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Appendix III – Climate Data  

Organization of this appendix 

This appendix provides background information and data analysis collected from sources that were used to 

develop the summary of climatic conditions relevant to the Monroe County project. It is arranged on a topic-by-

topic basis with attachments containing additional information.  

 

Climate Data prepared by the UW-Madison 

The University of Wisconsin- Madison Nelson Institute Center for Climatic 

Research (CCR) has been conducting historic and future climate research 

and analysis for decades. The CCR is one of the lead participants in the 

Wisconsin Initiative on Climate Change Impacts (https://wicci.wisc.edu/ 

). They have created an extensive series of statewide maps describing the 

historic changes in climate and rezoning rejections of climate future 

climate change, focusing on temperature and precipitation changes. 

These graphics and other information are available at: 

https://wicci.wisc.edu/wisconsin-climate-trends-and-projections/ .  An 

example of one of the maps describing the increase expected in average 

annual temperature is shown here, and a complete set of the maps 

provided by CCR for the WICCI update project is included in Attachment 

A to this Appendix. 

 

 

The WICCI Climate Working Group has issued the following conclusions from their updated research that will be 

presented in the WICCI assessment report update to be issued in 2022: 

 

• The past two decades have been Wisconsin’s warmest since accurate statewide records began in the 

1890s 

• Winters are warming more rapidly than any other season, and nighttime temperatures are rising more than 

daytime temperatures. 

• By mid-century, the number of extremely hot days (90oF or higher) in Wisconsin is likely to triple, and the 

frequency of extremely warm nights (low temperature of 70oF or above) is projected to quadruple. 

• The 2010s were Wisconsin’s wettest decade on record by far, and 2019 was our state’s wettest year. 

• During the past decade, there were more than 20 daily rainfalls extreme enough to be considered “100-

year events”, meaning that, according to statistics based on historic climate data, they are expected to 

occur only once per century. 

• Wisconsin will become wetter in the future, particularly during winter and spring, although we have less 

confidence in how rainfall amounts will change during summer. 

• Extreme precipitation will probably continue to increase in the future, with very extreme rainfalls increasing 

the most. 

https://wicci.wisc.edu/
https://wicci.wisc.edu/wisconsin-climate-trends-and-projections/
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Moisture and drought, 1895 - 2021 

Monroe County temperatures and precipitation have been increasing for decades. However, year to year conditions 

vary considerably. An illustration of this variability is the Palmer Drought Severity index, which is calculated using 

precipitation, temperature, and vegetative moisture model data. The figure below shows the Palmer drought 

severity index calculated from 1995 through 2021 by the NOAA national climatic data center. The index shows that 

recent years, particularly since 1990, have calculated soil moisture content significantly higher than in previous 

decades. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Changes in Growing Season 

ESRI has developed several web-based mapping tools for evaluating climate and environmental issues. One of 

these is a viewer that lists changes in growing season on a statewide average basis. See: 

https://www.arcgis.com/apps/mapviewer/index.html?webmap=a35c325d7bf946b1bf038cea9ebbfeeb . this 

analysis indicates that from 1895 to 2020 the average growing season duration in Wisconsin has become 16 days 

longer. Monroe County growing season duration can be analyzed separately. 

 

 

 

 

 

 

 

 

 

https://www.arcgis.com/apps/mapviewer/index.html?webmap=a35c325d7bf946b1bf038cea9ebbfeeb
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Emission Scenarios and Representative Concentration Pathways 

Representative Concentration Pathways (RCPs) are part of the future conditions definitions that are used in climate 

model predictions. The Intergovernmental Panel on Climate Change has defined several RPCs that are used in 

many climate models. RPCs define the changes in the emission rate of greenhouse gases in the future. Climate 

models use these emissions in combination with sequestering by vegetation, solution in ocean water, energy 

balances, and many other complex factors to make projections of future climate conditions. Two of the RCP 

scenarios used in climate modeling are: 

 

• RCP 4.5 is an “intermediate emissions scenario” that projects that carbon dioxide (CO2) emissions start 

declining by approximately 2045 to reach roughly half of the levels of 2050 by 2100.  

• RCP 8.5 is a “high emissions scenario” that projects little reduction in future greenhouse gas emissions. 

 

The figure below illustrates the CO2 equivalent atmospheric concentration changes from 2000 to 2100, for several 

RPCs. 

