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Wisconsin Precipitation Trends: 1950-2006
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Presenter
Presentation Notes
Statewide trends varied by location.
Extreme lake impacts in northern Wisconsin.

Source:�Wisconsin's’ Changing Climate: Impacts and Adaptation, WICCI, 2011
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Projected change in annual precipitation
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Presenter
Presentation Notes
- Historic conditions are included in trend projections.

Source:
UW-Center for Climatic Research / WICCI


Climate risks to water quality

Temperature
Hot = Increased water temperature
 Algal blooms, Habitat loss
Windy = Sediment re-suspension
 Turbidity
Dry = Low flows and water levels

* Withdrawal, Bank erosion
Precipitation

Wet = High flows and water levels
* Bank erosion, Contaminants

Intense = More erosion and flooding
* Soil erosion, Contaminant re-suspension

Icy = Increased salt use
* Chloride concentrations



Seasonal change in max temperature
1980-2055 (SRES A1B)

Winter +6-7°F
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More frequent algal blooms

Lake Winnebago
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Presentation Notes
- Long term summer surface water temperatures in Lake Superior show an upward trend.

Sources:
Austin, J., S. Coleman,  A century of temperature variability in Lake Superior, Limnology and Oceanography, 53(6) 2008, 2724-2730
Elliot, J.A., Is the future blue-green? A review of the current model predictions of how climate change could affect pelagic freshwater cyanobacteria, Water Research, 46, pg. 1364-1371, 2012
Sinha, R., Increased incidence of Cylindrospermopsis raciborskii in temperate zones e Is climate change responsible?,  Water Research, 46, pg. 1408-1419, 2012
Kosten, S., et al, Warmer climates boost cyanobacterial dominance in shallow lakes, Global Change Biology, 18, pg. 118–126, 2012, doi: 10.1111/j.1365-2486.2011.02488.x
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Lake Superior regional wind speeds
- Desai, et al 2009

Increased turbidity
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Presenter
Presentation Notes
- Lake Superior surface wind speed record shows upward trend.  
- Lake Michigan high turbidity events associated with strong winter winds, shoreline erosion and re-suspension.

Sources:
Desai, A., et al, Stronger winds over a large lake in response to weakening air-to-lake temperature gradient, Nature Geoscience, vol. 2, pg. 855-858, December 2009
Schwab D.J., et al, Climatology of Large Sediment Resuspension Events in Southern Lake Michigan, Journal of Great Lakes Research 32, pg. 50–62, 2006
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Climate Vulnerability

Warmer winters + less ice cover:
Increased surface evaporation

Water level (meters, 1GLDAES)

Lake Superior

— Histotical annual averages
— — Histarical long—term (1860-2010) average
- Projected decadal average (Hayhoe, et al., 2010}, SRES B1 low emizzions scenario
- Projected decadal average (Hayhoe, et al., 2010), SAES Affi high emiszions scenario
— Annual averages (1961-1990) superimpozed on projected decadal averages
— Annual averages (1961-1990) superimpozed on projected decadal averages

Lake Michigan and Huraon
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Lower Great Lakes water levels

Winter +6-7°F
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Presenter
Presentation Notes
- Satellite photo shows winter evaporation over the western Great Lakes.
- Projected drop in water level most significant during low water-years.

Source: 
Gronewold, A.D., Coasts, water levels, and climate change: A Great Lakes perspective, Climatic Change, August 2013, DOI 10.1007/s10584-013-0840-2


Climate Vulnerability

Higher temp + Less summer rain = Drought

Summer temperature +4-5°F

Projected unange in JUA IMAK (F)
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Presentation Notes
- Increased transpiration places demands of groundwater resources.
- High commodity prices encourage producers to install irrigation to cover short-term dry spells.
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Wisconsin Driftless Area Irrigation Well Locations
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Presentation Notes
- Southwest Wisconsin trend.
- Producers beginning to site wells to irrigate ridge top fields.

Source: 
http://dnr.wi.gov/topic/wells/highcapacity.html


Projected change in annual peak temperatures
1980-2055 (SRES A1B)

+10-25 days >90°F +0-5 days >100°F
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Climate Vulnerability

Heat waves and drought =

increased water use
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Wisconsin has over 7,500
high capacity wells

Wisconsin’s high-capacity wells
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Presentation Notes
- The City of Madison pumped an additional 10 MGPD during the 2012 heat wave and drought.

