
New Hampshire Department of Transportation               Chapter 12: Indirect Effects 
Interstate 93 Improvements (Salem to Manchester)     
 
12.0 INDIRECT EFFECTS 
 
12.1 Introduction 
 
Indirect effects are defined by the Council on Environmental Quality (CEQ) as “effects which 
are caused by the action and are later in time or farther removed in distance, but are still 
reasonably foreseeable. Indirect effects may include growth inducing effects and other effects 
related to induced changes in the pattern of land use, population density or growth rate, and 
related effects on air and water or other natural systems, including ecosystems” (40 CFR 
1508.8(b)).  For transportation projects, induced growth is attributed to changes in accessibility 
caused by the project that influences the location and/or magnitude of future development 
(Transportation Research Board, 2002).  Typically, induced growth is quantified as the 
incremental change in future development with the project in comparison to the future without 
the project (e.g. the No Build Alternative).  In general, the widening of existing roadway is less 
likely to cause induced growth than the construction of a new roadway or interchange 
(Transportation Research Board, 2002).  This is because with an existing road access to an area 
already has been established and the widening represents merely a marginal and incremental 
change in access.  
 
This chapter provides a summary of the detailed information in Appendix G: Indirect Effects 
Written Reevaluation/Technical Report. 
 
12.2 Summary of 2004 FEIS Analysis and Record of Decision Commitments 
 
12.2.1 Indirect Land Use Impacts 
 
The 2004 FEIS study area for indirect (or secondary) land use effects included the five 
municipalities where the proposed improvements to I-93 would occur, and 24 other 
municipalities in the region surrounding the project. The study area boundaries were first 
recommended by the Executive Oversight Committee of representatives of federal and state 
agencies and regional planning commissions, and later subject to further consideration by the 
members of the Delphi Panel (described below and in Section 1.1.2).  Two panelists also 
included population and employment allocations for the towns of Boscawen, Canterbury, and 
Loudon, located north of the study area.  The analysis year for the indirect effects evaluation was 
the year 2020. 
 
For the 2004 FEIS, a 16 member Delphi Panel was assembled and included individuals familiar 
with the corridor and the study area who were knowledgeable in the area of real estate, planning, 
environmental policy, etc.  The Delphi Panel was tasked with projecting the potential change in 
population and employment in the 29-community study area based on their best professional 
judgment.  The panelists were directed to explain the rationale for their estimates in memos that 
were anonymously presented to the other panelists.  After reviewing the work of their peers, the 
panelists had the opportunity to revise their population and employment estimates.  Detailed 
information about the Panel’s work is included in the “I-93 Manchester to Salem Delphi Panel 
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Analysis Final Report, December 28, 2001 (revised January 22, 2002)” and is summarized in 
Section 4.12 of the 2004 FEIS. 
 
After two rounds of estimates for both the No Build and Build scenarios, the panelists could not 
reach consensus. Therefore, the results of the Delphi Technique process were summarized 
through the calculation of the Panelist’s Blended Average Allocation (PBAA)—the average of 
the median and the mean.  The blended average method gives some weight to very high and low 
outlying values, but gives less weight to these values than using a mean.  The PBAA is a 
convenient measure to consider the opinions of the Panel, but it is important to note that it does 
not represent a group consensus.  The individual panelists’ findings represent “informed 
opinions” which cross a broad spectrum ranging from large additional increases in growth if the 
highway is widened to no additional increase in growth associated with the widening.   
 
The PBAA population and employment allocations were then used by NHDOT and FHWA as 
the basis for estimating potential land conversion impacts based on information on average 
household size, employment density, and average lot sizes.  Where available, the land conversion 
estimates were compared to developable land inventories contained in build-out analyses or 
master plans. 
 
PBAA presented in the 2004 FEIS estimated that the project may add nearly 41,000 people and 
almost 22,000 jobs over the No Build Alternative, a five percent difference.  The 2004 FEIS 
concluded that this additional growth could result in the conversion of approximately 19,400 
acres of land for residential development, and 500 to 900 acres for commercial and industrial 
development between 2000 and 2020.  In general, estimates based on the PBAA indicated that 
the largest absolute growth in population and employment would occur in the cities and large 
towns in the study area (e.g. Londonderry, Manchester, and Derry), while the largest percent 
increases in growth would occur in the more rural municipalities away from the corridor (e.g. 
Auburn, Candia, and Atkinson).  
 
12.2.2 Indirect Water Resources Impacts 
 
Surface Water 
 
The 2004 FEIS stated that the potential effects of secondary development on water quality are 
difficult to assess because so much depends on when, where, and in which watersheds the 
secondary development will occur.  The 2004 FEIS noted that the proposed stormwater treatment 
practices associated with the 2005 Selected Alternatives could reduce pollutant loadings below 
existing levels and that this would provide a buffer against possible future increases in pollutant 
contributions from other sources including secondary development. 
 
The 2004 FEIS qualitatively evaluated the potential for increases in chloride concentrations in 
streams associated with additional septic systems, water softening treatment, and road salt 
applications.  The 2004 FEIS concluded that given the more stringent state and local regulations 
adopted in the last decade or two associated with storm water management, septic system design 
and natural resource protection (i.e., wetland delineation, buffer setbacks, etc.) and with the use 
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of Best Management Practices (BMPs), present and future development would be expected to 
produce smaller incremental changes in water quality than previous development. 
 
Groundwater 
 
The 2004 FEIS stated that any potential impacts on water quality in stratified-drift aquifers 
caused by additional growth associated with the project are likely to be minimal relative to that 
associated with the existing development and the future development that will have occurred by 
the time the project is completed.  The 2004 FEIS described the areas of intense existing 
development over transmissive stratified-drift aquifer areas and concluded that the potential 
effects of the existing development and related pollutant sources are likely to far outweigh any 
potential effects associated with the secondary development caused by the proposed project. 
 
With respect to water quantity, the 2004 FEIS noted that both the Manchester and Salem water 
supplies rely on surface water, not groundwater.  The Town of Salem is investigating the use of 
groundwater as an additional water source because demand is approaching supply limits.  The 
2004 FEIS concluded that the potential secondary growth associated with widening I-93 may 
help to perpetuate the need for this additional water supply source, but is not likely to adversely 
affect the quality or recharge aspects associated with this bedrock aquifer since the area under 
consideration is already protected as part of the Salem Town Forest.  
 
Floodplains 
 
The 2004 FEIS stated that the estimates of land conversion due to both residential and business 
growth do not provide a meaningful way to estimate future impacts on floodplains. Floodplains 
are localized on the landscape because they primarily lie along flowing waters.  In addition, 
construction in floodplains is currently regulated at the community level per Federal Emergency 
Management Agency (FEMA) rules.  The 2004 FEIS assumed that there would be minimal 
involvement of floodplains with any future growth and that any impacts would be required to be 
appropriately mitigated.  Involvement of floodplains with any future growth would also be 
regulated by existing federal, state and local laws and ordinances. 
 
12.2.3 Indirect Wetland Resources Impacts 
 
The 2004 FEIS evaluated potential indirect effects on wetlands using two methodologies.  First, 
for communities where developable land estimates were available, these estimates were used to 
determine whether there was sufficient space to accommodate future growth, with the 
assumption that the developable land indentified in planning documents had already taken into 
account protection of sensitive resources.  Developable land information was available for all of 
the Massachusetts towns, but for only six of the New Hampshire towns.  For the Massachusetts 
communities, it was concluded that growth would occur as “infill” within already developed or 
appropriately zoned areas, and hence important natural resources would be protected.  Five of the 
New Hampshire towns had sufficient developable land to grow without affecting sensitive 
resources.  Based on this, the 2004 FEIS concluded that approximately 7,000 acres or 35 percent 
of the total 20,100 acres of additional development could occur with little or no impact on 
wetlands.  
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For the remaining approximately 13,100 acres of land that is potentially vulnerable, a worst-case 
scenario was calculated for possible indirect wetland impacts.  The estimates were based on 
literature regarding the proportion of the landscape typically covered by wetlands.  The impact 
estimates ranged from 1,310 acres to 2,253 acres.  However, the 2004 FEIS noted that these 
estimates ignore the regulatory protection afforded wetlands under state statutes, town 
ordinances, and the Clean Water Act.  The 2004 FEIS noted that approved permits between 1997 
and 2002 authorized about 550 acres of wetland impacts in New Hampshire.  Offsetting this loss 
was the creation of approximately 160 wetland acres and the preservation of another 3,600 acres 
of wetland and upland.  The 2004 FEIS concluded that there would be some wetland loss with or 
without the project as a result of future development, but this loss would be partially offset by 
compensatory mitigation requirements.  
 
12.2.4 Indirect Wildlife Resources Impacts 
 
The 2004 FEIS analyzed the potential for indirect wildlife habitat impacts using the same 
methodology described in Section 12.2.3 for wetlands.  The 2004 FEIS concluded that up to 
11,000 to 12,000 acres of upland habitat could possibly be affected, in addition to the 1,300 to 
2,300 acres of wetland habitat.  The 2004 FEIS noted the high level of uncertainty associated 
with these estimates and that they are strongly influenced by locally controlled land use 
regulations and policies.  With respect to habitat fragmentation, the 2004 FEIS stated that 
without site-specific information as to where induced development will take place, it is not 
possible to provide any substantive elaboration on the extent or significance of habitat 
fragmentation.  
 
12.2.5 Indirect Air Quality Impacts 
 
The 2004 FEIS stated that the impacts associated with potential secondary growth for air quality, 
such as industrial sources, and future residential and commercial growth cannot be reasonably 
estimated because of the uncertainty of the size, type, and location of such future development.  
The 2004 FEIS also noted that expected land use, traffic growth, and transportation projects are 
typically considered in future emission estimates for the New Hampshire State Implementation 
Plan and conformity determinations.  
 
12.2.6 Indirect Noise Impacts 
 
The 2004 FEIS stated that noise impacts associated with induced growth cannot be reasonably 
estimated because the mix of commercial/industrial development as well as its exact location 
cannot be reasonably estimated.   
 
12.2.7 Record of Decision Commitments/Mitigation 
 
The Record of Decision committed $3.5 million for a Community Technical Assistance Program 
(CTAP) to help communities in the area influenced by this section of I-93 better deal with and 
manage growth-related issues.  CTAP was envisioned in the 2004 FEIS as a joint effort of state, 
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local and non-governmental organizations to help communities better manage growth and 
advance conservation efforts.  
 
The New Hampshire Department of Transportation (NHDOT) has also committed to provide 
funding of up to $3 million to the NHDES Drinking Water Supply Land Grant Program to be 
used to purchase property rights to aid in the protection of water quality around Massabesic 
Lake, which is used to supply drinking water to Manchester, and parts of Derry and 
Londonderry.  
 
