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INTRODUCTION 

This addendum provides additional information to help guide users of the Effective Density 
Market Access Tool. The document supplements and provides clarifications to the original tool 
guidance, which can be found on the website, at: http://tpics.us/tools/  

The following topics are addressed: 

• The relationship between effective density and potential access measures, and the 
implications of choosing one or the other within the toolkit. 

• How to calculate zonal GRP proxies, using wage data. 

• Those choice of employment or population as an activity variable, and how that affects 
the appropriate approach to dollar value productivity calculations. 

• Approaches to sensitivity testing of toolkit inputs. 

RELATIONSHIP BETWEEN EFFECTIVE DENSITY & POTENTIAL ACCESS 

The effective density (ED) measure was specifically proposed by the UK Department for 
Transport (beginning in 2005)1 based on work by Graham (subsequently updated: 2006, 
2007)2, 3.  Since then it has become incorporated in the Department of Transport (DFT) – United 
Kingdom’s Transport Analysis Guidance (WEBTAG) to approximate agglomerative 
implications from transport projects.4 Similar access measures have been around for quite some 

1 Department of Transport. (2005). Transport, Wider Economic Benefits, and Impacts on GDP. Discussion Paper. 
Available Online: 
http://webarchive.nationalarchives.gov.uk/+/http:/www.dft.gov.uk/pgr/economics/rdg/webia/webmethodology/sport
widereconomicbenefi3137.pdf  
2 D. Graham. (2006). Investigating the link between productivity and agglomeration for UK Industries. Available 
Online: https://workspace.imperial.ac.uk/ref/Public/UoA%2014%20-
%20Civil%20and%20Construction%20Engineering/Wider%20economic%20Impacts/%5B2%5D%20Reference.pdf  
3 D. Graham. (2007). Agglomeration Economies and Transport Investment, OECD Discussion Paper. 2007-11. 
Available Online: http://www.internationaltransportforum.org/jtrc/DiscussionPapers/DiscussionPaper11.pdf  
4 Department for Transport. (2014). TAG Unit 2.1 Wider Impacts. Available Online: 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/339551/webtag-tag-unit-a2-1-wider-
impacts.pdf  
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time.  Examples of earlier studies include Vickerman (1974)5,Vickerman, Spiekermann and 
Wegener (1999)6, and Keeble et al. (1982).7 

The ED measure is in fact a specific extension of the widely used market potential or potential 
access measure, and is comprised of two components. The first component is a scale factor and 
the second is the more generic potential access measure. The first component is included to 
account for the intra-zonal accessibility of the origin zone i, while the second component 
accounts for access afforded by all other surrounding zones (i ≠ j). The measure, like all potential 
access measures, is an inverse power function gravity measure, as defined in the published C11 
Accessibility Analysis Tool documentation:8 

 

 

THE SCALE FACTOR 

As initially defined by Graham, the first term, the “scale factor,” captures the ED of the origin 
zone, by approximating intra-zonal travel time (dii) as �(𝐴𝐴𝑖𝑖/𝜋𝜋 ). This is based on the simplifying 

5 R W Vickerman (1974). Accessibility, attraction, and potential: a review of some concepts and their use in 
determining mobility. Environment and Planning A, Pion Ltd, London, vol. 6(6), pages 675-691. 
6 Roger Vickerman, Klaus Spiekermann, and Michael Wegener. (1999). Accessibility and Economic Development 
in Europe. Regional Studies, Taylor & Francis Journals, Taylor & Francis Journals, vol. 33(1), pages 1-15. 
7 Keeble D., Owens P. L. and Thompson C. (1982). Regional accessibility and economic potential in the European 
community. Regional Studies, Volume 16, Issue 6. 
8 The Texas A&M Transportation Institute. SHRP 2 Project C11: Accessibility Analysis Tools: Technical 
Documentation and User’s Guide. Available at: http://tpics.us/tools/documents/SHRP-C11-Accessibility-Tech-Doc-
and-User-Guide.pdf 
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assumption that the zone is roughly circular (𝐴𝐴𝑖𝑖 = 𝜋𝜋𝑟𝑟2) and intra-zonal travel time can therefore 
be calculated as the radius of a circle (�(𝜋𝜋𝑟𝑟2)/𝜋𝜋) = 𝑟𝑟). 

