on
6 it than Harvey. And we shook hands on this

7 earlier, we will still be friends. But | think
8 that climate is really inportant right now, even
9 if it isn't inmportant over the next mllennia.

10 don't know what climate is going to be |ike over
11 t he next thousand years, and | do know what

12 isostatic rebound is going to be like. So on the
13 side of prediction and certainty, the effects of
14 i sostatic rebound, as Harvey described it this
15 norning, is going to happen. On the side of

16 climate, there are a |ot of maybes. But right

17 now, if we |ook at the last century of data,

18 climate has been inportant in terns of the total
19 water |evel of Lake Wnnipeg, and the peak |evels
20 for that matter.

21 So if you look at that table at the
22 bottom from 2002 to 2011, the average regul ated
23 | evel was only 714, but if it had been

24 unregulated -- and this is nodeled and | will get

25 to the nodel in a second, you know what these
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1 nodel s | ook |i ke because you have seen

2 presentations by Manitoba Hydro, and | don't do
3 anyt hing hugely different than they do --
4 unregulated it would have been 715 plus. In the

5 first decade of record, it was only 713. So that

6 | ake is two feet higher than it was a century ago.
7 | sostatic rebound accounts for 20 centinetres,
8 which is about .7 feet over that period. | would

9 say that the extra foot and a bit, and | know

10 Harvey put it before you, so | have to -- he nade
11 me rethink. | think I mght have to rethink and
12 it is hard to say, but isostatic rebound right

13 now, as we understand it, accounts for about

14 .7 feet. So a lot of that rise is due to the fact
15 that there is nore flowinto the | ake.

16 And | send you back to the previous

17 graph, I won't go backwards in this, but if you go
18 back to the previous graph, | explained why I

19 think why the level is very closely related to

20 inflow, even though over the long run, isostatic
21 rebound has been an inportant effect and is a

22 continuing effect.

23 |l will conme back to sonme of these

24 things in a mnute, but I"'mgoing to go on to talk

25 about what | haven't tal ked about, and that is
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1 that's not the total |evel of the | ake. The |evel

2 of the | ake, as we are concerned about it, also

3 i ncl udes setup, and | was asked to tal k about how
4 climate affects the |ake level, and it affects not
5 only levels through total precipitation on the

6 watershed, which gives you runoff, but it also

7 effects it through wind, a very direct effect on
8 water level on the | ake.

9 What | have done here is, | want to

10 show you the long termhistory of setup, but

11 before I do, I will show you what I'mgoing to

12 talk about. [If you |look at setup, you can neasure
13 the lake level at Gnli, for instance, and that

14 blue line is the hourly | ake level at Gnli. But

15 over the century | really, though, | could dig it
16 out -- | didn't ask for enough noney to | ook at

17 the hourly records, it would be nore work than

18 contenplated, so | | ooked at the daily records

19 over the last 100 years. And the daily records

20 al so show you setup

21 And here what you are looking at is

22 the water |evel conparing the daily mean to the

23 hourly nean. |If | were working with hourly neans,
24 everything that 1'mgoing to say about setup would

25 be a foot or two higher. 1In other words, the blue
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1 line often peaks a foot higher than the daily nmean

2 says it would. So the next two graphs are going

3 to be using daily nmean setup. And every nunber

4 that | throw out at you in terns of feet, think of
5 it as a foot or two higher if you happen to live

6 right at the south end of the |ake, that's the

7 pref ace.

8 So we now can | ook at the long-term

9 hi story of setup. Now, climte is wind, and one
10 can look at the long-termhistory of wi nd through
11  wind records, but I warn you that that's a very

12 tenuous thing to do, because wnd is one of the

13 nost difficult things to nmeasure consistently over
14 a hundred years. W have changed our instrunents.
15 Many of those instrunents have noved from place to
16 pl ace. The tower has noved here, it has noved

17 there. It is noved because sonebody built a

18 bui |l di ng, the tower was too close, so they noved
19 it anay fromit. Well, they got away fromit but
20 the record is now changed, because the wi nd record
21 is very sensitive to obstructions nearby, near the
22 anenmoneter, it is very sensitive to the height of
23 the anenoneter, and the instrunents thensel ves

24 have changed.

25 So let's forget about the wind and use
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1 the water level itself. The water |evel acts as a

2 response to wind, and | describe this in nore

3 detail in ny report, | explain a little bit how

4 you get fromwind to water level. Basically, a

5 setup is a response to sustained, usually strong
6 northerly or southerly winds. And a setup, in ny
7 terms, is always a setup, if it is positive, it is
8 up and if it is negative it is down. Sonme people
9 would say setup and set down, but they understand
10 the way I'mtal king about it is positive or

11 negative. But I'mreally talking here, |'m going
12 to use the water level at Gmi. Now, a setup is
13 a short termthing, it happens when the w nd

14 happens. So | can renove it by taking averages of
15 a week, especially if | take averages fromthe

16 north and south end of the |lake it works even

17 better. But if | take the wind fromGmni and

18 conpare it with the daily nean, to the nedian

19 | evel over the previous week, and just say that's
20 the setup, that's how nuch it changed fromwhat it
21 was nore or less for a week or so previous on

22 average, now it is suddenly higher. It is just a
23 consi stent way of neasuring it. The actual setup
24  wll be higher than this. |If you |look at that

25 over time, you will see that over tine it has gone
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1 up and down fromyear to year. Those are the

2 annual values in the top row. So you can | ook at
3 ei ther the highest setup event in the year in the
4 blue, or in the brown you can | ook at the nedi an

5 of the 10 hi ghest setups. However you look at it,
6 thereis noreally significant trend over tine.

7 Maybe -- well, there is a very slight
8 negative slope in that, but you could never get a
9 statistical significance of it. |If you go down to
10 frequency though, simlar thing, there is a kind
11 of decrease over time, a little bit of a decrease
12 in frequency of setup events, that is how many

13 setups per year. It is interesting to note there
14 are periods to them there are w ndy periods and
15 | ess windy periods. So the '30s and '70s for sure
16 were not as windy as '40s and |ater '50s, early

17 "60s, that's just an interesting thing.

18 The |l ong-term point about this is

19 setup, wind and setup are with us and haven't
20 changed a lot. They may change over tinme into the
21 future, but | think that the kind of events we see
22 now are the kind of events that we will see in the
23 near future in terns of setup events. They are
24 not unusual now in the century. |[If anything, they

25 were unusual at the turn of 1914 to 1918, it | ooks
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1 really high there. 1 would actually wonder a
2 little bit about making the record, but nmaybe it
3 is real, who knows? But | don't care too nuch
4  about the first decade. | think over a |ong

5 period we have a situation where it is not

6 changing very nuch.

7 Those were -- this is just one

8 slightly different way of looking at it, | won't

9 dwell on this too long, but really what you care
10 about if you are a cottage owner, | suppose, you
11 have a structure on shore that you are concerned
12 about, is whether the setup occurs at the highest
13 water |levels, not whether or not 10 setups occur
14 this year. |If they all occurred when the water

15 was low, you are not going to care too nuch. |If
16 you |l ook at it this way, the frequency and

17 rel ati onshi ps haven't changed very much again over
18 tine, but what you can see in that top graph is, |
19 take in the brown, that's the annual maxi num set up
20 free level, and in blue is the setup that was on
21 top of that maximumlevel. So you will note that
22 by and | arge, the | argest setups are not

23 frequently occurring at the highest |evels.

24 That's a very -- that's a little bit

25 of an oversinplification. You could do a |ot of
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1 statistics on this. But just because there are 10

2 setup events per year, it doesn't nean that there
3 are 10 setups of concern each year, that's what

4 ' m sayi ng.

5 I f you | ook at the bottom graph, you

6 are actually | ooking at the maxi nrum setup during

7 the year, and what the water |evel was at that

8 setup. So | just reversed the situation. And you
9 can see that alnost all of those setups are al nost
10 twce as high

11 So the highest setups did not occur at
12 t he highest |evels, except on very few occasions.
13 And that's just a probability thing, which

14 haven't delved into a great range, but it is just
15 a way of thinking about it.

16 | will say one nore thing about this,
17 and this confirms what anybody who lives on the

18 | ake will tell you, autum is windier. |f you

19 | ook at the distribution of setups, | just did two
20 graphs here, anything that exceeded one of foot

21 change in the daily level fromthe previous nedi an
22 week level is a one-foot setup, and if it exceeded
23 two feet it is the two feet setup. Wiat you see
24 there is that if you | ook at Cctober, over 25 per

25 cent of all setup events occur in Cctober. And if
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1 you add, Septenber, Cctober and Novenber together,

2 that's about 65 per cent, or two-thirds of al

3 setup events occur in Septenber, Cctober and

4 Novenber. And for the very highest setups in

5 recent decades, especially from 1980 to 2009, that
6 tall purple line, alnost half of the big setups

7 occurred in Cctober. That's all that graph shows

8 you. So these are fall events.