The funding commitments to CTAP and the NHDES Drinking Water Supply Land Grant 
Program will help enhance the protection of surface water, groundwater, floodplains, wetlands 
and wildlife habitat from development pressures.   
 
12.3 Methodology 
 
12.3.1 Scenario 1 
 
For Scenario 1, indirect effects related to traffic, air quality and noise were evaluated by 
incorporating the No Build and Build Delphi PBAA population and employment estimates into 
the updated New Hampshire Statewide model for the year 2020.  Since the Delphi PBAA 
estimates were made for the 29-community Delphi study area, population and employment levels 
outside of this study area (e.g. the rest of New Hampshire and portions of Massachusetts, Maine 
and Vermont) were not changed from the updated model default values for 2020.  Section 12.3.2 
provides more information on the model update process; also see the New Hampshire Statewide 
Model documentation, located in Appendix A: Traffic Written Reevaluation/Technical Report. 
 
The land conversion analysis based on the Delphi PBAA was updated for Scenario 1.  The land 
conversion analysis is based on the amount of growth over a certain time period.  In order to 
make the Scenario 1 land conversion estimates comparable to the Scenario 2 estimates, the 
analysis was revised to cover the period from 2005 to 2020 (instead of 2000 to 2020 as in the 
2004 FEIS).  The total 2020 population and employment from the Delphi PBAA was assumed.  
The land conversion analysis was conducted based on the amount of growth between 2005 
existing conditions and the 2020 future conditions (a fifteen year period).  This approach is 
reasonable because the focus of the analysis is primarily on potential future growth impacts, not 
past impacts (e.g. 2000 to 2005).  
 
For some towns, including Londonderry, Salem and Windham, the Delphi PBAA 2020 No Build 
and Build employment levels are lower than the DSEIS 2005 base year employment levels (see 
Table 12-2).  This may be due to different employment estimate sources and projection 
methodologies.  These towns were assumed to have zero employment related land conversion 
between 2005 and 2020 under Scenario 1.  An example of this approach using the Town of 
Londonderry is provided below.  
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Scenario 1 Londonderry Example 
 
In order to determine land conversion impacts under the Build and No Build 
conditions, the first step is to determine the amount of population and 
employment growth between 2005 and 2020.  
 
The 2005 OEP population of Londonderry was subtracted from the Scenario 
1 2020 No Build population to determine the population growth between 
2005 and 2020.  The amount of population growth was then used to estimate 
the residential land conversion for the 2005 to 2020 period.  
33,069 (2020 No Build population) - 24,673 (2005 population)- = 8,396 
(2005 to 2020 population growth) 
 
The 2005 employment in Londonderry was subtracted from the Scenario 1 
2020 No Build employment to determine employment growth between 2005 
and 2020.  However, since the No Build employment for Londonderry is less 
than the 2005 employment, the decrease was treated as no change in 
employment-related land conversion because previously developed land is 
likely to remain covered by buildings and pavement, not suddenly become 
undeveloped because of an employment decrease. 
11,700 (2020 No Build employment) - 13,506 (2005 employment)- = -1,806 
(2005 to 2020 employment change) 
 
 The Londonderry example illustrates that the Delphi PBAA employment 
estimates are substantially different from the more recent estimates prepared 
for Scenario 2 (employment in Londonderry is expected to increase slightly 
between 2005 (13,506) and the 2020 No Build condition (13,855) under 
Scenario 2- see Table 12-8). 

 
 
The Scenario 1 land conversion analysis was also updated based on changes in the minimum lot 
size for residences in certain towns, the area of developable land available based on recent build-
out analyses, and changes in the proportion of the different types of housing (e.g. single-family, 
multi-family etc.) in each town.   
 
12.3.2 Scenario 2 
 
As explained in Section 1.3.1, for Scenario 2, a gravity model analysis was conducted using 
travel time information from the New Hampshire Statewide model and updated population and 
employment forecasts.  Gravity models are used often in transportation and travel modeling.  
They are based on the observation that the overall attractiveness of an area to potential residents 
is a function of the capacity of an area for development (vacant developable land in valued and 
affordable locations) and accessibility to employment and activity centers, among other things.  
The model produces quantified results that can serve as the basis for assessing land use change. 
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Accessibility refers to “the number of opportunities available within a certain distance or travel 
time.”1 As movement becomes less costly, either in terms of time or money, between any two 
places, accessibility increases.  The propensity for interaction between any two places increases 
as the cost of movement between them decreases.  Accessibility can also be understood as the 
attractiveness of a place of origin (how easy it is to get from there from all other destinations) 
and as a destination (how easy is it is to get to there to all other destinations).  Consequently, the 
structure and capacity of the transportation network affect the level of accessibility in a given 
area.  The accessibility of places can have an impact on land value, and hence the use to which 
land is put.  Holding all other factors constant, the gravity model formulation assumes that areas 
where accessibility increases as a result of a transportation project will be relatively more 
attractive for development than if the project had not been built.  
 
It is important to understand that within a gravity model analysis, regional population and 
employment totals do not change as a result of the transportation project—only the location of 
growth changes.  This use of “control totals” is in contrast to the Delphi Panel methodology 
which did not use control totals.  The use of control totals is consistent with professional practice 
in projecting future demographic conditions.  For the DSEIS Scenario 2 analysis, this means that 
the population and employment control totals for the New Hampshire Statewide Model region 
are the same between the No Build and Build, but the locations of growth are redistributed based 
on the accessibility analysis.  This assumption is supported by the literature regarding the effects 
of transportation improvements on development.  Several recent studies have contained 
comprehensive reviews of the literature on transportation improvements and regional 
development.2  Each of these literature reviews has concluded that in an age where most 
metropolitan locations are connected by the interstate highway network and other major 
roadways, roadway improvements, such as a widening, generally do not bring new growth to a 
region, but instead, influence where growth and development occurs on a local level.   
 
Recent reviews of the literature conclude that: 
 

Beltways and urban highways more generally do not increase the overall rate of 
growth [in a region] but may influence where growth occurs and at what 
densities.3

 
…highway projects affect the geographic location of economic activity by 
advantaging some places while causing firms and persons to shift their location 
choices away from other places.4

 
1 Susan Hanson, The Geography of Urban Transportation, The Guilford Press, New York, 1995, p. 4.  
 
2 Marlon G. Boarnet and Andrew F. Haughwout, Do Highways Matter?  Evidence and Policy Implications of 
Highways Influence on Metropolitan Development, The Brookings Institution Center on Urban and Metropolitan 
Policy, 2000; NCHRP Report 423A, Land Use Impacts of Transportation:  A Guidebook, Transportation Research 
Board, 1999; NCHRP Report 456, Guidebook for Assessing the Social and Economic Effects of Transportation 
Projects, Transportation Research Board, 2001; NCHRP Report 403, Guidance for Estimating the Indirect Effects of 
Proposed Transportation Projects, Transportation Research Board, 1998. 
3 Susan Handy, “Smart Growth and the Transportation Land Use Connection: What Does the Research Tell Us?” 
International Regional Science Review, Vol 28 pp 146-167, 2005 
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Studies have found that the effect of highways on land prices has been diminishing over 
time since early studies of the first segments of the interstate system in the 1950s. 
Boarnet and Haughwout note that studies have shown that incremental improvements in 
areas that already possess highway access have reduced the magnitude of the influence 
of highways on land development activity: 
 

As more highways are built, and the metropolitan highway network matures, the 
incremental effect on accessibility from new or improved highways decreases, 
thus accounting for a smaller change in land prices due to any access premium.  
 
New evidence suggests that metropolitan highway projects still influence land 
use in the way that theory predicts. The important difference between the new 
evidence and earlier studies is that the geographic scale of the land use effect 
appears to be somewhat smaller.  A new highway or improvement might 
importantly reduce travel times in the immediate vicinity of a project, even if the 
resulting changes in metropolitan-wide transportation accessibility are small.  
Hence the land use effects of modern highway projects likely operate over a 
very fine geographic scale, rather close to the project. 5

 
For roadway widening projects in particular, the relevant literature suggests that regional total 
population and employment levels will not change as a result of the project.  Indirect land use 
effects are likely to be focused on shifts in the distribution of future growth, concentrated in 
areas near the project.  These conclusions support the overall framework for the Scenario 2 
indirect effects analysis through the use of control totals and a gravity model analysis.  It is 
important to note that transportation is one component in land use decision making, but is not 
usually the most important component.  Other factors include market demand, site suitability, 
capital availability, economic feasibility, and the regulatory environment.6  Detailed information 
on the New Hampshire Statewide Model and the gravity model analysis methodology is 
provided in Appendix G: Indirect Effects Written Reevaluation/Technical Report.  
 
Overview of the New Hampshire Statewide Model 
 
NHDOT maintains a statewide transportation model in order to systematically plan for future 
transportation needs.  The model is called the “New Hampshire Statewide Travel Model System” 
or NHSTMS.  The purpose of the NHSTMS is to estimate future travel patterns and their effects 
on transportation infrastructure associated with changes in population and employment in the 

                                                                                                                                                             
4 Marlon G. Boarnet and Andrew F. Haughwout, Do Highways Matter?  Evidence and Policy Implications of 
Highways Influence on Metropolitan Development, The Brookings Institution Center on Urban and Metropolitan 
Policy, 2000. 
 
5 Marlon G. Boarnet and Andrew F. Haughwout, Do Highways Matter?  Evidence and Policy Implications of 
Highways Influence on Metropolitan Development, The Brookings Institution Center on Urban and Metropolitan 
Policy, 2000 
 
6Urban Land Institute. Influence of Transportation Infrastructure on Land Use. 2004. 
http://www.fhwa.dot.gov/planning/tranlanduse.pdf 
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State.  The NHSTMS was developed in 1997, and underwent a substantial updates between 2005 
and 2007.  Figure 12-1 shows the NHSTMS Traffic Analysis Zones (TAZs) in relation to state 
and county boundaries.  There are a total of 499 internal TAZs and 29 external TAZs. The 
external TAZs are used to represent trips with origins or destinations outside the model area. The 
model area covers all of New Hampshire, and portions of Massachusetts, Maine, and Vermont.  
 
The model update process included the use of recent baseline and future year population and 
employment forecasts.  The data sources utilized in these updates included 2000 U.S. Census 
data, 2005 New Hampshire Office of Energy and Planning (OEP) population projections for 
New Hampshire, the Massachusetts Statewide Travel Demand Forecasting Model, Maine Office 
of State Planning population projections for York County, New Hampshire Economic and Labor 
Market Information Bureau employment forecasts, and employment growth rates from the U.S. 
Department of Commerce, Bureau of Economic Analysis.  During the 2005 updates, extensive 
coordination was conducted with the regional planning commissions in the model area to adjust 
the employment forecasts based on local knowledge of upcoming developments and conditions.  
The update process also included changes to the highway and transit networks, and tourist trip 
purpose modeling, see the New Hampshire Statewide Model Documentation, located in 
Appendix A: Traffic Written Reevaluation/Technical Report, for detailed information.  
 