 
 

Evaluating the significance and confidence of climate model predictions 

Climate model predictions are based on multiple runs of multiple climate models, with the results often 

transformed to a finer spatial resolution using the techniques of physical and statistical downscaling. Conclusions 

on changes in climate are based on the compilation of these multiple model results. Useful insight on interpreting 

climate model predictions is provided by a web-based analysis package prepared by the University of California – 

Merced. This website allows comparison of individual model downscaling results for Specific locations. 

Background information and visualization tools are available at: https://climate.northwestknowledge.net/MACA/ . 

The analysis uses results from 20 global climate models using the coupled model intercomparison project 5 

(CIMP5) data set for historical conditions, for RCP 4.5 and 8.5 GHG emission scenarios.  

 

This visualization package was used to evaluate climate model predictions for Monroe County, summarize for 

several climate variables, below: 

https://climate.northwestknowledge.net/MACA/
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Annual mean temperature  

 

The figure to the right (a) below shows results from 20 

downscaled global model results for years 2040 – 2069 

(open circles labelled model values), for two emission 

scenarios- RCP 4.5 and 8.5. This allows one to evaluate 

the significance of the magnitude of projected change by 

comparing the difference in the average (horizontal line) 

(yellow arrow) of the model results. The confidence of the 

projection can be evaluated by looking at the spread of 

individual model results (green arrow) in comparison with 

the magnitude of the average projected change (yellow 

arrow). In the case of annual average temperature 

projections, the projected change is significant (5 ° F on 

average), and confidence in the projection is high - model 

results are clustered around values much different than 

historical results. 

 

 

June-July-August Maximum Temperature 

 

Figure (b) shows that the prediction of increases in 

maximum temperatures is one of the strongest and most 

consistent prediction of most climate models. In the case 

of June July August maximum temperatures in Monroe 

County, a significant increase (~4 °F) projected with high 

confidence. 

 

June-July-August Potential Evapotranspiration 

 

Predicted climate variables such as evapotranspiration, 

which are based on additional analyses using climate 

model predictions of temperature and precipitation as 

input, are less certain than the more basic climate 

variables. Summer potential evapotranspiration (c) in 

Monroe County is predicted to have a significant increase, 

projected with moderate confidence. This increase in 

evapotranspiration could result in decreases in soil 

moisture and higher incidence of drought conditions in the 

future. 

 

 

a 

b 

c 
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Annual Average Precipitation for Monroe County 

 

In general, precipitation changes are less confidently 

predicted than temperature by climate models. In the 

case of Monroe County, annual average precipitation 

has a projected moderately significant increase (~2 in./ 

yr.), with moderate confidence due to spread of 

individual model results. 

 

 

 

 

 

 

 

 

 

June-July-August average precipitation 

 

We have less confidence in predictions of how 

Monroe County average summer precipitation will 

change: The combination of model results together 

indicates slight change in future summer temperature, 

meaning low significance. Since individual model 

results variability is higher than the predicted change 

in the average prediction, we have low confidence in 

the predicted change. There is a large difference in 

model results both above and below the average 

modeled conditions, suggesting that significant 

changes are possible.  
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Location and tracks of extreme storms 

Several storms have produced extraordinarily high rainfall in Wisconsin over the past several decades. Two of 

these storms affected Monroe County: the storm of August 28th, 2018, and the storm of August 19th, 2007. The 

2018 storm tracked approximately east-west and had its highest intensity in the southern portion of Monroe 

County. The 2007 storm also tracked approximately east-west add had its highest intensity in Vernon County, 

along the Vernon County - Monroe County boundary. 

 

The locations of these extreme storms could suggest that they are in some way related to topographic or other 

conditions in southernmost Monroe County. A recent analysis of the August 2018 storm led by Daniel Wright at 

the University of Wisconsin- Madison for the NRCS (https://crawford.extension.wisc.edu/files/2020/10/Rainfall-

Analysis_UW-Madison-1.pdf ) provides useful information relevant to this question. Part of this project included 

review of the most extreme precipitation events that have occurred in the past several decades in and near 

Wisconsin. The extreme storms were seen to occur throughout the state with no identifiable location 

concentration. Additional review with University of Wisconsin researchers indicates that any portion of Monroe 

County could be struck by an extremely large storm at some time in the future. 

