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Presentation Outline

• Climate Measurements (Historical & Projected)
• Temperature (Warmer)
• Precipitation (Wetter)
• Extreme/Intense Events (Wilder)

• Green Bay Ecosystem and the “Dead Zone”
• Door County (Impacts and Actions)



Wisconsin Initiative on Climate Change Impacts
(wicci.wisc.edu)

• Mission: 
Generate and share information that can foster solutions to climate change in WI

• Collaborative Effort: Scientists & Stakeholders 
(State &Federal agencies, Universities, Tribes, Businesses, Municipalities, Non-profits)

• Initial Report: WICCI 2011 Assessment Report
• Update Report: WICCI 2021 Assessment Report



WICCI Working Groups
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Future Scenarios 
7KH�&OLPDWH�:RUNLQJ�*URXS�DQDO\]HG�:LVFRQVLQ¶V�
projected climate under two different future cli-
mate scenarios, based on a mid-range and high-end 
estimate of future greenhouse gas emissions. By 
mid-century, both the high and middle range emis-
sions scenarios suggest that average temperatures in 
Wisconsin will be about four to six degrees warmer 
compared to our baseline climate conditions at the 
end of the 20th century (our recent past). Further 
into the future, the emissions scenarios diverge 
dramatically and show a difference of six degrees 
between each other by the late 21st century. Each 
additional degree of warming will intensify the 
climate impacts described in this report. These sce-
narios illustrate the importance of reducing green-
house gas emissions in order to avoid the worst 
consequences of climate change (Figure 6).

WZ��/W/d�d/KE��,�E'�^�&ZKD�ϭϵϱϬͳϮϬϮϬ
Our winters are also getting wetter 
since 1950. Winter precipitation has 
increased by over 20 percent since 
1950. Rain events during the winter 
are particularly concerning because 
water that falls on frozen, bare ground 
is more likely to carry runoff that 
worsens water quality. The southern 
two thirds of Wisconsin are experi-
encing the biggest increase in precip-
itation. Even so, Northern Wisconsin 
also experienced extreme rain events 
in 2012, 2016, and 2018 (Figure 5).

Figure 5: Wisconsin’s changing rainfall is not evenly distributed 
from season to season. Wisconsin’s winters (upper left map) 

have seen large, and significant increases in precipitation in the 
form of both snow and rain across most of the state. Rainfall 

trends during summer (bottom left map) are varied, with 
significantly wetter conditions only across the southern and 
central portions of the state. Asterisks indicate regions with 

statistically significant trends.

Figure 6: Wisconsin’s historical warming (black line) is expected to continue into the coming century under 
both a high-end emissions (red curve) and mid-range emissions (blue curve) scenario.

(WICCI 2021)

Baseline:
1900-1950

Projections:
High & Mid-range

2050 Projection:
4O – 6O F increase



Historical Warmer Temperatures

(WICCI 2021)



Projected Warmer Temperatures
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By mid-century, under a mid-range scenario for 
greenhouse gas emissions, statewide average tem-
peratures in Wisconsin are projected to warm by 
2 – 8 degrees Fahrenheit above the late 20th century 
average. To put this in perspective, the warmest 
years in Wisconsin’s history were 1998 and 2012. 

Figure 7: Wisconsin will continue to warm in all seasons through the coming century. Projections show that winter 
nights will warm the most, and summer days the least. These maps show the expected warming by mid-century, 
compared to conditions at the end of the 20th century.

By the middle of the 21st century, Wisconsin’s  
average temperature should be similar to those 
years. Seasonally, by mid-century, our winters will 
probably continue to warm more than summers, and 
nighttime low temperatures will likely warm even 
more than daytime high temperatures (Figure 7).

(WICCI 2021)

Winter & Fall: 
Higher Warming



Wetter Conditions

(WICCI 2021)



Expected Regional Precipitation Increases

 76 

 
 

Figure 36.  Projected % change in precipitation for the end of the century, showing significant increases 
in the Great Lakes basin (Lorenz, pers. comm.). 
 