9 Now from the point of view of

10 regulation, I will coment on this, and | don't

11 think -- you can ask ne about it later, but |

12 don't think it is a major issue -- if nobst of your
13 setup events are occurring in the fall, then if

14 possi bl e, and the best of all possible worlds, you
15 would want that |ake level to be -- if that's al
16 you cared about, you would want the | ake to be as
17 | ow as possible in the fall, hang all of the other
18 t hi ngs, you are not going to care about April, My
19 and June so nuch. But that's not the way rivers
200 work in the first place. R vers do peak in the

21 spring and they cause the lake to peak a little

22 while afterwards. And then dependi ng on whet her
23 it isareally dry year or really wet year,

24 regulation will nove that peak.

25 So these are all things that you can
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1 keep in the back of your m nds when you are

2 thinking about regulation. The key thing to

3 remenber is the data itself says when the setup

4 events are primarily occurring, so it gives you a
5 way to think about it.

6 Il wll take you on to ny last three

7 graphs, if I'mnot m staken. And this graph,

8 really put it on there to show you the bl ack dots,
9 but maybe | will discuss themboth very briefly.
10 What this is, is a formof stage discharge curve,

11  which is sonething that Harvey tal ked about this
12 nmorning. Wat it says is that for any given water
13 | evel which is across the X axis, you will have a
14 given outflow value. So the higher you raise the
15 water, the bigger your outflow cross section is,
16 the nore water will flow out, if it is not

17 regul ated. So the black dots are the data from
18 1958 to 1972 unregul ated. And we've all used

19 t hese, Manitoba Hydro used a very simlar graph to
20 create a nodel of regul ated versus unregul ated

21 flows, which I"mgoing to do in the next couple of
22 graphs. Ray Hesslein used the sanme kind of data.
23 This takes the data not fromthe

24 outflow directly, because there was no neasurenent

25 there, but it takes the data from Ladder Rapids
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1 actually, which is alittle further downstream up

2 until the 1969 or so, and then they built, put in
3 a hydronmetric station at Jenpeg. This takes the
4 pre-regul ation data of the black dots and says

5 that there are two curves. There is a curve in

6 the sumer and a curve in the winter. | didn't

7 overlay them but what you will see is that for a
8 gi ven el evation, you can get nore water out of

9 that | ake in the sunmer than you can in the w nter
10 under natural conditions. And the reason that

11 happens i s because the natural outlet at Warren
12 Landing is a broad, shallow outlet. And a broad
13 shallow, outlet that is, |I think, on average only
14 about three netres deep, it really depends on the
15 water level on the |ake, and it depends on -- it
16 is near a regular w de cross section, but it is
17 three to five netres deep, and much of it is only
18 three netres deep. |If you put over a netre of ice
19 on top of that, you have constricted the outlet.
20 So for a given elevation in the winter, you can't
21 get as much water out in unregul ated conditions.
22 Now, if | had overlaid those two

23 graphs, if you look at the dots, the dots for

24 winter and summer in 1978, 2011, actually the

25 winter and the sunmer curves fall right on top of
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1 each other. They have a |ot nore scatter in them

2 because sonetines at a |low | evel you can still be
3 sl owing down the flow. You can do whatever you

4 want now -- not whatever you want, but you have a
5 ot of control over it. But summer and winter is
6 not much different there, because we don't depend
7 on the outlet at Warren Landi ng, we depend on the
8 2-m | e channel and the 8-mle channel and QOm naw n
9 bypass. Those structures have deepened and

10 i ncreased the efficiency of the total of the

11 outflow. The reason for the deepening, many

12 things maybe, but one thing for sure is if you can
13 get an outflow that's 10 netres deep, which

14 think is the nedian depth of the 2-m | e channel,
15 you don't care about a nmetre of ice nearly so

16 much, that's going to constrict the flow by a

17 small fraction, whereas if the depth is only three

18 metres it is a big fraction.

19 So, in fact, we now have a systemt hat
20 has a ot nore efficient outflow In fact | think
21 it is claimed to be about 50 per cent nore

22 efficient outflow It is in Hydro docunents
23 somewhere. That's the whol e point of those
24 channels is to get the water nore efficiently

25 t hrough Pl aygreen, Kiskittogisu, and down to the
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1 Whi skey Jack | anding to Jenpeg. And you want to

2 do that because you have better control over the

3 | ake that way, you have nore efficient, precise

4 control over the lake if you have direct control.
5 But it also neans that you can get water out nore
6 qui ckly, which of course fromthe Province's point
7 of viewis the inportant reason for doing that.

8 Hydro may be concerned about w nter and sunmer

9 efficiency and ice, everybody is concerned about
10 hi gh water levels. You increase the depth and the
11 capacity of those outfl ow channels, you now have
12 much nore fl ow goi ng out.

13 If you |l ook at those two graphs, if

14 you are at 716-foot elevation in sunmer, you can
15 get around 120,000 CFS going out the outflow and
16 that's it. But if you are at 716 feet now, we can
17 actually punp 160, and nore actually, | think the
18 nunbers go up even higher than that, but 716 to

19 717, it is 160 to 180,000 CFS going off of that
20 system So we have vastly increased the capacity
21  of the outflow.
22 And before | go on | will say one nore
23 thing, and this is based on conversations with
24 Dr. Thorleifson. Wen you -- | will do this just

25 for a second here -- when you fill a pan with
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1 water -- | will do his pan -- you fill a pan with

2 wat er, and you have a spigot comng in here, and
3 you have a notch on the end of the pan here and
4 you tipit this way, you are going to raise the
5 water back here. Just hold it like that. Water
6 keeps flow ng at the sane pace, we have a gallon

7 per mnute comng in and a gallon per m nute going

8 out. We have a level. Let's cut that notch

9 deeper, the water level will drop. |If natural

10 outflow sill was 3 to 5 netres bel ow the current
11 | ake I evel, and the 2-mle channel, sill, bottom

12 of it is 10 nmetres below the |ake [evel, we have
13 gained 5 nmetres of control over isostatic rebound.
14 So al though we may regulate it, and we
15 do actually by law regulate it between 711, 715,
16 which neans we are not going to change it, as |ong
17 as we do that, we can nmake the level stay at 711
18 715. But if we wanted to, we have the capacity to
19 change that. W don't have ultimte capacity, we
20 still have a maxi mum fl ow you can actually get

21 out. So in a year like 2011, or 1997, it is

22 doubtful that you could change that, because there
23 is huge flows going in and they are quite a bit

24 | arger than the capacity of the outflow, so it is

25 going to build up anyway. But again, sonething to
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1 t hi nk about .

2 The natural state of that |lake is to
3 rise and flood at the south shore, but the

4 engineering state of that |ake mght not be. You
5 shoul d be aware of that as a possibility. |

6 wouldn't take that much further than that, but

7 woul d think that's sonmething that everyone shoul d
8 think about. W are not operating in a natural

9 world anyway, we are operating in a managed worl d
10 right now W are managing our climate for sure
11 and we are managi ng our | ake.

12 So et me take that -- let nme take the
13 stage di scharge curve and cal cul ate the di scharges
14 for given elevations, use that to nodel the |ake
15 levels in the | ake approximately the sanme way t hat
16 you have seen in reports by Manitoba Hydro and by
17 Ray Hesslein. | have seen two of themthat have
18 used this basic nodel, which is you take the

19 i nflows, you take the fact of the stage di scharge
20 curve and the outflow, and you can cal cul ate what
21 the lake level will be for any given outfl ow,

22 because you can calculate -- for any given inflow
23 you can cal culate the outflow and, therefore,

24 calculate the |ake level. That's a very sinple

25 nodel. This is based on nonthly data, it's not
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1 based on daily data, but it does things reasonably

2 wel | .

3 |"mgoing to present two graphics

4 here. This one really is just preparation for the
5 next one, | suppose, to tell you how I'm doi ng

6 this. I'mgoing to go back just for a second and
7 say why | have got all of these |ines here.

8 Although I can calculate the outflow for a given
9 | evel on that graph, if you | ook at those bl ack
10 dots, say around 714, go straight up from714 in

11 the sunmer to that line, you will notice that at
12 714, the outflow could be anywhere from maybe

13 around 80,000 to 110,000 cubic feet per second.