 

The tracks of the 10 largest storms and the UW-Madison report are included in Attachment B to this Appendix 

 

Present and future storm rainfall data 

 

Rainfall Depth and Duration 

 

The “standard” reference for rainfall intensity-duration-frequency data is National Oceanographic and Atmospheric 

Administration (NOAA) Atlas 14. It is based on statistical analysis of weather observation station data through 

approximately 2011. The Atlas 14 rainfall data is used to design a wide variety of hydraulic structures, including 

storm sewers, bridge openings and culverts, as well as to analyze the frequency of other types of hydrologic 

events that cause environmental consequences such as soil erosion. The observation station records used in 

developing Atlas 14 often have more than 50 years of data. Because rainfall has become more extreme in recent 

years, the Atlas 14 predictions could underpredict rainfall depths for a particular return period.  

 

To address this issue, Daniel Wright at the University of Wisconsin- Madison used more recently available NWS 

radar rainfall data and stochastic storm transposition in the RainyDay analysis package to create the most current 

extreme rainfall statistics Available for Wisconsin. This work was combined with future climate model data to 

estimate rainfall statistics for future conditions. Brief descriptions with further reference links for both analysis 

approaches are contained in Attachment C to this Appendix. 

 

A summary of the results of this analysis for Monroe County is provided below. 

 

 

 

https://crawford.extension.wisc.edu/files/2020/10/Rainfall-Analysis_UW-Madison-1.pdf
https://crawford.extension.wisc.edu/files/2020/10/Rainfall-Analysis_UW-Madison-1.pdf
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Current conditions rainfall statistics for Monroe County based on the Rainy Day software analysis by Daniel Wright, 

available at https://her.cee.wisc.edu/the-wisconsin-rainfall-project/ . The average 24-hour duration rainfall depths, 

which are often used in hydraulic design calculations, are highlighted in blue. 

 

 
 

 

 

 

 

 

 

 

2 years 5 years 10 years 25 years 50 years 100 years 200 years 500 years 1000 years

3-hr upper bound 1.99 2.6 3.11 3.9 4.56 5.37 5.96 8.06 11.96

3-hr average 1.94 2.51 2.99 3.66 4.21 4.81 5.43 6.49 7.57

3-hr lower bound 1.9 2.45 2.87 3.43 3.91 4.36 4.88 5.36 5.67

6-hr upper bound 2.46 3.24 3.91 4.96 5.69 6.78 8.36 10.79 13.38

6-hr average 2.41 3.12 3.74 4.63 5.35 6.12 7.11 8.74 9.85

6-hr lower bound 2.35 3.01 3.58 4.37 5.03 5.57 6.13 6.69 7.62

12-hr upper bound 2.6 3.42 4.14 5.17 6.16 7.25 8.68 11.17 13.18

12-hr average 2.55 3.3 3.94 4.88 5.67 6.58 7.54 8.96 10.11

12-hr lower bound 2.5 3.2 3.74 4.54 5.27 5.85 6.62 7.43 7.7

24-hr upper bound 2.89 3.81 4.56 5.74 6.76 7.93 9.21 11.56 13.32

24-hr average 2.83 3.69 4.39 5.39 6.25 7.15 8.07 9.55 10.73

24-hr lower bound 2.77 3.57 4.24 5.09 5.8 6.59 7.25 7.97 8.34

48-hr upper bound 3.31 4.32 5.18 6.51 7.51 8.98 9.95 12.47 14.06

48-hr average 3.24 4.19 4.97 6.14 7.06 8.06 8.97 10.51 11.74

48-hr lower bound 3.17 4.04 4.78 5.78 6.62 7.38 7.98 8.81 10.08

4-day upper bound 3.85 5.07 5.93 7.35 8.51 9.56 10.67 12.89 14.22

4-day average 3.75 4.89 5.74 6.97 7.93 8.86 9.78 11.18 12.18

4-day lower bound 3.68 4.74 5.52 6.63 7.46 8.24 9.06 9.81 10.36

10-day upper bound 4.45 5.75 6.72 8.17 9.5 10.66 12.06 15.62 18.29

10-day average 4.36 5.6 6.54 7.85 8.89 9.91 10.98 12.69 14.48

10-day lower bound 4.27 5.44 6.32 7.5 8.37 9.12 10 11 11.53

Rainfall Depth, Duration and Frequency for Current (2021) Conditions in Monroe County, Wisconsin

Rainfall depth (in inches) at return periods 2-year through 1000-yearStorm Duration, showing average, 

upper and lower bound

https://her.cee.wisc.edu/the-wisconsin-rainfall-project/
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Increases and rainfall depth are projected into the future, using techniques discussed in the reference in 

Attachment C. A plot of these results for the low emissions RCP 4.5 scenario for Monroe County is shown 

below:  

 

 

 
 

 

For interim planning purposes until more detailed analysis are conducted, suggested increases in 24-hour 

precipitation depth in year 2050 for use in the Monroe County project are listed below. The precipitation depth 

increases are approximate averages of results for the RCP 4.5 and 8.5 emission scenarios. 

