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National Street Improvements Study:  
Minneapolis, MN Report 

1. Introduction 
Across the country, policymakers and planning departments are making cities more livable 
by better accommodating people who walk and bike. Improving streets and upgrading 
transportation infrastructure often require reducing on-street parking or traffic lanes. 
While studies have shown how such upgrades improve traffic safety and mobility for city 
residents, the question remains how such infrastructure improvements affect economic 
outcomes. 

 

Figure 1-1. Minneapolis Corridors Map 

Active transportation advocates often assert that the improvement of active transportation 
infrastructure will largely increase the number of customers that can arrived via 
alternative modes in addition to automobiles, and, ultimately, lead to greater revenue and 
employment growth. While there is some suggestive evidence of this, ranging from self-
supported surveys of business owners (Flusche 2012; Jaffe 2015; Stantec Consulting 2011)  
to consumer behavior surveys (Clifton et al. 2012; Bent and Singa 2009) before and after 
the installation of active transportation projects. Recently, a few studies have approached 
this research question by comparing sales tax or employment trends over time for on the 
improved blocks (NYCDOT 2013; Rowe 2013; Poirier 2017). However, while some 
researchers have started employing quasi-experimental methodologies (Dill et al. 2014; Yu 
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et al. 2018), the majority have been descriptive or exploratory in nature, or have been 
limited to case studies within specific urban areas. The validity concerns and lack of 
consistent data backing many of the previous studies have given the pause and reason to 
call for additional research and evidence to address the data and methodological concerns. 

This study will attempt to answer to what extent these types of corridor-level street 
improvements impact economic activity and business vitality in the immediate vicinity. 
Utilizing systematic data sources and methodologies across multiple cities and corridors, 
we examine, in particular, how do street improvements impact retail sales and 
employment?  

Minneapolis has conducted many street improvement projects in past years, including new 
bike lanes and road diets. This report explores five recent street improvement corridors—
Riverside Avenue, Franklin Avenue, Central Avenue, Lyndale Avenue South and North 
Second Street—to understand the economic and business impacts of these active 
transportation infrastructure investments.  
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2. Data Sources & Methodology 

2.1 Data Sources 

For this study, we used multiple data sources to estimate the effect of new bike lane 
infrastructure investment. Because this project makes use of a variety of different data 
sources, it required collaboration between the research team and representatives from 
multiple agencies/departments. Our principal contact was with the Minneapolis 
Department of Public Works. Sales tax data was provided by the Minneapolis Community 
Planning and Economic Development (CPED) department; QCEW data was provided by the 
Minnesota Department of Employment and Economic Development; and LEHD data was 
publicly available at the United State Census Bureau.  

First, we used the Longitudinal Origin-Destination Employment Statistics (LODES) data set 
from the Longitudinal Employer-Household Dynamics Dataset (LEHD). It integrates 
existing data from state-supplied administrative records on workers and employers with 
existing census, surveys, and other administrative records to create a longitudinal data 
system on U.S employment. This data set tracks Workplace Area Characteristics (WAC), 
census blocks where people work as opposed to where workers live, for all the census 
blocks between 2002 and 2015 for most of the states in the US. As such, LEHD provides 
geographically granular detail about American’s jobs, workers and local economies, 
allowing us to examine employment by broad industry sector, wage and educational 
attainment. Some disadvantages of the LODES data set are that in order to guarantee 
confidentiality block level data is “fuzzed” so the numbers are not exactly the number of 
jobs, but they are accurate estimates. Additionally, though we get industrial data, it is only 
provided at the most general level (the equivalent of two digit NAICS codes) so we are 
unable to isolate specific retail or service employment such as restaurant workers. That 
being said, the LEHD data set is comprehensive, offers unprecedented geographic detail, 
and longitudinal allowing for consistent comparisons over time. 

This report also takes advantage of establishment level Quarterly Census of Employment 
and Wages (QCEW) data. Also referred to as ES-202 data, the QCEW is quarterly data 
submitted by firms to their respective state governments as part of the unemployment 
insurance system. Employers report their industry code, their number of employees at the 
site, and gross pay. The individual establishment-level QCEW data is confidential and 
requires special permission from the state in order to use it and has additional data use 
restrictions. The QCEW gives us address level data on individual establishments as well as 
detailed employment information. Unfortunately, getting access to such data can be 
difficult and differs for each state and has to be presented in a way to preserve 
confidentiality. As such, we cannot present ultra-detailed industrial information and have 
further presentation restrictions depending on the state. 

Due to data suppression for confidentiality by the state, we were unable to get dis-
aggregated individual three-digit NAICS employment figures for the Minneapolis corridors. 
As a compromise, Minnesota’s Department of Employment and Economic Development 
(DEED) aggregated all of the three-digit NAICS codes (NAICS 442-453), which only includes 
the retail sectors, but not food and accommodation services. These aggregated numbers 
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correspond closely to the LEHD codes used in the report, but with the advantage that the 
numbers are not “fuzzed” for confidentiality concerns, the data include total wages paid 
and average employment. This data is available quarterly and goes back to the year 2000, 
dramatically increasing our sample size. 

Finally, we also collected sales tax data. Sales tax data allows us to estimate a more 
sensitive measure of economic activity than employment (as the decision to hire or fire for 
a firm is often an expensive one we expect employment to be a delayed response). Some 
drawbacks of sales tax data is that some states do not have a sales tax or, in states or cities 
that do have one, the sales tax data is not broken down by specific industry and it is difficult 
to accurately parse out accurate figures. But the benefits of sales tax data largely outweigh 
these issues and do offer a more sensitive metric than employment. Specifically, for 
Minneapolis, we have collected taxable sales for all retail industrial categories and 
restaurants. 

In terms of specific rates, Minneapolis sales tax is, at minimum, 8.025% (for example, 
buying a meal at a restaurant outside of downtown Minneapolis) up to 14.025% (for 
ordering a meal in a restaurant with live entertainment within the downtown taxing 
district). The minimal 8.025% rate includes the 6.875% state sales tax, a 0.5% transit tax 
for Hennepin County, an additional 0.15% Hennepin County tax and, finally, a 0.5% city 
sales/use tax. Additional entertainment and accommodations taxes may also be included. 
However, general clothing, legal drugs and unprepared food are exempted from tax 
collection, which may hamper the ability of sales tax data to accurately reflect all retail 
business vitality.  

2.2 Methodology 

We applied three methods in order to isolate the impact of street improvements on 
business vitality while controlling for other economic and regional factors. The methods 
include an aggregated trend analysis (following the NYCDOT study (2013)), a difference-in-
difference approach, and an interrupted time series analysis. The time frame used in the 
analysis for LEHD data is 2004-2015, 2004-2016 for sales data, and 2000-2017 for QCEW 
data. 

2.2.1 Corridor Selection & Comparison 

In order to properly isolate the effect of the street improvements, we must identify 
treatment corridors (corridors where the street improvement occurred) and control 
corridors (corridors that are similar to the treatment corridors except they remain 
unimproved). Treatment corridors are corridors where new bike or pedestrian related 
improvements were installed, ideally made up of a minimum of 10 adjacent, or intersecting, 
census blocks with a minimal number of retail and food service jobs. Additionally, we chose 
street improvement corridors installed between 2008 and 2013 in order to guarantee we 
have sufficient data (at least 3 data points pre- and post-treatment) to track pre- and post-
treatment economic trends. 
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Once corridors are selected based on these criteria, further testing is conducted to discern 
the level of similarity between treatment and control corridors. We compare similarity in 
two broad aspects: transportation/geography and business activity levels. In terms of 
transportation and geographic characteristics, the corridors should ideally be 
geographically close to each other, with similar street classifications, travel volumes and 
relative location/role within the city’s road network.  

The level of business activity in both retail and food services industries should be similar 
on treatment and control corridors, and the general patterns of growth prior to the street 
improvement should be similar as well. Furthermore, the ratio of business jobs (defined as 
the sum of retail and food service industry jobs) to overall number of jobs on the treatment 
and control corridors should be at similar levels. These similarity tests include quintile 
comparisons and statistical tests of the corridor employment to citywide employment 
ratios and average block level employment on the street improvement corridor and the 
proposed corresponding control corridors. 

Specifically, t-tests are performed on three metrics at the census block level: (a) “business” 
employment, the sum of retail and food employment; (b) a census block level “business 
share” metric that is the number of business employment over the sum of other services 
industry employment such as professional/scientific services, public administration and 
educational services; alternatively, another business share metric is calculated that 
includes a smaller share of services employment (including professional/scientific services, 
administrative/waste management services and arts/accommodation services). As long as 
one of the business metrics indicates similarity between the treatment and control 
corridors, we accept the corridor pair as similar enough for this analysis; and (c) a pre-
construction annual employment growth rate. 

