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May 12, 2016

Presenter
Presentation Notes
Good afternoon everyone, we are here to present to you on “Places at Risk: the Minneapolis climate change vulnerability assessment”. My name is Cameran Bailey, this is Karina Martin, and Laurelyn Sandkamp. We performed this Assessment as our capstone project for our master of urban and regional planning program at the Humphrey school of public affairs.
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October 2015:
City of Minneapolis 
received grant from 
Public Health Institute 
Center for Climate 
Change and Health

Phase I:
Climate Change 

Vulnerability 
Assessment 

(Spring 2016)

Phase II: 
Community 
Engagement

(2016-2017)

Phase III:

Identify next 
steps for 

implementation

What is this project?

Presenter
Presentation Notes
This Assessment is actually the first phase of a three-phase project for which the City of Minneapolis received a grant in October of 2015. We, with the assistance of many different professionals, performed all of the analysis in Phase one of this project. Phase two will be focused on community engagement where the results of the vulnerability assessment will be shared and feedback will be garnered. The last phase of the project will consist of Identifying next steps for implementation.https://en.wikipedia.org/wiki/List_of_tallest_buildings_in_Minneapolis



What is climate change vulnerability?

• The degree to which people and places are likely to 
experience harm due to exposure to disturbance or 
stress
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The first step in adapting for climate change is understanding 
which places are most at risk to climate change vulnerability. 

Presenter
Presentation Notes
There are many definitions of climate change vulnerability. The definition our team landed on after a review of the literature is “The degree to which people and places are likely to experience harm due to exposure to disturbance or stress,” When we say “disturbance,” we are referring to the changing patterns associated with climate change.Assessing vulnerability in a specific place is critical because adapting to climate change requires an understanding of which places are most at risk to the vulnerabilities of climate change.
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Minneapolis
Climate Change 

Vulnerability Assessment

Identifies strategies for mitigation Identifies places at risk

Presenter
Presentation Notes
You may be familiar with the City’s Climate Action Plan which is a set of goals and strategies to mitigate Minneapolis’ contributions to climate change via GHG emissions. In the vulnerability assessment that we performed, we addressed something different: The climate change vulnerability assessment is a place-based assessment that identifies specific places at risk to climate change
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Climate change 
vulnerability 
assessments have 
been done in 
other places.

Presenter
Presentation Notes
Minneapolis isn’t the first place to see the value in performing a climate change vulnerability assessment. This boded well for us as we were able to look at vulnerability assessments performed for the cities of San Francisco and Detroit. Here in MN, the Minnesota Department of Health completed a statewide spatial assessment of climate change vulnerability in 2014, which we were able to use as a great jumping off point for our own assessment of Minneapolis. 



General process of a place-based 
vulnerability assessment
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Decide what 
components 
to focus on

Select 
indicators

Gather data

Map the data

Identify 
vulnerable 

places

Presenter
Presentation Notes
From our review of the studies I just mentioned we found that most generally follow the same procedure, which we essentially adopted for our own process. We first worked with city staff to decide upon which components we would focus our assessment on. We then selected specific, relevant, and data-supported indicators by which we could analyze those components. Next, we gathered the best data available to us and mapped those indicators. Finally, we assigned metrics to those maps in order to quantify vulnerability and identify the vulnerable places of the City.



Our assessment centers around 
“place vulnerability”
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Presenter
Presentation Notes
This idea of using maps as a tool to study different factors of vulnerability, has a direct link to a theory known as place vulnerability. In this theory, we used places, or spatial areas, as our unit of analysis. We also recognized that a place can be vulnerable for a variety of different reasons that might be biophysical in nature, like features of the landscape, or they may be more social in nature, such as characteristics of the various communities living there. Ultimately, the coming together of the different vulnerability components is what forms the overall vulnerability of a place as a whole.



• Mapped populations 
that are inherently 
more vulnerable

• Mapped cumulative 
social vulnerability

• Mapped urban heat 
island effect

• Identified opportunity 
areas: high impervious 
surface and low 
vegetation

• Mapped factors that 
contribute to flooding

• Mapped low-elevation 
areas prone to flooding

8

Social
vulnerability

1 2 3

What did Phase I accomplish?