While sufficient for model estimation purposes, this approach is not suited to ex-ante evaluations 
of the effect of transport investments on agglomeration, based on estimated elasticities of 
productivity with respect to effective density. Nor can it adequately capture changes over time, 
as transport investment shapes the landscape of accessibility. Why? Because the area-based 
“radius” of a zone will not change with improved transportation performance. 

To address this limitation, both the DfT WEBTAG guidance9 (for which Graham’s work was 
initially developed), and the approach implemented in the toolkit makes use of intra-zonal 
impedances, which are allowed to vary between the base and build case. As calculated in the 
toolkit, the scale factor follows the same functional form as the second half of the effective 
density equation: 

Scale factor =  
𝐸𝐸𝑖𝑖
𝑑𝑑𝑖𝑖𝑖𝑖𝛼𝛼

 

Guidance on how to calculate intra-zonal travel times is provided in the toolkit documentation.10 
Many existing travel demand model platforms have built in functionality to calculate intra-zonal 
travel times. 

CHOOSING EFFECTIVE DENSITY OR POTENTIAL ACCESS WITHIN THE TOOLKIT 

As implemented within the toolkit, the choice of Effective Density or Potential Access depends 
on whether or not the user wishes to derive dollar-value productivity impact estimates. 

For Productivity Calculations: The toolkit was designed to replicate the ED-based 
methodology for estimating productivity effects, based on the work of Graham. Table 5-4 in the 
tool documentation11 indicates that the Effective Density measure is typically used with 
employment data, but can also be used with other types of activity data such as population, 
depending on the type of access being analyzed. This is because the ED measure was developed 
by Graham to estimate productivity impacts using employment data, specifically. The toolkit 
will only provide productivity estimates if the user selects both Effective Density and 
Employment (Place of Work) as the activity variable within the tool parameters input 
worksheet. The user may also calculate productivity impacts using another activity variable (e.g. 
population) but to do so must use the Accounting Framework Tool to avoid incorrect 
calculations of zonal GRP (see discussion on page 6). 

9 Department for Transport. TAG Unit A2.1: Wider Impacts. January 2014. Available at: 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/275306/webtag-tag-unit-a2-1-wider-
impacts.pdf Accessed 27 June 2014. 
10 See Page 98 of the C-11 Report. Available at: http://onlinepubs.trb.org/onlinepubs/shrp2/SHRP2prepubC11.pdf 
Accessed 27 June 2014. 
11 The Texas A&M Transportation Institute. SHRP 2 Project C11: Accessibility Analysis Tools: Technical 
Documentation and User’s Guide. Available at: http://tpics.us/tools/documents/SHRP-C11-Accessibility-Tech-Doc-
and-User-Guide.pdf Accessed 17 July 2014. 
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For General Accessibility Assessments: In addition, the Potential Access measure by itself is a 
very simple way of more generally assessing incremental change in access to markets—without 
deriving estimates of productivity impacts. In fact, both ED and Potential Access (PA) are 
metrics that are consistent with the literature on gravity/potential-type access measures and 
agglomeration economies. The measures quantify both activities (i.e. potential opportunities for 
interaction) and the impedance hindering interaction, as influenced by performance of the 
transportation system. 

