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_Climate Change Impacts

- Great Lakes/St Lawrence Lowlands

Temperature

Generally warmer temperatures

Average temperature increase of 4.5° C by 2055
Precipitation

Less snow (20 - 80%) & more rainfall in winter and
spring

Greater rainfall in fall

Greater storm intensities

Evaporation
Higher evaporation rates and lower soil moisture



~ Water Resource Impacts

Water Sector: Vulnerability and Adaptation to Climate Change,
J. Bruce et al, 2000

Higher streamflows (September - January)
Lower streamflows (April - September)
Lower summer low flows

Earlier & lower spring freshets

Greater frequency of high intensity rainfalls
Higher water temperatures

Earlier spring break-up

What does this mean to us?
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Studies/assessments

ercome preconceived notions
Stable climate
Historic norms
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Flow (cms)

Maximum Summer Stream Flow
Mississippi-River @ Appleton (WSC 02KF006) —
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Flow (cms)
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Minimum Summer Stream Flow
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Mississippi River Water Management Structures
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Mississippi River Water Management Structures
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MISSISSIppI River Water Management Structures >

\\ \\\
o~ WRETY \\
Reservoir Operating Regime Crotch Lake Reservoir Operating Regime *
268.4 240.0 \___~4
TN T,
268.2 ~ 2395 ", /
/ N\ /| s
268.0 239.0 ,f%}?. -
E /\/_/\\~ R 'E‘ \ / \ / /{ \ | fote
£ 267.8 = \
E / S v_\ T>" 238.5 \ / p
| & 267.6 s \ / \ / ‘ ‘:.
g / \ .| & 238.0 - \
g 2674 N \ / 49, \ Ma
237.5
267.2 J N \/ ot \Ol/l a \*\'-\.
267.0 ~ N 237.0 8\
// ".\ ‘\\
/s N X
266.8 T T T T T T T T 236.5 T T T T T T T T / N
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec :3
Month Month \
{ '\\ > 7 7 ol '\ , \\
\ TR ) f 3 \ st
| N | Beckwitlh \ Pz
/ Sy S LA ' \/ 5. 2
\ \ ¢ o
,’/ \ Lanal K >\ |\ X e
; \ North I-Ughl.md'z \ J) l/ \
— ) S Fronlenac —~ Purdon” \ : ' S\ /
{41} . / Conpanvasen \ Drummond A\ ) \\ 4
4 { / C ‘.\ Norlh ’-”/ ' //' /\;‘2;’ y
N ;b-\‘m_,. Etmstey - J | (4 ¥ .
[dingtlon K’ \ \ oo \ > 2 | /’/
ghtands NS \ A 1/
» X B 4 {
\ )yi‘{ﬁ?“f th PP, * 4 ,—Jl
i’;}, >\ N .ﬁ!-';},_\ ~‘37—\_,"' |’
% tTay Valley 17 ~ANX JANED
'\ p. f—— // /‘-,f \ / \ \ \ |
38 L K Legend
\\ r,/ y .,
\ 7w N | Reservoir system B
. 7 ) /7 [ | Water contral structures @
=L {38 1/ ] U871 Hydro-electric stations ®
/ ~ e T ¥ ~ ..
\ y~ £O9ntra) ) Y N { Municipal waste water systems T
\ 7 Frontenac— ' / e N\ i \
\ V A ‘ el \ ‘




~ Water Resource Impact Assessment
- Reservoir Operation

Develop scientific basis to quantify potential
impact

Assess reservoir performance

Assess potential for secondary impacts
(fisheries/water quality)

A2 emissions scenario - CGCM II climate model
downscaled to Mississippi R. watershed

temperature
precipitation



ods modeled
veriod 1974 - 2002
ure periods (2010 - 2039, 2040 - 2069, 2070 - :
ke 11 — NAM calibrated rainfall/runoff mode

- MRWM reservoir operation model




20

Min. Temperature (°C)

10

-15

Mean Precipitation (mm)

35
)'//.-\\\ 30
N~ .
/) g,
L
2
/( \ 5°
[+
[= 1
£
\// ﬁo
%
1]
\/ =5 d
0
—@—1970-2000 —=—2010-2039 & 2040-2069 —m— 2070-2099 ? —@— 1970-2000 —=—2010-2038 & 2040-2069 —a— 2070-20949
D -5
Jan  Feb Mar  Apr May Jun Jul Aug Sep Oct Moy Dec Jan Feb  Mar  Apr  May  Jun Jul Aug Sep Oct Moy Dec
Time (Month) Time (Month)