New Hampshire Population and Employment Control Totals  
 
OEP produces official population forecasts.  After extensive discussions with OEP, OEP and 
NHDOT determined that the OEP’s forecasts represent the Build Condition for the DSEIS 
Scenario 2 analysis.  In making population projections, OEP assumed that infrastructure, 
including sufficient highway capacity would exist.  OEP planners indicated that population and 
employment growth surrounding the I-93 corridor would be lower than forecasted due to 
congestion if the project was not constructed.  Therefore, the accessibility analysis was 
conducted to determine population and employment allocations for the No Build Alternative.  
The difference in the location of growth between the No Build and Build conditions is the 
indirect effect of the project.   
 
OEP’s most recent population forecast (October 2007) provides municipal-level population 
forecasts in five year increments from 2005 to 2030.  The OEP municipal forecasts were 
allocated to TAZs in the New Hampshire portion of the New Hampshire Statewide Model.  The 
methodology used to allocate municipal population forecasts to TAZs is explained in Appendix 
A of the New Hampshire Statewide Model Documentation.  The approximate population control 
total for the entire statewide model (which includes New Hampshire, and portions of 
Massachusetts, Maine and Vermont) is 6,184,400 for 2020, and 6,478,200 for 2030.  The 2030 
population represents an increase of about 746,900 persons or 13.0 percent from the 2005 
population of the model region.  
 
OEP does not produce municipal-level employment forecasts.  The New Hampshire Economic 
and Labor Market Information Bureau (ELMI) produces statewide and county-level employment 
forecasts.  The most recent county-level forecast covers the years 2004 to 2014.  There are no 
official State forecasts for employment beyond 2014.  Future TAZ-level employment in the New 
Hampshire portion of the statewide model was adjusted based on the most recent OEP 
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population forecasts, anticipating that employment and population would maintain the same 
proportion to each other as they do in the forecasts prepared for the New Hampshire Statewide 
Model 2005-2007 base year updates, which included coordination and adjustments based on 
input from the RPCs.  The employment control total for the entire statewide model region (which 
includes New Hampshire, and portions of Massachusetts, Maine and Vermont) is approximately 
3,453,200 for 2020 and 3,648,700 for 2030.  The 2030 employment forecast represents an 
increase of about 493,800 jobs or 15.7 percent from the 2005 employment of the model region.  
 
Accessibility Index and No Build Population and Employment Allocations 
 
The New Hampshire Statewide Model was used to calculate the relative accessibility of each 
TAZ to jobs in all other TAZs in the model using the No Build and Build transportation 
networks.  Chapter 3: Alternatives, Section 3.2.1 provides a listing of other reasonably 
foreseeable transportation projects included in the No Build transportation network.  The 
difference in the transportation network between the No Build and Build Alternatives is that the 
Build Alternative network includes the additional capacity associated with widening I-93 to four 
lanes in each direction.  Based on these accessibility indexes, the model was used to reallocate 
the Build (OEP) population and employment for the No Build Alternative.  TAZs that would be 
relatively less accessible without the project would be relatively less attractive to future 
development under the No Build Alternative.  The increment between the No Build and Build 
population and employment allocations is the indirect effect of the project for Scenario 2.  
Detailed information regarding the calculation of the accessibility index is provided in the New 
Hampshire Statewide Model Documentation (Traffic Written Reevaluation/Technical Report 
Appendix A-2).   
 
Land Conversion Analysis 
 
The land use plans of the study area communities were reviewed for information relevant to the 
land conversion analysis.  Since the 2004 FEIS, Auburn and Candia have changed the minimum 
lot size allowable for new single-family homes.  In Auburn the minimum lot size has decreased 
from 2.5 acres to 2.0 acres, while in Candia the minimum lot size has increased from 2.5 acres to 
3.0 acres.  The area of developable land available has been updated or added to the analysis 
based on recent build-out analyses, see Appendix G: Indirect Effects Written 
Reevaluation/Technical Report.  
 
Another input in the land conversion analysis is the proportion of the different types of housing 
(e.g. single-family, multi-family etc.) in each town.  Since the publication of the 2004 FEIS, OEP 
has updated this housing type information.  This information can be found in the 2006 report 
entitled Current Estimates and Trends in New Hampshire’s Housing Supply, which uses 2000 
Census data to establish a baseline condition and then adds the number of newly constructed 
housing units based on coordination with municipal officials regarding the issuance of residential 
building permits.   
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Indirect Land Use Effects of I-93 Exit 4A 
 
The towns of Derry and Londonderry, NH have proposed the construction of I-93 Exit 4A, a new 
interchange between the existing Exit 4 and Exit 5.  This project is separate from the NHDOT I-
93 Improvements project.  A Draft EIS for the I-93 Exit 4A Interchange Study Derry-
Londonderry project was published in July 2007.  The purpose of the project includes “providing 
improved Interstate access for commercial and industrially-zoned lands near NH Route 28 in 
both Derry and Londonderry, thus allowing for the planned and orderly development of such 
lands to further locally-defined economic development goals and tax base diversification.”(Exit 
4A DEIS, Page 1-3).  The possible construction of I-93 Exit 4A and the associated connector 
roadway to Folsom Road in Derry, near its intersection with North High Street, would provide 
access to land for commercial/industrial development on the east side of I-93. 
 
The Exit 4A project was not included in the 2005 New Hampshire Statewide Model update or 
accounted for in the updated baseline population and employment estimates prepared in 
coordination with the Regional Planning Commissions during the model update process.  
However, as a reasonably foreseeable transportation project, Exit 4A is included in both the No 
Build condition and Build condition traffic modeling for the DSEIS.  It should be noted that the 
New Hampshire Statewide Model does not explicitly account for the localized industrial and 
commercial development that could occur as a result of the construction of Exit 4A.   
 
Through coordination with FHWA, the I-93 SEIS project team decided to update the 2030 
analysis year model for the SEIS Scenario 2 (No Build and Build) to account for the potential 
indirect land use effects of Exit 4A.  The year 2030 was used for the analysis based on the 
reasonable assumption that there would be a time lag between the construction of the Exit 4A 
project and potential changes in land use.  While the Exit 4A project may be completed by 2020, 
any land use effects of the new interchange would be more likely to occur by 2030.7  The 
methodology developed for assessing the indirect land use effects of I-93 Exit 4A is consistent 
with the overall SEIS Scenario 2 analysis framework because it maintains the county-level No 
Build and Build condition employment totals.  The methodology allows for the additional 
employment growth estimated for the Exit 4A area to be shifted from other areas in Rockingham 
County. The process for estimating indirect land use effects of the Exit 4A project in the 2030 
analysis year involved the following steps: 
 

1. Define study area boundaries where indirect land use effects would be the most likely 
based on the availability of appropriately zoned land in the vicinity of Exit 4A.  

2. Estimate the total possible employment growth in the study area assuming all of the 
available land was developed at a density similar to existing industrial employment 
centers in Londonderry and Derry.  

3. Estimate the portion of the total possible employment growth that could occur during the 
ten year period between 2020 and 2030.  

4. Adjust the county-level distribution of employment to account for the expected increase 
at Exit 4A, while maintaining the SEIS Scenario 2 county-level employment totals. The 

                                                 
7 See Traffic Written Reevaluation/Technical Report Appendix A-3: Memorandum dated March 4, 2009 from Jamie 
Sikora, Environmental Programs Manager, Re: Consideration of Exit 4A in the NH I-93 SEIS 
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SEIS Scenario 2 Build condition employment totals are based on New Hampshire 
Economic and Labor Market Information Bureau (ELMI) forecasts.  

 
For additional information on the methodology and results of the Exit 4A indirect land use 
effects assessment, refer to the memo entitled Revised Employment Estimates to Account for the 
Potential Indirect Land Use Effects of I-93 Exit 4A (Indirect Effects Written 
Reevaluation/Technical Report, Appendix G-1). 
 
12.4 Impacts 
 
This section is organized as follows: 
 
12.4.1 Indirect Land Use Impacts 
12.4.2 Indirect Water Resource Impacts 
12.4.3 Indirect Wetland Resource Impacts 
12.4.4 Indirect Wildlife Resource Impacts 
12.4.5 Indirect Cultural Resource Impacts 
12.4.6 Indirect Traffic Impacts 
12.4.7 Indirect Air Quality Impacts 
12.4.8 Indirect Noise Impacts  
 
Section 12.4.1 contains three major subsections, Scenario 1, Scenario 2 and a comparison 
between Scenario 1 and Scenario 2.  
 
12.4.1 Indirect Land Use Impacts 
 
Scenario 1 
 
Study Area Development Trends 
Table 12-1 provides 2020 Delphi PBAA population information for the 29 communities in the 
2004 FEIS study area.  The total study area population is 40,629 higher under the Build 
Alternative than under the No Build Alternative in 2020.  The 2020 No Build Alternative 
population of the study area is 743,044, so the incremental increase in population under the Build 
Alternative is 5.5 percent.  The following municipalities could experience a ten percent or greater 
No Build condition to Build condition population increase in 2020: Atkinson, Auburn, Bow, 
Candia, Chester, Dunbarton, Hampstead, Hooksett, Londonderry and Pelham. Seventeen 
communities could experience a No Build condition to Build condition population difference of 
over 1,000 persons each, with the largest absolute increase occurring in Londonderry (4,181).  
 
Table 12-2 provides 2020 Delphi PBAA employment information for the 29 communities in the 
2004 FEIS study area.  The total study area employment is 21,527 higher under the Build 
Alternative than the No Build Alternative in 2020.  The 2020 No Build Alternative employment 
in the study area is 397,325, so the incremental increase in employment under the Build 
Alternative is 5.4 percent.  The following municipalities could experience a ten percent or greater 
No Build condition to Build condition employment increase in 2020: Allenstown, Atkinson, 
Auburn, Bow, Candia, Chester, Deerfield, Dunbarton, Hooksett, Pelham, Sandown and 
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Windham.  Seven communities could experience a No Build condition to Build condition 
employment difference of over 1,000 jobs each, with the largest absolute increase occurring in 
Manchester (5,701).  
 