Table 2-1. Corridor comparison indicators and methods 

Comparison 
Category 

Indicators Method 

Transportation/ 
Geography 

Geography proximity 
Researcher 
judgement 

Street classification (travel volume) 

Role in road network 

Business activity 

Job percentile brackets to regional average 
Statistical test  
(t-test) 

Business jobs share compared to overall jobs 

Pre-construction employment growth rate 

 

2.2.2 Aggregated Trend Comparison 

This first method follows the previous NYCDOT study (NYCDOT 2013), aiming to examine 
whether the treatment corridors tend to have better business performance than 
comparison corridors after street improvements. The approach compares the trends of 
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treatment and control corridors in addition to city-wide trends over the full time period for 
which we have data. If treatment corridors show greater growth rates in employment or 
sales tax receipts, or a jump in the level of employment or sales, then that would represent 
a positive impact of the street improvement on business activities. This method is easy to 
follow and represents the aggregated trend of business activities. However, it lacks the 
rigor of econometric estimates and statistical tests that explicitly test whether or not the 
street improvement caused the changes. 

We present both absolute and indexed values for all variables. Indexed values are useful 
when you need to compare values on different scales. For some corridors the differences in 
employment or sales tax is large and it is not possible to accurately compare those to 
smaller corridors without indexing. This is especially important for something like sales tax 
where some corridors have large amounts of taxable sales due to being on a major travel 
corridor or having a large anchor retailer like a department store. 

2.2.3 Difference-in-Difference (DID) 

The second method aims to estimate the difference in business vitality of pre- and post-
improvement periods between treatment and control corridors within the same time 
period. This is known as a difference-in-difference (DID) approach (Angrist and Pischke 
2009). It is a designed to answer the “but for” question of what a corridor’s economic 
trajectory would look like, had the streets not been improved. It requires data from 
pre/post intervention such as panel data (individual level data overtime) or cross-sectional 
data (individual or group level). The approach looks at the change in the variable of 
interest in the treatment corridor before and after it is treated. In this case this means 
looking at some time period before and after a street improvement, and comparing the 
economic indicators to the control corridor which has not received the street 
improvement. The difference in growth trajectories between the two periods will give an 
unbiased estimate of the effect of the treatment. DID is a useful quasi-experimental 
technique when true randomized experiments are not possible. This approach removes 
biases in the second period comparisons between the treatment and control corridors that 
could be the result of inherent differences between these corridors, as well as biases from 
comparisons over time in the treatment corridor that could be the result of prior trends. A 
key assumption of DID estimate is that the differences between control group and 
treatment group would have remained constant in the absence of treatment. 
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Figure 2-1. Illustration of DID method 

DID is a linear modeling approach and its basic formula is expressed as: 

𝑌𝑖𝑡 = 𝛽0 + 𝛽1𝑇𝑖𝑡 + 𝛽2𝐴𝑖𝑡 + 𝛽3𝑇𝑖𝑡𝐴𝑖𝑡 + 𝜀𝑖𝑡 

𝑌𝑖𝑡 is the observed outcome in corridors i and t (in this case change in employment or sales 
tax revenue); 𝑇𝑖𝑡 is a dummy variable set to 1 if the observation is from the treatment 
corridor, or 0 if the observation is from the control corridor; 𝐴𝑖𝑡 is a dummy variable set to 
1 if the observation is from the post-treatment period; 𝛽3 is the DID estimator of the 
treatment effect, specified as the prepost:corridor_name coefficient in our analysis. 
Typically, the DID estimator of interest is 𝛽3, and if it is estimated to be statistically 
significant and positive, then this suggests a positive causal effect of the street 
improvement on the economic indicator in question. Conversely, if the estimate is 
significant and negative, then that indicates a negative effect of the improvement. Finally, a 
non-significant result indicates the improvement had no statistically discernible effect. 

2.2.4 Interrupted Time Series (ITS) 

Interrupted time series (ITS) is an econometric technique that estimates how street 
improvements impact corridor economic vitality from a longitudinal perspective. This 
approach tracks the treatment corridor over time and estimates the impact from the street 
improvement by identifying changes in its growth trend after the treatment (Lopez Bernal 
et al., 2016). If the treatment has a causal impact, the post-intervention economic 
indicators will have a different level or slope than the pre-intervention data points. In our 
research, interrupted-time series will be used to distinguish differences in economic level 
or growth before and after a specific time period when a street improvement is 
constructed, such as a new buffered or protected bike lane. 

One advantage of ITS is that it allows for the statistical investigation of potential biases in 
the estimate of the effect of the intervention. Given the longitudinal nature of the test, ITS 
requires a significantly larger amount of data in order to accurately estimate a real effect 
on the growth trend. 
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The interrupted time-series analysis equation can be expressed as: 

𝑌𝑡 = 𝛽0 + 𝛽1𝑇𝑡 + 𝛽2𝑋𝑡 + 𝛽3𝑇𝑡𝑋𝑡 + 𝜀𝑖𝑡 

𝑌𝑡 is the observed business outcome in time period t; 𝑇𝑡 indicates the number of quarters 
from start to finish of the series; 𝑋𝑡 is the treatment dummy variable taking on values of 0 
in the pre-intervention period and 1 in the post-intervention period; 𝛽0 is the model 
intercept or baseline level at t = 0; 𝛽1 represents the estimated slope (or growth rate) 
during the pre-intervention period, which we specify as the ts_year coefficient; 𝛽2 
represents the level change following the intervention, specified as the prepost coefficient; 
and 𝛽3 indicates the slope change following the intervention, which is the ts_year:prepost 
coefficient. A positive and statistically significant 𝛽2 coefficient tends to suggest a positive 
causal effect on the level of business vitality immediately following the street improvement. 
A positive and statistically significant 𝛽3 coefficient would suggest a positive causal effect 
on the growth in business vitality over time. 

  

Figure 2-2. Illustration of ITS method 

 

In conclusion, aggregated trend analysis and DID analysis both utilize control corridors to 
determine the impacts of the street improvement corridor, while the ITS analysis uses 
multiple time points on the street improvement corridor itself to pinpoint economic 
outcomes. In general, the ITS analysis provides more robust results than the other two 
methods, since it is less likely to be affected by the selection of control corridors. However, 
this method generally requires more data points post-intervention to achieve meaningful 
and valid impact estimations. The DID approach is heavily dependent on finding 
comparable control corridors (which may not always exist), so the analytical results may 
be weakened when appropriate corridors cannot be identified. 

Additional data points after the completion of street improvements may help to provide 
further validity and rigor to the analysis of resulting economic outcomes. Moreover, further 
contextual information about the street improvement corridor, such as quality or level of 
the street improvement, number of parking spots eliminated, and subsequent bicycle 
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ridership or pedestrian increases, would help to better understand the linkages between 
the improvements and potential impacts on business vitality. Extending this research to 
more closely examine the changes and shifts in industrial patterns will be valuable as well.  
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3. Corridor Comparisons 

Our first test in corridor comparability is to compare the number of business jobs, retail, 
and food service industry jobs per block on the corridors to number of jobs per block for 
the city of Minneapolis as a whole. This is allows us to have a broad understanding of the 
relative job density of the corridors. This serves two purposes: first, it gives us a quick 
estimate of the range of employment in each industry on the corridors; and second, it 
shows how similar the corridors are to each other in terms of economic activities. Finally, 
we perform a t-test (a statistical test designed to measure if the means of two different 
groups are statistically similar) on the number of economic indicators, which offers a more 
rigorous test of the comparability of the corridors. All of the following figures and tables 
use employment data from the LEHD in the year prior to the street improvement project as 
the base year for comparison. 

3.1 Riverside Avenue 

 

Figure 3-1. Riverside Avenue Corridor 

Our first corridor group consists of the Riverside and Cedar Avenue corridors. Riverside 
Avenue was redesigned in 2009. The project involved redesigning Riverside Avenue from a 
street with four vehicular travel lanes to three vehicular travel lanes, adding curb 
extensions and bike lanes. The control corridor is Cedar Avenue, located near the treatment 
corridor. The Cedar Avenue comparison corridor is only 2,000 feet and covers three census 
blocks, and may be too small for meaningful comparisons. 
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The following table shows total, retail, and food employment for Riverside Avenue and 
Cedar Avenue, as well as the city-based percentile ranks of employment on the corridors. 
Although Riverside Avenue has more total employment, the two corridors share similar 
amounts of street-level retail and food employment, which is also shown in the percentile 
ranks of employment per block. 

Table 3-1. Riverside and Cedar Avenue Employment 

Corridor 

Employment per block Percentiles 

Total Retail Food Total Retail Food 

Riverside Ave. 345 18 7 85-90 80-85 60-65 

Cedar Ave. 61 13 10 55-60 75-80 65-70 

Statistically testing of all three metrics returned non-significant results, indicating that 
there is no statistically significant difference in the employment metrics between the street 
improvement and control corridors. This means that the corridors are comparable and are 
appropriate for the purposes of our analysis. 
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3.2 Franklin Avenue 
Franklin Avenue’s bike lane were installed in 2011 and involved the removal of a parking 
lane. The control corridor is designated as another segment of Franklin Avenue where the 
street improvement project was not constructed.  

 

Figure 3-2. Franklin Avenue Corridor 

The Franklin Avenue corridors both have total employment percentiles in the 60th 
percentile in the city and similar levels of food employment, but diverges when comparing 
retail employment percentiles. This indicates that there may be significant inherent 
differences (in addition to the street improvement treatment) in the industrial makeup or 
character of the two corridors that may contribute to differential economic outcomes. 