Landscape 
vulnerability to 

flooding

Landscape 
vulnerability to 

heat

Presenter
Presentation Notes
In our assessment of Minneapolis, we focused on three components of climate change vulnerability that have local relevance: social vulnerability, vulnerability to heat, and vulnerability to flooding. Within each of these components we created a number of maps in an attempt to better understand this idea of “place vulnerability” within Minneapolis. During the course of our work we found that due to differences in data availability, as well as the types of place-based vulnerabilities being analyzed, the three components required a different approach. The first of which, Social Vulnerability, Karina Martin is happy to tell us all about.



Key messages:
Certain populations are more vulnerable to climate change 

than others.
Mapping allows us to visualize where highly vulnerable 

populations live in Minneapolis.
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Social
vulnerability

1 2 3

Social vulnerability to climate change

Landscape 
vulnerability to 

flooding

Landscape 
vulnerability to 

heat

Presenter
Presentation Notes
*keep for CEAC*I am going to describe how we created a map of social vulnerability to climate change in MinneapolisIn this component of the assessment, we were focused on the people living in Minneapolis and the factors that make them vulnerable in the face of natural hazardsThere are really two key messages from the social vulnerability analysis that we want to convey:Certain populations are more vulnerable to climate change than othersMapping allows us to visualize where highly vulnerable populations live in Minneapolis



Some people are more vulnerable to climate 
change than others.
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social vulnerability:
the social characteristics that influence a 
community’s ability to respond to, cope with, 
recover from, and adapt to environmental 
hazards

economic

demographic

Presenter
Presentation Notes
*keep for CEAC*Social vulnerability refers to the social characteristics that influence a community’s ability to respond to, cope with, recover from, and adapt to environmental hazards.We can understand intuitively that our ability as people to withstand natural hazards depends heavily on certain factors like our age, our resources, our physical and mental capacities, and our housing characteristics.It is important to include social vulnerability in this type of assessment. Certain people have characteristics that make them more vulnerable to climate change than others. It is impossible to understand overall vulnerability without including this social dimension. *Definition adapted from Cutter, developer of the SoVI index (http://webra.cas.sc.edu/hvri/products/sovifaq.aspx#socvuln)
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Social Vulnerability Index
No access to a vehicle

Lack of central air

Renters

Households in poverty

Limited English proficiency

Elderly (over 65)

Young children (under 5)

People of color

Persons with a disability

Multiple factors contribute to overall social 
vulnerability.

Census tracts (total: 116)

Presenter
Presentation Notes
*keep for CEAC*Social vulnerability is complicated because there is no single metric that determines it. Most assessments we reviewed combine multiple measures together in order to better understand social vulnerability to climate change.Our social vulnerability measure includes the nine indicators in this table. These measures were selected after doing a literature review of other vulnerability assessments. We also gathered feedback from City staff last fall. The geographic level we used for this assessment is the Census tract. Minneapolis has 116 Census tracts, shown on the map here. Census tracts are roughly the same size as Minneapolis neighborhoods. All of our data except lack of central air came from the American Community Survey. The central air data came from the City Assessor’s office.There are certain important indicators that could not be included on this final list because their data is not available at a small enough scale. For example, we considered homelessness a significant measure of social vulnerability, but data on our homeless population is only collected at the county level.*Homeless – almost 4,000 in 2015. Almost 40% are children. Data isn’t granular enough. 



12

Measure Rationale

No access to a vehicle Lack of mobility certainty

Lack of central air Differential access to cooling

Renters No control over building environment/condition

Households in poverty Limited access to resources

Limited English proficiency Limited access to information, communication 
challenges

Elderly (over 65) Inherent health risks, limited mobility

Young children (under 5) Inherent health risks, dependence upon adults

People of color Structural & historical racism, discrimination

Persons with a disability Environment not conducive to physical/mental 
constraints

Every indicator can be linked to increased 
susceptibility to natural hazards.