Table 12-1 
Scenario 1, 2020 

Study Area Population, Build Compared to No Build 

  2005 
Population 

2020 No 
Build 
Population  

2020 Build 
Population 

No Build- 
Build 
Difference 

No Build- 
Build Percent 
Difference 

Allenstown 5,032 5,971 6,472 501 8.39% 
Atkinson 6,562 8,573 9,757 1,184 13.81% 
Auburn 5,177 7,133 8,865 1,732 24.28% 
Bedford 20,738 24,906 27,186 2,280 9.15% 
Bow 7,805 9,264 10,237 973 10.50% 
Candia 4,110 5,408 6,425 1,017 18.81% 
Chester 4,617 5,623 6,369 746 13.27% 
Concord 42,221 48,253 50,997 2,744 5.69% 
Danville 4,492 5,584 6,085 501 8.97% 
Deerfield 4,272 5,543 5,989 446 8.05% 
Derry  34,655 44,706 47,672 2,966 6.63% 
Dracut, MA  28,971 34,018 34,676 658 1.93% 
Dunbarton 2,521 2,765 3,061 296 10.71% 
Goffstown 17,804 21,394 23,328 1,934 9.04% 
Hampstead 8,642 12,520 13,970 1,450 11.58% 
Hooksett 13,240 15,794 17,455 1,661 10.52% 
Lawrence, MA 70,919 80,501 81,429 928 1.15% 
Londonderry 24,673 33,069 37,250 4,181 12.64% 
Manchester 109,966 117,672 121,438 3,766 3.20% 
Methuen, MA 44,361 50,917 52,304 1,387 2.72% 
North Andover/Andover, MA 59,875 68,841 70,472 1,631 2.37% 
Pelham 12,485 16,973 18,911 1,938 11.42% 
Pembroke 7,352 8,866 9,570 704 7.94% 
Raymond 10,639 13,723 14,600 877 6.39% 
Salem 29,941 37,774 39,587 1,813 4.80% 
Sandown 5,851 7,814 8,174 360 4.61% 
Tewksbury, MA 29,120 34,392 35,100 708 2.06% 
Windham 12,565 15,047 16,294 1,247 8.29% 
TOTAL 628,606 743,044 783,673 40,629 5.47% 
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Table 12-2 
Scenario 1, 2020 

Study Area Employment, Build Compared to No Build 

  2005 
Employment

2020 No 
Build 
Employment 

2020 Build 
Employment 

No Build- 
Build 
Difference 

No Build- 
Build 
Percent 
Difference

Allenstown 783 610 711 101 16.56% 
Atkinson 971 673 875 202 30.01% 
Auburn 1,320 825 1,047 222 26.91% 
Bedford 13,768 19,932 21,300 1,368 6.86% 
Bow 3,089 4,339 5,003 664 15.30% 
Candia 728 449 601 152 33.85% 
Chester 473 323 400 77 23.84% 
Concord 40,546 59,609 61,052 1,443 2.42% 
Danville 207 319 340 21 6.58% 
Deerfield 502 321 383 62 19.31% 
Derry  8,165 9,009 9,876 867 9.62% 
Dracut, MA  5,122 9,268 9,651 383 4.13% 
Dunbarton 242 214 284 70 32.71% 
Goffstown 3,682 4,523 4,913 390 8.62% 
Hampstead 2,196 1,870 2,041 171 9.14% 
Hooksett 7,999 8,555 9,497 942 11.01% 
Lawrence, MA 22,165 38,332 39,583 1,251 3.26% 
Londonderry 13,506 11,700 12,583 883 7.55% 
Manchester 66,387 82,182 87,883 5,701 6.94% 
Methuen, MA 15,775 41,691 43,355 1,664 3.99% 
North Andover/Andover, MA 45,482 59,109 61,349 2,240 3.79% 
Pelham 2,091 2,800 3,165 365 13.04% 
Pembroke 1,935 2,941 3,095 154 5.24% 
Raymond 3,029 3,313 3,464 151 4.56% 
Salem 20,919 17,864 19,008 1,144 6.40% 
Sandown 242 209 251 42 20.10% 
Tewksbury, MA 15,322 14,359 14,696 337 2.35% 
Windham 2,974 1,986 2,446 460 23.16% 
TOTAL 299,620 397,325 418,852 21,527 5.42% 
 
 
Table 12-3 provides the updated estimates of land conversion by town using the Scenario 1 
population and employment allocations for 2020.  The results show that between 2005 and 2020, 
residential growth potentially attributed to the 2005 Selected Alternative is expected to convert 
19,289 acres of land in the study area, while employment growth could convert 393 to 692 acres, 
depending on density.  The incremental effect of the Build Alternative is in addition to the 
46,720 acres of residential development and 2,369 to 4,169 acres of commercial/industrial 
development between 2005 and 2020 under the No Build Alternative.  
 
Of the communities with developable land estimates available from build-out analyses, the 
following appear to have the potential for growth pressure to exceed the developable land area in 
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2020 under current zoning: Pelham in New Hampshire and Lawrence, Methuen and Tewksbury 
in Massachusetts.  In these municipalities, efforts to reuse existing facilities or increases in 
density could be necessary to accommodate the expected levels of growth.  However, it is 
important to understand that the land conversion analysis results are an estimate of the potential 
magnitude of indirect effects.  The population and employment allocations for the No Build and 
Build Alternatives under both Scenarios were not constrained by developable land estimates or 
land use regulations.  Actual growth will be subject to land use regulations and availability of 
developable land, which could decrease impacts in these communities.  
 
For Pelham, the Scenario 1 land conversion methodology appears to overestimate land 
conversion in comparison to the more detailed build-out analysis conducted for Pelham by the 
Nashua Regional Planning Commission (NRPC) in 2005.  The NRPC analysis estimated that 
Pelham would have a population of 24,185 at build-out, substantially greater than the 2020 No 
Build population used in Scenario 1 (16,973).  The NRPC analysis estimated that employment in 
Pelham would be 4,457 at build-out, substantially greater than the 2020 No Build employment 
used in Scenario 1 (approximately 2,800).  The NRPC analysis takes into account additional 
factors such as Pelham’s Elderly Housing Overlay district which allows up to 40 units per acre 
with 30 percent of land set aside as open space, among several other differences in land 
conversion methodologies.  Based on NRPC’s build-out analysis, Pelham should be able to 
accommodate the level of growth anticipated by 2020 under Scenario 1.  
 
Methuen potentially reaches build-out in 2020, with the Build condition adding 589 acres of 
residential development and 37 to 67 acres employment development over the No Build.  
 
Lawrence potentially reaches build-out in 2020, with the Build condition adding 59 acres of 
residential development and 28 to 50 acres of employment development over the No Build.   
 
Tewksbury potentially reaches build-out in 2020, with the Build condition adding 247 acres of 
residential development over the No Build.  
 
Unlike the 2004 FEIS land conversion analysis, the DSEIS Scenario 1 analysis does not predict 
growth to exceed the developable land area in Bedford.  This occurs because the 2005 to 2020 
population growth under the updated Scenario 1 analysis (4,168) is less than the 2000 to 2020 
population growth estimate used in the 2004 FEIS (6,906).  
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Table 12-3  
Scenario 1, 2005 to 2020 

Study Area Land Conversion, Build Compared to No Build 

No Build 2005 to 2020 Build 2020 

  

Total 
Town 
Area 
(acres) 

Developable Land 
Area (acres) 

Residential 
Land 
Conversion 
(Acres) 

Employment 
Land 
Conversion 
Low Density 

Employment 
Land 
Conversion 
High 
Density 

Additional 
Residential 
Land 
Conversion 

Additional 
Employment 
Land 
Conversion 
Low Density 

Additional 
Employment 
Land 
Conversion 
High 
Density 

Allenstown 13,167   472 0 0 252 0 0 
Atkinson 7,258   1,286 0 0 757 0 0 
Auburn 18,438 5,853 1,441 0 0 1,276 0 0 
Bedford 21,156 5,700 2,871 249 137 1,570 55 30 

Bow 18,269 

1,975 residential lots 
and 739.3 

commercial/industrial 
acres  

1,521 50 28 1,015 27 15 

Candia 19,557   1,412 0 0 1,106 0 0 
Chester 16,718 6,353 788 0 0 585 0 0 
Concord 43,000   801 769 424 364 58 32 
Danville 7,569   684 5 3 314 1 1 
Deerfield 33,348 15,521 1,318 0 0 462 0 0 
Derry  23,226 6,100 3,334 34 19 984 35 19 
Dracut, MA  13,699 4,988 1,864 166 91 243 15 8 
Dunbarton 20,046   481 0 0 583 2 1 
Goffstown 24,065   1,142 34 19 615 16 9 
Hampstead 9,014   1,445 0 0 540 0 0 
Hooksett 23,761   2,230 22 12 1,451 38 21 
Lawrence, MA 4,753 211 612 650 359 59 50 28 
Londonderry 26,958 6,350 2,566 0 0 1,278 0 0 
Manchester 22,355   1,256 637 351 614 230 127 
Methuen, MA 14,722 1,023 2,784 1,046 577 589 67 37 
North 
Andover/Andover, 
MA 

38,289 7,931 4,121 427 303 750 70 50 

Pelham 17,151 2,376 3,714 28 16 1,604 15 8 
Pembroke 14,597   1,081 41 22 503 6 3 
Raymond 18,943   1,038 11 6 295 6 3 
Salem 16,569 2,630  1,710 0 0 396 0 0 

Sandown 9,232  900 single family 
homes 1,953 0 0 358 0 0 

Tewksbury, MA 13,526 1,712 1,840 0 0 247 0 0 
Windham 17,772   955 0 0 480 0 0 
TOTAL 527,158 N/A 1 46,720 4,169 2,369 19,289 692 393 

1. Total not applicable because developable land data was not available for all towns listed in the column. 
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Scenario 2 
 
There are two parts to the Scenario 2 analysis, an evaluation of intraregional development shifts 
within the entire statewide model region and a more detailed evaluation of potential land use 
impacts at the town level within the 29 community study area.  
 
Intraregional Development Shifts 
Table 12-4 summarizes the gravity model population analysis for New Hampshire counties, and 
the Massachusetts, Maine, and Vermont portions of the statewide model.  It is anticipated that 
changes in accessibility as result of the Build Alternative would produce a proportional change in 
the county shares of population and employment.  The Build Alternative allocation for 2030 
results in approximately 11,100 more people in New Hampshire than the No Build allocation, a 
0.71 percent increase.  Hillsborough, Rockingham, and Merrimack counties would account for 
the majority of the population allocation difference for New Hampshire.  While the relative 
accessibility of southern New Hampshire would increase slightly as a result of the Build 
Alternative, the relative accessibility of the Massachusetts portion of the model region would 
decrease, resulting in approximately 12,900 fewer residents than under the No Build Alternative, 
a -0.27 percent decrease.  Note that consistent with literature review findings, there is no change 
in the total population of the entire model region as a result of the 2005 Selected Alternative.  In 
other words, unlike Scenario 1, the gravity model used in Scenario 2 accounts for the movement 
of jobs and people within the model region.  
 