Table 3-2. Franklin Ave. Corridors Employment 

Corridor 

Employment per block Percentiles 

Total Retail Food Total Retail Food 

Franklin (improvement) 59 8 8 60-65 70-75 60-65 

Franklin (control) 103 1 5 70-75 40-45 55-60 

We find that both corridors have statistically non-significant differences in “business” 
employment and their business employment share categories. However, the pre-
construction retail and food employment growth rates are significantly different. In 
addition, because these corridors are on the same street corridor, they are not suitable for 
further DID analysis (this characteristic violates the independence assumption). 
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3.3 Central Avenue 

In 2012, bike lanes were installed on Central Avenue by reducing the width of travel lanes. 
University Avenue NE, which is parallel to the treatment corridor, is selected as the control 
corridor. 

 

Figure 3-3. Central Avenue Corridor 

Central Avenue corridors have total and retail employment in the 65-70th and 75-80th 
percentile of blocks in the city, respectively, which is slightly higher than control corridor 
University Avenue. However, University Avenue has more food employment than Central 
Avenue. In general, the two corridors has similar employment in terms of percentiles 
compared with the city. 

Table 3-3. Central and University Avenue Corridors Employment  

Corridor 

Employment per block Percentiles 

Total Retail Food Total Retail Food 

Central Ave 77 10 5 65-70 75-80 55-60 

University Ave 50 6 15 55-60 65-70 70-75 

All t-tests, except food employment number, came back non-significant at the 0.05 level 
meaning that the two corridors are generally appropriate comparators. 
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3.4 Lyndale Avenue South 
A road diet project was completed on Lyndale Avenue South in 2008.  A motor vehicle 
travel lane was removed in each direction and a landscaped median, curb extensions, ADA 
upgrades, and pedestrian-scaled lighting was installed. Grand Avenue is selected as the 
control corridor, which is parallel to the treatment corridor. 

 

Figure 3-4. Lyndale Avenue South Corridor 

Lyndale Avenue South and Grand Avenue diverge in terms of their percentile numbers 
across all employment categories with Lyndale Avenue South in the 50th percentile of total 
employment compared to the 25-30th percentile for Grand. Grand Avenue has much less 
employment than Lyndale Avenue South. However, all t-tests came back non-significant 
meaning that the corridors are still acceptable comparators, but results should be 
interpreted with attention to the context (where both corridors started with very low retail 
and food employment prior to the street improvement construction). 

Table 3-4. Lyndale Avenue South and Grand Avenue Corridors Employment  

Corridor 

Employment per block Percentiles 

Total Retail Food Total Retail Food 

Lyndale 41 7 4 50-55 60-65 50-55 

Grand 12 1 1 25-30 30-40 45-50 
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3.5 North Second Street 
Bike lanes were installed on North Second Street in 2011, requiring the removal of a 
parking lane and width reduction of existing motor vehicle travel lanes. West Broadway 
Avenue is selected as the control corridor. 

 

Figure 3-5. North Second Street Corridor 

Although North Second Street has more total employment than West Broadway Avenue, 
the difference narrows when focusing in on retail and food employment, which are the 
industries of interest for this analysis.   

Table 3-5. North Second Street and West Broadway Avenue Corridors Employment  

Corridor 

Employment per block Percentiles 

Total Retail Food Total Retail Food 

Second St. 132 5 7 75-80 55-60 60-65 

Broadway 36 7 5 50-55 65-70 55-60 

Both t-tests on business employment numbers and the pre-construction employment 
growth rates metrics returned non-significant results, indicating that the corridors are 
acceptable comparators. However, the business share metrics were significantly different, 
suggesting that DID analysis may not be appropriate for this corridor pair. 
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3.6 Corridor Comparison Summary 

The following table shows a summary of the corridor comparison analysis for all treatment 
and control corridor groups, with nine comparability indicators for each group. We 
determined that the corridor groups met a sufficient number of comparability checks, 
though a few corridors have very low retail or food employment at the block level. Note 
that Franklin Avenue appears to be the least comparable with its control corridor, and also 
fails an independence assumption required for DID analysis since the corridors are 
different sections of the same street. And thus we exclude the DID analysis for the Franklin 
Avenue corridor, but proceed with the other analysis methods. 

Table 3-6. Corridor Comparison Summary 

Treatment Corridor 

Indicator 

Riverside Franklin Central Lyndale 
North 

Second 

Control Corridor Cedar Franklin University Grand Broadway 

Transportation/ 
Geography 

Geographic Proximity ✓  ✓ ✓ ✓ 

Street Classification ✓ ✓ ✓ ✓ ✓ 

Role in Street Network ✓ ✓ ✓ ✓ ✓ 

Business Activity 

Job Density 
Percentile 

retail ✓ ✓ ✓ ✓ ✓ 

food ✓ ✓  ✓  

Share of Business Jobs ✓ ✓ ✓ ✓  

Employment 
Growth Rate 

retail ✓  ✓ ✓ ✓ 

food ✓  ✓ ✓ ✓ 
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4. Data Analysis 

4.1 Riverside Avenue 

4.1.1 Aggregated Trend Analysis 

4.1.1.1 LEHD 

On Riverside Avenue, the retail employment trends seem to suggest a possible positive 
effect of the bike infrastructure installation with a major jump in employment in the two 
years immediately after construction, and positively trending employment growth 
subsequent to the initial jumps. The comparison corridor’s (Cedar Avenue) employment 
remains basically unchanged, and follows the overall trends in the City of Minneapolis, 
except for a minor bump between 2010 and 2011. 

 

Figure 4-1. Riverside Avenue Employment Comparison (LEHD) 

The Riverside Avenue food service employment patterns are more mixed. Employment 
growth for the improvement corridor is more robust and consistent after construction 
compared to the control corridor, and food employment in both corridors outperform the 
city as a whole. The trend analysis here suggests a potential positive effect of the 
infrastructure construction, but given that the control corridor is also experiencing positive 
growth, it is unclear whether the growth on Riverside Avenue can be attributed to the 
street improvement. 

4.1.1.1 Sales Tax 

In order to better understand the impacts of the street improvement on the corridors, we 
utilized sales tax data in our analysis. As mentioned previously, sales taxes can be a more 
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sensitive measure of economic activity than employment and the data is typically available 
on a more frequent basis. 

In terms of retail sales, Riverside Avenue remains consistently lower than Cedar Avenue 
both in absolute terms and in growth rates over time. We can observe Cedar Avenue retail 
sales growing consistently over time, while Riverside Avenue experienced a drop in retail 
sales revenue, followed by a minor recovery, and declining sales growth post-construction 
that is only now recovering. 

While Cedar Avenue is the dominant corridor in terms of retail sales, both corridors track 
each other much more closely when examining restaurant sales tax receipts. Both Cedar 
and Riverside Avenues have consistent positive growth over the entire study period, with 
significant jumps in the rate of growth immediately post-construction. 

Comparing the trends for the Riverside Avenue corridor group, it is not immediately 
apparent that the construction had any discernable impact on retail or restaurant sales. In 
both cases, the treatment and control corridors largely follow each other in terms of 
growth, except for a dramatic drop and recovery in retail sales on Riverside Avenue 
between 2013 and 2014. Given the sensitivity of sales tax as a measure, it is unlikely that 
the drop and subsequent recovery are reactions to the street improvement construction 
completed years before. In the case of restaurant sales, both corridors experienced 
dramatic growth, though the rate of growth on the Riverside Avenue corridor is more 
modest, and sales activity in the food industry grew significantly in both corridors after the 
construction year. 

The indexed plots give us an alternative view of the corridors that reinforce what the non-
indexed plots show, by highlighting how the economic indicators have changed when 
compared to the baseline year of 2009 when the street improvement occurred. The 
consistent growth of the retail sector on Cedar Avenue and the relatively weaker growth on 
Riverside Avenue are evident in the indexed plots. It is clear that Riverside Avenue has yet 
to recover to its 2009 levels, in terms of retail sales. However, the restaurant sales indexed 
plot tracks the non-indexed plot more closely because both corridors have grown 
consistently over time. 
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Figure 4-2. Riverside Avenue Sales Revenue Comparison (Sales tax data) 

4.1.1.1 QCEW 

As mentioned earlier, the QCEW data provided by the state will give us more economic 
indicators as it includes establishment counts and total wage information for the retail 
industry on the corridors. While we do not have access to fully disaggregated data, the 
increased sample size and detail on establishments and wages is still valuable and expands 
our understanding of the economic and business dynamics of our corridors. 

The Riverside Avenue aggregated trend analysis shows that there was a large jump in retail 
activity on the corridor during the first quarter of 2005, with consistent overall growth in 
employment and wages. This large jump in growth was related to the addition of a new, 
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large establishment on the corridor as the total number of retail establishments grew from 
4 to 5 in 2005. This large establishment is a clear driver in the growth of employment and 
wages. Also, note that there does not seem to be any immediately apparent relationship in 
employment or wage growth and the infrastructure construction period. 