Fi
xe

d
Fl

ex
ib

le

Presenter
Presentation Notes
*keep for CEAC*Each of the nine measures we selected was chosen for a specific reason. When we determined our set of indicators, we thought critically about the connection between each indicator and social vulnerability to climate change. We found that the measures we selected could be loosely grouped into two categories. The first five indicators we consider “Flexible” characteristics because they represent conditions that can change over time. All of these measures are in the same group because they represent limited access to resources and amenities that are likely to decrease vulnerability.The last four indicators can be considered “Fixed” characteristics because these are traits that are, for the most part, permanent. In the case of these indicators, vulnerability is related either to biological factors or to historical and structural patterns of inequity.



No central AC Under 5

Disability

Elderly

Limited 
English No vehicle

Poverty
People of 
Color Renters

+ +

+ +

+ +

Overall social 
vulnerability scores

The overall social vulnerability map combines 
all nine factors together.

Presenter
Presentation Notes
*keep for CEAC*Our approach to calculating overall social vulnerability was essentially to add the effect of all nine measures together, and we did this using GIS mapping software. Our first step was to map each measure individually. The small maps that you see show the spatial distribution of each of our nine indicators. The color scale goes from dark orange to dark blue. There are six different colors. Where you see darker orange are places where each of these measures is most prevalent in Minneapolis. Next, we gave each of the six shades of blue and orange a separate vulnerability score. Dark orange places scored the highest and dark blue places scored the lowest. This means that each Census tract got a separate score for each map based on its color in that map. Our final step was to add all the maps together using the scores we gave each Census tract. This adding process gave us the combined map on the right. The Census tracts where you see the darkest shades of orange are the places with the largest combined scores. These tracts are the places with the highest social vulnerability to climate change in the City.
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Some of these social factors are highly correlated. 

Variable A Variable B

For example, our study 
shows that race and 
poverty tend to overlap in 
places.

Statistical methods can 
control for this correlation.

Presenter
Presentation Notes
**Remove from CEAC**One concern we had about simply adding all nine of our maps together is that some of our measures tend to overlap a great deal. For example, race and poverty are known to be strongly linked. In statistics terms, this means that race and poverty are highly correlated; unfortunately, where you find one, you are likely to find the other.In other vulnerability assessments we reviewed, we noticed that other teams used a statistical method called principal components analysis to reduce the double counting that can happen when measures overlap. We decided to run a principal components analysis ourselves using our data and we did this for two reasons.The first reason was to align our methods with well-accepted vulnerability assessments in other cities so that our results can be compared.The second reason was to find out how similar our simple additive method was to this more complicated method. In other words, we wanted to validate the accuracy of our original combined map.
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Social vulnerability: Overlaying and 
adding individual maps

Social vulnerability: Controlling for 
correlation

TWO METHODS TO MEASURE OVERALL SOCIAL VULNERABILITY 

Presenter
Presentation Notes
**Remove from CEAC**This slide shows the outcomes of both methods we used.  The map on the left is the same map I showed you a couple slides ago where we simply added all nine indicators together. The map on the right shows what we got when we ran a principal components analysis to eliminate any overlap between our measures.Overall these two maps are very similar. There is one key difference though. The map on the right shows more orange areas, especially in NE and SE Minneapolis. This is because eliminating overlapping factors reduces extremes in vulnerability. This in turn elevates the relative vulnerability of places that scored lower in the map on the left.If these maps are different, which one is right? They are both right for different reasons. The map on the right identifies more places as potentially vulnerable and addresses the concern of overlapping indicators. But the map on the left may better represent cumulative impacts, even though it is simpler. For example, race and poverty are two factors that overlap, but they are both very important factors that deserve full consideration.Given this choice between the two maps, we recommend the City use the map on the left when presenting these findings at public meetings or other public venues. The method of simply adding measures together is much easier to communicate and understand.[*Correlation btwn the 2 methods: 0.66]
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Measure Rationale
No access to a vehicle Lack of mobility certainty

Lack of central air Differential access to cooling

Renters No control over building 
environment/condition

Households in poverty Limited access to resources

Limited English proficiency Limited access to information,
communication challenges

Elderly (over 65) Inherent health risks, limited 
mobility

Young children (under 5) Inherent health risks, dependence
upon adults

People of color Structural & historical racism, 
discrimination

Persons with a disability Environment not conducive to 
physical/mental constraints

When thinking about next steps for action, 
indicator rationales can be informative.