Table 12-5 summarizes the gravity model employment analysis for the New Hampshire counties, 
and the Massachusetts, Maine, and Vermont portions of the statewide model.  The Build 
Alternative allocation results in approximately 6,300 more jobs in New Hampshire than the No 
Build allocation, a 0.78 percent increase.  As with the population analysis, Hillsborough, 
Rockingham, and Merrimack counties would account for the majority of the employment 
allocation difference for New Hampshire.  Massachusetts would have approximately 7,000 fewer 
jobs with the Build Alternative than under the No Build Alternative, a -0.26 percent decrease.  
Note that consistent with the literature review findings, there is no change in the total number of 
jobs in the entire model region as a result of the 2005 Selected Alternative. 
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Table 12-4 
Scenario 2, 2030 

Statewide Model Estimated Change in Population Based on Accessibility Change, Build 
Compared to No Build 

 2005 
Population 

2030 No 
Build 

Population

2030 Build 
Population

No Build –
Build 

Population 
Difference 

No Build- 
Build 

Percent 
Difference

Belknap NH 60,600 74,000 74,500 500 0.68% 
Carroll NH 47,000 61,700 61,800 100 0.16% 
Cheshire NH 77,300 90,000 89,800 -200 -0.22% 
Coos NH 34,400 36,100 36,100 0 0.00% 
Grafton NH 86,900 100,100 100,600 500 0.50% 
Hillsborough 
NH 402,800 470,100 474,000 3,900 0.83% 

Merrimack NH 146,400 179,800 181,900 2,100 1.17% 
Rockingham 
NH 296,700 347,500 351,700 4,200 1.21% 

Strafford NH 121,000 143,100 142,900 -200 -0.14% 
Sullivan NH 42,100 51,800 52,000 200 0.39% 
New 
Hampshire 
Total  

1,315,200 1,554,100 1,565,200 11,100 0.71% 

Massachusetts 
Portion Total 1 4,279,100 4,706,600 4,693,700 -12,900 -0.27% 

Maine Portion 
Total 2 42,500 67,600 68,000 400 0.59% 

Vermont 
Portion Total 3 94,600 149,900 151,300 1,400 0.93% 

Grand Total  5,731,300 6,478,200 6,478,200 0 0.00% 
                                Notes: Population rounded to nearest hundred. 

1. Includes Essex, Middlesex, Suffolk, and Norfolk counties, and part of Worcester County. 
2. Includes part of York County 
3. Includes parts of Windham, Windsor, Orange, Caledonia, and Essex counties.  

 
.  
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Table 12-5 
Scenario 2, 2030 

Statewide Model Estimated Change in Employment Based on Accessibility Change, Build 
Compared to No Build 

 2005 
Employment

2030 No 
Build 

2030 
Build 

No Build –
Build 
Employment 
Difference 

No Build 
–Build 
Percent 
Difference 

Belknap NH 28,400 36,500 36,800 300 0.82% 
Carroll NH 23,000 30,400 30,400 0 0.00% 
Cheshire NH 36,300 43,400 43,300 -100 -0.23% 
Coos NH 15,100 16,800 16,800 0 0.00% 
Grafton NH 56,400 68,200 68,600 400 0.59% 
Hillsborough 
NH 216,200 252,700 255,300 2,600 1.03% 

Merrimack NH 81,400 103,200 104,400 1,200 1.16% 
Rockingham 
NH 143,700 181,600 183,600 2,000 1.10% 

Strafford NH 46,500 58,800 58,700 -100 -0.17% 
Sullivan NH 14,200 17,800 17,900 100 0.56% 
New 
Hampshire 
Total  

661,300 809,400 815,700 6,300 0.78% 

Massachusetts 
Portion Total 2,428,000 2,735,000 2,728,000 -7,000 -0.26% 

Maine Portion 
Total 17,300 27,500 27,600 100 0.36% 

Vermont 
Portion Total 48,400 76,800 77,400 600 0.78% 

Grand Total  3,154,900 3,648,700 3,648,700 0 0.00% 
                                Notes: Employment rounded to nearest hundred. 

1. Includes Essex, Middlesex, Suffolk, and Norfolk counties, and part of Worcester County. 
2. Includes part of York County 
3. Includes parts of Windham, Windsor, Orange, Caledonia, and Essex counties.  

 
Study Area Development Trends 
Figure 12-2 shows the percent change in population between the 2030 No Build and Build 
Alternatives at a local level surrounding the I-93 corridor.  The map shows that the accessibility 
effect of the widening is greatest in the towns closest to I-93, leading to Build populations 2 to 5 
percent higher than the No Build population in municipalities such as Hooksett, Manchester, 
Auburn, Londonderry, Derry, and Windham.  Figure 12-3 illustrates a similar pattern and 
magnitude of change for 2030 employment surrounding the I-93 corridor.  The results show that 
the 29 community study area considered in the 2004 FEIS is sufficiently broad for evaluating 
indirect land use effects for Scenario 2 because it encompasses the areas that would experience 
the greatest accessibility improvement as a result of the project.  The 29 community study area is 
subset of the larger model region, which includes all of New Hampshire and portions of 
Massachusetts, Maine and Vermont.  The remainder of this section provides detailed population 
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and employment allocations for the study area, and residential and employment land conversion 
estimates. 
 
Tables 12-6 and 12-7 provide population information for the 2020 and 2030 Scenario 2 analysis 
years for the 29 communities in the study area.  The total study area population is approximately 
5,200 higher under the Build Alternative than the No Build Alternative in 2020, growing to a 
total difference of approximately 9,700 by 2030.  The 2030 No Build Alternative population of 
the study area is 733,930, so the incremental increase in population under the Build Alternative 
in 2030 is 1.3 percent.  The following municipalities could experience a two percent or greater 
No Build condition to Build condition population increase in 2030: Auburn, Chester, Derry, 
Hooksett, Londonderry and Windham.  Derry, Londonderry and Manchester could experience a 
No Build condition to Build condition population difference of over 1,000 persons each.  For all 
of the study area municipalities, the additional population growth expected as a result of the 2005 
Selected Alternative is small in comparison to the magnitude of growth expected between 2005 
and the 2030 No Build condition.  For example, the total population of the study area is expected 
to grow from 628,606 in 2005 to 733,930 in 2030 under the No Build condition, an increase of 
105,324.  The additional population growth in the study area under Scenario 2 as a result of the 
2005 Selected Alternative is approximately 9,700.  
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Table 12-6 
Scenario 2, 2020 

Study Area Population, Build Compared to No Build 

  2005 
Population 

2020 No 
Build 
Population  

2020 Build 
Population 

No Build- 
Build 
Difference 

No Build- 
Build Percent 
Difference 

Allenstown 5,032 5,634 5,690 56 0.99% 
Atkinson 6,562 7,307 7,327 20 0.27% 
Auburn 5,177 5,680 5,789 109 1.92% 
Bedford 20,738 23,730 23,946 216 0.91% 
Bow 7,805 9,731 9,835 104 1.07% 
Candia 4,110 4,516 4,568 52 1.15% 
Chester 4,617 5,116 5,217 101 1.97% 
Concord 42,221 47,626 47,860 234 0.49% 
Danville 4,492 5,057 5,058 1 0.02% 
Deerfield 4,272 4,744 4,778 34 0.72% 
Derry  34,655 37,960 38,978 1,018 2.68% 
Dracut, MA  28,971 36,347 36,319 -28 -0.08% 
Dunbarton 2,521 2,881 2,899 18 0.62% 
Goffstown 17,804 20,104 20,256 152 0.76% 
Hampstead 8,642 9,770 9,808 38 0.39% 
Hooksett 13,240 16,159 16,360 201 1.24% 
Lawrence, MA 70,919 72,302 72,507 205 0.28% 
Londonderry 24,673 27,683 28,436 753 2.72% 
Manchester 109,966 116,515 117,620 1,105 0.95% 
Methuen, MA 44,361 46,510 46,694 184 0.40% 
North Andover/Andover, MA 59,875 70,171 70,469 298 0.42% 
Pelham 12,485 16,822 16,533 -289 -1.72% 
Pembroke 7,352 8,332 8,417 85 1.02% 
Raymond 10,639 11,843 11,836 -7 -0.06% 
Salem 29,941 32,484 32,774 290 0.89% 
Sandown 5,851 6,573 6,606 33 0.50% 
Tewksbury, MA 29,120 31,785 31,786 1 0.00% 
Windham 12,565 13,892 14,095 203 1.46% 
TOTAL 628,606 697,274 702,461 5,187 0.74% 
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Table 12-7 

Scenario 2, 2030 
Study Area Population, Build Compared to No Build 

 2005 
Population 

2030 No 
Build 

Population 

2030 Build 
Population 

No Build- 
Build 

Difference 

No Build- 
Build 

Percent 
Difference 

Allenstown 5,032 5,976 6,071 95 1.59% 
Atkinson 6,562 7,707 7,789 82 1.06% 
Auburn 5,177 5,999 6,166 167 2.78% 
Bedford 20,738 24,978 25,400 422 1.69% 
Bow 7,805 10,838 11,032 194 1.79% 
Candia 4,110 4,755 4,837 82 1.72% 
Chester 4,617 5,449 5,594 145 2.66% 
Concord 42,221 50,527 51,021 494 0.98% 
Danville 4,492 5,383 5,416 33 0.61% 
Deerfield 4,272 5,035 5,095 60 1.19% 
Derry  34,655 39,086 40,428 1,342 3.43% 
Dracut, MA  28,971 40,196 40,361 165 0.41% 
Dunbarton 2,521 3,102 3,140 38 1.23% 
Goffstown 17,804 21,474 21,805 331 1.54% 
Hampstead 8,642 10,440 10,546 106 1.02% 
Hooksett 13,240 17,725 18,099 374 2.11% 
Lawrence, MA 70,919 72,364 72,740 376 0.52% 
Londonderry 24,673 29,456 30,579 1,123 3.81% 
Manchester 109,966 119,764 121,705 1,941 1.62% 
Methuen, MA 44,361 47,776 48,164 388 0.81% 
North Andover/Andover, MA 59,875 75,991 76,680 689 0.91% 
Pelham 12,485 19,612 19,460 -152 -0.78% 
Pembroke 7,352 8,926 9,070 144 1.61% 
Raymond 10,639 12,509 12,559 50 0.40% 
Salem 29,941 33,926 34,440 514 1.52% 
Sandown 5,851 7,007 7,091 84 1.20% 
Tewksbury, MA 29,120 33,201 33,280 79 0.24% 
Windham 12,565 14,728 15,069 341 2.32% 
TOTAL 628,606 733,930 743,637 9,707 1.32% 
 
 
Tables 12-8 and 12-9 provide employment information for the 2020 and 2030 Scenario 2 
analysis years for the 29 communities in the study area.  The total study area employment is 
3,298 higher under the Build Alternative than the No Build Alternative in 2020, growing to a 
total difference of 6,124 by 2030. The 2030 No Build Alternative employment in the study area 
is 410,509, so the incremental increase in employment under the Build Alternative in 2030 is 1.5 
percent.  The following municipalities could experience a two percent or greater No Build 
condition to Build condition employment increase in 2030: Auburn, Chester, Derry, 
Londonderry and Windham.  Manchester, Concord and Londonderry could experience the 
largest absolute No Build condition to Build condition difference in employment.  For all of the 
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study area municipalities, the additional employment growth expected as a result of the 2005 
Selected Alternative is small in comparison to the magnitude of growth expected between 2005 
and the 2030 No Build condition.  For example, the total employment of the study area is 
expected to grow from 299,620 in 2005 to 410,509 in 2030 under the No Build condition, an 
increase of 110,889.  The additional job growth under Scenario 2 in the study area in 2030 as a 
result of the 2005 Selected Alternative is 6,124.  
 