 

Figure 4-3. Riverside Avenue Employment and Total Wages Comparison (QCEW) 

The indexed employment and wage figures offer a clearer picture of the dramatic growth of 
Riverside Avenue, even accounting for the large jump in employment in 2005. Principally, 
note that retail employment growth for Riverside and Cedar Avenues has recovered to 
2009 levels with Riverside Avenue showing robust growth post-recession and a flattening 
in the past three years. Cedar Avenue, on the other hand, has steadily lost employment 
post-recession after a large bump and is also now hovering around its 2009 employment 
levels. 

Wage growth, though, for both corridors has been on a largely positive trajectory from 
even before the construction period, though the street improvement corridor has seen 
higher wage growth, relative to its 2009 base year, than the control corridor. Again, note 
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that there does not seem to be any immediately evident connection between wage growth 
and the corridor construction. 

 

Figure 4-4. Riverside Avenue Indexed Employment and Total Wages Comparison (QCEW) 
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Table 4-1. Riverside Corridor Trend Analysis Summary Table 

Area  

Retail  Food  

Baseline  Post-implementation  Baseline  Post-implementation  

Base  Growth  

1st 

Year  

2nd 

Year  3rd Year  Avg.  Base  Growth  1st Year  

2nd 

Year  

3rd 

Year  Avg.  

LEHD: [employment] 

Treatment  293  6.17%  24.23%  57.14%  -6.12%  25.09%  150  -16.75%  -15.33%  17.32%  17.45%  6.48%  

Control: Cedar 100  -5.38%  17.00%  24.79%  -17.81%  7.99%  77  -13.22%  36.36%  -12.38%  32.61%  18.86%  

Sales: [sales revenue, $] 

Treatment  4,280,587  -4.10%  6.44%  1.51%  -4.47%  1.16%  7,273,965  1.94%  -1.94%  15.23%  10.54%  7.94%  

Control: Cedar  5,619,758  0.90%  26.28%  0.54%  -1.08%  8.58%  6,855,862  5.68%  6.65%  20.31%  22.33%  16.43%  

QCEW: [employment] 

Treatment  198  16.40%  -0.59%  -13.25%  10.44%  -1.13%  - - - - - - 

Control: Cedar  119  0.60%  12.32%  11.53%  -2.52%  7.11%  - - - - - - 

1 Baseline is defined as the average of the three years prior to the construction year;  

2 Pre-growth rate is defined as the average of the baseline annual growth rates;  

3 Post-growth rate is defined as the average annual growth rate of three time points after the construction year.  

The table above summarizes the detailed percentage changes in retail and food services 
economic indicators across the three data sources. In general, the LEHD data shows 
positive impact of the bike lane installation on retail service employment on the treatment 
corridor, but not on food services. However, sales tax data shows a different trend that 
indicates retail sales dropped significantly, while restaurant sales increased greatly. QCEW 
data shows some mix trends in retail employment: the control corridor grew faster than 
treatment corridor right after street improvement, but the treatment corridor growth rate 
exceeded that of the control corridor two years after the street improvement. The mixed 
trends in sales and employment might be attributed to a transition in the types of 
businesses on the corridors, perhaps a transition towards types of new establishments that 
can generate higher sales receipts with fewer employees. 

4.1.2 DID Analysis 

DID analysis of LEHD data indicates the Riverside Avenue treatment corridor exhibits a 
statistically significant and positive effect of infrastructure construction on the number of 
retail jobs and a positive, but non-significant, effect on food employment. According to our 
model, Riverside Avenue grew by more than 285 jobs in total compared to the control 
corridor. 

In terms of sales tax, the corridor shows some mixed results. The pre_post construction 
term is positive and significant for both restaurant and retail showing positive sales tax 
receipt growth post-construction, but the difference term is negative and significant for 
retail sales signaling a negative impact of the new construction on retail sales tax receipts. 
This result largely mirrors what we saw in the visual aggregated trend analysis with that 
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dramatic drop in sales in 2013 and 2014. Given that drop is well after construction there 
are likely additional reasons for the drop than just the placement of new infrastructure. 

The QCEW DID results largely parallel the LEHD results. According to our specification, 
there is a negative and significant effect of infrastructure construction on average 
employment and total wages.  This indicates Riverside Avenue grew by more than 105 jobs 
and $2,280,422 in total wages overall compared to the control corridor. 

4.1.3 ITS Analysis 

ITS analysis of the Riverside Avenue corridor using LEHD data does not show any 
significant level or slope change from the pre-treatment trend patterns. While the ts_year 
coefficient for retail is positive and significant this only tells us that the growth trend of 
retail employment for the corridor is itself positive. The non-significant prepost and 
ts_year:pre_post indicate that there was neither a level or slope change attributable to the 
treatment. 

In terms of sales tax data results, the non-significant results from the ts_year:pre_post term 
gives some supportive evidence that the construction was not directly responsible for the 
drop in sales tax receipts for the corridor that the DID highlighted. Overall, it seems 
unlikely there is a clear causal relationship between the corridor construction and 
employment or sales tax effects. 

The QCEW ITS estimates are mixed. For employment, the ITS estimates show a positive and 
significant change in the level of employment but a negative slope. This follows from the 
visual inspection of employment that shows a clear jump in 2005 but relatively flat to 
slightly negative growth after the construction period. For wages, both the level and slope 
change variables are non-significant. 

4.1.4 Key Results 
• The LEHD data analysis shows the positive impact of the bike lane installation on 

retail service employment on the treatment corridor, based on the aggregated trend 
analysis and DID approach. The ITS approach shows that the rapid increase of retail 
service employment is largely attributed to overall economic growth in the region, 
as opposed to impacts from street improvement. 

• LEHD data shows food service employment grew more gradually after the bike lane 
installation. However, the two rigorous econometric approaches, DID and ITS, both 
indicate that the increase in food service employment may not be attributed directly 
to the street improvement on this corridor. 

• Sales tax data reflects some different trends: retail service related sales significantly 
dropped after bike lane installation, while restaurants sales increased greatly. This 
was also seen in the ITS analysis. We suspect a shift from retail businesses towards 
more food service establishments on Riverside Avenue after the street 
improvement.  

• The divergence between trends in the employment data and retail sales data might 
be due to differences in the actual business activities that are captured by the two 
datasets. Some categories of retail sales, such as clothing and unprepared food, are 
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tax exempted in Minnesota, and would not be reflected in sales tax revenue data, but 
LEHD data covers all employment within the retail sector. On the other hand, LEHD 
includes employment in both food services and accommodation, whereas sales tax 
revenues will only capture restaurant sales.  

• Given these mixed results, our analysis was inconclusive for Riverside Avenue. 

 

4.2 Franklin Avenue 

4.2.1 Aggregated Trend Analysis 

4.2.1.1 LEHD 

Retail employment increased greatly right after street improvement, and kept consistent, 
though moderate, growth for the improvement corridor. While the control corridor lagged 
in retail employment growth during this same period, it does experience a dramatic spike 
in starting in 2014, but is unlikely related to the street improvement event. However, we 
observe that Franklin Avenue, on both the treatment and control corridor, have greater 
growth in retail employment than the city as a whole. 

In terms of food employment, the trend analysis is relatively ambiguous. In the post-
construction period after 2011, both the improvement and control corridor food 
employment remained flat to slightly negative. This situation does not change until the 
dramatic spike that occurs on the improved portion of Franklin Avenue, but given the 
timing, it is also unlikely the construction itself is responsible for this dramatic change. 

 

 

Figure 4-5. Franklin Avenue Employment Comparison (LEHD) 
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4.2.1.1 Sales Tax 

The format of the data prevented us from parsing out which portions of sales revenue 
belonged to which portion of Franklin Avenue due to their proximity, so this sales tax 
analysis is excluded from the study. 

4.2.1.1 QCEW 

Analysis of the more accurate QCEW data indicates that the treated section of the Franklin 
Avenue corridor has significantly more retail employment and retail wages than the 
control area, but note the accelerated change in slope on the treated section a little before 
2010 that carries through the construction period and finally moderates and drops in the 
last few quarters. This is in comparison to the relatively flat overall growth of the control 
section. 

 

Figure 4-6. Franklin Avenue Employment and Total Wages Comparison (QCEW) 

The following indexed figures for both total wages and average employment growth show 
the two corridors tracking each other closely in terms of growth rates, with a slight 
divergence in later quarters for the treated section of the corridor. This follows logically 
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given the fact that these are two sections of the same stretch of street. That being said, the 
corridor has seen robust, consistent growth over time, though it is not immediately 
apparent if the infrastructure construction had a clear effect from the trend analysis alone. 

 

Figure 4-7. Franklin Avenue Indexed Employment and Total Wages Comparison (QCEW) 
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Table 4-2. Franklin Corridor Trend Analysis Summary Table 

Area  

Retail  Food  

Baseline  Post-implementation  Baseline  Post-implementation  

Base  Growth  

1st 

Year  

2nd 

Year  3rd Year  Avg.  Base  Growth  1st Year  

2nd 

Year  

3rd 

Year  Avg.  