 

V.A.6.5. Development of Management Analysis Tools:  
 

 Although this aspect of the research effort was not explicitly laid out in the proposal, 
the recognition of the importance of providing tools for the management community resulted 
in a significant effort being invested in the development and evolution of a “beta” set of 
Management Analysis Tools (MAT) in cooperation with LimnoTech (Ann Arbor MI).  This work 
was supplemented by support from the Erb Foundation and the Michigan Water Center.   
 

The current set of management analysis tools is a stand-alone program that must be 
loaded onto a computer.  Transition to a web-based platform would ensure that the tool is 
readily accessible to any stakeholder via any standard web browsers. It is anticipated at this 
time that all features of the MAT will be available to any/all stakeholders and members of the 
public. However, if deemed necessary based on discussions with resource managers, the tool 
could be constructed with account management features that allow for differing levels of 
access (e.g., stakeholder-level vs. public-level access).  Cause-effect relationships connecting 
management actions (e.g., agricultural best management practices) in watersheds and reduced 
hypoxia and eutrophication impacts are the central focus of the MAT.   The goal has been to 
develop scientifically defensible cause-effect relationships (e.g., “response curves”) that will 
serve as the basis for the interactive graphics and tables. Examples of some of the outputs from the 
MAT platform are given below. 
 

Klump & Fermanich (2017)

Bigger Increases 
Winter & Spring
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Figure 9: Wisconsin winter, spring, and fall will continue to get wetter through the coming century. These maps 
show the expected seasonal warming by 2050, compared to conditions at the end of the 20th century.

The issues and impacts produced by this changing 
climate are already being felt and will become 
more drastic as the climate continues to warm.

Key Points
• Wisconsin’s average daily temperature has become three 

degrees Fahrenheit warmer since the 1950.
• The last two decades have been the warmest on record, and 

the past decade has been the wettest.
• Wisconsin has become wetter – average precipitation has 
LQFUHDVHG����SHUFHQW��DERXW�ƓYH�LQFKHV��VLQFH������

• Warming is happening fastest in the winter and at night.
• Southern Wisconsin has experienced the highest increase in 

precipitation.
• Very extreme precipitation events will increase in the future.
• Extreme events are already causing immense impacts across 

the state, and the frequency of those events will generally 
increase.

Figure 10: Extreme precipitation events will occur more frequently through 
the coming century. Shown here is the frequency of days with 2 or more 
inches of precipitation in a 24hr period.

�yW��d���WZ��/W/d�d/KE��,�E'���z�ϮϬϱϬ FREQUENCY OF 
EXTREME RAINFALL

Solutions
Decrease carbon emissions and promote environmental and 
climate justice by investing in solutions that reduce green-
house gas emissions and associated climate impacts

Learn more
The Climate Working Group studied these and 
other issues and has produced downscaled cli-
mate model projections showing conditions under 
low-end and high-end greenhouse gas emission 
scenarios.

Bigger Increases 
Winter & Spring

Increased Rain 
during Winter

(WICCI 2021)
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These changes in average tem-
perature will increase the fre-
quency and magnitude of many 
extreme weather events. By 
mid-century extreme heat days 
over 90 degrees Fahrenheit in 
Wisconsin will likely triple. The 
number of hot nights when the 
temperature does not drop below 
70 degrees Fahrenheit will likely 
quadruple (Figure 8).

Figure 8: The frequency of extreme heat events will 
increase. These maps show the number of days when 

the temperature exceeds 90°F (top) and nights when 
the temperature does not dip below 70°F (bottom), 

for historical conditions (left) and mid-21st-century 
conditions (right). For example, the top map shows 
that Green Bay has historically experienced about 7 

days per year when the daytime high temperature 
exceeds 90°F. By mid-century, Green Bay will likely 

experience 20 such days.

Wisconsin is likely to continue to trend toward wetter conditions, especially during 
ZLQWHU��VSULQJ��DQG�IDOO��)LJXUH�����([WUHPH�UDLQ�HYHQWV�ZLOO�DOVR�LQFUHDVH�VLJQL¿FDQWO\��
Extreme precipitation events are likely to remain most common in the southern and 
western parts of the state (Figure 10).