14 It is not a precise stage discharge curve. W can
15 t oo, when we devel op a stage discharge curve, |'m
16 saying we as in a hydrol ogical hat here, we tend
17 to pick a cross section and a river that is

18 ideally snooth and sinple so that for any given
19 |l evel there will be a fairly accurate estinate of
20 the flow And we often think that our discharge
21 records, like the record on the Red R ver at

22 Selkirk where it is measured, for instance, we

23 expect that to be within 5 or 10 per cent of the
24 exact nunber. W don't expect it to be within 1

25 per cent by the way. But we expect any given day
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1 that that nunber will be within 5 per cent we hope

2 for actually.

3 Here the uncertainty is nuch | arger

4 because we have got a | ousy cross section. Warren
5 Landing, irregular, got a lot of weeds init, it's
6 got ice in the winter, we don't know when the ice
7 went on or the ice went off exactly, we will just
8 say from Decenber to April we will call that ice

9 the rest of the year we will call that no ice. So
10 we have a rough nunber here. | did alittle bit
11 of work to see how accurately |I could do that and
12 then | put bounds on it. | want to show you the
13 effect of these bounds. This is actually a little
14 bit artificial here, the next will be nore real.
15 That blue line is the average, actually, the

16 average actual record of flow And the |arger

17 the wider blue lines on the outside of that, the
18 i nner bounds, are that value plus or mnus the

19 error fromthe estimte that you would make if you
20 are using that curve at Warren landing. So that's
21 the estimate of my uncertainty, and then on top of
22 that narrow blue lines | add on setup. In that

23 case | took the peak setup in each year, which

24 calculated, and | took the recorded flow And to

25 the recorded flow first | added the standard
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1 devi ations, which is the error fromthat graph,

2 and then | added setup, and the outer bounds of

3 that are what shoul d have been the maxi mum and

4 m ni mrum fl ow t hat year under regul ated conditi ons,
5 in fact, here, I'mnot using the equation yet, |

6 wll in the next one. And then | plotted on that
7 t he actual maxi mum and mni num | evel on the dotted
8 line. Wat you will notice is the actual maxinmm
9 and minimum |l evel is pretty close to what |

10 estimated, and that's all | wanted to get across
11 here is that this systemworks fairly well.

12 So now let's estimate what it would
13 have been |i ke under unregul ated conditions. So
14 now we have a nore real graphic here, where the
15 blue line is now, the big fat blue Iine is the

16 average unregul ated water |evel, given the total
17 i nflow and given the capability for outflow that
18 year. So it is a nodeled value. The bounds

19 around it are the error, the uncertainty in that
20 estimate, so the dark lines are the uncertainty in
21 that estimate. And then to that |'ve added the
22 setup. And those were the actual setups in those
23 years. Those setups woul d have been the sane

24  whether it was regul ated or unregul at ed.

25 So now when you | ook at it, |ook at
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|_\

the line for 715, and you will see that it is

2 i kely, under unregul ated conditions, that in

3 every year except 2003, in every year since 1992
4  except for 2003, the | ake woul d have been hi gher
5 than 716.

6 Let's go back up again. These are

7 not -- you have seen this in other ways | think

8 already. |If | go back up here, at 715 it would

9 have been -- it was indeed higher, perhaps |

10 shoul d have overlaid these, but it actually has
11 gone hi gher.

12 If you |l ook at 2011, this is the year
13 of the Assiniboine/Red flood, peak year, we

14 actual ly probably woul d have reached a level with
15 setup of between 719 and 720, and we didn't. The
16 actual record back here where we did reach 718, we
17 woul d have been a foot to a foot and a half

18 hi gher, which by the way is exactly what | showed
19 you in that graph before. So we have now cone at
20 this in tw different ways. Either way, if you
21 live along that | ake and your concern is high

22 water, you are better off than you m ght have

23 been.

24 O her things that could be said about

25 that is howthis works, | think to a certain
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1 extent this is covered in ny report, but how this

2 wor ks depends very much on whether you are in

3 really wet years or really dry years too. |If you
4 | ook at that pink line, you wll see that through
5 the period from 1978 to 1987 or so, the pink |ine
6 is either equal to or slightly higher. So the

7 regul ated val ues are slightly higher in sone

8 years, equal to what they would have been in the

9 | ow years, and slightly Iower in the high years.
10 So they have narrowed the range of the 80 by

11 regulation. But from 1995 on, in al nost every

12 year, the water |evel has been Iower than it would
13 have been, the average water |level. Wat |'m

14 adding to this here to sone extent is, it is not
15 only the average water |evels, of course, the high
16 water levels as well have been reduced.

17 So I"'mgoing to sunmari ze, and then

18 you can take it fromhere with questions if you

19 want. What have | said? Wll, | didn't say this,
20 but I mght have said this at the beginning, or

21 shoul d have. There is a lot of range in the

22 annual inflow to Lake Wnnipeg, so it has varied
23 on an annual basis by four tines. So a big range
24 to work with, it has got to have an effect on | ake

25 level, | think, so | went about figuring out how




Volume 4 Lake Winnipeg Regulation March 16, 2015

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

Page 787
much.

Climatically, over the 20th century,
there are several studies that show that both
rainfall, snowfall, outflow, that's runoff or flow
in the rivers, have increased in the Wnni peg and
Red Rivers. And they have increased by
substanti al anmounts, over the century the Wnni peg
River by I think I said 60 per cent, and the Red
Ri ver by 160 per cent. Those are very big
changes.

In the Saskatchewan River, a decrease
in runoff or total flow of about 30 per cent.

Hard to say whether the rainfall has increased or
decreased, it is up and down at different
stations. For the 21st century, nore of the sane.
We expect, if anything, that there will be
increases in precipitation over the Red and
Assi ni boine. Over the Wnni peg R ver watershed
there is the strongest, possibly the Red River
wat ershed, it's a bit iffy. |In the Saskatchewan,
ei ther no change or drying, it is not very clear.
So some show i ncreases, some show decreases, |
woul dn't go very far with them But if the flow
increases in the Wnnipeg, it will probably take

care of any decreases in the Saskatchewan. |If it
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increases in the Wnnipeg and Red, it will pretty

much for sure because those provide nore than half
of the total inflow now. So there, on the plus
side the wettest regions will probably get wetter
and they will continue to provide nore than half
of the flow that Lake W nni peg needs.

A real consideration is that there are
mar ked decadal or nulti-decadal wet and dry spells
or periods. So they cause variability in runoff
and a bunch of other things, and that variability
i s bigger than nost of these trends we are talking
about, except in the Red River where actually the
wetter periods will continue getting wetter.

But in a general way, if you were
asking me to predict what was going to happen by
2050 or 2080, | mght say it is going to get
wetter. But if you were going to ask nme what
happened in a year, or what it would be |ike 10
years fromnow, | would not necessarily say that.

W are in a wet period now. Even if average

climate is going to get wetter, | think it is
likely there will still be dry periods, and there
will certainly be dry years. 2003, renenber,

third driest flow year on record, and definitely I

think the third | owest | ake level -- that's not
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quite true, fifth | owest or sonething | ake | evel

on record. So very |low year, 2003, but it isin a
wet period. So don't count on anything that |
say, or at least think of it as conplicated.

Daily mean setup free water |evel on
Lake Wnnipeg. GCet rid of the setup and its range
from709 to alnost 718 naturally, and then with
setup, certainly at the top of that range it has
gone up over 719, and woul d have been hi gher,
woul d have been a record high say in 2011 if not
for regul ation

Water |evel records, like the climate
records, is marked by succession of high and | ow
wat er periods to correspond to the wet and dry
periods. But overall the | ake is one foot higher
than early in the 20th century, and w thout
regulation it would have been two feet higher.

And | would say that if indeed the

21st century is wetter, then there will be nore
runoff. If it is 10 per cent wetter by
precipitation, it will be rmuch nore than that by

runof f. Renenber, 10 per cent could easily give
you a 50 per cent runoff. If all of those things
are borne out, then it is not going to be easy,

and | may be going out on a linb and say it m ght
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1 be inmpossible, it will be very difficult to nanage

2 Lake Wnni peg | evel below 715 in the future,

3 unl ess we have a good | ong drought, and then we

4 wll think about it again when the next wet period
5 comes al ong.

6 | think I have run out ny tine and

7 need stimulation fromquestions or else | wll

8 quit. Thank you.