Table 12-8 
Scenario 2, 2020 

Study Area Employment, Build Compared to No Build 

  2005 
Employment

2020 No 
Build 
Employment 

2020 Build 
Employment 

No Build- 
Build 
Difference 

No Build- 
Build 
Percent 
Difference

Allenstown 783 1,624 1,641 17 1.05% 
Atkinson 971 992 996 4 0.40% 
Auburn 1,320 1,189 1,213 24 2.02% 
Bedford 13,768 15,819 15,991 172 1.09% 
Bow 3,089 6,870 6,929 59 0.86% 
Candia 728 758 768 10 1.32% 
Chester 473 450 459 9 2.00% 
Concord 40,546 55,681 55,990 309 0.55% 
Danville 207 173 173 0 0.00% 
Deerfield 502 605 610 5 0.83% 
Derry  8,165 10,460 10,825 365 3.49% 
Dracut, MA  5,122 5,519 5,507 -12 -0.22% 
Dunbarton 242 410 412 2 0.49% 
Goffstown 3,682 4,959 4,998 39 0.79% 
Hampstead 2,196 2,976 2,988 12 0.40% 
Hooksett 7,999 8,521 8,614 93 1.09% 
Lawrence, MA 22,165 25,953 26,067 114 0.44% 
Londonderry 13,506 13,855 14,268 413 2.98% 
Manchester 66,387 82,547 83,487 940 1.14% 
Methuen, MA 15,775 17,271 17,383 112 0.65% 
North Andover/Andover, MA 45,482 63,274 63,526 252 0.40% 
Pelham 2,091 2,207 2,159 -48 -2.17% 
Pembroke 1,935 2,746 2,775 29 1.06% 
Raymond 3,029 3,968 3,970 2 0.05% 
Salem 20,919 28,882 29,203 321 1.11% 
Sandown 242 176 177 1 0.57% 
Tewksbury, MA 15,322 19,219 19,224 5 0.03% 
Windham 2,974 2,876 2,925 49 1.70% 
TOTAL 299,620 379,980 383,278 3,298 0.87% 
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Table 12-9 
Scenario 2, 2030 

Study Area Employment, Build Compared to No Build 

  2005 
Employment

2030 No 
Build 
Employment 

2030 Build 
Employment 

No Build- 
Build 
Difference 

No Build- 
Build 
Percent 
Difference

Allenstown 783 1,760 1,790 30 1.70% 
Atkinson 971 1,063 1,076 13 1.22% 
Auburn 1,320 1,271 1,308 37 2.91% 
Bedford 13,768 16,906 17,220 314 1.86% 
Bow 3,089 7,359 7,465 106 1.44% 
Candia 728 815 831 16 1.96% 
Chester 473 481 494 13 2.70% 
Concord 40,546 60,380 61,035 655 1.08% 
Danville 207 185 186 1 0.54% 
Deerfield 502 650 657 7 1.08% 
Derry  8,165 11,481 11,976 495 4.31% 
Dracut, MA  5,122 5,942 5,951 9 0.15% 
Dunbarton 242 442 447 5 1.13% 
Goffstown 3,682 5,337 5,421 84 1.57% 
Hampstead 2,196 3,183 3,216 33 1.04% 
Hooksett 7,999 9,105 9,273 168 1.85% 
Lawrence, MA 22,165 27,108 27,329 221 0.82% 
Londonderry 13,506 16,134 16,733 599 3.71% 
Manchester 66,387 89,658 91,439 1,781 1.99% 
Methuen, MA 15,775 18,908 19,141 233 1.23% 
North Andover/Andover, MA 45,482 68,313 68,878 565 0.83% 
Pelham 2,091 2,212 2,174 -38 -1.72% 
Pembroke 1,935 2,970 3,019 49 1.65% 
Raymond 3,029 4,259 4,281 22 0.52% 
Salem 20,919 31,099 31,672 573 1.84% 
Sandown 242 189 191 2 1.06% 
Tewksbury, MA 15,322 20,228 20,280 52 0.26% 
Windham 2,974 3,071 3,150 79 2.57% 
TOTAL 299,620 410,509 416,633 6,124 1.49% 
 
Tables 12-10 and 12-11 provide estimates of land conversion by town using the Scenario 2 
population and employment allocations for 2020 and 2030.  The results show that between 2005 
and 2030 residential growth potentially attributed to the 2005 Selected Alternative is expected to 
convert 3,633 acres of land in the study area, while employment growth could convert 136 to 240 
acres, depending on density.  The incremental effect of the Build Alternative is small in 
comparison to the over 50,000 additional acres of development expected between 2005 and 2030 
under the No Build Alternative.  
 
Of the communities with developable land estimates available from build-out analyses, only 
Pelham NH, Methuen, MA, and Lawrence, MA appear to have the potential for growth pressure 
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to exceed the developable land area in 2020 under current zoning.  For 2030, Methuen, 
Lawrence, North Andover/Andover, Pelham and Tewksbury appear to have the potential for 
growth to exceed the developable land area.  In these municipalities, efforts to reuse existing 
facilities or increases in density could be necessary to accommodate the expected levels of 
growth.  However, it is important to understand that the land conversion analysis results are an 
estimate of the potential magnitude of indirect effects.  The population and employment 
allocations for the No Build and Build Alternatives under both Scenarios were not constrained by 
developable land estimates or land use regulations.  Actual growth will be subject to land use 
regulations and availability of developable land, which could decrease impacts in these 
communities. 
 
For Pelham, the Scenario 2 land conversion methodology appears to overestimate land 
conversion in comparison to the more detailed build-out analysis conducted for Pelham by the 
Nashua Regional Planning Commission (NRPC) in 2005.  The NRPC analysis estimated that 
Pelham would have a population of 24,185 at build-out, substantially greater than the 2030 No 
Build population used in the Scenario 2 analysis (19,612).  The NRPC analysis estimated that 
employment in Pelham would be 4,457 at build-out, substantially greater than the 2030 No Build 
employment used in the Scenario 2 analysis (2,212).  The NRPC analysis takes into account 
additional factors such as Pelham’s Elderly Housing Overlay district which allows up to 40 units 
per acre with 30 percent of land set aside as open space, among several other differences in land 
conversion methodologies.  Based on NRPC’s build-out analysis, Pelham should be able to 
accommodate the level of growth anticipated by 2030 under Scenario 2.  
 
Methuen potentially reaches build-out in 2020, with the Build condition adding 79 acres of 
residential development and 3 to 5 acres employment development over the No Build.  The 
potential indirect effects of the 2005 Selected Alternative are very small in comparison to the 
2020 No Build land conversion estimates of 912 acres of residential development and 33 to 60 
acres of employment development.  
 
Lawrence potentially reaches build-out in 2020, with the Build condition adding 13 acres of 
residential development and 3 to 5 acres of employment development over the No Build.  The 
potential indirect effects of the 2005 Selected Alternative are small in comparison to the 2020 No 
Build land conversion estimates of 88 acres of residential development and 84 to152 acres of 
employment development.  
 
With respect to Andover/North Andover, the area appears to reach build-out in the 2030 No 
Build with 7,407 acres of residential development plus 508 to 716 acres of employment land 
conversion.  The potential indirect effects of the 2005 Selected Alternative are very small in 
comparison to the No Build growth estimates—317 acres of residential development plus 13 to 
18 acres of employment land conversion.  Andover and North Andover are addressed as one unit 
in the update analysis because they comprise a single TAZ in the New Hampshire Statewide 
Model.  
 
Tewksbury potentially reaches build-out in 2030, with the Build condition adding 35 acres of 
residential development and 1 to 2 acres employment development over the No Build.  The 
potential indirect effects of the 2005 Selected Alternative are very small in comparison to the No 
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Build land conversion estimates of 1,424 acres of residential development and 109 to 198 acres 
of employment development.  
 
Unlike the 2004 FEIS land conversion analysis, the DSEIS Scenario 2 analysis does not predict 
growth to exceed the developable land area in Bedford because of lower population and 
employment estimates under the No Build and Build conditions.  
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Table 12-10  
Scenario 2, 2005 to 2020 

Study Area Land Conversion, Build Compared to No Build 

No Build 2005 to 2020 Build 2020 

  

Total 
Town 
Area 
(acres) 

Developable Land 
Area (acres) 

Residential 
Land 
Conversion 
(Acres) 

Employment 
Land 
Conversion 
Low Density 

Employment 
Land 
Conversion 
High 
Density 

Additional 
Residential 
Land 
Conversion 

Additional 
Employment 
Land 
Conversion 
Low Density 

Additional 
Employment 
Land 
Conversion 
High 
Density 

Allenstown 13,167   303 32 20 28 1 0 
Atkinson 7,258   476 1 0 13 0 1 
Auburn 18,438 5,853 371 0 0 80 0 0 
Bedford 21,156 5,700 2,061 83 46 148 7 3 

Bow 18,269 

1,975 residential lots 
and 739.3 

commercial/industrial 
acres  2,008 152 85 109 3 1 

Candia 19,557   442 1 1 56 1 0 
Chester 16,718 6,353 391 0 0 79 0 0 
Concord 43,000   718 610 337 31 13 7 
Danville 7,569   354 0 0 0 0 0 
Deerfield 33,348 15,521 489 4 3 36 0 0 
Derry  23,226 6,100 1,096 93 51 338 14 9 
Dracut, MA  13,699 4,988 2,725 16 9 0 0 0 
Dunbarton 20,046   709 7 4 35 0 0 
Goffstown 24,065   731 51 29 49 2 0 
Hampstead 9,014   420 31 17 14 1 0 
Hooksett 23,761   2,549 21 12 176 4 2 
Lawrence, MA 4,753 211 88 152 84 13 5 3 
Londonderry 26,958 6,350 920 14 8 230 17 9 
Manchester 22,355   1,067 651 359 180 38 21 
Methuen, MA 14,722 1,023 912 60 33 79 5 3 
North 
Andover/Andover, 
MA 

38,289 7,931 
4,732 558 396 137 8 6 

Pelham 17,151 2,376 3,589 5 3 0 0 0 
Pembroke 14,597   700 33 18 60 1 1 
Raymond 18,943   405 38 21 0 0 0 
Salem 16,569 2,630  555 321 177 64 13 7 