LEHD: [employment] 

Treatment  169  -3.24%  71.60%  0.34%  8.93%  26.96%  130  1.73%  14.62%  -12.08%  6.87%  3.14%  

Control: 

Franklin 

31  2.86%  16.13%  13.89%  7.32%  12.44%  107  17.20%  5.61%  1.77%  1.74%  3.04%  

QCEW: [employment] 

Treatment  214 16.90%  28.89%  3.23%  16.68%  16.27%  - - - - - - 

Control: 

Franklin 

44  18.32%  23.67%  18.07%  1.30%  14.45% - - - - - - 

1 Baseline is defined as the average of previous three years before construction year;  

2 Pre-growth rate is defined as average of baseline annual growth rate;  

3 1st year growth rate is defined as the growth rate of the year after construction compared to baseline.  

The table above summarizes the detailed percentage changes of retail and food services 
economic indicators across two different data sources. Retail employment growth is 
observed in the street improvement segment of Franklin Avenue, at a faster rate than the 
control corridor, based on both LEHD and QCEW data. In addition, QCEW data indicates 
total wages in the retail sector also appear to be growing at a faster pace in the 
improvement. 

4.2.2 DID Analysis 

We did not perform a DID estimation for Franklin Avenue, as the corridor comparison 
process showed that the corridor group to be unsuitable for this type of analysis.   

4.2.3 ITS Analysis 

We found some mixed results when conducting ITS analyses on the Franklin Avenue 
treatment and control corridors. The street improvement corridor lost a significant 
number of food service jobs, indicated by the large, negative and statistically significant 
change in level seen of the prepost coefficient, but also a positive shift in the slope. This is 
seen visually in the aggregate employment chart (Figure 4-5) for food employment on the 
improved Franklin Avenue corridor where there is a clear drop in employment after 
construction (negative change in level) and then a sizable growth in employment between 
2014 and 2015 (positive shift in slope). Due to a lack of further data points beyond 2015, it 
is unclear whether this rise will taper off, creating a new, higher level of employment, but it 
does seem likely that the corridor potentially has a positive shift in food employment. 

ITS models were not run for Franklin using the sales tax data due to the aforementioned 
data issue. 
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The QCEW ITS models largely do not find an effect of construction except for the slope 
change term for total wages. In the case of total wages, the ITS estimate finds a positive 
significant value. But considering that the employment model is non-significant across all 
terms and the level change term is negative and non-significant for wages, this does not 
support a causal relationship between new cycling infrastructure and retail employment or 
wages. 

4.2.4 Key Results 
• Retail employment growth is observed in the street improvement segment of 

Franklin Ave, at a faster rate than the control corridor, based on LEHD data. In 
addition, QCEW data indicates total wages in the retail sector also appear to be 
growing at a faster pace in the improvement corridor, possibly indicating a shift in 
the type of retail businesses that are located in this area. 

• Although retail employment increased after bike lane installation, the evidence from 
the ITS approach from the two data sources shows a statistically non-significant 
causal relationship between the bike lane installation and employment growth.  

• LEHD data shows food employment greatly increased two years after bike lane 
installation, exceeding the growth rate of both the control corridor and greater city 
trends. Both the trend analysis and ITS approach show a positive trend.  

• In conclusion, the bike lane on Franklin Avenue triggered a significant employment 
increase in the food services industry approximately two years after installation, 
indicating an improvement in business vitality as a result. 
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4.3 Central Avenue 

4.3.1 Aggregated Trend Analysis 

4.3.1.1 LEHD 

Central Avenue shows a clear positive retail employment trend post-construction that 
eventually outpaces the growth on control corridor in 2015. Note that both corridors 
experienced positive employment trends during the post-construction period, and have 
more or less performed better than the city as a whole.  

 

Figure 4-8. Central Avenue Employment Comparison (LEHD) 

The food employment trend on Central Avenue is less obvious. The treatment corridor saw 
large increases in employment immediately following the post-construction period that has 
started to outpace food employment in the city, but the University Avenue control corridor 
has seen a consistently larger trend of growth in the same sector since 2009.  Given these 
results in the aggregated trend analysis of the QCEW data combined with the short post-
construction period, we are unable to draw clear conclusions of the impact of the 
infrastructure on food employment here. 

4.3.1.1 Sales Tax 

The aggregated trend analysis of sales tax receipts on Central Avenue indicate some 
positive impacts of the bike lane installation on business vitality. While Central Avenue’s 
sale receipts grew in both retail and restaurant sectors, the positive growth trends for both 
industries start either before or at the beginning of the construction period. In particular, 
retail sales revenue appears to grow over the time period of analysis, while retail sales 
revenue on the control corridor is dropping. The rate of change in growth, though, in 
restaurant receipts on the treatment corridor appears to quickly accelerate post-
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construction. While not definitive, this acceleration in growth in the food industry hints at 
potential positive impacts that our econometric models will explain more clearly. 

 

Figure 4-9. Central Avenue Sales Revenue Comparison (Sales Tax Data) 

The index value plots bring the differences between growth rates between the treatment 
and control corridors into stark relief. Central Avenue has fared much better over the 
course of the study period, exhibiting robust growth in both retail and restaurant sales. The 
post-construction growth bump is especially apparent in the restaurant sales indexed plot. 
University Avenue’s flattened growth in both restaurant and retail sales is especially 
striking in comparison to university’s consistent growth. 
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4.3.1.1 QCEW 

Central Avenue retail employment change was highly volatile in the early part of the 2000s, 
maintaining a level of around 200 jobs immediately before and through the recession. In 
the past few years, retail employment along this corridor has seen fairly dramatic growth. 
University Avenue, on the other hand, lost a large number of jobs during the same period, 
but saw a spike in employment around 2012. The total wages paid on the two corridors 
largely mirror the employment levels directly. The aggregated trend analysis of the QCEW 
data indicate that there is not an immediately apparent connection between the street 
improvement and employment or wage levels on Central Avenue. 

 

Figure 4-10. Central Avenue Employment and Total Wages Comparison (QCEW) 

The index plots show dramatic growth on both Central and University Avenues over the 
past decade and a half with respect to both retail employment and wages. One detail to 
note is that Central Avenue continues on its positive trajectory for both wages and 
employment in the last few years, and ultimate surpasses the much more volatile 
University Avenue in terms of growth. 
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Figure 4-11. Central Avenue Indexed Employment and Total Wages Comparison (QCEW) 

Table 4-3. Central Corridor Trend Analysis Summary Table 

Area  

Retail  Food  

Baseline  Post-implementation  Baseline  Post-implementation  

Base  Growth  

1st 

Year  

2nd 

Year  

3rd 

Year  Avg.  Base  Growth  1st Year  

2nd 

Year  

3rd 

Year  Avg.  

LEHD: (employment)  

Treatment  189  8.96%  7.94%  8.82%  21.17%  12.64%  103  5.44%  -14.56%  48.86%  -0.76%  11.18%  

Control: 

University 

222  5.79%  18.47%  5.70%  1.44%  8.54%  393  17.11%  39.95%  9.82%  12.09%  20.62% 

Sales: (sales revenue, $)  

Treatment  13,406,600  0.18%  11.60%  10.25%  7.17%  9.67%  2,703,133  -5.64%  122.44%  22.13%  12.76%  52.44%  

Control: 

University 

29,758,008  -1.19%  -8.21%  -1.77%  -1.58%  -3.85%  13,767,338  6.83%  67.12%  1.38%  -1.13%  22.46% 

QCEW: (employment)  
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Treatment  209  1.50%  0.64%  0.99%  4.98%  2.20%  - - - - - - 

Control: 

University 

152  -20.28%  37.01%  27.85%  -5.35%  19.84% - - - - - - 

1 Baseline is defined as the average of previous three years before construction year;  

2 Pre-growth rate is defined as average of baseline annual growth rate;  

3 1st year growth rate is defined as the growth rate of the year after construction compared to baseline.  

The table above summarizes the detailed percentage changes of retail and food services 
economic indicators across three different data sources. Retail and food service 
employment on Central Avenue increased after bike lane construction, but mostly at a pace 
on par with the control corridor. Retail sales in the treatment corridor increased faster 
than the control corridor, and there is dramatic increase of restaurant sales after bike lane 
installation. 

4.3.2 DID Analysis 

DID analysis of LEHD data on the Central Avenue treatment corridor showed a significant 
and negative impact on food employment, and a non-significant impact on retail 
employment. These results are indicative of the drop in food employment that we observed 
through our aggregated trend analysis of the same data, and the more robust growth in 
employment on the control corridor over time. 

In terms of sales tax, the DID analysis on Central Avenue shows mixed results of the street 
improvement. The estimated difference coefficient for restaurant sales is negative and 
significant while the coefficient for retail sales is positive and significant. Overall, this 
model specification implies that an additional $7 million in retail sales tax receipts and a 
loss of $5.7 million in restaurant receipts may be attributed to the street improvement. 
This shift possibly indicates that the new infrastructure construction on Central Avenue 
contributed to an industrial shift from food services establishments to retail along this 
corridor. However, the analysis is unable to provide us with the reason underlying this 
shift, and an examination of the context of the street improvement or other factors on the 
corridor may be needed.  

The QCEW DID estimates for wages and employment both returned non-significant results. 
This makes intuitive sense when examining the employment and wage figures from the 
aggregated trend analysis. While there appears to be growth in wages and employment, it 
is not clear that growth in either economic indicator can be attributed to the construction 
of the bike lane.   