9 THE CHAI RVAN:.  Thank you,

10 Dr. McCullough. W wll take a short break to

11 al l ow you to becone stinul ated again before the
12 guestions hit you. So if you could cone back

13 within 15 mnutes, that will be just about before

14 20 after.

15 (Recess taken at 3:05 p.m and
16 reconvened at 3:20 p.m)
17 THE CHAI RVAN: Ckay, let's get back at

18 it. Questions for Dr. MCullough? Manitoba Hydro
19 any questions?

20 MR. BEDFORD: No, thank you.

21 THE CHAI RMAN.  Thank you. Any of the
22 participants? M. WIIlians?

23 MR. WLLIAMS: | thought Ms. Whel an

24 Enns - -

25 THE CHAI RVAN: |f she is outside on
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1 t he phone, if she doesn't cone in the next mnute

2 or so she is out of |uck.

3 Panelists? M. Yee?

4 MR. YEE: Yes, Dr. MCull ough, I

5 noticed on slide 31 you have got the regul ated

6 observed in the Red, I'mjust wondering, Lake

7 W nni peg Regul ati on began in 1976, |'mjust

8 wondering why the line starts at 19677

9 DR, McCULLOUGH: Actually I was

10 just -- nmy own conservativeness. | was |ooking at
11 the pre--- when | did this, |I had actually

12 ext ended back further than that, and | was | ooking
13 at the regulated versus -- let's say the observed
14 versus the nodeled in the pre-regul ated period

15 just to nake nyself confortable that the nodel was
16 com ng out reasonably so. |If you saw | arge

17 di fferences before 1976 in that graph, you shoul d
18 be concerned about whether or not | had a nodel

19 that worked. So it is on there because | wasn't

20 particularly concerned about hiding it.

21 MR. YEE: Thank you.
22 THE CHAI RVAN: Ms. Suek?
23 MS. SUEK: Yes, | do have sone

24 guestions. One of the things that you nentioned

25 is that the effect of the water warm ng up on
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whi t ef i sh. | don't know if | have heard that

before, but that was interesting to note because
whitefish is -- the loss of the whitefish seens to
be a very inportant itemfor people downstream who
depend on that as a domestic fish. The fish have
been affected by clinmte change, in fact, is that
correct?

DR, McCULLOUGH  Woul d you say the
| ast part of that again?

M5. SUEK: The whitefish have been
af fected by climte change, which has warnmed up
the water in the |ake and | assune downstreanf

DR McCULLOUGH: Yeah, well, the
reference that I was thinking of there is to,
yeah, the sensitivity to tenperature in the -- as
| understand it, they are not common in the south
basin because it is too warm If the north basin
warns by as little as two degrees they may be
endangered there, and the reference to that, it is
not my own work of course, it is a study by Bill
Franzen out of the Departnment of Fisheries and
Cceans in the 1990s, where he | ooked at -- |
wor ked on this study with him-- where he | ooked
at the effects of climte change on the fisheries

in general, and whitefish was one of the fish
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1 speci es that was of concern and that is because it

2 is near the southern extreme of its habitat there

3 anyway. The question would be an inportant

4 guestion and qualification as it always is, is

5 that surface water tenperatures | am descri bing,

6 but in general the |ake m xes fairly thoroughly,

7 fairly frequently during the sumer, not al ways.

8 If the | ake does m x deeply, then it is mxing

9 that warmwater all of the way down to the bottom
10 If it doesn't mx deeply, it may forma -- this is
11 getting a little conplicated -- it may forma

12 thernocline in which case it could actually go

13 anoxi ¢ bel ow the bottom and they coul dn't get

14 there anyway. So either way a warm ng of the | ake
15 is a great concern with regard to whitefish. And

16 as | recall, this could be checked fromthe

17 references, two degrees was sort of the point

18 which they woul d becone concerned.

19 M5. SUEK: Ckay. It |ooked from sone

20 of the charts that we haven't had a drought period
21 for quite sone tine. There were coments from

22 peopl e around the | ake that the marshes need that

23 drought period to regenerate. And it |ooked |like

24 there was a long period of tinme, and we know it is

25 wet conditions, and it sounds |ike what you are
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1 saying is we will probably continue to have wet

2 conditions which will continue to affect the

3 mar shes around the | ake, is that --

4 DR, McCULLOUGH: Not quite that

5 sinple, but the answer is yes, sort of. W expect
6 on average that the climate will get wetter

7 particularly in the Red and the Wnni peg R ver

8 basi n, which probably nmeans the total inflowto

9 Lake Wnnipeg is nore likely to increase than to
10 decrease. That's on the basis of quite a | ot of
11 studies. Having said that, that's the average,

12 and when you | ook at those trend lines for total
13 inflow, let's say, just for exanple, if you | ook
14 at that dashed line, that's the trend |ine, but

15 that's what we nean when we say that the runoff is
16 going to increase. But you can see that in a dry
17 year it can go well belowthat line. So if we are
18 in a wet period nowthat is going last, it has

19 al ready lasted as long as any has in the past,

20 this is going to cone to an end and we are goi ng
21 to be followed by a dry period, then it may well
22 drop below that trend line again. So even though
23 it is going to get wetter on average, we do expect
24 that we will still have droughts, and for Lake

25 Wnnipeg it is really a question of whether
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droughts are w despread enough throughout the

basin and in the critical regions |like the
W nni peg River and the Red River in particular,
whet her those ones are dry enough to |ower it.

So | expect, based on the experience
of 100 years, | expect it is going to continue to
go up and down and up and down, but overall each
time it gets wet it will be alittle wetter. That
woul d be the basis of ny experience based on the
past and what |'ve read of the climte prediction
literature

M5. SUEK: Ckay. So -- | think you
very clearly said that Lake W nni peg Regul ati on
did help or has hel ped the fluctuations, the high
fluctuations in Lake Wnnipeg since its inception;
is that correct?

DR McCULLOUGH: No, since we have
been in a wet period in particular, so since the
md 1990s, in nost years the | ake has been | ower
on average than it would have been, and in the
| ast half dozen years in particular it has been
quite comonly as nmuch as a foot |ower and very
particularly I pointed in 1997 and 2011 where it
has been in 2011 it was probably a foot |ower than

it would have been, and in 1997 it may well have
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1 been two feet lower than it would have been, if |

2 have got that right.

3 M5. SUEK: Ckay, thanks.

4 DR. McCULLOUGH So it has been | ower.
5 THE CHAI RVAN: M. Harden.

6 MR. HARDEN: Ckay. | have got a few

7 guestions. Your charts on page 11, annual

8 di scharge of major tributaries, could the runoff

9 i ncrease, particularly for the Red R ver, be

10 partially explained by the influence of |and use
11 and drai nage in the watershed?

12 DR McCULLOUGH: Yes. And the answer
13 to that is equivocal again, but there are studies
14 in the Red River basin, actually in the

15 Assi ni boi ne River part of the basin, | am

16 referring to Poneroy et al fromthe University of
17 Saskat oon, a widely cited study now, that showed
18 that the 2011 flood produced | think 30 per cent
19 hi gher flows, or maybe 30 per cent higher total

20 discharge than it woul d have had wet| ands not been
21 removed. So, if you went back to 1958 and had the
22 same rainfall, snowfall conditions and the sane

23 rate of nelt, et cetera, everything el se the sane,
24 he is saying that the fl ood woul d have been 30 per

25 cent lower. So he says, based on a nodeling




Volume 4 Lake Winnipeg Regulation March 16, 2015

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

Page 797
study, yes, |and use has changed runoff in the

prairies.

There is a separate study by
Ehsanzadeh, who was al so out of Saskatoon
bel i eve, who did a nodeling studying -- no, he did
a historical study, and he | ooked at 50 years of
data fromthe Assiniboine River, he | ooked at what
is called gridded precipitation data, which neans
that he took historic precipitation data and
cal cul ated the average or total precipitation over
t he wat ershed annually and the total flow out of
t he Assi ni boi ne annually, and he could show no
change over 50 years, and therefore concluded that
what ever had happened, the response of the
Assi ni boi ne River to precipitation had not
changed, therefore | and use practices had not
changed. In other words, there are studies that
say exactly the opposite things within the basin.
And | guess since |'m supposed to know about these
things, I will coment on that a little bit and
say that it is very, very difficult to do the kind
of study that Ehsanzadeh did, because
precipitation records are very scattered.