Overall social vulnerability scores

Presenter
Presentation Notes
*keep for CEAC*The overall map we developed is a tool to understand spatial patterns of social vulnerability in Minneapolis. In order to reduce social vulnerability, it is important to revisit all of the individual measures that went into this combined map. Each of these measures presents unique challenges for the City to consider. The key themes that underpin vulnerability in our set of indicators are lack of mobility, lack of access to resources, and structural inequities. If we can understand the foundational reasons for why some people are more vulnerable to climate change than others, we can begin to think about what policies will help those most vulnerable populations and where they should be focused. 



Key messages:
Minneapolis tends to be hotter than the surrounding 

metropolitan region.
Key places for the City to adapt to increasing temperatures can 

be identified using spatial analysis methods.
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Landscape vulnerability to heat

Social
vulnerability

1 2 3
Landscape 

vulnerability to 
flooding

Landscape 
vulnerability to 

heat

Presenter
Presentation Notes
*include in CEAC*The first component of our analysis Karina just described was social vulnerability to climate change, focused on people. The second component of this analysis is slightly different, and relates to landscape vulnerability, specifically to heat. The two key messages we discovered in this section are: First, quantitative data shows that Minneapolis tends to be hotter than the surrounding metropolitan region. Second, specific places for the City to focus its efforts to adapt to increasing temperatures can be identified using spatial analysis methods.



Some places are more vulnerable to climate 
change impacts than others.
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landscape vulnerability:
the physical characteristics that influence the 
capacity of a place to respond to, cope with, 
recover from, and adapt to environmental 
hazards

For this analysis, environmental hazards are limited to heat and 
flooding.

Presenter
Presentation Notes
*omit from CEAC*Just as some people are more vulnerable to the impacts of climate change than others, some places are more vulnerable than others. Landscape vulnerability refers to the physical characteristics that influence the capacity of a place to respond to, cope with, recover from, and adapt to environmental hazards. [CLICK]Because this is a semester-long analysis, environmental hazards are limited in this study to heat and flooding.
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Historical (1971-2000)

The number of days over 90° F is projected to increase 
over time throughout Minnesota.

Projected (2041-2070)

Data Source: Great Lakes Integrated Sciences + Assessments Center (GLISA)

9-12 additional days 
over 90° F per year

30-35 additional days 
over 90° F per year

Presenter
Presentation Notes
*Include in CEAC*The number of days over 90 degrees Fahrenheit is projected to increase over time throughout Minnesota. These maps were developed by the University of Michigan looking backward to the historical period 1971-2000 and projecting forward to the years 2041-2070 using a greenhouse gas emissions scenario developed by the Intergovernmental Panel on Climate Change, or the IPCC.  The map on the left shows that between the years 1971 and 2000, the number of hot days per year increased by 9-12 days. The temperature projections in the map on the right demonstrate that Minneapolis is expected to get 30-35 additional days over 90 degrees per year between 2041 and 2070 – more than a full month of additional hot days.Projection used: A2 (higher emissions)



20

Observed 
temperature 

in urban 
area

Temperature 
at rural 

reference 
location

Urban Heat 
Island effect 

(UHI)

Consequences of UHI:
• Increased energy consumption (Santamouris et al. 2001)
• Urban ecosystem stresses (Baker et al. 2002)
• Decreased air quality (Stone 2005)
• Increased heat stress (Kovats and Hajat 2008)
Source: Smoliak et al. 2015

The urban heat island effect magnifies these 
temperature increases in Minneapolis.