4.3.3 ITS Analysis 

ITS analysis of the LEHD data on Central Avenue also showed mixed results, but this may 
be due to the limited number of data points after construction that is available. According 
to this model specification, Central Avenue retail employment saw a negative, statistically 
significant drop in employment level after treatment, but there is a positive slope signaling 
an overall positive growth trend. Again, combining these results with the aggregated trend 
analysis of employment, it becomes clear that while Central Avenue experienced lower 
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retail employment post-construction, but greater growth (slope), indicating a positive 
trajectory. There is similar trend in food services employment, indicating that Central 
Avenue saw a lower level of food employment post-construction but with greater growth 
rate (slope). 

The sales tax ITS analysis shows the ts_year:pre_post term is significant and positive for 
restaurant sales, but non-significant for retail sales. Also note the large, negative and 
significant pre-post term for restaurant sales, which is similar to our analysis of the LEHD 
employment data which shows that there was a drop in activities in the food services 
industry after the construction, but this lower level is coupled with a positive growth 
trajectory. The impact of the street improvement on Central Avenue should become clearer 
as additional data points become available in the future.  

The QCEW ITS models for Central Avenue offer a mixed set of conclusions. For 
employment, the ITS has a negative and significant result for the level change but a non-
significant result for a slope change. The wage model, on the other hand, shows a negative 
and significant result for the pre_post term and a positive and significant result for the 
ts_year:pre_post term showing a negative change in level but positive change in slope post 
construction. 

4.3.4 Key Results 
• Retail and food service employment on Central Avenue increased after bike lane 

construction. Both the trend analysis and the DID models show evidence that the 
growth in employment on Central Avenue is on par with the control corridor. In 
addition, the ITS approach shows a positive growth trend impact of bike 
construction using LEHD data and QCEW wages data.  

• In terms of sales data, the aggregated trend analysis approach shows that retail 
sales in the treatment corridor increased faster than the control corridor. However, 
additional econometric analyses suggest the impact is not statistically significant.  

• There is a very apparent trend that restaurant sales on Central Avenue increased 
dramatically following bike lane installation. Both trend analysis and the ITS 
approach confirm the positive impact of bike lane installation on restaurant sales on 
Central Avenue. 

• In conclusion, on Central Avenue, we found a significant positive impact on 
restaurant sales following bike lane construction, indicating an improvement in 
business vitality. 
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4.4 Lyndale Avenue South 

4.4.1 Aggregated Trend Analysis 

4.4.1.1 LEHD 

The street improvement on Lyndale Avenue South coincided with the recession of 2008. As 
such, many of the economic indicators may be showing some recessionary impacts and 
subsequent recovery. While both Lyndale Avenue South and its corresponding control 
corridor have been struggling to recover to its pre-recession retail employment levels, they 
both saw a spike in retail employment in 2015. This generally shows that the stagnant 
growth in retail employment in the past years is not attributable to the street improvement 
construction, since the retail employment trends on both corridors do not appear to be 
drastically different. In terms of food employment, the treatment corridor also shows no 
sign of employment impacts due to construction, maintaining a level of low growth 
consistent with city-wide growth, but at a much lower level than Grand Avenue. 

 

 

Figure 4-12. Lyndale Avenue Employment Comparison (LEHD) 

4.4.1.1 Sales Tax 

The Lyndale Avenue corridor also displays ambiguous impacts of the new cycling 
infrastructure on retail and restaurant sales. There is a minor bump post construction for 
retail that results in increased growth over time signaling a possible effect of construction. 
Restaurant sales growth, though, is clearly tied to an external major increase in demand 
nearly a decade after construction. Additionally, the growth in restaurant sales tax receipts 
was less than that of its control corridor both in absolute and relative terms. 
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The indexed plots echo the conclusions seen in the absolute value plots. In particular, 
notice the dramatic decline of retail sales for Grand Avenue compared to the modest, but 
steady, growth in receipts on Lyndale Avenue South. Restaurant sales grow at a faster rate 
on Grand Avenue than Lyndale Avenue South, until the final year where the street 
improvement corridor experiences a dramatic boost in growth. But as mentioned earlier, 
these graphs do not provide compelling visual clues as to the effect of new street 
improvement on sales tax receipts. The most that we can conclude from this aggregated 
trend analysis of sales tax data is that the construction did not appear to impede business 
activities along Lyndale Avenue South. 

 

Figure 4-13. Lyndale Avenue Sales Revenue Comparison (Sales tax data) 
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4.4.1.1 QCEW 

Though the baseline QCEW employment and wage numbers differ drastically between 
Lyndale Avenue South and Grand Avenue, they still offer some enlightenment as to overall 
patterns of growth. First, while Lyndale Avenue South starts from a much higher base 
employment, both corridors see some growth immediately pre-recession and consistent 
employment loss during the recession and recovery after. However, note that the post-
recession recovery of employment on Lyndale Avenue South is more consistent compared 
to that of Grand Avenue, which shows small persistent decreases in its employment until 
nearly 2015. 

 

Figure 4-14. Lyndale Avenue Employment and Total Wages Comparison (QCEW) 

The indexed figures give us a better idea of the differences in patterns of growth between 
the two corridors. In particular, the growth trajectories for both wages and employment 
are similar in the treatment and control corridors, but Lyndale Avenue South is 
consistently less volatile and has a higher rate of growth. Again, note that this analysis does 
not show an immediately apparent relationship between the street improvement and wage 
or employment growth. 
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Figure 4-15. Lyndale Avenue Employment and Total Wages Comparison (QCEW) 
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Table 4-4. Lyndale Corridor Trend Analysis Summary Table 

Area  

Retail  Food  

Baseline  Post-implementation  Baseline  Post-implementation  

Base  Growth  1st Year  

2nd 

Year  

3rd 

Year  Avg.  Base  Growth  1st Year  

2nd 

Year  

3rd 

Year  Avg.  

LEHD: [employment]  

Treatment  223  -2.18%  -11.21%  -0.51%  4.57%  -2.38%  125  -13.45%  -27.20%  0.00%  18.68%  -2.84%  

Control: Grand 29  8.88%  -20.69%  -4.35%  40.91%  5.29%  24  -2.08%  141.67%  63.79%  58.95%  88.14% 

Sales: [sales revenue, $] 

Treatment  14,481,508  0.19%  0.99%  7.74%  -0.23%  2.83%  3,864,204  -27.79%  -46.76%  6.58%  2.32%  -12.62%  

Control: Grand  1,862,745  -18.24%  -24.77%  -19.99%  28.92%  -5.28%  2,705,890  34.06%  15.25%  39.69%  19.21%  24.72% 

QCEW: [employment]  

Treatment  171  0.86%  7.46%  10.57%  4.92%  7.65%  - - - - - - 

Control: Grand  23  -8.70%  -13.04%  -15.83%  26.73%  -0.71% - - - - - - 

1 Baseline is defined as the average of previous three years before construction year;  

2 Pre-growth rate is defined as average of baseline annual growth rate;  

3 1st year growth rate is defined as the growth rate of the year after construction compared to baseline.  

 

The table above summarizes the detailed percentage changes of retail and food service 
economic indicators across three different data sources. There is an apparent drop in 
employment during the 2008-2010 recession period that coincides with the road diet 
construction period. The road diet boosted sales for retail sectors, and retail employment 
and wages. 

4.4.2 DID Analysis 

For Lyndale Avenue South, the DID analysis of LEHD data showed a statistically significant 
and negative effect of infrastructure installation on food employment and a non-significant 
result for retail employment.  

The DID analysis of sales tax receipts on the street improvement corridor showed a non-
significant effect of construction on restaurant sales tax receipts but a positive and 
significant effect on retail sales tax receipts. In this case, the model implies that the corridor 
construction was responsible for an additional $4 million in restaurant sales compared to 
the control corridor. 

The QCEW DID results showed mixed results for Lyndale Avenue South. It showed a non-
significant effect of the street improvement on Lyndale Avenue South on retail 
employment, but significantly positive effect on retail services wages. The models indicate 
a $226,026 total wage increase on Lyndale Avenue South compared to its control corridor 
after the street improvement.  
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4.4.3 ITS Analysis 

The street improvement construction on Lyndale Avenue South was completed much 
earlier (in 2008), which provides for a longer time series of post-treatment data to validate 
our analysis. In this case, the LEHD data showed that there is a negative, statistically 
significant drop in the level of food employment for the corridor but a positive, significant 
slope. Again, when examining the aggregate employment trend graphs we see a clear drop 
in employment in 2009 and 2010 and a trend towards recovery to its pre-treatment level 
with a positive slope. The positive growth trend continues through 2015 but it is unclear if 
we will see a leveling off of new employment at this higher level or if the positive growth 
trend will persist. 

In terms of sales tax returns, ITS analysis results on Lyndale South Avenue are similar to 
other corridors where there are statistically significant and negative effects on the level of 
receipts when comparing pre and post-construction periods, but also positive and 
significant changes in the slope, or rate of growth, of receipts. While the initial level drop is 
worrisome, robust growth across both restaurant and retail sales signals a potential 
positive effect of the infrastructure placement. 