If you | ooked at that data that |

showed, those nap data, you would see that
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1 stations side by side could |look entirely

2 differently. So we just -- | don't think that we
3 have good enough precipitation data to do it the

4 way he didit. | amhesitant to accept that

5 study. | think Ponmeroy's study was probably state

6 of the art nodeling, could be wong, but | would

7 lean a little towards that.
8 So in brief, it is very possible that
9 in the Red River basin in particular the |and use

10 changes have contributed to the increased runoff.
11 Having said that, there is no question that there
12 is nore rainfall and that you could probably

13 expl ain nost of that change in runoff in the Red
14 Ri ver basin based on precipitation, just using

15 that graph. |In other words, there has been at the
16 rainfall stations a 11 per cent, | think it is an
17 average of 11 per cent increase in precipitation
18 over the Red R ver basin conparing the 1996 to

19 2005 period, the previous 50 years, and there was
20 100 sonme per cent increase in flow | have

21 forgotten the nunmber right now In other words, |
22 think precipitation has probably been the bigger
23 driver. But there is no reason not to say that

24 | and use may have been a significant driver as

25 well, and there is sone reason to say it.
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MR. HARDEN: Ckay. So taking that to

its logical extension then, |I'mthinking about a
paper that we have fromthe 11SD. kay, if we can
take it to a logical extension, with regard to the
paper we have fromthe Institute for Sustainable
Devel opnent, would it be, | don't know the correct
word, would it be proper to say that sinply
increasing small basin storage in the watershed
woul d be insufficient to reverse the trend in
inflows to Lake W nni peg then?

DR. McCULLOQUGH | think to reverse
t hem probably, it would certainly -- if you could
store nore water in the watersheds, which is
really what you are doing with wetlands and as
wi th the Poneroy study, or by other nmeans store
water in the watersheds, you would reduce the
total flowinto Lake Wnnipeg. It would take a
| ot of doing to overcome 1997 or 2011, for
i nstance. You could reduce the peaks probably,
according to that study, so yes, | think you can
reduce the increase, | don't think that you can
turn around the increase is what |'m saying. And
Il will just throw an aside in there, | think that
docunent nentions there are side benefits to that,

and those side benefits with regard to Lake
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W nni peg are nutrient storage.

MR. HARDEN: Yes.

DR, McCULLOUGH: And there are quite a
few studies that show also that that's very real.

MR. HARDEN: Yes, for sure, | amjust
going on that inflow basis. Also I think you have
partially answered this, but just to confirm that
there was no correction for say the Red R ver and
Dauphin Ri ver watersheds for the Assiniboine R ver
di version at Portage, you just took the flows as
t hey were recorded?

DR McCULLOUGH: The flows are as
nmeasured, but they are both in there because the
flow is neasured at Dauphin, and the flow was
nmeasured at Selkirk in that graph. So you can
actually see the 2011 event in that graph, that
very hi gh peak on the Dauphin River, and the
subsequent year, those are the water com ng out of
Lake Manitoba and it took two years to get out.

So there is a huge anount of water involved in

t hose 2011, 2012 point. |If that had not gone

t hrough the Dauphin River, even nore of it
actual ly woul d have gone through qui cker through
the Red River systemand the dot in the Red River

graph woul d be higher. But the sane total anount
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of flowis going into Lake Wnnipeg. It is taking

alittle longer to get there through Lake
Mani t oba.

MR. HARDEN: Just a note that we have
to be careful in interpreting those results
because they are affected by man- made works.

DR, McCULLOUGH:  Yes.

MR. HARDEN: Now on page 16, your bar
charts for the average date of breakup | guess on
the north and south basin, would it be reasonable
to expect the outlet |akes to act the same?

DR. McCULLOUGH  Yes, the absolute
dates would be a little different, but the changes
woul d probably be simlar. | think the outlet
| akes, Pl aygreen Lake in particular breaks up a
little before the north basin on Lake W nni peg.
But that woul d nove probably the sane anmount over
the two 50 year periods, or the two 40 year
periods, so yes, there would be changes in the
Pl aygreen Lakes woul d be correspondi ng, but just
that the precise dates would not be the sane.

MR. HARDEN: And ny | ast question
relates to increased tenperatures. So you -- the
long termtrend seens to be increasing water

tenperatures in Lake W nni peg, would that be
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1 reflected in an increase, corresponding increase
2 in net evaporation fromthe | ake?
3 DR. McCULLOUGH: Yes, it would be and
4 | haven't cal cul ated evaporation here. And I

5 can't off the top of ny head say how significant a
6 two degree difference would be to evaporation, it
7 woul d need cal culation to say that. There woul d

8 be a couple of things happening, the tenperature

9 would increase, it would be a question of

10 whether -- if we | ook at global climte nodeling
11 actually, you cal cul ate evaporation directly you
12 may actually have changes in route of humdity

13 that would affect it, for sure. Wnds of course
14 would affect it, but | have already said | don't
15 think that they are changing a lot. There would
16 be many things that affect it, but nost sinply

17 put, two degrees of warm ng of the surface water
18 has to increase the total amount ratio, | don't

19 know how significant the nunber woul d be.

20 MR. HARDEN:. Thank you, those are ny
21 guesti ons.

22 THE CHAI RMAN:  Thank you. | have no
23 speci fic questions. M. Welan Enns, did you have
24 sonme questions?

25 MS. WHELAN ENNS: @Gail e Whel an- Enns,
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Mani t oba W1l dl ands. And thank you,

Dr. McCullough. | can sort of see you. |'m going
totry to go quickly through the questions for
you.

The C ean Environnment Commi ssion in
the hearings we were in |ast w nter asked our
of fice for sonme definitions and expl anation of the
precautionary principle. Wuld you consider that
the precautionary principle is incorporated in
your thinking in ternms of the analysis that you
have done for the CEC?

DR, McCULLOUGH: Not directly, because
I"mnot offering advice directly as to the
solutions here. | think I"'mnostly presenting
what | understand to be the relationship between
climate and |level records in Lake Wnnipeg. | --
as | understand, the cautionary principle would
take effect if | were to be offering solutions
here, which you can ask ne about | guess, but |
haven't, | have had fairly limted nention of
sol utions.

M5. WHELAN ENNS: Thank you, that's
fine. Could you tell us briefly in terns of your
slide 4, how you determ ned these three | ocations,

The Pas, Dauphin and Brandon weat her stations?
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1 DR. McCULLOUGH  Those stations were

2 sel ect ed because they have been reviewed by the

3 AHCCD, that's the Adjusted Hi storical Canadian

4 Climate Data set | think. Historical weather

5 records are subject to error, or to change -- are
6 subject to the effect of changes in

7 instrunmentation, the instrunents you actually use
8 to measure things, where they are placed, |ocation
9 of stations, a whole bunch of things. [If you

10 sel ect weather stations directly, if you are

11 | ooking at historical tenperature, for instance,
12 and you take weat her records fromthe atnospheric
13 envi ronment services website, for instance,

14 directly, they would be uncorrected data. | chose
15 t hese ones because each of themhas a record in

16 excess, or of close to or in excess of 100 years
17 I ong. They have been corrected for instrunent and
18 station changes according to the best estimates of
19 t he atnospheric environnent service. | couldn't
20 do a better job of correcting historical data for
21 any other stations. There are other stations, of
22 course, that could be used, and | woul dn't

23 actually say -- | even did a very thorough

24 canvass -- but there are many ot her weat her

25 stations in Manitoba, of course, only a select set
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1 of themlast that |ong at one station, and only a

2 smal | er sel ect set have been sel ected by

3 at nospheri c environnment services to go through the
4 long process of correcting them So that when you
5 | ook at a 1910 or 20 tenperature, you can believe
6 that it was neasured, represents about the sanme

7 tenperature as if it were neasured ten years ago.
8 M5. VWHELAN ENNS: Thank you very nuch.
9 | have heard a couple of comments from you today
10 about precipitation data having sonme challenges in
11 ternms of obviously consistent over tine

12 precipitation data, but also having to nove

13 i nstrunments, having to adjust things, having

14  changes along the way, even if it is was 50 or 100
15 years worth of data. Do you consider that our

16 precipitation data in Manitoba is of high quality
17 consistently, or again you selected, for instance
18 on page 7, on slide 7, you selected stations

19 again. M question is simlar, that is did you

20 select stations where the data is of higher

21 gqual ity and has been through previous testing and
22 assessnent ?

23 DR. McCULLOUGH In terns of how |

24 sel ected the processes is anal ogous. The Canadi an

25 data is corrected exactly as | described, it is
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1 t he AHCCD data set again corrected historically

2 and the American data is corrected in

3 approxi mately the same manner by their agencies.