Sandown 9,232  900 single family 
homes 718 0 0 33 0 0 

Tewksbury, MA 13,526 1,712 930 157 87 0 0 0 
Windham 17,772   511 0 0 78 0 0 
TOTAL 527,158 N/A 1 30,972 3,092 1,798 1,814 128 71 

1. Total not applicable because developable land data was not available for all towns listed in the column. 
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Table 12-11 
Scenario 2, 2005 to 2030 

Study Area Land Conversion, Build Compared to No Build 

No Build 2005 to 2030 Build 2030 

 

Total 
Town 
Area 

(acres) 

Developable Land 
Area (acres) 

Residential 
Land 

Conversion 
(Acres) 

Employment 
Land 

Conversion 
Low Density 

Employment 
Land 

Conversion 
High 

Density 

Additional 
Residential 

Land 
Conversion 

Additional 
Employment 

Land 
Conversion 
Low Density 

Additional 
Employment 

Land 
Conversion 

High 
Density 

Allenstown 13,167   475 37 23 48 1 1 
Atkinson 7,258   732 4 2 52 1 0 
Auburn 18,438 5,853 606 0 0 123 0 0 
Bedford 21,156 5,700 2,920 127 70 291 13 7 

Bow 18,269 

1,975 residential lots 
and 739.3 

commercial/industrial 
acres  3,162 172 96 202 4 2 

Candia 19,557   701 4 2 89 1 0 
Chester 16,718 6,353 652 0 0 114 1 0 
Concord 43,000   1,103 800 441 66 26 15 
Danville 7,569   558 0 0 21 0 0 
Deerfield 33,348 15,521 791 6 4 62 0 0 
Derry  23,226 6,100 1,470 134 74 445 20 11 
Dracut, MA  13,699 4,988 4,147 33 18 61 0 0 
Dunbarton 20,046   1,144 9 5 75 0 0 
Goffstown 24,065   1,167 66 37 105 3 2 
Hampstead 9,014   670 40 22 39 1 1 
Hooksett 23,761   3,917 45 25 327 7 4 
Lawrence, MA 4,753 211 92 199 110 24 9 5 
Londonderry 26,958 6,350 1,462 106 58 343 24 13 
Manchester 22,355   1,596 938 517 316 72 40 
Methuen, MA 14,722 1,023 1,450 126 70 165 9 5 
North 
Andover/Andover, 
MA 

38,289 7,931 
7,407 716 508 317 18 13 

Pelham 17,151 2,376 5,899 5 3 0 -2 -1 
Pembroke 14,597   1,124 42 23 103 2 1 
Raymond 18,943   630 50 27 17 1 0 
Salem 16,569 2,630  870 410 226 112 23 13 

Sandown 9,232  900 single family 
homes 1,150 0 0 84 0 0 

Tewksbury, MA 13,526 1,712 1,424 198 109 28 2 1 
Windham 17,772   832 4 2 131 3 2 
TOTAL 527,158 N/A 1 48,151 4,268 2,472 3,633 240 135 

1. Total not applicable because developable land data was not available for all towns listed in the column. 
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Comparison Between Scenario 1 and Scenario 2 
 
Table 12-12 compares 2020 population levels between Scenario 1 and Scenario 2.  For the No 
Build condition, the Scenario 2 population of the study area is 45,770 or 6.2 percent less than the 
Scenario 1 population.  This is due in large part to new population forecasts used in Scenario 2 
predicting slower growth than the forecasts available at the time the Delphi PBAA was prepared.  
The difference between Scenario 1 and Scenario 2 grows to 81,212 or 10.4 percent under the 
Build condition as a result of the lower growth forecasts and different indirect effects assessment 
methodologies (e.g. the use of gravity model with control totals for Scenario 2).  The difference 
between Scenario 1 and Scenario 2 varies by town, with the Scenario 2 population being larger 
than Scenario 1 population in only a few cases (e.g. Dracut, MA).  Note that for the study area as 
whole, the Scenario 2 Build condition population (702,461), is less than the Scenario 1 No Build 
condition population (743,044).  
 

Table 12-12 
2020 Study Area Population, Scenario 1 Compared to Scenario 2 

2020 No Build Population 2020 Build Population  
 

Scenario 
1 

Scenario 
2 Difference Percent 

Difference
Scenario 

1 
Scenario 

2 Difference Percent 
Difference

Allenstown 5,971 5,634 -337 -5.64% 6,472 5,690 -782 -12.08% 
Atkinson 8,573 7,307 -1,266 -14.77% 9,757 7,327 -2,430 -24.91% 
Auburn 7,133 5,680 -1,453 -20.37% 8,865 5,789 -3,076 -34.70% 
Bedford 24,906 23,730 -1,176 -4.72% 27,186 23,946 -3,240 -11.92% 
Bow 9,264 9,731 467 5.04% 10,237 9,835 -402 -3.93% 
Candia 5,408 4,516 -892 -16.49% 6,425 4,568 -1,857 -28.90% 
Chester 5,623 5,116 -507 -9.02% 6,369 5,217 -1,152 -18.09% 
Concord 48,253 47,626 -627 -1.30% 50,997 47,860 -3,137 -6.15% 
Danville 5,584 5,057 -527 -9.44% 6,085 5,058 -1,027 -16.88% 
Deerfield 5,543 4,744 -799 -14.41% 5,989 4,778 -1,211 -20.22% 
Derry  44,706 37,960 -6,746 -15.09% 47,672 38,978 -8,694 -18.24% 
Dracut, MA  34,018 36,347 2,329 6.85% 34,676 36,319 1,643 4.74% 
Dunbarton 2,765 2,881 116 4.20% 3,061 2,899 -162 -5.29% 
Goffstown 21,394 20,104 -1,290 -6.03% 23,328 20,256 -3,072 -13.17% 
Hampstead 12,520 9,770 -2,750 -21.96% 13,970 9,808 -4,162 -29.79% 
Hooksett 15,794 16,159 365 2.31% 17,455 16,360 -1,095 -6.27% 
Lawrence, MA 80,501 72,302 -8,199 -10.18% 81,429 72,507 -8,922 -10.96% 
Londonderry 33,069 27,683 -5,386 -16.29% 37,250 28,436 -8,814 -23.66% 
Manchester 117,672 116,515 -1,157 -0.98% 121,438 117,620 -3,818 -3.14% 
Methuen, MA 50,917 46,510 -4,407 -8.66% 52,304 46,694 -5,610 -10.73% 
North Andover/Andover, MA 68,841 70,171 1,330 1.93% 70,472 70,469 -3 0.00% 
Pelham 16,973 16,822 -151 -0.89% 18,911 16,533 -2,378 -12.57% 
Pembroke 8,866 8,332 -534 -6.02% 9,570 8,417 -1,153 -12.05% 
Raymond 13,723 11,843 -1,880 -13.70% 14,600 11,836 -2,764 -18.93% 
Salem 37,774 32,484 -5,290 -14.00% 39,587 32,774 -6,813 -17.21% 
Sandown 7,814 6,573 -1,241 -15.88% 8,174 6,606 -1,568 -19.18% 
Tewksbury, MA 34,392 31,785 -2,607 -7.58% 35,100 31,786 -3,314 -9.44% 
Windham 15,047 13,892 -1,155 -7.68% 16,294 14,095 -2,199 -13.50% 
TOTAL 743,044 697,274 -45,770 -6.16% 783,673 702,461 -81,212 -10.36% 

 

12-29 



New Hampshire Department of Transportation               Chapter 12: Indirect Effects 
Interstate 93 Improvements (Salem to Manchester)     
 
 
Table 12-13 compares 2020 employment between Scenario 1 and Scenario 2.  The results show 
substantial variation by town, highlighting the difference in the data sources and projection 
methodologies.  Scenario 2 employment levels are larger than Scenario 1 for a majority of the 
study area towns, but are smaller than Scenario 1 for some of the towns with large employment 
(e.g. Methuen and Lawrence).  In total, study area employment under Scenario 2 is 17,345 or 4.4 
percent less than Scenario 1 under the No Build condition and 35,574 or 8.5 percent less than 
Scenario 1 under the Build condition.  The employment level differences between Scenario 1 and 
Scenario 2 are due to different data sources, forecasting methodologies, and different indirect 
effects assessment methodologies (e.g. the use of gravity model with control totals for Scenario 
2).  Note that for the study area as whole, the Scenario 2 Build condition employment (383,278), 
is less than the Scenario 1 No Build condition employment (397,325). 

 
Table 12-13 

2020 Study Area Employment, Scenario 1 Compared to Scenario 2 

2020 No Build Employment 2020 Build Employment 
 

Scenario 
1 

Scenario 
2 Difference Percent 

Difference
Scenario 

1 
Scenario 

2 Difference Percent 
Difference

Allenstown 610 1,624 1,014 166.23% 711 1,641 930 130.80% 
Atkinson 673 992 319 47.40% 875 996 121 13.83% 
Auburn 825 1,189 364 44.12% 1,047 1,213 166 15.85% 
Bedford 19,932 15,819 -4,113 -20.64% 21,300 15,991 -5,309 -24.92% 
Bow 4,339 6,870 2,531 58.33% 5,003 6,929 1,926 38.50% 
Candia 449 758 309 68.82% 601 768 167 27.79% 
Chester 323 450 127 39.32% 400 459 59 14.75% 
Concord 59,609 55,681 -3,928 -6.59% 61,052 55,990 -5,062 -8.29% 
Danville 319 173 -146 -45.77% 340 173 -167 -49.12% 
Deerfield 321 605 284 88.47% 383 610 227 59.27% 
Derry  9,009 10,460 1,451 16.11% 9,876 10,825 949 9.61% 
Dracut, MA  9,268 5,519 -3,749 -40.45% 9,651 5,507 -4,144 -42.94% 
Dunbarton 214 410 196 91.59% 284 412 128 45.07% 
Goffstown 4,523 4,959 436 9.64% 4,913 4,998 85 1.73% 
Hampstead 1,870 2,976 1,106 59.14% 2,041 2,988 947 46.40% 
Hooksett 8,555 8,521 -34 -0.40% 9,497 8,614 -883 -9.30% 
Lawrence, MA 38,332 25,953 -12,379 -32.29% 39,583 26,067 -13,516 -34.15% 
Londonderry 11,700 13,855 2,155 18.42% 12,583 14,268 1,685 13.39% 
Manchester 82,182 82,547 365 0.44% 87,883 83,487 -4,396 -5.00% 
Methuen, MA 41,691 17,271 -24,420 -58.57% 43,355 17,383 -25,972 -59.91% 
North Andover/Andover, MA 59,109 63,274 4,165 7.05% 61,349 63,526 2,177 3.55% 
Pelham 2,800 2,207 -593 -21.18% 3,165 2,159 -1,006 -31.79% 
Pembroke 2,941 2,746 -195 -6.63% 3,095 2,775 -320 -10.34% 
Raymond 3,313 3,968 655 19.77% 3,464 3,970 506 14.61% 
Salem 17,864 28,882 11,018 61.68% 19,008 29,203 10,195 53.64% 
Sandown 209 176 -33 -15.79% 251 177 -74 -29.48% 
Tewksbury, MA 14,359 19,219 4,860 33.85% 14,696 19,224 4,528 30.81% 
Windham 1,986 2,876 890 44.81% 2,446 2,925 479 19.58% 
TOTAL 397,325 379,980 -17,345 -4.37% 418,852 383,278 -35,574 -8.49% 
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Table 12-14 compares residential land conversion between Scenario 1 and Scenario 2 from 2005 
to 2020.  No Build condition residential land conversion in the study area under Scenario 2 is 
15,748 acres or 33.7 percent less than under Scenario 1.  Build condition residential land 
conversion under Scenario 2 is 33,233 acres or 50.3 percent less than under Scenario 1.   
 