Mean Precipitation Base and Future Projectic

120 Mean Precipitation for base and future periods

100

g0

g0

40

20

—— 1970-2000 —=—7010-2039 —— 2040-2068 —a— 070-2099

Jan Feb har Apr hlay Jun Jul ALg Sep Oct N o Dec
Time (Month)



~N

F 1974-2002

\

2010-2039

{0-2099




Reservoir Operation vs Streamflow
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Reservoir Operating Regime
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~ Water Man
(Primary)

agement Implications

Streamflows

Freshets 28% lower/6-7 weeks earlier

Minimum summer flows

e 44% lower

e Persist

28% longer

Fall/winter flows 70% higher

Greater f]

Increasec

ood risk in fall and winter

| shoreline erosion

Increased

| frazil ice generation

Greater variability in summer water levels



215 22.0 225 23.0 235
SUMMER WATER TEMPERATURE (°C)

Minimal and maximal recruitment
Cold-water fish 023.3 and 019.5°C
Warm-water fish 020.2 and 025.1°C

Source: Dr. J




Predicted changes in relative year-class strength of two centrarchids, smallmouth bass
and rock bass, from-mean, regres model-predicted Mississippi Riv tershed
We water temperatures.

Year-class strength

Time period Water temperature Smallmouth bass Rock bass Combined
Median Mid- Fold Fold Fold
Period year Summer Deviation summer Relative change Relative change Relative change
1970-2000 19852 22.2 0 23.2 2.05 o) 1.56 0) 1.75 o)

1970 21.8° -0.4 22.8 145 -0.71 119 -0.77 1.32¢ -0.73
2000 22.7°  +0.5 23.7 3.15 +154 215 +1.39 2.65° +1.47
2000-2009 20052 23.2 +1.0 24.2 485 +2.36 298 +1.93 392 +2.18
2010-2039 20252 24.2 +2.0 25.1 1147 +559 5.74 +3.71 860 +4./8
2040-2069 20552 252 +3.0 26.1 27.12 +13.23 11.05 +7.13 19.09 +10.61

@ Median year for the period.
b Summer surface water temperatures increased from 1970 to 2000 by 0.9°C.

¢ The predicted increase in recruitment for this increasing temperature would
be 100%; however, the actual change in recruitment over this temperature : ey
range was 62%; the observed was slightly more half the predicted. B el




WALLEYE RECRUITMENT AND SPRING RIVER FLOWS
/Thete/i%awell documented posifi ' | rurtment and
spring discharge for some river-spawning walleye populations
For Moon River, Georgian Bay, 1955-1968, the relation between walleye year-

class strength (RYS) and discharge (FLOW) at spring spawning time was:

g X walleye rys) = 0.379 + 3.117°Y ¢ ow 100Mm3)
N=14 r =0.851 P =<0.0001

Applying this recruitment - discharge relationship to the Mississippi River,
the results are:

Walleye recruitment

Time period
Peak discharge Relative
Median year-class
Period year Date Earlier Flow (cms) % change strength % change
1974-2002 1985 Apr 27 107.4 1.00
2010-2039 2025 Apr38 19d 103.3 - 3.8 0.96 -4
2040-2069 2055 Mar 27 31d /8.6 - 26.8 0.73 - 27

2070-2099 2085 Mar1ll 47d 83.5 - 223 0.78 = 27




~ Water Management Implications
(Secondary)

Higher evapo-transporation rates
10% increase in precipitation
16% increase in evapo-transpiration
26% reduction in annual streamflow

Greater water demands

Higher surface water temperatures

Lower flushing rates/degraded water quality
Waste water discharge criteria

Cold/cool water fisheries recruitment

Shift to warm water species



Adaptive Response

Maintain/increase reservoir capacity
Mississippi River (25%)
Employ risk based management strategies

Minimize nutrient loading
Improved capacity for watershed monitoring and
assessment
Flood warning
Low water response
Reservoir response
Facilitate integrated watershed management
Stakeholders from multiple sectors