Presenter
Presentation Notes
*Include in CEAC*The urban heat island effect magnifies these temperature increases and could likely magnify health impacts as well. The urban heat island data we used in this project comes from a University of Minnesota study. Temperature monitors were placed in more than 150 locations throughout the metro area. Monitors were also placed in nine rural Minnesota airports to serve as a baseline. As the simple equation on this slide shows, the Urban Heat Island effect is the difference between the measured urban temperatures and the measured rural baseline temperatures.The urban heat island effect exacerbates heat-related challenges for people and landscapes. Some of these challenges include:Increases in energy consumption due to air conditioningStresses on the urban ecosystemDecreases in air quality, which can be particularly serious for people with asthmaIncreases in heat stress, particularly for vulnerable populations
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Data source: Smoliak et al. 2015

Minneapolis can be 
considered the urban heat 
island core of our region.
June/July/August 2012 (average): ± 4˚ F

Presenter
Presentation Notes
*Include in CEAC*This map illustrates the average urban heat island effect in degrees Fahrenheit over June, July, and August 2012. 2012 data was used because it was the year with the most complete data. The dots across the map are the individual monitoring stations where temperature data was gathered by the University of Minnesota team. This data shows that on average Minneapolis was three to four degrees hotter than the rural baseline area. The red areas, visible across most of Minneapolis, were four degrees hotter and the dark orange areas were three degrees hotter.This data shows that on average, Minneapolis is the urban heat island core of the metropolitan area. 



22

July 4, 2012 (9-10pm): ± 7˚ FJuly 4, 2012 (average): ± 5˚ F

The urban heat island effect is magnified on very hot 
days, and even more so at night.

Data source: Smoliak et al. 2015

Presenter
Presentation Notes
*omit from CEAC*The urban heat island effect is magnified on very hot days, and even more so at night. The map on the left is of July 4, 2012, the hottest day that summer. Over that day, most of Minneapolis was on average five degrees warmer.The urban heat island effect is also magnified at night, because urban areas take longer to cool down. During the hour of 9-10pm on July 4 (the hottest day that summer), most of Minneapolis was on average seven degrees warmer.
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Increases in temperature influence health outcomes, 
and these outcomes vary by place.

Heat-related emergency room visits
(age-adjusted rate per 100,000 people)

Asthma emergency room visits
(age-adjusted rate per 10,000 people)

Heart attack hospitalizations
(age-adjusted rate per 10,000 people)

Lowest rate Highest rate Unstable rate Data suppressed No data available

Presenter
Presentation Notes
*Include in CEAC*Increases in temperature influence health outcomes, which can be measured using public health data. This slide shows three maps of public health data in Minneapolis by zip code or zip code region. The map on the far left shows the rate of heat-related emergency room visits by zip code region, the map in the middle shows the rate of asthma emergency room visits, and the map on the right shows the rate of heart attack hospitalizations. These very different public health indicators are all caused by or can be influenced by heat, and they all vary by geographic area. Differences in health outcomes can be partially attributed to differences in social vulnerability that Karina described earlier.
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Two major factors influence the urban heat island 
effect.

Vegetation

Measure: Percent impervious surface cover
Data source: University of Minnesota (2013)

Measure: Normalized Difference Vegetation Index
Data source: United States Geological Survey (2015)

Impervious surface

Least
vegetation

Most
vegetation

Most
Impervious surface

Least
Impervious surface

Presenter
Presentation Notes
*omit from CEAC*Two major factors influence the urban heat island effect. These factors are: (1) the amount and distribution of healthy vegetation existing in a geographic area, and (2) the amount and distribution of impervious surface in that same geographic area. Impervious surfaces include hardscapes like streets, sidewalks, parking lots, and buildings. The less vegetation and the more impervious surface cover an area has, the higher the likelihood that the urban heat island effect will occur. These maps illustrate these two major factors in their metropolitan context. 



25

Healthy vegetation reduces the urban heat island effect by 
providing shade and cooling through evapotranspiration. 