Build condition employment land conversion under Scenario 2 is between 893 and 1,641 acres 
less than Scenario 1, depending on density (a detailed table comparing Scenario 1 and Scenario 2 
employment land conversion is provided in Appendix G: Indirect Effects Written 
Reevaluation/Technical Report).  

 
Table 12-14 

2005 to 2020 Residential Land Conversion, Scenario 1 Compared to Scenario 2 
2005 to 2020 No Build Residential Land 

Conversion 
2005 to 2020 Build Residential Land 

Conversion 
 

Scenario 
1 

Scenario 
2 Difference Percent 

Difference
Scenario 

1 
Scenario 

2 Difference Percent 
Difference

Allenstown 472 303 -170 -35.89% 724 331 -393 -54.31% 
Atkinson 1,286 476 -810 -62.95% 2,043 489 -1,554 -76.06% 
Auburn 1,441 371 -1,071 -74.28% 2,718 451 -2,267 -83.41% 
Bedford 2,871 2,061 -810 -28.21% 4,441 2,209 -2,232 -50.25% 
Bow 1,521 2,008 487 32.01% 2,536 2,117 -419 -16.53% 
Candia 1,412 442 -970 -68.72% 2,518 498 -2,019 -80.22% 
Chester 788 391 -397 -50.40% 1,373 470 -903 -65.75% 
Concord 801 718 -83 -10.39% 1,165 749 -417 -35.75% 
Danville 684 354 -330 -48.26% 997 354 -643 -64.47% 
Deerfield 1,318 489 -828 -62.86% 1,780 525 -1,256 -70.53% 
Derry  3,334 1,096 -2,238 -67.12% 4,318 1,434 -2,884 -66.79% 
Dracut, MA  1,864 2,725 860 46.15% 2,108 2,715 607 28.80% 
Dunbarton 481 709 228 47.54% 1,063 744 -319 -30.00% 
Goffstown 1,142 731 -410 -35.93% 1,757 780 -977 -55.61% 
Hampstead 1,445 420 -1,024 -70.91% 1,985 434 -1,550 -78.12% 
Hooksett 2,230 2,549 319 14.29% 3,681 2,725 -956 -25.98% 
Lawrence, MA 612 88 -524 -85.57% 671 101 -570 -84.89% 
Londonderry 2,566 920 -1,646 -64.15% 3,844 1,150 -2,694 -70.08% 
Manchester 1,256 1,067 -189 -15.01% 1,869 1,247 -622 -33.28% 
Methuen, MA 2,784 912 -1,871 -67.22% 3,373 991 -2,382 -70.63% 
North Andover/Andover, MA 4,121 4,732 611 14.83% 4,871 4,869 -1 -0.03% 
Pelham 3,714 3,589 -125 -3.36% 5,318 3,350 -1,968 -37.01% 
Pembroke 1,081 700 -381 -35.27% 1,583 760 -823 -51.98% 
Raymond 1,038 405 -633 -60.96% 1,334 403 -931 -69.78% 
Salem 1,710 555 -1,155 -67.53% 2,106 619 -1,488 -70.63% 
Sandown 1,953 718 -1,235 -63.22% 2,312 751 -1,560 -67.50% 
Tewksbury, MA 1,840 930 -910 -49.45% 2,087 930 -1,157 -55.42% 
Windham 955 511 -444 -46.54% 1,435 589 -846 -58.97% 
TOTAL 46,720 30,972 -15,748 -33.71% 66,009 32,786 -33,223 -50.33% 
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12.4.2 Indirect Water Resource Impacts 
 
Under Scenario 1, up to 19,981 acres (19,289 acres residential plus 692 acres employment-
related) of additional development over the No Build could occur in the study area between 2005 
and 2020.  Under Scenario 2, up to 3,873 acres (3,633 acres residential plus 240 acres 
employment-related) of additional development over the No Build could occur in the study area 
between 2005 and 2030.  The potential indirect effects on water resources associated with future 
development in the study area under Scenario 2 would be substantially smaller than under 
Scenario 1 or than those estimated in the 2004 FEIS.  Only a portion of the land conversion 
would represent impervious surface cover. This additional development would increase 
stormwater runoff; however more stringent regulatory requirements and BMPs now in place are 
expected to reduce the incremental impact of future development on water resources in 
comparison to past development (e.g. Env-Wq 1500 Alteration of Terrain, among other 
regulations).  The conclusion of the 2004 FEIS regarding indirect effects on water resources 
remain valid:  the potential indirect land use changes associated with the 2005 Selected 
Alternative are unlikely to result in substantial changes in non-point source pollutant loadings.   
 
12.4.3 Indirect Wetland Resource Impacts 
 
For Scenario 2, the analysis results indicate indirect land development impacts substantially 
smaller than those estimated for Scenario 1 or in the 2004 FEIS.  Therefore, potential effects on 
wetland resources associated with future development in the study area under Scenario 2 would 
be substantially smaller than in the 2004 FEIS (e.g. smaller area of land conversion and potential 
wetland conversion).  The conclusions of the 2004 FEIS regarding indirect effects on wetland 
resources remain valid.  In particular, while some incremental impacts are expected, these 
impacts will be at least partially offset by compensatory mitigation requirements.  
 
12.4.4 Indirect Wildlife Resource Impacts 
 
For Scenario 2, the analysis results indicate indirect land development impacts substantially 
smaller than those estimated for Scenario 1 or in the 2004 FEIS.  Therefore, potential effects on 
wildlife resources associated with future development in the study area under Scenario 2 would 
be substantially smaller than in the 2004 FEIS (e.g. smaller area of land conversion and potential 
habitat conversion).  The conclusions of the 2004 FEIS regarding indirect effects on wildlife 
resources remain valid.   
 
12.4.5 Indirect Cultural Resource Impacts 
 
Specific indirect effects on cultural resources resulting from land use change cannot be 
reasonably estimated because of the uncertainty associated with the size, type, and location of 
such future development in relation to cultural resources.  For example, increases in development 
activity under the Build Alternative may include sites of archaeological importance that could be 
affected by increases in land consumption and development activity in those locations.  
However, the specific location of the potential future development and as yet undiscovered 
archaeological resources are not known.  Any incremental effect would be small in comparison 
to development pressures and land disturbance anticipated under the No Build Alternative.  Due 
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to a smaller area of land consumption, the potential indirect effects on cultural resources would 
be expected to be smaller under Scenario 2 than under Scenario 1.  
 
12.4.6 Indirect Traffic Impacts 
 
The results of the updated traffic analyses conducted for the DSEIS are summarized in Chapter 
4: Traffic.  The traffic analyses fully incorporate the indirect land use effects of the 2005 
Selected Alternative by using the Scenario 1 and Scenario 2 Build and No Build population and 
employment estimates as inputs in the New Hampshire Statewide Model.  Chapter 4: Traffic also 
summarizes the methods and results of the 2004 FEIS traffic analyses, 2005 existing conditions, 
changes in Build and No Build traffic conditions, and mitigation.  Detailed traffic analysis 
information is provided in Appendix A: Traffic Written Reevaluation/Technical Report. 
 
12.4.7 Indirect Air Quality Impacts 
 
In response to the court order, the Scenario 1 and Scenario 2 traffic analyses have been 
conducted to explicitly account for the indirect land use effects of the 2005 Selected Alternative.  
The traffic analysis results are used as inputs to the air quality analyses; therefore the microscale 
and regional air quality analysis results summarized in Chapter 5: Air Quality reflect the indirect 
land use effects of the 2005 Selected Alternative on mobile source emissions.  
 
Chapter 5: Air Quality does not evaluate stationary source emissions.  The specific form and 
location of future industrial, residential and commercial growth cannot be reasonably estimated 
because of the uncertainty of the size, type, and location of such future development.  For 
example, while future employment estimates are available, it is not possible to determine the 
specific types of businesses involved at the level of detail needed to estimate emissions.  Even 
within general employment categories (e.g. industrial), there is a substantial amount of variation 
in emissions depending on the specific processes involved.  The conclusions of the 2004 FEIS 
with respect to stationary source emissions have not changed. 
 
12.4.8 Indirect Noise Impacts 
 
In response to the court order, the Scenario 1 and Scenario 2 traffic analyses have been 
conducted to explicitly account for the indirect land use effects of the 2005 Selected Alternative.  
The traffic analysis results are used as inputs to the noise analyses; therefore the screening 
analysis results described in the Chapter 6: Noise reflect the indirect land use effects of the 2005 
Selected Alternative on mobile source noise.  New stationary noise sources associated with 
development will be regulated under local noise ordinances.  The conclusions of the 2004 FEIS 
with respect to stationary source noise have not changed. 
 
12.5 Mitigation 
 
The Record of Decision commitments from the 2004 FEIS remain valid.  Detailed information 
on CTAP is provided in Appendix G: Indirect Effects Written Reevaluation/Technical Report. 
The types of activities being funded by CTAP include: 
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• Local Government Training  
• Conservation Commission Institute 
• Local Open Space Planning  
• Economic Strategic Planning Inventories  
• Enhanced GIS-Based Information 
• Community Planning Assessments  
• GIS Buildout Analysis  
• Natural Services Network and Open Space Protection Research 
• Regional Grant Writing Assistance  
• Assistance in Support of Agricultural Resources  
• Inclusionary Zoning Implementation 

 
12.6 Conclusions 
 
Under Scenario 2, the 2005 Selected Alternative will enhance accessibility near I-93, 
incrementally shifting population and employment from other areas of the model region to the 
study area communities.  However, the Scenario 2 population and employment allocations 
suggest substantially lower levels of growth and land development in the study area for 2020 
(and even for 2030) than estimated for Scenario 1 or in the 2004 FEIS.  These lower levels of 
growth reduce the potential magnitude of land use change related environmental impacts.  
Impacts of future growth will be determined to a large extent by local land use regulations.  
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