4 So they are strictly -- those data sets are again
5 limted by the length of record, in that case they
6 are 80 to 100 years or so. No stations with

7 shorter records were selected and not every

8 station was selected for this.

9 In other words, if | just for

10 conparison go to the next graphic, page 8, you

11 will see there are nany nore stations on there.

12 Those ones are all of the stations in those

13 corrected data sets that have records that go back
14 at least to 1946. As | go back further and

15 further in tinme | have fewer and fewer stations

16 that | can really rely on. Also if you | ook at

17 that graphic, you will see that the data is not

18 very snoothly distributed. |If you look in

19 particular at the winter data in the upper left

20 hand you will see stations that are close, they

21 are within several hundred kil onmetres, that may be
22 i ncreasing or decreasing. |In other words, there
23 is alot of spatial variability in especially

24 precipitation data. There is a paucity of good

25 really long termprecipitation data sets in
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1 Western Canada in particular, and that's even

2 conpared to just across the border in M nnesota.
3 | envy Harvey.

4 So, yes, the reason that there are

5 selected data sets and fewer data sets than one

6 would want to do certain kinds of studies, these
7 are designed, and this graphic is designed mainly
8 to give you a general picture that if it didn't

9 coi nci de and nmake sense in terns of the pictures
10 of runoff, | would be very hesitant to know how to
11 interpret. It is really the runoff data that |
12 woul d lean on for this particular study. The

13 runoff data is -- runoff is a nmeasure that

14 generally speaking historically has fewer

15 probl ens.

16 M5. WHELAN ENNS: Does the AHCCD

17 process include then water gauges in Mnitoba and
18 wat er gauges on Lake W nni peg?

19 DR, McCULLOUGH: Not directly. |1

20 don't know that we have a Canadi an process. There

21 is an Anerican data set that is corrected

22 hi storical hydronetric data. | can't say that
23 there is one in Canada, | don't know.

24 M5. VWHELAN ENNS: Thank you. For ny

25 next question | apol ogi ze not having the exact
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1 title of this report that I'"mgoing to ask you

2 about, | have been receiving but having trouble

3 sending email this afternoon. But | want to ask
4  you whether you have had occasion to review or

5 rely on the study that was done in | believe 2010,
6 2011, through Dr. Blair's departnment and grad

7 students at the University of Wnni peg where they

8 collated the data fromall neteorol ogical stations

9 in the province?
10 DR, McCULLOUGH | have a digital copy
11 of it, I read it, and I'maware of it. | didn't

12 use it in a direct way for anything here, but |
13 certainly use -- make reference to it and have

14  gained know edge fromit in ny other studies.

15 When | begin to do nore particular studies, as |
16 do in sub watersheds, | do quite a |ot of work,
17 for instance, in the LaSalle watershed where |

18 need nore intensive, spatially intensive weather

19 data, | have referred to that to find where there
20 is other data. So, yes, | have used it.
21 M5. WHELAN ENNS: Thank you. Next

22 guestion is somewhat related, and that is the
23 Manitoba climate atlas that is being devel oped at
24 the University of Wnnipeg, again through

25 Dr. Blair's departnent and his grad students. M
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1 guestion then is whether or not you would agree

2 w th what seens to come forward pretty clearly on
3 their graphs and their nmaps, that the frost in and
4 frost out dates, the start and end of frost and

5 ice, those dates are shifting significantly in

6 Mani t oba?

7 DR McCULLOUGH: Well, | can't answer
8 directly about the frost dates. |'ve probably

9 read sone things, but | have not -- | don't have
10 any particular expertise onit. |'maware of

11 reports about it, that's all. | am-- | can

12 certainly say, for instance, with regard to ice,
13 if you are referring to river ice or |ake ice, |
14 have made studies of it nyself, and | think

15 refer, actually would refer anybody to the work of
16 Bill Rannie, also fromthe University of Wnnipeg,
17 on the ice in the Red River which provides us with
18 al nost 200 years now of pseudo clinmate or pseudo
19 weather, pseudo tenperature records for the

20 sout hern province by way interpreting the breakup
21 and freezeup dates on the Red River, which have
22 changed. In that regard over the century and a
23 hal f, or alnmpbst two centuries, that he stated

24 century and a half, but it is a while ago now, he

25 showed fromthe md 19th century to the late 20th
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1 century about a two degree increase in spring

2 tenperatures in Manitoba, based on the ice out

3 record fromvarious sources, including Hudson Bay
4 Conmpany and so on. | can't say too nuch, no one
5 can say very nmuch about the long termice record
6 on Lake Wnnipeg. There is not a very good, |ong
7 termrecord of ice on Lake Wnni peg, to ny

8 know edge. | think there is sonmething |like 40 or
9 45 years of data on the south basin by a weat her
10 recorder at Gnmi, but for the | ake as a whol e,
11 for the north basin we don't know nuch.

12 M5. WHELAN ENNS: That's our

13 under st andi ng too. Thank you.

14 You have made a couple of quick

15 comments today regarding the channel, that is the
16 i ncreased di scharge overall fromthe Dauphin

17 Ri ver, and there was a reference to the energency
18 channel , now channel, from 2011 in one of the

19 t hi ngs you sai d.

20 Have you given any consideration to
21 what you are telling us about the Dauphin River
22 inflows and the potential for the inflow fromthat
23  channel, and what | think of as channel 2, as the
24 one that is intended that does not -- is not in

25 pl ace yet?
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1 DR. McCULLOUGH: I'mnot quite sure |

2 got the question part?

3 M5. WHELAN ENNS: | could try again.
4 Do you see the inflows fromthe

5 Dauphin River that are going to go through the

6 2011 channel, and then potentially a further

7 channel, do you see themas significant in termns
8 of your analysis of the inflows to Lake W nni peg?
9 DR McCULLOUGH: No. In ternms of this
10 anal ysis presented to you, no. The actual fl ows,
11 all of the flows into Lake W nni peg are recorded
12 regardl ess of where they canme from or what caused
13 them They are just -- in those graphs that you
14 see in front of you on the screen right now are
15 data as it was actually measured at those

16 stations, so we know how nuch cane through. And
17 it is a bit of a coarse analysis to take -- a

18 coarser analysis that would take that into

19 account. For instance, as | just conmented in

20 answer to a question, when | look at it |I can see
21 that the Dauphin River was high not only in 2011
22 | think it was high in 2012 as well fromthe | ook
23 of it. |If that's correct, that would suggest to
24 me, and it is not surprising to nme that the | ake

25 managed to store water, quite a bit of water, and
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1 deliver it the follow ng year, that would not have

2 been stored and delivered the followng year if it
3 had gone via the Assiniboine into the Red, into

4 Lake Wnnipeg. So there are differences to the

5 way water is delivered. There are differences to
6 where water is delivered. And finally, there are
7 great differences as to the chem stry of that

8 water, quality of that water

9 If you want me to el aborate on that,
10 the sinplest thing is if you put Assiniboine River
11  water through Lake Manitoba, you will |ose a very
12 | arge portion, say of the order of three quarters
13 of the phosphorous, for instance, that is carried
14 in the Assiniboine Rver that was diverted to Lake
15 Mani t oba, never made it to Lake Wnnipeg in 2011
16 M5. VWHELAN ENNS: Thank you. That is
17 pause for thought in the room

18 DR. McCULLOQUGH Not if you live on
19 Lake Mani t oba.

20 M5. WHELAN ENNS: Correct. |I'm

21 | ooking at slide 11, and this is just a quick

22 question. Your reference is to the Saskatchewan
23 Ri ver, on the South Saskatchewan; is that correct?
24 DR. McCULLOUGH: M reference is to

25 consunptive use on the Saskatchewan River are to
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the Sout h Saskat chewan. Those flows are for the

whol e Saskatchewan River. So what you are | ooking
at on that graph is the river flowas it is
neasured at Grand Rapids and/or at The Pas. So we
are |l ooking at the whole flow fromthe

Saskat chewan River as it enters Lake W nni peg.
When | tal ked about consunptive use and | oss of
wat er, the actual consunptive use and studi es that
| know of are all on the South Saskatchewan and
that's where it is really taking place, nost of

it.

M5. WHELAN ENNS: Thank you, didn't
catch that.

On slide 11 you also referred to the
year 2011. So sinple question | think; are there
many of these slides that you have used in your
presentation today where 2011 data is there?