Measure: Normalized Difference Vegetation Index. Data source: United States Geological Survey (2015)

 

Least
vegetation

Most
vegetation

Least
vegetation

Most
vegetation

Presenter
Presentation Notes
*include in CEAC*The vegetation measure we used in this analysis is the Normalized Difference Vegetation Index, or the NDVI. This measure is calculated using aerial Landsat imagery from the United States Geological Survey. What we did was to look for the amount and degree of greenness over Minneapolis. Places that are red have very little vegetation, and places that are green have more. Healthier vegetation will actually show up in the aerial imagery as greener than less healthy vegetation. The map on the left shows vegetation cover at a 30-meter grid level – very fine-grained. You can even see the path the 2011 tornado took across North Minneapolis. You can also see the path of Minnehaha Creek in South Minneapolis.The map on the right shows what happened when we averaged the fine-grained vegetation map by Census tract. On the orange-to-blue scale, orange areas can be considered the most vulnerable in terms of vegetation cover because they have the lowest average vegetation. The blue areas can be considered the least vulnerable in terms of vegetation because they have the highest average.Both maps on this slide show that there are very specific places where it can be hard to find vegetated land cover in Minneapolis. It’s well documented that green spaces reduce the urban heat island effect, both by providing shade and by cooling the air when water vapor is released through evapotranspiration. Reducing disparities in vegetation can also provide many other ecosystem services and improve mental health and livability.
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Impervious surfaces absorb heat during the day and release 
heat at night.

Measure: Percent impervious surface cover. Data source: University of Minnesota (2013)

Most
impervious 
surface

Least
impervious 

surface

Most
Impervious
surface

Least
Impervious

surface

Presenter
Presentation Notes
*include in CEAC*The second measure we used in the heat analysis is impervious land cover, measured as the percent of impervious surface. Again, impervious surface includes streets, parking lots, buildings and sidewalks. This measure is calculated again, using aerial imagery, this time from the University of Minnesota Remote Sensing Lab. The map on the left shows impervious surface at a 15-meter grid level. Areas that are not on a gray to black scale are water bodies or primarily vegetated land cover, mostly forest and grass.The map on the right shows the percent of impervious surface again averaged by Census tract. Orange areas have the highest average impervious surface and blue areas have the lowest. Both of the maps on this slide are well-aligned with the vegetation maps on the previous slide. This set of maps shows that there are very specific places that take longer to cool down, that expose residents and visitors to higher temperatures for a longer period of time and that act as the urban heat island core of the region.
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Locations with low vegetation and high impervious surface
are key places to focus urban heat island adaptation efforts.

Highest
landscape 
vulnerability 
to heat

Lowest
landscape 

vulnerability 
to heat

Highest
landscape 
vulnerability 
to heat

Lowest
landscape 

vulnerability 
to heat

Presenter
Presentation Notes
*include in CEAC*The final step in our analysis of heat was to combine both the vegetation map and the impervious surface map to determine overall opportunity sites to adapt to urban heat island effect in Minneapolis. As I mentioned earlier, the two measures overlap to a great extent, meaning where you find high impervious surface, you are likely to find low vegetation. The map on the left illustrates the overall landscape vulnerability to heat at a 30 meter grid level. The map on the right shows the fine-grained scores, again averaged by Census tract. Orange places have the highest average landscape vulnerability to heat and blue places have the lowest.Overall greatest opportunity places include downtown and just southwest of downtown, the North Loop, Dinkytown, and the Lyn-Lake area. These can be considered key areas for the City to focus its urban heat island adaptation efforts.
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Flooding vulnerability

Key messages:
Climate Change Projections suggest more intensive and more 

frequent heavy precipitation events.
We need a better understanding of our stormwater system as a 

whole.

Social
vulnerability

1 2 3
Landscape 

Vulnerability to 
Heat

Landscape 
vulnerability to 

flooding

Presenter
Presentation Notes
The third and final component of our analysis focused on the city’s landscape vulnerability to flooding.The two key messages we arrived at in this section are that  (1) Climate Change projections for heavy precipitation indicate an increased risk to flooding over time. And that in order to adapt for these higher risks to flooding, we require a better understanding of our current stormwater system



29http://glisa.umich.edu/climate/extreme-precipitation

The intensity of the 1% heaviest rainy days has increased throughout 
the region  between 1951-1980 and 1981-2010.