(WICCI 2021)



Wilder Conditions

(WICCI 2021)
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Seasonal and regional 
changes
All seasons and regions of Wisconsin 
are getting warmer and wetter, but 
winters are warming more rapidly 
than summers and nighttime low 
temperatures are warming faster than 
daytime high temperatures. Winter 
warming has been most pronounced 
in Northwest Wisconsin (+4-6 de-
grees Fahrenheit). Winter warming is 
DOVR�UHÀHFWHG�LQ�IHZHU�H[WUHPH�FROG�
periods (below 0 degrees Fahrenheit). 
Cold periods have been getting less 
common, and this trend is predicted to 
continue (Figure 4).

Extreme weather has generally increased in frequency and mag-
nitude (including high heat, extreme amounts of rain or snow, 
high winds, droughts, or extreme cold). For example, heavy daily 
precipitation events across Wisconsin show a rising trend in recent 
decades. Days with 1 to 2-inch rain events have increased the most, 
but 3-inch rainfalls are also increasing. While rare, these events 
are exceedingly damaging and are becoming more common as the 
climate warms. In the last decade we have experienced massive 
events, like the 15-inch rainfall event in Cross Plains in 2018 (Fig-
ures 2 and 3).

Figure 2: Heavy daily precipitation events across Wisconsin 
show a rising trend in recent decades. Source: Nelson Institute 
Center for Climatic Research, UW-Madison

Figure 3: Wisconsin is experiencing more extreme rainfall events. The shading in this figure shows the magnitude of the 
“100 year” rain event in Wisconsin, ranging from about 6.25 inches in southwestern Wisconsin to about 4.5 inches in 
northeastern Wisconsin. In the decade from 2010-2019, Wisconsin experienced at least 21 rainfall events that exceeded 
the 100-year event in the locations indicated by the circles and labeled amounts.

More Heavy Rainfall
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More Extreme 
Rainfall Events
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Seasonal and regional 
changes
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climate warms. In the last decade we have experienced massive 
events, like the 15-inch rainfall event in Cross Plains in 2018 (Fig-
ures 2 and 3).
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Center for Climatic Research, UW-Madison

Figure 3: Wisconsin is experiencing more extreme rainfall events. The shading in this figure shows the magnitude of the 
“100 year” rain event in Wisconsin, ranging from about 6.25 inches in southwestern Wisconsin to about 4.5 inches in 
northeastern Wisconsin. In the decade from 2010-2019, Wisconsin experienced at least 21 rainfall events that exceeded 
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• “100-yr” Events based on 
past rainfall patterns

• Recently have exceeded 
those amounts

(21 events in past 10 years)

(WICCI 2021)
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Figure 9: Wisconsin winter, spring, and fall will continue to get wetter through the coming century. These maps 
show the expected seasonal warming by 2050, compared to conditions at the end of the 20th century.

The issues and impacts produced by this changing 
climate are already being felt and will become 
more drastic as the climate continues to warm.

Key Points
• Wisconsin’s average daily temperature has become three 

degrees Fahrenheit warmer since the 1950.
• The last two decades have been the warmest on record, and 

the past decade has been the wettest.
• Wisconsin has become wetter – average precipitation has 
LQFUHDVHG����SHUFHQW��DERXW�ƓYH�LQFKHV��VLQFH������

• Warming is happening fastest in the winter and at night.
• Southern Wisconsin has experienced the highest increase in 

precipitation.
• Very extreme precipitation events will increase in the future.
• Extreme events are already causing immense impacts across 

the state, and the frequency of those events will generally 
increase.

Figure 10: Extreme precipitation events will occur more frequently through 
the coming century. Shown here is the frequency of days with 2 or more 
inches of precipitation in a 24hr period.

�yW��d���WZ��/W/d�d/KE��,�E'���z�ϮϬϱϬ FREQUENCY OF 
EXTREME RAINFALL

Solutions
Decrease carbon emissions and promote environmental and 
climate justice by investing in solutions that reduce green-
house gas emissions and associated climate impacts

Learn more
The Climate Working Group studied these and 
other issues and has produced downscaled cli-
mate model projections showing conditions under 
low-end and high-end greenhouse gas emission 
scenarios.
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Frequency of Extreme Rainfall (>2 in)

(WICCI 2021)
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Imagery courtesy of the Environmental Remote Sensing Center University of Wisconsin-Madison