Sources:
Madison Water Utility
Wisconsin Center for Investigative Journalism
www.uwsp.edu/cnr-ap/watershed/Documents/hcwellpumping_2012.pdf


Projected changes in Wisconsin’s precipitation

Projected change in > 2” rain + 2-5/10yr
1980-2055 (SRES A1B)
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Presenter
Presentation Notes
- CCR can only project rainfall to 2” in  24 hours. Heavier rain events are too infrequent to model accurately.


The trend continues over time

Projected change in > 2” rain + 4-7/10yr
1980-2090 (SRES A1B)
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Presenter
Presentation Notes
- The heaviest rainfall is projected to become more frequent (i.e. lower return frequency = more often) , and more intense (i.e. more inches per return period) .

Source: 
Vavrus, Steve; R. Behnke, A Comparison of Projected Future Precipitation in Wisconsin using Global and Downscaled Climate Model Simulations: Implications for Public Health, International Journal of Climatology (accepted)


Climate Vulnerability

Soil loss from increased precipitation

Climate Impacts on erosion
difficult to predict,
best estimate +130-150%
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“Soil conservation and water quality are compatible with
current and emerging expectations of Wisconsin’s
farmlands, provided that practices we largely know
how to do are widely implemented by our farmers.”
- WICCI Soil Conservation Working Group

Figure 3. Wisconsin Buffer Initiative estimates of
sediment delivered to watershed outlet.
(1 t/acre = 224 tonnes/sq km) - Diebel et al. 2005
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Presentation Notes
- Rate of soil loss is dependent topography and soil type
- Existing conservation practices can reduce impact, if put into practice

Source:
1st Adaptive Assessment Report - Contribution of the [WICCI] Soil Conservation Working Group, July 2010


Climate Vulnerability

Runoff from large storm events transports nutrients and sediment to lakes,
degrading water quality and causing eutrophication.

Melvin McCartney


Presenter
Presentation Notes
- Pictures of sediment laden runoff in Six Mile Creek, and entering Lake Mendota.
- Algal mat is downstream on Lake Monona.


Seasonal change in precipitation
1980-2055 (SRES A1B)

Winter +20-25% Spring +10-20%
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Presentation Notes
- Most of the increase I precipitation is projected during fall-winter-spring.


Seasonal change in max temperature
1980-2055 (SRES A1B)

Winter +6-7°F
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Presenter
Presentation Notes
- Variability in seasonal average maximum daily temperature indicates more warming during winter.
- This suggests more rain and thaws during winter and spring.


Climate Benefit

Winter +6-7°F

Increased groundwater recharge

Mean Annual Change (mm)
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Presentation Notes
- Four GCMs were used to model the interaction of increased temperatures and change in season of precipitation, and its effect on recharge in the Black Earth Creek watershed (Dane County).
- Modeled total precipitation for the ‘71-’99 period are from 675mm-950mm. 
- Models show a ~5-10% increase in precipitation by 2041-2069.

Source: 
Evan Murdock, UW-Nelson Institute, unpublished data


Climate Vulnerability

More winter/spring precipitation

Winter Temp +6-7°F

Flooding from increased winter spring rains
Heavier snow and/or ice storms

Season of occurence for
top 10% of peak flows
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Presenter
Presentation Notes
- Peak stream flows are during the period of projected increases in precipitation.
- Potential risks from early season flooding include wellhead inundation.

Source: 
Vanessa Cottle, UW-CEE, analysis of fifty years of peak stream flow data for 140 river gages (unpublished)



Changing winter weather

Minneapolis weather changing to...
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Presenter
Presentation Notes
- Winter will become more like mid-central states, with increased ice and heavy snow. 
- The concept of a “geographic shift” in climate is illustrated by comparing  two regional examples: 
	1) Winter precipitation over Mpls/St Paul where moisture remains frozen through the air column and falls as snow.


....Rockford weather.

Changing winter weather
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Presenter
Presentation Notes
	2) Winter precipitation over Rockford where moisture melts and is re-frozen as in an ice storm.

Source:  
Dan Vimont, CCR



Climate Vulnerability

Increased road de-icing

Madison Salt Application and Yahara Lakes Chloride
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Presenter
Presentation Notes
Lake Wingra has the highest watershed to lake water volume ratio of the Yahara Lakes.

Source:
City of Madison salt application records


Questions?

Photo: Thomas Meyer
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