Presenter
Presentation Notes
At the regional level, there already has been a definitive increase in the intensity of the 1% heaviest rain events over the last 60. In Minneapoils, our 1% heaviest storm events have increased in intensity by more than 20%. Projections say this is very likely to continue as a trend.

http://glisa.umich.edu/climate/extreme-precipitation


30

The number of the 2% heaviest precipitation events is 
projected to increase over time throughout Minnesota.

Data Source: Great Lakes Integrated Sciences + Assessments (GLISA)

Lower emissions scenario (2041-2070) Higher emissions scenario (2041-2070)

Presenter
Presentation Notes
At the state level, it is projected that the NUMBER of heavy precipitation days is also likely to increase, regardless of how quickly we as a species reduce our GHG emissions. By “heavy precipitation event” we mean the 2% heaviest rain events in a given area. In both of these IPCC precipitation projections, we are projected to receive about 1 additional heavy rain event a year. Annual Precipitation Average (1981 – 2010) = 29.788 inchesProjected Annual Precipitation Average (2041 – 2070) = 30.81 inches (+1.022)
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The City has built larger stormwater pipes to control for more 
water over time.

Pre-1945
37%

1945-1959
10%

1960-Present
53% 

1897 – Minneapolis Existing Sewer System

10-year Storms

5-year storms

2-year storms

Presenter
Presentation Notes
Just like Rome, our stormwater system was not built in a day. Here on the left, within the blue box, is the city’s combined sewer and stormwater infrastructure network in 1897. Over time, society learned how detrimental this was to the local environment and began to build separate stormwater infrastructure, as indicated on the right. Significant portions of our stormwater network were built at different periods in time to meet different design specifications. What these means today is that it is that much more difficult to fully understand how exactly water flows through our pipes.When talking about “2, 5, and 10-year” storms, we’re talking about the likelihood of a rain event in any given year. A 2 year storm could happen once every two years, which makes for a 50% chance of happening in any one year, a 5 year storm has a 20% chance of happening in any given year, and 10-year storm has a 10% chance. The greater the number of years of the storm, the more rain we would get in that storm, but also the less likely that event is to occur. 



32

More frequent and intense heavy rain events increases the 
risk of the stormwater infrastructure being overwhelmed.

Stormwater
infrastructure design 

guideline (pipes)
10 year storm event

Probability in any year 10%

Without Climate Change With Climate Change Projections

Scenario Past
(1960-1982)

Current
(1982- )

Best Case
(optimistic)

Worst Case
(pessimistic)

Rainfall amount 2.1 inches / hour 2.3 inches / hour > 2.3 inches / hour >>> 2.3 inches / 
hour

Presenter
Presentation Notes
Now, marrying more frequent and intensive heavy rain event projections with the infrastructure we currently have means our infrastructure runs a higher risk of being overwhelmed. Currently, we design our stormwater pipes around the 10 year storm event, which runs a 10% chance of occurring any year. What we’re going to do is work left to right across the lower half of this table.In the past we designed for 2.1” of rainfall for our 10 year storm events. If you recall, the intensity of our heavy rain events has increased between 1950 and 2010, and in the second column, we now design for 10 year storms with 2.3” of rain an hour. So the size of a storm that has a 10% chance of happening any year increased. With climate change, in our two columns on the right, storm events with this same 10% likelihood of occurring each year will continue to increase in size, placing our stormwater infrastructure at greater risk.