The key difference between the two measures is that ED includes the effects of intra-zonal 
access, while PA is more commonly implemented in a fashion that only accounts for access to 
activities in other zones. Both are accessibility measures; however, they will not yield the same 
analytical results in terms of percent change in accessibility if: a) the source zone contains a 
significant proportion of the total accessibility activity in the region and b) if the project being 
analyzed causes significant change in intra-zonal impedances, and thus in the benefits of access 
to activities within the source zone. Effective Density is a particular form of potential access 
measure specifically designed to also capture the agglomerative effects of access to activities 
within the source zone. It provides a more complete picture of all the activity accessible for a 
business in the source zone by measuring the economic size or “mass” of activities both within 
that zone and in all other zones. In the toolkit, ED (the more comprehensive form) is used for 
productivity calculations, following the methodology of Graham. 

For pure accessibility analyses, we suggest that the analyst consider the following when deciding 
whether to include own-zone accessibility (as measured by the scale factor): 

• Were analysts able to do point-based (not zone-based) accessibility calculations from 
every point to every other point in an entire region, there would be no difference between 
the ED and PA measures. However, for practical reasons, impedance matrices and 
accessibility analyses are usually applied to a zonal system, thus introducing the question 
of how to treat activities within the source zone. 

• In general, planners and modelers charged with developing estimates of impedances for 
scenarios with and without a proposed project will seek to define zones that capture the 
most relevant O-D pairs expected to see improvement. Thus, in most cases, zones will be 
defined at a scale so that intra-zonal travel times will not change significantly due to a 
proposed improvement. 

• However, given that the spreadsheet tool has computational limitations on the number of 
zones it can analyze, there could be situations where the analyst must collapse zones from 
a much higher resolution travel demand model and thus end up with central areas (e.g. 
Central Business District zones) with high intra-zonal impedances, where projects might 
affect significant change in intra-zonal impedances. For example, if a new shuttle bus 
service was implemented or a local bottleneck was relieve in a dense urban area defined 
as a single zone, this would significantly affect the intra-zonal travel times. In that case, 
the ED measure would provide a more complete representation of changes in 
accessibility achieved by the project. 
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• One solution to the above resolution and zone limitation problem is to consider analyzing 
a sub-area of the model, so that the effect of the project of interest is captured by inter-
zonal travel times, rather than being masked by changes in intra-zonal travel times for a 
large single zonal area. 

Some studies have chosen to track the two components of the effective density measure 
separately. As stated in a study conducted for the National Roads Authority of Ireland, “the 
effective density of the zone is the sum of the external effective density and the internal effective 
density.”12 High intra-zonal scores tend to occur in zones with high activity density. 

We suggest that the user of the tool think carefully about the definition of their zones and study 
region, to ensure that analysis performed will adequately reflect accessibility changes of interest, 
and to be cognizant of the type of masking that can occur when intra-zonal accessibility (the 
scale factor) is a large portion of the overall accessibility of a given zone. While both ED and PA 
are accessibility measures that are consistent with the research literature, the inclusion of intra-
zonal accessibility in the ED metric generally offers a more complete picture and is therefore the 
measure used within the toolkit for productivity calculations. In other cases where the only 
object is to evaluate changes in accessibility, it can be perfectly adequate to use the PA measure 
for assessments of accessibility from a zone to all other surrounding zones. 

INSTRUCTIONS FOR USING WAGES AS A PROXY FOR ZONAL GRP 

Because Gross Regional Product (GRP) information is generally not available for regions 
smaller than metropolitan statistical areas (MSA), the tool documentation instructs users to use 
average annual wages as a proxy for GRP per employee. The variation in average annual wages 
between zones can be viewed as one indicator of variation in productivity at the sub-MSA level. 
However, in order to use wages (by place of work) as a GRP proxy, an adjustment factor needs 
to be applied to account for the magnitude difference between total wages within a region and 
regional GDP. GDP, also called value added, is comprised of employee compensation, taxes 
(less subsidies), and the gross operating surplus of industries in the economy.13 The adjustment 
factor is calculated as the ratio between state or MSA-level GRP (available from BEA.gov) and 
state or MSA-level earnings (also available from BEA.gov14). This adjustment factor (which will 
be greater than 1) can then be multiplied by the zone-specific average annual wages, to get the 
appropriate zone-specific GRP proxy. An example on how to calculate a GRP adjustment factor 
is shown below: 