The ITS results of QCEW data are also mixed. In terms of employment, the model estimated 
a negative and significant level change (the pre_post term) and a non-significant slope 
change.. These QCEW results are somewhat different than the analysis results of LEHD and 
sales data, while all data sources showed similar drops in level (of employment or sales), 
the results do not provide definitive direction of the resulting slope change. 

4.4.4 Key Results 
• There is an apparent drop in employment during the 2008-2010 recession period 

that coincides with the road diet construction period on Lyndale Avenue South.  
• Aside from the drop during the 2008-2010 recession, analysis of LEHD data shows 

that food service employment increased gradually after the road diet. This 
observation is confirmed by the ITS approach showing positive food service 
employment growth post-road diet. However, retail employment does not show any 
apparent patterns after the street improvement.  

• The street improvement boosted sales for both the retail and food service sectors on 
Lyndale Avenue south. All three analytical approaches indicate a positive impact of 
the street improvement on retail sales, while impacts on restaurant sales are more 
mixed as only the ITS returns a positive and significant result (the DID and trend 
analyses do not show either positive or negative impacts). 

• Given these results, we conclude that the road diet on Lyndale Avenue South greatly 
improved retail sales in the corridor and had a positive effect on business vitality.  
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4.5 North Second Street 

4.5.1 Aggregated Trend Analysis 

4.5.1.1 LEHD 

Aggregated trend analysis on North Second Street point towards a probable impact of 
street improvement on employment trends, as the overall trend was quite negative prior to 
construction. Food employment growth is quite robust for the treatment corridor but its 
growth trend starts at the beginning of the construction period and continues afterwards. 
Both retail and food service employment on North Second Street appear to be growing at a 
rate greater than the city as a whole, and tracks the West Broadway Avenue control 
corridor closely. 

 

  

Figure 4-16. North Second Street Employment Comparison (LEHD) 

4.5.1.1 Sales Tax 

At first glance, North Second Street potential offers dramatic evidence of a positive effect of 
new infrastructure construction, but the extreme jump in sales tax receipts possibly signals 
external influences that may have affected sales along the corridor, such as the opening of 
multiple new establishments or one especially large establishment. The continued growth 
in retail sales after the initial large spike points to positive signs of overall business vitality 
along the street improvement corridor. This analysis did not include restaurant sales 
because the data indicated that no restaurant sales tax was collected on this street 
improvement corridor until 2014. 



Liu, Shi & Green  ver. 05.20.2019 

[National Street Improvements Study - Minneapolis] Page 42 
 

 

Figure 4-17. North Second Street Sales Revenue Comparison (Sales tax data) 

The indexed plot highlights the immense rate of growth North Second Street has seen in 
retail sales since 2012, and the relatively static nature of retail activity on West Broadway 
Avenue. Again, it is unlikely that the new infrastructure is the principle cause of such a 
dramatic jump in sales, but consistent growth over time after the initial jump may be, in 
some part, connected to the new infrastructure. 

4.5.1.1 QCEW 

The QCEW employment and wage graphs show the general decline in business vitality of 
North Second Street compared to West Broadway Avenue over the last two decades, 
particularly prior to the street improvement construction period. After a high in the early 
2000s, North Second Street has largely been in decline with a slight uptick starting 
2012/2013, but it is still far below its peak. West Broadway Avenue, on the other hand, is 
defined by some dramatic drops in employment and quick recoveries, though its last major 
fall during the recession has met with only a mild recovery. Note that on North Second 
Street there is not an immediately apparent relationship between the construction period 
and employment or wages, although the construction also does not appear to result in any 
declines in employment or wages along the treatment corridor. 



Liu, Shi & Green  ver. 05.20.2019 

[National Street Improvements Study - Minneapolis] Page 43 
 

 

Figure 4-18. North Second Street Employment and Total Wages Comparison (QCEW) 

The indexed figures reinforce what the above figures demonstrate but they do offer a 
clearer example of the mirrored growth trends between the treatment and control 
corridors starting around 2006/2007. Both corridors are only just now starting to grow 
beyond their 2011 baseline values with North Second Street showing a greater growth rate 
than Wset Broadway Avenue post-2015. This again reinforces the finding that the street 
improvement construction did not appear to contribute to any changes in the employment 
and wage trajectories on North Second Street.  
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Figure 4-19. North Second Street Indexed Employment and Total Wages Comparison (QCEW) 
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Table 4-5. North Second Corridor Trend Analysis Summary Table 

Area  

Retail  Food  

Baseline  Post-implementation  Baseline  Post-implementation  

Base  Growth  1st Year  

2nd 

Year  

3rd 

Year  Avg.  Base  Growth  

1st 

Year  

2nd 

Year  

3rd 

Year  Avg.  

LEHD: (employment)  

Treatment  117  -2.47%  20.51%  5.67%  13.42%  13.20%  385  -4.49%  12.73%  46.08%  10.57%  23.13%  

Control: 

Broadway 

104  6.00%  120.19%  6.55%  7.79%  44.84%  233  9.59%  71.67%  -6.50%  -1.87%  21.10%  

Sales: (sales revenue, $)  

Treatment  4,580,133  4.84%  8.78%  166.13%  16.60%  63.84%  - - - - - - 

Control: 

Broadway  

12,387,933  8.32%  23.42%  4.48%  2.53%  10.14%  11,050,000  -1.96%  8.91%  -10.55  27.27  8.55% 

QCEW: (employment)  

Treatment  54  -6.97%  -10.03%  -1.20%  -7.47%  -6.23%  - - - - - - 

Control: 

Broadway  

417  1.60%  -36.97%  9.29%  -4.96%  -10.88%  - - - - - - 

1 Baseline is defined as the average of previous three years before construction year;  

2 Pre-growth rate is defined as average of baseline annual growth rate;  

3 1st year growth rate is defined as the growth rate of the year after construction compared to baseline.  

 

The table above summarizes the detailed percentage changes of retail and food services 
economic indicators across three different data sources. LEHD data shows erratic retail 
employment growth on North Second Street and a peak employment level in 2015. 
However, QCEW data only shows a slight increase two years after the street improvement.  
There is a dramatic jump in retail sales right after bike lane installation, indicating a 
positive impact of bike lanes on retail sales. 

4.5.2 DID Analysis 

Our DID estimation using LEHD data shows a positive and significant effect of treatment 
responsible for approximately 247 additional food service jobs while retail has a negative 
but non-significant effect. 

Due to missing data we only ran a DID estimation for the retail sales tax receipts, and the 
estimated DID term for North Second Street is negative but non-significant. This indicates 
that there is not a causal relationship between the change in retail sales tax receipts and 
new infrastructure placement compared to the control corridor. 

The DID analysis of QCEW employment data showed that a statistically significant result 
that the construction of the new cycling infrastructure on North Second Street contributed 
to the corridor having 38 fewer retail jobs when compared with its counterpart. However, 
this is countered by the non-significant results of the DID wages model. There may have 



Liu, Shi & Green  ver. 05.20.2019 

[National Street Improvements Study - Minneapolis] Page 46 
 

been an industrial shift from retail to food services or changes in the types of 
establishments along North Second Street that contributed to these analytical results.  

4.5.3 ITS Analysis 

ITS analysis of LEHD data on North Second Street also presented mixed results. The 
corridor has a large, negative and significant drop in retail employment level, as well as a 
borderline significant drop in food employment. But the corridor also has a significant and 
positive slope showing a vigorous rate of job growth post-construction.  

The mixed results are also reflected when looking at the corridor’s sales tax receipts. Our 
ITS models show that there is a large, negative and significant drop in the level of sales 
revenues, but a positive, and significant, change in the growth rate of sales revenues post-
construction. Assuming that this rate of growth persists, the street improvement corridor 
should ultimately see more sales post-construction. However, it is difficult to make a 
definitive statement on the causal nature of the relationship between the construction and 
sales revenue at this point. The QCEW ITS wages model also show that the slope change is 
significant and positive, while the level change term is significant and negative.  

Ultimately, the ITS analyses on North Second Street yielded mixed results, but generally 
showed that the new infrastructure resulted in positive growth patterns. 

4.5.4 Key Results 
• LEHD data shows erratic retail employment growth on North Second Street and a 

peak employment level in 2015. However, QCEW data only shows a slight increase 
two years after the street improvement. Given the risks of applying LEHD data in 
smaller geographic areas, the QCEW data trend is likely more reliable. Ultimately, 
none of the three approaches show a causal impact of bike lane construction on 
retail employment. 

• There is a positive and significant impact of bike lane installation on food 
employment that is supported by all three approaches using LEHD data. But because 
the corridors intersect, the DID estimates may be potentially biased due to possible 
spillover effects. 

• There is a dramatic jump in retail sales right after bike lane installation, indicating a 
positive impact of bike lanes on retail sales. However, the large jump might also be 
related to other one-time changes, such as a large new store opening, which needs 
further investigation. 

• Further analysis is required to draw a conclusion about the impact of the bike lane 
installations on business vitality on North Second Street. 
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5. Conclusion 
Based on our analysis of five street improvement corridors in Minneapolis, we found street 
improvement projects improve, or had insignificant impacts on, economic outcomes. In 
particular, we can conclude that: 

• The bike lane on Franklin Avenue triggered a significant employment increase in the 

food services industry approximately two years after installation. 