These are the main factors that contribute to overloading 
the stormwater drainage system.
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Most
Impervious
surface

Least
Impervious

surface
Least
vegetation

Most
vegetation

Elevation Impervious Surface Vegetation CoverageFloodplains

Measure: Percent impervious surface cover. Data source: University of Minnesota (2013)
Measure: Normalized Difference Vegetation Index. Data source: United States Geological Survey (2015)
Measure: Land area within 100-year or 500-year floodplains. Data Source: Federal Emergency Management Agency (2006)

Measure: Elevation above sea level. Data Source: City of Minneapolis Open Data (Date N/A)

Presenter
Presentation Notes
We found four main factors that contribute to overloading the stormwater drainage system, which is a complex system where the pipe network we just spoke about is affected in its functionality by floodplains, elevation, impervious surface, and vegetation coverage. Flood plains as defined by FEMA, show the areas of greatest vulnerability to the much less likely, but much larger, 100 and 500-year storm events. Elevation is important because variation in elevation affects how and where water flows. As with heat vulnerability, impervious surface and vegetation coverage also contribute to mitigating or exacerbating the flow of water in a storm. More asphalt and less open grounds means water flows along the surface faster and there’s less undeveloped ground space to help soak it up. 



Extremely large storms can cause stormwater infrastructure to fail. 
Locally low-lying areas would be more vulnerable to flooding than others.

Source: Digital Elevation Model provided by City of Minneapolis

Risk of 
Surface 
Water 
Flooding

High

Low

Surface Water Accumulation

Como Neighborhood

Powderhorn Neighborhood

Presenter
Presentation Notes
Some of us may be aware that localized flooding of varying degrees does still occur in our City. This is because large storms can cause our stormwater infrastructure network to be overwhelmed and fail. In such a case we can expect water to flow and accumulate as it follows the path of least resistance along the ground’s surface, leading to localized flooding. In this analysis we used elevation to analyze where water would flow to in the absence of stormwater infrastructure and land use, such as buildings and parks. On the left is a map showing where those areas are, with green being the lowest amount of surface water flooding, purple being the next highest, red the second greatest, and black the absolute most. Most accumulation at the highest risk of flooding actually occurs in the Mississippi River.On the right I placed a couple of these areas with a higher risk of flooding to show some context. We may notice many of these follow streets, and others cut directly through homes, but remember, this analysis was based on elevation 



35

Mapping accurate flooding vulnerability is not currently possible due to 
limited understanding of the stormwater drainage system as a whole.

- A baseline comprehensive analysis of all 
primary flooding factors is necessary

- Heavy rain event intensity is very likely to 
continue trending upward

- Increased risk of flooding in areas that 
currently see flooding

- Increased risk of flooding in areas that 
don’t see flooding

Data Source: Digital Elevation Model provided by City of Minneapolis

Presenter
Presentation Notes
Because our analysis assumed a completely failed stormwater infrastructure, we were unable to combine the impacts that flood plains, elevation, impervious surface, and vegetation cover have on our stormwater infrastructure network, and thus our stormwater drainage system as a whole. Public Works is working on such a study that combines these various factors, but it is only halfway done, and thus data was not available for us to use for our assessment. What we do know is that data and projections do agree that we stand to experience increased heavy rain event intensity and frequency. We know that there a risk of increased flooding in areas that currently flood, as well as in areas that currently don’t see flooding, both of which place more people at risk. 
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Social
vulnerability

1
Landscape 

vulnerability to 
heat

2
Landscape 

vulnerability to 
flooding

3

What did Phase I accomplish?

Technical report
Maps and data

Presenter
Presentation Notes
In summary, these three factors together tell a story about vulnerability to climate change in Minneapolis as examined through three separate lenses. Understanding vulnerability in terms of people and landscapes can help the City prioritize specific places to focus its climate adaptation efforts. [CLICK]As part of this project, we are sharing an extensively detailed technical document that describes each step of our analysis. We are also sharing all of the maps and data we used in the final assessment. These tools will allow the assessment to be updated or modified as new data becomes available.
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October 2015:
City of Minneapolis 
received grant from 
Public Health Institute 
Center for Climate 
Change and Health

Phase I:
Climate Change 

Vulnerability 
Assessment 

(Spring 2016)

Phase II: 
Community 
Engagement

(2016-2017)

Phase III:

Identify next 
steps for 

implementation

Presenter
Presentation Notes
The analysis our team completed in Phase 1 will inform the work of Phases 2 and 3. We are excited to follow the progress of this project as it continues, and we are appreciative of everyone’s time today. Thank you.
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