Green Bay Watershed

NOTE:
Door County Flows into both 
Green Bay and Lake Michigan

The Nature Conservancy



De Stasio et al. (2008)



GB1

GB6

De Stasio et al. (2008)

Green Bay Food Web 
Studies

1980s – 2000s



Green Bay Ecosystem
Shallow à Deep
High Nutrients from Fox River
Eutrophication (high nutrient input)
High Algae Abundance

Deeper

Shallow
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Zebra Mussel InvasionNutrient Reductions



Green Bay Depth Gradient
Shallow à Deep
Shallow regions mix
Deeper regions stratify

De Stasio et al. (2008)



Summer “Stratification” of Lakes

https://teara.govt.nz/en/diagram/11817/water-circulation-in-a-lake

During Stratification
Surface water gets oxygen
• From air above water
• From algae production

Bottom water is isolated
• Dead matter settles
• Bacteria use oxygen
• Oxygen can get depleted
• Depends on eutrophication



Eutrophication can create “Dead Zones”

6/23/22, 3:07 3M K\SR[LD _ 12AA GUHDW LDNHV EQYLURQPHQWDO 5HVHDUFK LDERUDWRU\

KWWSV://QRDDJOHUO.EORJ/WDJ/K\SR[LD/ 3/17

7KLV LQIRJUDSKLF IURP NOAA GLE5L GHVFULEHV KRZ K\SR[LD

RFFXUV LQ ODUJH ERGLHV RI ZDWHU OLNH WKH GUHDW LDNHV.

PORW WZLVW: BHQHILWLQJ PRUH WKDQ MXVW RXU ZDWHU

VXSSO\

NOAA GLERLÉV E[SeULPeQWaO LaNe EULe H\SR[La FRUecaVW

KaV SURYeQ WR be LQcUedLbO\ VXcceVVIXO LQ LWV RULJLQaO

JRaO Æ bXW RXU VcLeQWLVWV ZeUe VXUSULVed WR OeaUQ WKaW LWV

XVeIXOQeVV dLdQÉW VWRS WKeUe. ReceQW VWaNeKROdeU

LQWeUYLeZV cRQdXcWed b\ CIGLR SWaNeKROdeU

EQJaJePeQW SSecLaOLVW DeYLQ GLOO UeYeaOed WKaW, LQ

addLWLRQ WR KeOSLQJ PaQaJe WKe dULQNLQJ ZaWeU

WUeaWPeQW SURceVV, WKe IRUecaVW KaV aOVR becRPe aQ

XQe[SecWedO\ YLWaO WRRO IRU PaQaJLQJ LaNe EULeÉV

ILVKeULeV.b

OQe aJeQc\ WKaW PaNeV XVe RI WKe e[SeULPeQWaO

K\SR[La IRUecaVW LV WKe OKLR DeSaUWPeQW RI NaWXUaO

ReVRXUceV (DNR). TKe OKLR DNR LV UeVSRQVLbOe IRU

JeQeUaWLQJ SRSXOaWLRQ eVWLPaWeV IRU LaNe EULeÉV \eOORZ

SeUcK aQd ZaOOe\e Æ eVWLPaWeV WKaW XOWLPaWeO\ KeOS

deWeUPLQe RIILcLaO caWcK OLPLWV WR PaLQWaLQ WKe OaNeÉV

VXVWaLQabOe ILVKeULeV.b

ËLaUJe aJJUeJaWLRQV RI ILVK Pa\ VeeN UeIXJe aW WKe

edJeV RI WKe K\SR[Lc ]RQe,Ì Va\V AQQ MaULe GRUPaQ, a

ILVKeULeV bLRORJLVW ZLWK WKe OKLR DNRÉV FaLUSRUW HaUbRU

FLVKeULeV ReVeaUcK SWaWLRQ. ËOXU RIILce WUacNV WKe

ORcaWLRQ RI WKe OaNeÉV cROd bRWWRP ZaWeU XVLQJ WKe
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Mississippi River Watersheds & “Dead Zone”



 

Gulf of Mexico “Dead Zone”
caused by Eutrophication

Low Oxygen in Red

(Source: NOAA)
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Figure 2.  Change in number of U.S. coastal areas experiencing hypoxia from 12 documented areas in 1960 to over 300 
now (Appendix III).  Not shown here are one hypoxic system in Alaska and one in Hawaii.