12 AECOM on behalf of the National Roads Authority (NRA). Impact of Improvements in the Road Network on the 
Accessibility & Economic Potential of Counties, Urban Areas, Gateways & Hubs. March 2012. Available at: 
http://www.nra.ie/policy-publications/transport-research-and-in/Impactin-improvement-in-the-road-network.pdf 
Accessed 29 June 2014. 
13 Bureau of Economic Analysis. Frequently Asked Questions: What is industry value added? Retrieved from: 
http://www.bea.gov/faq/index.cfm?faq_id=184  
14 Note: there are multiple ways of reporting wages (e.g. with and without benefits). As long as the same definition 
is used at both the zonal and MSA/state level, the resulting adjustment factor will be correct. 
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Adjustment Factor Calculation  
GRP in nearest MSA (or State) $420,340 M 
Total Earnings in MSA (or State) $309,155 M 
Adjustment Factor = ($420,340 M)/( $309,155 M) = 1.36 

 
Zone Average annual wages Adjustment Factor Zonal GRP Proxy (Per Employee) 

1 $71,371 x 1.36 = $97,065 
2 $77,316 x 1.36 = $105,150 
3 $42,572 x 1.36 = $57,898 
4 $50,375 x 1.36 = $68,510 
5 $66,736 x 1.36 = $90,761 

The adjustment calculation can either be done to calculate per employee GRP proxy inputs for 
the Effective Density Market Access tool (Tab 8), in order to generate productivity dollar-value 
estimates within the tool, or to support separate productivity calculations in the Accounting 
Framework Tool (see discussion below). 

CHOOSING YOUR ACTIVITY VARIABLE AND CALCULATING 
PRODUCTIVITY IMPACTS: WHEN TO USE THE EFFECTIVE DENSITY 
TOOLKIT & WHEN TO USE THE ACCOUNTING FRAMEWORK TOOL 

The ED Market Access tool documentation (Section 5.2.2) indicates that selection of appropriate 
activity data type depends on the desired analysis: “Activity data may include total population, 
total employment, or sectoral employment.” Different types of activity data represent different 
types of access. When selecting activity data, however, the user must also bear in mind that there 
are two conceptually distinct uses for the activity data input in the toolkit:  

(1) Zonal activity represents the economic activity to which access is being provided by the 
transportation network. This input can be employment or population (or any other 
activity of interest for accessibility assessments). 

(2) Zonal EMPLOYMENT (place-of-work) is used to calculate zonal productivity 
improvements (as explained in Equation 5-4, reproduced below).  
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The ED Market Access toolkit was designed to calculate productivity effects on a zone-by-zone 
basis. This allow for greater resolution of results, by taking into account how zones are 
differentially affected by transportation performance changes, as well as the underlying 
differences in the scale of economic activity within a given zone that can benefit from access 
improvements. In order for the tool to correctly do this, however, the activity data entered must 
be employment. If population is the input variable used, then the toolkit would be incorrectly 
multiplying per worker GRP by the number of residents of a zone, rather than by the number of 
workers (see Equation 5-4). Given that the spatial distribution and magnitudes of population and 
employment can differ considerably, one needs to ensure that correct activity variable is used for 
the correct purpose. 

In the ED Market Access toolkit, there are multiple options for Activity Type: 
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However, if any activity type is selected other than EMPLOYMENT (PLACE OF WORK), the 
TOTAL PRODUCTIVITY ($) results in Tab 9 will be zeroed out, as a safeguard against the 
calculation issue described above. 

Nevertheless, one may wish to assess the productivity results of changing access to population 
(as a measure of the available labor market), or another relevant activity variable for which the 
appropriate response elasticities are available. To do so, one must perform the productivity 
calculations outside the ED Market Access tool. The Accounting Framework tool is set up for 
these calculations. 