• On Central Avenue, we found a significant positive impact on restaurant sales on 

Central Avenue following bike lane construction. 

• The road diet on Lyndale Avenue South greatly improved retail sales in the corridor.  

In the other analyzed corridors and industry sectors, we found either mixed results or 
insignificant results. This is typically due to either insufficient number of data points after 
the completion of the street improvement (for ITS analysis), or control corridors that may 
not be fully comparable (for DID analysis). However, the insignificant results may be 
significant in this context, indicating that there does not appear to be a negative causal 
impact of right-of-way or parking lane removal on economic outcomes.  

Three data sources were used for this analysis, each with its pros and cons. The analysis 
results using the three data sources should be viewed as complementary to each other. 
LEHD data is comprehensive, easy to access, and provides rough trends of employment 
change at small geographical scales. It allows for comparisons between the street 
improvement corridors with overall city economic trends, and for both treatment and 
control corridor selection without obtaining additional data. Once street improvement 
corridor selection is completed, sales tax data (sales revenue) and QCEW data 
(employment and wages) can provide finer grain economic activity details. In Minneapolis, 
sales tax data may only capture parts of economic activities that are subject to sales tax, 
because sales of clothing and unprepared food are tax exempt; and QCEW data for 
Minneapolis is limited to the retail sector (excluding food and service industries).   

We employed three different analytical approaches to investigate the economic impacts of 
street improvement corridors. Aggregated trend analysis and difference-in-difference 
(DID) analysis both utilize control corridors to determine the impacts of the street 
improvement corridor, while the interrupted time series (ITS) analysis uses multiple time 
points on the street improvement corridor itself to pinpoint economic outcomes. In 
general, the ITS analysis provides more robust results than the other two methods, since it 
is less likely to be affected by the selection of control corridors. However, this method 
generally requires more data points post-intervention to achieve meaningful and valid 
impact estimations. The DID approach is heavily dependent on finding comparable control 
corridors (which may not always exist), so the analytical results may be weakened when 
appropriate corridors cannot be identified. 

Additional data points after the completion of street improvements may help to provide 
further validity and rigor to the analysis of resulting economic outcomes. Moreover, further 
contextual information about the street improvement corridor, such as quality or level of 
the improvement, number of parking spot reduction, and subsequent bicycle ridership or 
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pedestrian increases, would help to better understand the linkages between the 
improvements and potential economic impacts. Extending this research to more closely 
examine the changes and shifts in industrial patterns will be valuable as well. 

  



Liu, Shi & Green  ver. 05.20.2019 

[National Street Improvements Study - Minneapolis] Page 49 
 

6. References 
Angrist, Joshua, and Jorn-Steffen Pischke. 2009. Mostly Harmless Econometrics: An 

Empiricist’s Comparison. Princeton University Press. 
Bent, Elizabeth, and Krute Singa. 2009. “Modal Choices and Spending Patterns of Travelers 

to Downtown San Francisco, California: Impacts of Congestion Pricing on Retail 
Trade.” Transportation Research Record: Journal of the Transportation Research 
Board 2115 (December): 66–74. https://doi.org/10.3141/2115-09. 

Clifton, Kelly, Christopher Muhs, Sara Morrissey, Tomás Morrissey, Kristina Currans, and 
Chloe Ritter. 2012. “Consumer Behavior and Travel Mode Choice.” Oregon 
Transportation Research and Education Consortium. 
http://kellyjclifton.com/Research/EconImpactsofBicycling/OTRECReport-
ConsBehavTravelChoices_Nov2012.pdf. 

Dill, Jennifer, Nathan McNeil, Joseph Broach, and Liang Ma. 2014. “Bicycle Boulevards and 
Changes in Physical Activity and Active Transportation: Findings from a Natural 
Experiment.” Preventive Medicine 69 (December): S74–78. 
https://doi.org/10.1016/j.ypmed.2014.10.006. 

Flusche, Darren. 2012. “Bicycling Means Business: The Economic Benefits of Bicycle 
Infrastructure.” League of American Bicyclists. 
http://www.advocacyadvance.org/site_images/content/Final_Econ_Update(small).
pdf. 

Jaffe, Eric. 2015. “The Complete Business Case for Converting Street Parking Into Bike 
Lanes.” 2015. http://www.citylab.com/cityfixer/2015/03/the-complete-business-
case-for-converting-street-parking-into-bike-lanes/387595/. 

Lopez Bernal, James, Steven Cummins, and Antonio Gasparrini. 2016. “Interrupted Time 
Series Regression for the Evaluation of Public Health Interventions: A Tutorial.” 
International Journal of Epidemiology, June, dyw098. 
https://doi.org/10.1093/ije/dyw098. 

NYCDOT. 2013. “The Economic Benefits of Sustainable Streets.” New York City Department 
of Transportation. http://www.nyc.gov/html/dot/downloads/pdf/dot-economic-
benefits-of-sustainable-streets.pdf. 

Poirier, Joseph. 2017. “Are Bicycles Good for Business? A San Francisco Examination in 
Three Case Studies.” University of California, Berkeley. 

Rowe, Kyle. 2013. “Measuring the Economic Impact of Bicycle Facilities on Neighborhood 
Business Districts.” http://bikewalkkc.org/wp-
content/uploads/2016/03/Bikenomics_v4.pdf. 

Stantec Consulting. 2011. “Vancouver Separated Bicycle Lanes Business Impact Study.” 
Stantec Consulting Ltd. 
http://www.peoplepoweredmovement.org/site/images/uploads/penv3-
BusinessImpactStudyReportDowntownSeparatedBicycleLanes-StantecReport.pdf. 

Yu, Chia-Yuan, Mingjie Xu, Samuel D. Towne, and Sara Iman. 2018. “Assessing the Economic 
Benefits and Resilience of Complete Streets in Orlando, FL: A Natural Experimental 
Design Approach.” Journal of Transport & Health 8: 169–78. 
https://doi.org/10.1016/j.jth.2017.11.005. 

  



Liu, Shi & Green  ver. 05.20.2019 

[National Street Improvements Study - Minneapolis] Page 50 
 

7. Technical Appendix 

The following section presents the estimation tables of the difference-in-difference (DID) 
and interrupted time series (ITS) analysis for each corridor group. The sections are 
organized by the data source of the model: LEHD, sales tax and QCEW. Please refer to the 
appropriate sections earlier in the report for descriptions of the data, methodology and 
interpretation of the results. 

7.1 Corridor Comparisons 

T-statistics of Corridor Comparison test (numbers in parentheses indicate p-value) 

Corridor Job per block Business job share Pre-construction 
growth rate 

Retail Food Metric 1 Metric 2 Retail Food 
Riverside 
Cedar 0.451 

(0.658) 
-0.404 
(0.694) 

0.574 
(0.576) 

0.673 
(0.515) 

1.144 
(0.297) 

0.855 
(0.454) 

Franklin 
Franklin 
(control) 

1.891 
(0.077) 

0.614 
(0.544) 

0.759 
(0.452) 

-0.028 
(0.977) 

8.992 
(0.000) 

22.048 
(0.000) 

Central 
University 0.319 

(0.751) 
-2.241 
(0.030) 

-1.752 
(0.087) 

-1.572 
(0.124) 

-0.295 
(0.773) 

-0.016 
(0.987) 

Lyndale 
Grand 1.530 

(0.136) 
1.333 

(0.191) 
-0.026 
(0.979) 

0.301 
(0.764) 

1.116 

(0.319) 

-0.674 

(0.539) 

North Second 
West Broadway -0.524 

(0.601) 
0.618 

(0.538) 
-3.292 
(0.002) 

-3.667 
(0.000) 

-0.966 
(0.357) 

0.560 
(0.586) 

Note: Business job share Metric 1 represents the number of business employment divided 
by the sum of other services industry employment such as professional/scientific services, 
public administration and educational services; alternatively, Metric 2 is calculated using a 
smaller subset of service employment (including professional/scientific services, 
administrative/waste management services and arts/accommodation services). 



Liu, Shi & Green  ver. 05.20.2019 

[National Street Improvements Study - Minneapolis] Page 51 
 

7.2 LEHD 

7.2.1 Riverside Avenue 
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7.2.2 Franklin Avenue 
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7.2.3 Central Avenue 

 



Liu, Shi & Green  ver. 05.20.2019 

[National Street Improvements Study - Minneapolis] Page 54 
 

7.2.4 Lyndale Avenue South 
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7.2.5 North 2nd Street 
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7.3 Sales Tax 

7.3.1 Riverside Avenue 
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7.3.2 Franklin Avenue 
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7.3.3 Central Avenue 
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7.3.4 Lyndale Avenue South 
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7.3.5 North 2nd Street 
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7.4 QCEW 

7.4.1 Riverside Avenue 
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7.4.2 Franklin Avenue 
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7.4.3 Central Avenue 
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7.4.4 Lyndale Avenue South 

 



Liu, Shi & Green  ver. 05.20.2019 

[National Street Improvements Study - Minneapolis] Page 65 
 

7.4.5 North 2nd Street 
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