“Dead Zones” caused by Eutrophication

Green Bay
(2005)

Committee on Environment and Natural Resources (2010)



Green Bay Dead Zone



Green Bay Bottom Anoxia Zones

 5 

the mixing between riverine inflow and the open lake.  Settling rates for particulates are high 
and depths relatively shallow, leading to the rapid delivery of fresh algal debris to the bottom.  
With its unique morphology and this restricted circulation, the bay functions as a very efficient 
nutrient and sediment trap, sequestering 70-90% of the total phosphorus inputs within the bay 
in rapidly accumulating, organic rich sediments which reach organic carbon contents in excess 
of 10% by weight (Klump et al 1997, 2009).   Consequently, these sediments quickly go 
anaerobic and sediment oxygen demand, in conjunction with stratification, is the major cause 
of hypolimnetic oxygen depletion in the summer (late June-September). 
 

The onset of hypoxia is clearly related to thermal stratification which, in Green Bay, 
results both from direct atmospheric forcing, i.e. low winds, high air temperatures, and 
increased solar radiation, and from indirect atmospheric forcing that drives circulation patterns 
resulting in the southerly incursion of cooler bottom waters onto these highly reducing organic 
rich sediments  (Hamidi et al. 2013).  Mixing between the two major water mass end members 
(the Fox River and Lake Michigan) can be estimated from the distinct isotopic composition of 
these two sources.  Water mass movement is on the order of 1-2 km per day and, as these 
bottom waters move south and mix, sediment oxygen demand rates are sufficient to deplete 
hypolimnetic oxygen concentrations from saturation to hypoxia in a matter of weeks.  This loss 
of oxygen or Apparent Oxygen 
Utilization when plotted against 
river-lake mixing, indicate that 
the sediments in the mid-bay 
region are an important oxygen 
sink and the residence time of 
the bottom water in the mid 
bay are important in controlling 
hypoxia. 
     

This two layer 
circulation regime can re-
stratify a well-mixed water 
column within hours, and can 
set up stable stratified water 
column conditions that persist 
for days to weeks during which 
time sediment oxygen demand 
rates are sufficient to 
completely deplete 
hypolimnetic oxygen.  Hence, 
the morphometry, circulation 
patterns, and the thermal 
input-output balance of the bay 
interact to produce conditions 
that lead to variations in the degree, extent and duration of hypoxia from day to day and from 
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Dead Zones can Cause:
Fish kills
Loss of bottom feeders
Loss of invertebrates 

(mayflies, caddisflies, etc.)



Dead Zone days per year

6/21/22, 7:20 30 AV 'HDG =RQHV CKRNH WKH :DWHUV RI *UHHQ BD\, CRQWUROOLQJ :KDW :DVKHV 2II WKH /DQG 3URYHV D CRVWO\ CKDOOHQJH _ 3XOLW]HU CHQWHU

KWWSV://SXOLW]HUFHQWHU.RUJ/VWRULHV/GHDG-]RQHV-FKRNH-ZDWHUV-JUHHQ-ED\-FRQWUROOLQJ-ZKDW-ZDVKHV-ODQG-SURYHV-FRVWO\-FKDOOHQJH 4/8

PUHFLSLWDWLRQ LQ WKH CLW\ RIbGUHHQ BD\ WKLV \HDU LV PRUH WKDQ 18 LQFKHV DERYH QRUPDO DW QHDUO\ 47 LQFKHV, DFFRUGLQJ WR WKH

NDWLRQDO :HDWKHU 6HUYLFH.b

êI WKLQN WKDW ZH KDYH ORVW VRPH SURJUHVV LQ WKH ODVW WZR \HDUV,ëbFHUPDQLFK VDLG.