SENSITIVITY TESTING OF TOOL INPUTS 

The ED Market Access tool was developed to be consistent with current research on the 
relationship between market access and productivity. The functional form of ED/PA captures 
two important components of market access: 1) the activities to which access is desired (as they 
represent opportunities for economic interaction and exchange), and 2) the impedances 
separating economic activities in space. Given that research in this realm is still in development, 
the tool documentation recommends that a number of the ED/PA parameters and tool inputs be 
subject to sensitivity testing. This section will outline some of the reasons and ideas behind 
suggested sensitivity testing for three important inputs to the tool: 1) The transport cost 
impedance matrices, 2) The decay parameter, and 3) The productivity elasticity. 

IMPEDANCE AS A SENSITIVITY PARAMETER 

Because of the structure of the ED/PA measure, too large of an impedance in the denominator 
can drive the ED/PA measure to zero: 

lim
𝑑𝑑→∞

�
𝐸𝐸𝑗𝑗
𝑑𝑑𝑖𝑖𝑗𝑗𝛼𝛼
� = 0 

This can occur, for example, because of mistaken units of measurement. For example: if 
impedances are accidentally input in seconds for either the build or no-build scenario when the 
calculation calls for minutes.  This would lead to an overly large impedance value leading to 
access values that are very close to zero for any given level of alpha. 

Similarly, the user may encounter problems if the impedances are much smaller in the build case, 
compared to the base case. The overly large impedances in the base case could drive the base 
case accessibility to zero. Then, when the tool attempts to calculate the ratio between build and 
base case measures, the ratio of the two would become undefined due to a near-zero 
denominator, which in turn will trigger an error in the tool. To avoid errors, ensure that 
impedances are entered correctly with consistent and correct units. 
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DECAY PARAMETER AS A SENSITIVITY PARAMETER 

Alpha (α) is a behavioral parameter. It may either be calibrated using data from an MPO travel 
model or developed using rules of thumb and sensitivity tests.15 Higher values of alpha place 
more emphasis on markets in close proximity by penalizing to a greater degree activities located 
far away. Low values of alpha, on the other hand, place greater emphasis on markets farther 
away, by offering a flatter decay function. The graph below illustrates this difference. On the 
vertical access is the discount factor (= 1/𝑑𝑑𝛼𝛼  ) applied to activities located at distance d from the 
point of origin. 

 

Different values of alpha can be used to differentiate types of access by their range of influence. 
For example, labor market access may merit selection of a higher value of alpha (to match the 
shorter distance of commuting trips), while buyer-supplier access could be measured using a 
lower value, to account for the greater range of influence (i.e. 3-hrs as opposed to 0.5-1.5 hrs). 
The UK DfT guidance recommends a steeper decay parameter for service industries compared to 
manufacturing industries.16 This finding is in part a function of the specification of the activity 
variable in the original model estimation. The methodology uses employment as the selected 
activity variable because it proxies for multiple sources of agglomeration at once (e.g. labor 
market pooling, knowledge spillovers, and improved buyer-supplier connections). Service 
industries are more responsive to localized market access effects associated with knowledge 

15 For an example fitting of a decay function to household travel survey data, see: Iacono, M., Krizek, K.J., El-
Geneidy, A. (2010). Measuring Non-motorized Accessibility: Issues, Alternatives, and Execution. Journal of 
Transport Geography 18(1), 133-140. Retrieved from: http://tram.mcgill.ca/Research/Publications/Access_JTG.pdf  
16 Department for Transport. (2014). TAG Unit 2.1 Wider Impacts. Available Online: 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/339551/webtag-tag-unit-a2-1-wider-
impacts.pdf  
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spillovers and labor market access, thus justifying a steeper decay. Manufacturing sectors, on the 
other hand, are likely to be more sensitive to the location of buyer and supplier industries—a 
market access effect that occurs at a regional rather than a local scale and thus would justify a 
less steep decay. Similar findings on the localized scale of access affects for service industries 
appear in research performed for the US context.17 

Too large of a decay parameter can also lead to a zero access measure using the inverse distance 
function (the denominator becomes so large that it causes the fraction to approach zero). This can 
trigger errors within the tool. If such an error occurs, the user should reexamine project inputs for 
a) values of alpha in relation to impedances provided and b) unit consistency of impedances in 
both build and no-build.  