DR. McCULLOUGH 2011 data is in the
slide that's in front of you right now, nunmber 11
Sorry, what was --

M5. WHELAN ENNS: Basically, again
non-sci enti st asking a question here, your slide
goes to 2010, you identified the 2011 information
on the slide for the Dauphin River in your

presentation, so that's why the question, and that
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1 is, do we have many instances where 2011 data is
2 in front of us?
3 DR, McCULLOUGH: I'msorry. Actually,
4 | see why you ask that question now, | didn't
5 understand it. Ckay, | will clarify. You have
6 dots on that graph -- just a second. | believe

7 that | ast dot on each of those graphs is 2013, so
8 the data is 1912 to 2013, annually. The bl ack

9 line, which is a 10-year running nean, and the

10 10-year running nean has to end five years from
11 the end of the record, so the 10-year runni ng nmean
12 ends in '28 or '29 on that graph. And yes. So,
13 one, the answer is you are |ooking at the record
14 that goes, the last three dots are 2011, '12 and
15 13 | believe. Yes, you have 2011 on that graph.
16 M5. VWHELAN ENNS: That's a real help
17 just in ternms of all of us thinking in ternms of

18 what happened in 2011, and understandi ng your

19 charts.

20 You beat nme to a question | was going
21 to ask you in terns of slide 22, because we have
22 al ready tal ked about ice and ice breakup, and what
23 isn't in your nmandate at this tine.

24 "' mnow | ooking at slide 17. You said

25 that the tenperature and precipitation anmounts
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1 provi ded here, the increases or decreases are

2 medi an only. Can we take that to nmean that they
3 are the mddl e or noderate range in these

4  scenarios?

5 DR McCULLOUGH: Yes, you can.

6 didn't present for tenperature, but precipitation,
7 slide 18 does show the range. So it shows the

8 m ni mum nmedi um and maxi nrum for each of those. |
9 refer you actually to that study, which is online,
10 and if you need help | can give you a link to it.
11 There is a lot nore in that study. This is just a
12 little bit out of it that seened to help interpret
13 what was going on here. But the ranges are

14 di scussed, as well as the nedian in that study,

15 and you see themin this graphic. There is a

16 simlar graphic in the study for the tenperature
17 data and a | ot nore besides that.

18 M5. VWHELAN ENNS: The offer of the

19 link is appreciated. And one other question

20 guess then is, you have used 2009 data, you have
21 used this study that's 2009 information. D d you
22 see this as nost relevant to your nandate here?
23 Did you | ook at sets of data that are nore recent
24 and determ ne that they were not on the scenarios

25 that you were | ooking for? M inmediate thought,
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this is just an environnentalist comrent, is that

this is five years ago, when | |ook at this.

DR. McCULLOUGH: There are two kinds
of information in this presentation. This is from
published literature, and I took what | could get.
This seened to be the nost thorough study that |
had seen related to the aspects of climte change
that | was interested in, in the Canadian Prairie
Provinces. And it is nore recent than many and
sonme others that | quoted here that go back all of
the way to 2005. So those references to published
literature are whatever | sawin the literature
that seened to be useful in this presentation, and
there are quite a few nore quoted in ny docunent,
in the docunent acconpanying this topic. But with
regard to ny own data -- to those charts of
precipitation and water level, | used a standard
set of data that ran from 1912 to 2013, | believe
it was. You would have to check the book, the
docunent. But the rationale for that really was
the nost -- the ol dest records go back to the
m ddl e of the second decade of the 20th century
for many of these things. And the newest conplete
years of data | could get for sonme things,

i ncluding for instance the outflow of Lake
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1 Wnnipeg, | can -- well, | can get by one of two

2 ways. | can get it fromthe Environnment Canada

3 website, which is what | did, and the nost recent
4 data there allowed nme to go to 2013, | believe.

5 For nore recent data | think I would have to go to
6 Mani t oba Hydro which | didn't bother to do because
7 | thought | had enough data to work with. But

8 expect either way -- | think that |ooking at 100

9 years of data told ne what the trends were, and

10 that's what | was interested in.

11 M5. WHELAN ENNS: Did you give any

12 consideration to showi ng us the trends between the
13 year 2000 and 20507?

14 DR McCULLOUGH: The trends between

15 2000 and 20507

16 M5. WHELAN ENNS: Still on 17.

17 DR. McCULLOUGH: No. Did I give any
18 consideration to that -- this is from again this
19 is fromthe literature. No. | guess the short
20 answer is no, | did not prepare any new -- from

21 when | went into tal king about what is predicted

22 for the 21st century, | did not produce any new
23 data for this report, | referred always to the
24 literature, except for the studies of Lake

25 W nni peg water tenperature for which | did the




Volume 4 Lake Winnipeg Regulation March 16, 2015

Page 818
1 cal cul ations nysel f several years ago.
2 M5. WHELAN ENNS: Thank you.
3 DR. McCULLOUGH So the answer is |

4  guess, no.

5 M5. WHELAN ENNS: Thank you. You made
6 a comment today about how we used to relate to one
7 in 50-year flood, and then we shifted to one in

8 100-year flood. And the Province, Manitoba \Water
9 St ewar dshi p, and | presunme what they are

10 comm ssioning is noving to a 200-year fl ood.

11 Wul d a one in 200-year flood perspective affect
12 anything that you have reported here?

13 DR McCULLOUGH: Well, let nme think

14  about commenting on it. Yes, a large flood wll
15 af fect everything that |I'm saying, | suppose.

16 This data does include, for the Assiniboine River,
17 what is currently | abeled the one in 300-year

18 flood. It doesn't include a one in 200-year flood
19 in any way for the Red River. So it includes what
20 we have had historically and nothi ng nore.

21 A single flood, a single very wet year
22 wll certainly affect the | ake and how you

23 regulate it and how you live on it. But |

24 really -- I'mtrying to talk here, or have been

25 trying to talk, and I think I was asked to talk
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about how thi ngs have been, how they are changi ng,

and yes, how individual years can vary fromthat
very much. And as you can see, or as |'ve said
several tines, a very wet year |like a 200-year

fl ood can occur at any tinme, probably even in a
dry spell. It is nore likely to occur in a wet
spell admttedly and vice versa. So they are al
critical to anyone who lives on the | ake, but they
are also in the future sonewhat unpredictable.

You can predict that it will happen, but not when
it will happen.

M5. WHELAN ENNS: Thank you. A quick
guestion on slide 22, and | just need a rem nder
here, and that is which station in the north and
the south basin did you sel ect?

DR McCULLOUGH: | used Berens River,
and in the south it is Gni after 1966, and
W nni peg Beach before 1966. W nni peg Beach was
changed to Grand Beach -- sorry, Wnni peg Beach
was changed to Gnmi in 1966, so | used those two
stations, and | used Berens River. Those are two
good, |ong continuous records.

M5. WHELAN ENNS: Thank you. The sort
of reason for sonme of these questions about which

stations and so on has to do with the stations
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1 that are the basis for the licence for regul ation

2 of the | ake, and Berens River is essential in
3 t hose cal culations. So thank you.
4 On slide 25, you are assum ng, |

5 believe, that ice is off the | ake by the 28th of

6 June?
7 DR McCULLOUGH: Yes.
8 M5. VWHELAN ENNS: And you are assum ng

9 that the lake is beginning to freeze by the 26th

10 of Septenber? Do | understand your slide?

11 DR, McCULLOUGH:  No.

12 M5. WHELAN ENNS: Well, there you go.
13 DR, McCULLOUGH: That is merely an

14 exanmple. | wanted to be able to talk to you about

15 the difference between the way | descri bed setup
16 inthis slide, which is neant to be a very

17 consi stent way of describing setup through

18 100-year period. So how have setup events

19 changed? Have they gotten larger or snaller over
20 the century, have they gotten nore or |ess

21 frequent over the century? To do that | needed a
22 consistent record, so | chose the daily nean

23 record.

24 | used the graphic on figure 25 nerely

25 to show you that by using the daily nmean, | was
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1 describing literally smaller than realistic

2 setups. It is just that they are consistently

3 measured for 100 years.