A  N X W U L H Q W  D L H W  I R U  W K H  B D V L Q

LLNH RWKHU KHDYLO\ XVHG ZDWHUV LQ WKH VWDWH, WKH ORZHU FR[ DQG WKH VRXWKHUQ HQG RI GUHHQ BD\ IDLO WR PHHW VWDWH VWDQGDUGV IRU

SKRVSKRUXV DQG DQRWKHU SROOXWDQW, WRWDO VXVSHQGHG VROLGV.b

7KH DN5 KDV GHYHORSHG D SODQ WR FXW OHYHOV RI DOJDH-FDXVLQJ SKRVSKRUXV E\ 60%bRYHU WKH QH[W 20 \HDUV, HVVHQWLDOO\ SXWWLQJ

WKH EDVLQ RQ D QXWULHQW GLHW E\ WU\LQJ WR OLPLW ZKDW JHWV LQ WKH ZDWHU.b

OQH DLP LV WR LPSURYH OHYHOV RI GLVVROYHG R[\JHQ.b

IQćXHQFHG E\ IDFWRUV VXFK DV ZLQG, UDLQIDOO DQG ZDWHU FXUUHQWV,bGUHHQ BD\èV OHYHOV RI R[\JHQ DYDLODEOH WR DTXDWLF OLIH

ćXFWXDWHbIURP \HDU WR \HDU.bBXWbWKH WUHQG LV XQPLVWDNDEOH.

7KH QXPEHU RI GHDG ]RQH GD\V LV LQFUHDVLQJ,bDFFRUGLQJ WR GDWD FRPSLOHG E\ 8:MèV 6FKRRO RI FUHVKZDWHU 6FLHQFHV.b

IQ 2018, UHVHDUFKHUV FRXQWHG 22 GD\V ZKHQ FRQGLWLRQV TXDOLĆHG DV D GHDG ]RQH DW D NH\ PRQLWRULQJ VWDWLRQ LQ WKH VRXWKHUQ

HQG RI WKH ED\. 6LQFH 1987, WKDW UDQNV DV 4WK KLJKHVWbIRUbUHDGLQJV RI GLVVROYHG R[\JHQ EHORZ 2 PLOOLJUDPV SHU OLWHU.

N X P E H U  R I  D D \ V  : L W K  ' D H D G  = R Q H'  O [ \ J H Q  L H Y H O V

IPDJH FRXUWHV\ RI MLOZDXNHH JRXUQDO 6HQWLQHO.

DHDG ]RQHV DUH FUHDWHG ZKHQ SODQWV DQG DOJDH, IHG E\ QXWULHQWV, GLH DQG VLQN WR WKH ERWWRP. AV WKH\ GHFRPSRVH, WKH

GLVVROYHG R[\JHQ LQ WKH ZDWHU LV FRQVXPHG.b

":H FDQ VROYH WKH SUREOHP," 8:MèV KOXPS VDLG. êBXW LWèV D FRPSOH[ RQH. AQG LW LQYROYHV ZKDWèV JRLQJ RQ LQ WKH ZDWHUVKHG.ë

A FRDOLWLRQ RI JURXSV LQ WKH GUHHQ BD\ DUHD HVWLPDWHV WKH FRVW RI UHGXFLQJ WKH VKDUH RI SKRVSKRUXV IURP IDUPV WKDW ZDVKHV

LQWR WKH EDVLQ DW $280 PLOOLRQ WR $340 PLOOLRQ RYHU WKH QH[W 20 \HDUV.b

FRU FRQWH[W, WKH FRVW RI WKH 2003 UHQRYDWLRQV DW LDPEHDX FLHOG ZDV $295 PLOOLRQ.b

BXW ZKR ZLOO SD\ LVQèW HQWLUHO\ FOHDU. FDUPHUV DUH H[SHFWHG WR FRYHU VRPH RI WKH FRVWV. 6R ZLOO WD[SD\HUV.
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Of particular note is the observation that the distribution of SOD does not match 

patterns of sediment deposition or surface sediment organic carbon content (Figure 18), but is 
focused in the southern portion of the bay consistent with the distribution of the most 
commonly observed region of hypoxia.  The combination of high organic matter loading and 
algal production with rapid deposition in shallow water presumably fuels benthic respiration at 
rates higher that in sediments further north.  The two regions along the main axis – the lower 
bay and the mid-lower bay (Fig. 18) where SOD is focused and where rates exceed 10 mmol O2 

m-2 d-1 represent only 25% of the surface area of lower Green Bay, but account for ~53% of the 
total benthic oxygen consumption.  Selective decomposition of the more labile fractions of 
organic matter can fuel rapid rates of respiration within the water column.   Benthic respiration, 
on the other hand, is fueled both by rapidly deposited labile material and by the diagenesis of 
the more refractory components that accumulate on the bottom over periods of months to 
years.    