PRODUCTIVITY ELASTICITY AS A SENSITIVITY PARAMETER 

The productivity elasticity is a critically important parameter in that it determines the scale of the 
productivity response predicted ex-ante, from a given change in accessibility (as measured by 
Effective Density). As discussed in the tool’s documentation (Section 5.1.3), the choice of the 
appropriate elasticity variable is dependent on two factors: a) the activity unit used in access 
measurement, and b) whether the project in question is a completely new link or an improved 
link. Research shows that the industry for which productivity gains are being assessed is another 
important factor that can dictate a difference in the appropriate response elasticity.18 

It is impossible to select an elasticity that applies in all cases. Moreover, there are gaps in the 
currently available empirical research that constrain an analyst’s ability to definitively select the 
“correct” elasticity. For example, there are uncertainties in the spatial transferability of 
productivity estimates from one region to another. Similarly, the existing research does not 
necessarily isolate the various causal factors that contribute to productivity gains (e.g. labor 
market pooling versus knowledge spillovers) and only partially differentiates across industries in 
terms of their relative responses to different types of access. Additionally, estimation approaches 
vary in the form of the accessibility indicator used (effective density or some other measure) and 
the degree to which other factors (such as labor skills) are controlled for. Elasticities are 
inherently a function of the original modeling techniques and methods used to estimate them. 
Given these issues, the selection of a productivity elasticity should be approached with the 
understanding that any value is subject to limitations of the original estimation methods and that 
method’s applicability (or non-applicability) to the regional context of the project analyzed and 
to the Effective Density metric used in the tool. Therefore, sensitivity testing using a range of 
values is recommended so that the analyst may understand the sensitivity of productivity 
estimates to the selected elasticity value. 

17 Desmet, K., and M. Fafchamps. 2005. Changes in the spatial concentration of employment across US counties: a 
sectoral analysis 1972-2000. Journal of Economic Geography, 5 (3): 261-284.  
18 The Effective Density tool was designed to assess aggregate responses across an entire regional economy and thus 
does not address how different industries may vary in their productivity response to improvements in access. 
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The recently published NCHRP Report 786 offers more in-depth guidance on the selection of 
agglomeration elasticities.19 Based on this and other research, the following are some guiding 
principles on the relative magnitudes of elasticities: 

• New link capacity projects where significant bottlenecks and new markets are opened up 
should be assigned values that are higher relative to projects that improve upon existing 
capacity such as widening and tolling related projects. 

• In empirical work published to date assessing aggregate effects of market scale, service 
industries (e.g. professional service and banking or finance) tend to demonstrate higher 
elasticities of agglomeration than manufacturing industries. 

• All else equal (in terms of methodological approach, etc.), estimates derived from North 
American studies tend to be lower than those found in European studies. 

The analyst is encouraged to consider how the context of the project being analyzed may differ 
from original studies from which elasticities are drawn. While there are undoubtedly challenges 
that preclude a perfect answer, the ED Market Access tool provides useful order-of-magnitude 
ex-ante estimates of impact. Moreover, the tool can be used to understand the relationship 
between a transportation project and resulting changes in regional accessibility. For further 
discussion of the tool’s uses, please refer to the White Paper posted on the SHRP C11 Website. 

19 Transportation Research Board. NCHRP Report 786.  Assessing Productivity Impacts of Transportation 
Investments. Retrieved from: http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_786.pdf  
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