4 I f you foll owed what | was saying as

5 an exanple, you would say that between the | ow and
6 the high, in any given sudden change in water

7 | evel, there is often one foot at the top and

8 nearly a foot at the bottom of change. So there

9 is alnost two feet nore water |evel change

10 involved in the setup, if you neasure the hourly
11 water level the way | nmeasured it for this. So

12 when | say that a frequency of -- when |I'mtalking
13 about the maxi num setup here of three feet, for

14 many of those blue lines in this graph, this is

15 slide 26, for nmany of these maxi mum setups, half a
16 dozen of them exceed three feet. Those probably
17 exceeded five feet. | just wanted that to be an

18 exanple, it has nothing to do with anything, but

19 it had a nice bunch of highs and lows in it.
20 M5. WHELAN ENNS: Thank you.
21 Slide 27, in this sequence that you

22 are working through, a question sort of popped up.
23 The setup, to use this term and the w nd-incl uded
24  water levels at the narrows are of concern and

25 difficult to understand and analyze. So | wanted
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1 to ask you whether you, in going through this

2 sequence for us, and what you've anal yzed for the
3 CEC, whether you at any time zeroed in on setup

4 and water |evels at the narrows?

5 DR, McCULLOUGH No, | didn't study

6 them | didn't |ook at themspecifically. There

7 is a good record there. The sane kind of analysis
8 could be done fairly easily for any single station
9 on sonething |like seven stations on the | ake.

10 M5. WHELAN ENNS: Yes, and sone with a
11 good long tine line on them

12 DR McCULLOUGH: Yes, nost of them do,
13 in fact.

14 M5. WHELAN ENNS: Thank you.

15 On slide 29 on the right-hand side,

16 that is the nonthly nean water level in sumer, is
17 it accurate to say, looking at this, that we in

18 fact have |l ower |ows and higher highs in terns of
19 mean water |evel in the sunmer with regul ati on?

20 DR. McCULLOUGH  Well, on that graphic
21 there you have lower flows. Yes, we have a range
22 that includes |ower flows out of the |ake and

23 hi gher flows out of the |ake in the regul ated

24 period. And in the non-regul ated period, and the

25 opposite is true of water levels, there is a
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hi gher range of nmonthly nean water |evels in
the --
M5. WHELAN ENNS: Wnter.
DR. McCULLOUGH  -- pre-regul ation
dat a.

M5. WHELAN ENNS: Thank you

You have been very thorough in your
comments and references as you went through your
presentation in ternms of the current wet period or
wet cycle that Manitoba is in. Do you think that
Saskat chewan and Al berta are also in a wet cycle?

DR, McCULLOUGH: Certainly eastern

Saskat chewan has been very wet. Certainly we have

had -- and | will go back a slide here so | can be
nore specific. Let us look at -- sorry, | went
the wong way twice. Al right. No, | don't want
that one, that's precipitation, sorry, | beg your

pardon for that |ast one.

| am now on slide 11. You can see, in
fact, that in every one of those graphics the
Dauphin River -- sorry, the Dauphin River, the
Saskat chewan River and the Red River are all, and
have all been higher than average over the |ast
hal f dozen years or nore. The period is longer in

the case of the Red, since the md 1990s, but in
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1 t he Saskat chewan Ri ver since at |east 2005 -- and

2 as many of you will renenber, 2005 was a

3 remar kabl e year in which the Saskatchewan River,

4 the Wnnipeg River and the Red River all were at

5 or near record high flows. Since then the

6 Saskat chewan River has continued to see high flows
7 quite frequently. So | would say on average over
8 the Saskatchewan River watershed, it is in what |
9 would call a wet period.

10 Now, if you happen to live in

11 Saskatoon, it mght not be particularly wet there.
12 Most of this water does cone fromthe slopes of

13 t he Rocky Mountains. So, in fact, it is nore

14 likely that it is the Foothills and the Rockies
15 that are in a wet period. And of course, they

16 have seen the nost remarkable floods in their

17 history in the last two years, three years.

18 So, yes, Saskatchewan River is in a
19 wet period.

20 M5. WHELAN ENNS: Thank you.

21 Fi ni shed, M. Chair.

22 THE CHAI RVAN:  Thank you,

23 Ms. Wel an Enns.

24 Dr. McCullough, I would Iike to pursue

25 one response you gave to Ms. Wel an Enns. \Wen
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1 she asked you about the energency drain out of

2 Lake St. Martin in the fall of 2011, and you said,
3 and | didn't quite get it, that there are

4 differences in how the water is delivered to the
5 | ake and that, | think you said that the water

6 going fromthe Assiniboine to Lake Manitoba, Lake
7 St. Martin and then Lake W nni peg, they were able
8 to use it for power production or -- | didn't

9 quite -- but if it had gone its normal route

10 t hrough the Assini boine and Red to Lake W nni peg,
11 it would be different?

12 DR, McCULLOUGH Well, whatever | may
13 have said, that would be certainly not what |

14 meant, not for power production. They m ght well
15 have wanted to use it for power production, but
16 nobody has generators along the system All

17 nmeant to say, when it was delivered differently,
18 obviously a very large part of the flow was

19 delivered through the Portage Diversion into Lake
20 Manitoba. It passed through Lake Manitoba, nore
21 slowy into Lake Wnni peg than it would have had
22 it followed the Assiniboine River down to the Red
23 Ri ver and into the south basin of Lake W nni peg.
24  And the evidence is pretty nuch before our eyes.

25 Lake Manitoba stayed above natural |evels, above
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1 what we think of as normal historical |evels well

2 into a year after. And all of that tinme they were
3 drai ni ng Lake Manitoba as fast as they could. So
4 it takes longer for the water to get fromthe

5 upper Assiniboine into Lake Wnnipeg if it goes

6 through Lake Manitoba, and that was denonstrated

7 in 2011, 2012. That's all | nmeant, it was a

8 | onger path.

9 THE CHAIRMAN:  So that was it, there
10 is no other advantages or di sadvantages, just that
11 it takes longer to get to the north basin?

12 DR. McCULLOUGH  Depends on what you
13 mean by an advantage or a di sadvantage. | did add

14 that there is a big water quality difference.

15 THE CHAI RMAN:  No, | understood that,
16 and that is a concern for another tine.

17 DR McCULLOUGH: No, | don't think in
18 terms of the levels of Lake Wnni peg, or

19 regul ati on of Lake Wnni peg or anything |ike that,
20 I"mnot quite -- | don't see an advantage or

21 di sadvantage there. The huge difference is to the
22 peopl e who |ive along those rivers and on the

23 | akes.

24 THE CHAI RVAN:  But you don't think

25 there woul d be any, or nuch difference to | ake
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| evel s because of this routing?

DR, McCULLOUGH: Lake W nni peg | evel
woul d have peaked hi gher because water woul d have
cone into it faster if it had all conme via the
Assi ni boine and Red into the lake. If you put
water in there faster, and you have a limted
capacity, albeit an enhanced capacity, but still a
[imted capacity in the outflow, you will peak at
hi gher. Sorry, | guess | should have -- |
probably shoul d have thought that out nore
carefully before | answered it. But under your
prodding, | think I came to a conclusion that it
woul d have nmade a difference, it would have been a
hi gher peak.

THE CHAI RVAN:  Ckay, thank you. Any
ot her questions?

Ckay. | think that brings us to the
end of this presentation. So thank you,

Dr. MCull ough, for first preparing the paper for
us, and for taking the tine to come here today.
It has been an inportant contribution to this
process, so thank you for that.

DR. McCULLOUGH: Thank you.

THE CHAI RVAN:  And before we adjourn,

we have some docunents to register.
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1 MS5. JOHNSON: Yes, I'mnot sure if |

2 previously put on M. Hesslein's report on Lake

3 W nni peg basin and the effects of nutrients, that
4 would be CEC 10. Nunber 11 the isostatic rebound
5 report by Dr. Thorleifson. Nunmber 12 will be his
6 presentation that we saw today. And nunber 13

7 will be the clinmate change paper by

8 Dr. MCull ough. And nunber 14 is his

9 present ati on.

10 (EXHIBIT CEC 10 M. Hesslein's

11 report on Lake W nni peg basin and

12 effects of nutrients)

13 (EXHIBIT CEC 11: Isostatic rebound
14 report by Dr. Thorl eifson)

15 (EXHIBIT CEC 12: Dr. Thorleifson's

16 present ation)

17 (EXHIBIT CEC 13: dimte change paper
18 by Dr. MCul | ough)

19 (EXH BIT CEC 14: Dr. MCullough's

20 present ation)

21 THE CHAI RVMAN:  Thank you. Tonorrow we
22 have two nore Comm ssion witnesses. |n the

23 norning, we will have Gordon Gol dsborough who wil |

24  be tal king about marshes and wetl ands, and in the

25 af t ernoon, George McMahon, who will tal k about
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1 hydr ol ogy and operations. There is no other

2 conmpel l i ng business? W w |l adjourn until 9:30
3 tomorrow norning. Thank you.

4 (Adj ourned at 4:25 p.m)
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