 

 

Interim Estimates of year 2050 24-hour rainfall depths for Monroe County 

 

24-hour duration rainfall 
Return Period 

2-year 10-year 100-year 

Current rain depth from Rainy Day, inches 2.8 4.4 7.2 

Increase for 2050 conditions, inches 0.2 0.3 0.6 

Interim 2050 precipitation depth, inches 3.0 4.7 7.8 
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Rainfall Intensity 

 

Predictions of future rainfall intensity would be useful to evaluate the potential for increased soil erosion and other 

Land Management issues. Direct future climate model results do not provide detailed information on increased 

storm intensities but do indicate that extreme rainfall depths will increase, such as indicated in the future conditions 

rainfall data described above.  

 

The updated Rainy Day current conditions intensity duration frequency data listed above provides guidance on 

current intensities. An evaluation of the rainfall intensity distribution of extreme storms was conducted by Daniel 

Wright and described in the UW Madison report to NRCS included in Appendix C. Figure 3 from that report, shown 

below, shows the rainfall accumulation rate for the ten largest storms in the rainfall database. Higher rainfall 

intensities are indicated by steeper data plots in the graphs for various storms. In addition to the record storms, 

design storm rainfall distributions are also shown. Two commonly used design storm distributions are also shown: 

the MSE4 distribution and the older SCS Type II distribution. Analysis described in the report indicates that the 

NRCS/SCS Type-II distribution yields a more intense peak hourly rainfall rate than all but one of the largest ten 

storms from the SST analysis, while the MSE4 storm is comparable to the “average” behavior of the ten storms.  

 

 

 
 

For interim purposes in analyzing extreme storm intensity, we suggest that the MSE4 distribution is an 

appropriate choice until additional analysis, particularly for more frequent and shorter duration storms, is 

available. 
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Climate analogue areas 

 

Several areas in the United States currently have climate conditions similar to those projected for Monroe County 

under future conditions. Identification of these areas can be useful because they can illustrate agriculture forestry 

and land management practices that could be applicable to Monroe County in the future. A way to identify these 

climate analogue areas is included in a University of Maryland web -based analysis tool  

https://fitzlab.shinyapps.io/cityapp/ . This tool uses 12 different criteria to describe climate at various locations, 

including minimum and maximum temperature and total precipitation for winter, spring, summer, and fall. This 

information is combined with results from 27 different climate models to project analogous climate areas for two 

GHG emissions scenarios, for a target year of 2080. One scenario (RPC 8.5) assumes high current emissions to 

continue, and the other (RCP 4.5) assumes emissions peak mid-century and then decline. The low emissions 

scenario analysis indicates that the climate in Monroe County in 2080 will be similar to that which currently exists 

in Ottumwa, Iowa, located 220 miles southwest of Sparta. For the high emissions scenario, the current climate in 

Lansing, Kansas, 390 miles southwest of Sparta. These projections are certainly subject to some variance and 

potential error, but do give useful insight: 

 

• Temperatures are higher in the identified analogous locations, and precipitation is similar but may have 

less rainfall in summer  

• Agriculturally significant climate data is available for these locations, for example, the growing season at 

Ottumwa is more than a month longer than it is in Monroe County  

 

Note that the climate characteristics of these locations need to be carefully evaluated to understand potential 

agricultural and forestry implications. 

 

The figures below illustrate the web tool results for future conditions in La Crosse WI, the closest available location 

to Monroe County. The figures include the analogous climate area locations and graphics illustrating current 

climate conditions at Sparta, Ottumwa, Iowa, and Kansas City. Web links to data sources are included in the figures. 

 

 
 

 

https://fitzlab.shinyapps.io/cityapp/
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University of Maryland analysis results for emission scenario 4.5 at year 2080 

 

   
 

University of Maryland analysis for emission scenario 8.5 at year 2080 
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Attachment A 

Climate Maps prepared by the University of Wisconsin - Madison 
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Attachment B 

Track and location of 10 largest storms in the Wisconsin extreme storm dataset 
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Attachment C 

Additional information on updated present and future rainfall data 
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