 

 
Figure 18.   From left: 1) Chlorophyll abundance ug/L,   2) Short term deposition of organic 
carbon determined from Be-7 sediment inventories and sediment traps (Klump et al. 2015).  
3) Estimates of the distribution of sediment oxygen demand based on 74 core incubations  
conducted at 30 stations (2011-2013), 4) Typical distribution of the hypoxic dead zone.  The 
match between benthic respiration rates and the rate of deposition of recently deposited 
material indicates that sediment oxygen consumption is driven by relatively fresh material 
delivered to the bottom fairly rapidly.  Residence times for particulate organic carbon in the 
water column are on the order of days.   

Green Bay Bottom Dead Zones

Klump & Fermanich (2017)
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Eutrophication:
Phosphorus 

Impaired Waters



Lower Fox River Basin 
highest phosphorus inputs

 64 

 
Figure 17.  Simulated average annual watershed and sub-watershed non-point yields of total 
phosphorus.  These yields represent baseline (existing) land use conditions and what is expected to 
reach lower Green Bay after transport through the system has been accounted for. 

Klump & Fermanich (2017)
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Clean Water Act



Climate Change Impacts on Green Bay

• Warmer Temperatures
• Longer stratification
• Faster algae growth rates
• Toxic Cyanobacteria (Blue-Green Algae) dominate in
• Shifts in fish species (more warm water species)



Climate Change Impacts on Green Bay
• Wetter (Increased Rainfall)
• More runoff & nutrients into system
• Higher water levels
• Flooded marsh areas

• Wilder (more extreme events)
• More nutrients run off agricultural lands
• Increased algae from increased nutrients
• More/longer Dead Zones from eutrophication



Strategies to Reduce Climate Change Impacts 
on Green Bay Dead Zone

• Manage Lands to Reduce Flooding & Run-off
• Protect marshes & wetlands
• Plant riparian and buffer zones
• Employ low-tillage and no-til farming

• Reduce Nutrient Sources to Watershed
• Continue to Regulate Point Sources (industry, municipal, urban)
• Reduce nutrient additions from CAFOs and Agriculture
• Foster collaborations to implement Management Analysis 

(https://fyi.extension.wisc.edu/gbem/)



Presentation Outline

• Climate Measurements (Historical & Projected)
• Temperature (Warmer)
• Precipitation (Wetter)
• Extreme/Intense Events (Wilder)

• Green Bay Ecosystem and the “Dead Zone”
• Door County (Possible Impacts and Actions)



Shorelines & Coastal Communities
Potential Issues:
• Fluctuating Lake Levels (low & high)
• Declining Ice Cover
• Increased Wave Energy
• Increased Precipitation

Possible Impacts:
• Increased Flooding
• Increased Coastal Erosion
• Lower Bluff Stability
• Impaired Navigation

(low & high water issues)
WICCI (2021)



Shorelines & Coastal Communities
Strategies:
• Plan Proactively for Changes
• Address Root Cause of Issues
• Consider Nature-based Solutions
• Consider Relocation Strategies

WICCI (2021)



Plant & Natural Communities
Issues:
• Warmer Temperatures & extremes
• Longer summer drought periods
• More Intense Rainfall
• Less Snow
• Wetter Winters (on frozen ground)

WICCI (2021)



Plant & Natural Communities
Impacts:
• Drying soils and groundwater
• Mores sediment into wetlands
• Stressed Boreal Forests
• More freeze-thaw cracking
• Increased seepage into karst

WICCI (2021)



Plant & Natural Communities
Strategies:
• Climate-ready Stormwater 

management
• Boreal Forest Protection
• Habitat Protection/Restoration
• Monitoring groundwater issues
• Regulating manure/fertilizer
• Carbon Storage/Sequestration
• Tree Planting

WICCI (2021)



Plant & Natural Communities
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