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Appendix A ~ Vulnerability Assessment: Drought 
 

Drought Related Threats Prioritized in Order of Risk (high-low) 

1. Unregulated withdrawal from private wells  

2. Lack of drinking water 

3. Lack of water for public safety  

4. Lack of water for commercial irrigation  

5. Increased amount of impervious surface 

6. Lack of water for residential irrigation  

7. Inconsistent conservation policies 

8. Reduced revenue for water suppliers from decreased usage, resulting in reduced level of service  

9. Lack of knowledge about threats to and uses of water resources  

 

Risk Analysis—Drought 

Threat: Increased amount of impervious surface 

Criteria Evaluation Score Weight Weighted 
Score 

Probability From 2001-2006, a total of 2,462.93 acres of land 
changed from pervious to impervious in the Nashua 
Region (NRPC Regional Plan, pg 27; US Dept. of Interior 
& US Geological Survey, 2014).  Until LID techniques 
become mandatory for new and existing development, 
the amount of impervious surface in the region is likely 
to increase.  There does not appear to be the interest or 
political will to make this a priority.   

4 .15 .6 

Severity Increased amounts of impervious surface will result in 
decreased infiltration rates to groundwater systems and 
will therefore exacerbate drought conditions.  Drought 
also causes more rapid stormwater runoff flow during 
rain events, which increases water contamination levels.   

2-3 .35 .875 

Spatial Extent  Acres of impervious surface vary greatly across the 
Nashua Region, from municipalities such as 
Lyndeborough and Mason at 2% to Nashua at 65%.  
Overall, 17% of the Nashua Region is impervious surface 
(NRPC Regional Plan, pg 26).   

2 .25 .5 

Mitigation 
Opportunities 

Low Impact Development techniques such as permeable 
pavers, rain gardens, and green roofs are available and 
would greatly mitigate this threat.  They have a high 
impact, but a lower feasibility because they are often 
perceived as too costly.  They could be required through 
site plan regulations and/or stormwater ordinances. 

2 .25 .5 

Total   2.475 

Priority   5 



 

 

 

Threat: Lack of water for residential irrigation    

Criteria Evaluation Scor
e 

Weig
ht 

Weighte
d Score 

Probability Water restrictions for residential irrigation are already utilized 
by some water utilities in the region (ex. MVD).  If drought 
caused water to be rationed, residential irrigation would be 
one of the first uses to be banned.  “The results indicate that 
over the long-term (2070-2099) under the higher emissions 
scenario, New Hampshire, New England, and update New York 
can expect to experience a two-to three-fold increase in the 
frequency of short-term drought (1-3 months) and more 
significant increases in medium-term drought (3-6 
months)…Under the lower emission scenario, the frequency of 
short-and medium-term drought increases only slightly by the 
end of the century.  The frequency of long-term drought does 
not change substantially across NH in the future under either 
emissions scenario compared to the frequency of long-term 
drought (6 plus months) in the past” (Climate Change in 
Southern NH, pg 30-31).    

4 .15 .6 

Severity While landscaping features might suffer, there would be no 
significant damage to property, no impact on human health, 
and no consequences for critical facilities.  Water bans would 
likely last for the entire summer season since it is 
administratively burdensome to announce and enforce bans on 
a short term basis.   

1 .35 .35 

Spatial 
Extent  

Residents served by public water utilities would be most 
impacted, since the utilities have the ability to regulate water 
use.  Roughly 63% of the region’s population uses public water.   

4 .25 1 

Mitigation 
Opportuniti
es 

Water bans would directly mitigate this threat.  Municipal and 
privately owned public water systems have the authority to 
implement water use restrictions for their customers under 
RSA 38:26.  Water utilities have used this authority to ban 
residential lawn watering, which has a high impact and high 
feasibility.  RSA 41:11-d allows municipalities to restrict all 
residential lawn watering for areas within their political 
boundaries if the state or federal government declares a 
drought condition for that region of the state.   This authorizes 
a municipality to adopt regulations that restrict residential lawn 
watering during drought for properties on public water systems 
and those on private domestic wells.  The governing body can 
enforce the lawn watering restrictions by imposing fines in 
accordance with RSA 625:9. This mitigation action has slightly 
less impact and feasibility than RSA 38:26 because it requires 
political will to adopt and municipal resources to enforce. DES 
offers model regulation for lawn water restrictions:  
http://des.nh.gov/organization/divisions/water/dam/drought/i

1-2 .25 .375 

http://des.nh.gov/organization/divisions/water/dam/drought/index.htm


 

 

ndex.htm  

Total   2.325 

Priority   6 

 

 

Threat: Lack of drinking water   

Criteria Evaluation Score Weight Weighted 
Score 

Probability The region would have time to prepare so that 
conservation measures could be implemented before 
drinking water supplies were threatened.  “The results 
indicate that over the long-term (2070-2099) under the 
higher emissions scenario, New Hampshire, New 
England, and update New York can expect to experience 
a two-to three-fold increase in the frequency of short-
term drought (1-3 months) and more significant 
increases in medium-term drought (3-6 months)…Under 
the lower emission scenario, the frequency of short-and 
medium-term drought increases only slightly by the end 
of the century.  The frequency of long-term drought 
does not change substantially across NH in the future 
under either emissions scenario compared to the 
frequency of long-term drought (6 plus months) in the 
past” (Climate Change in Southern NH, pg 30-31).    

1 .15 .15 

Severity Drinking water is a necessity for life, so a lack of drinking 
water would have severe consequences on human 
health.   Other potential consequences include water 
bans, an inability for people to remain in their homes, 
lawsuits over low water volumes, and economic impacts.  
“The projections of hotter summers and more frequent 
short-and medium-term droughts suggest serious 
impacts on water supply and agriculture… The projected 
drought also poses a risk to the summertime drinking 
water supply across the region” (Climate Change in 
Southern NH, pg31).  

4 .35 1.4 

Spatial Extent  Drought would affect the entire region, but public water 
users would be impacted differently than private well 
owners.  Public water utilities have a greater ability to 
regulate use and enforce water restrictions.  Roughly 
63% of the region’s population uses public water.   

3 .25 .75 

Mitigation 
Opportunities 

A number of mitigation actions exist to conserve water 
supplies before drinking water is impacted.  They include 
early planning with specific trigger points, bans on non-
essential water use, building code adjustments to 
require increased water conservation, rate adjustments 
to incentivize conservation, and public education.  These 

1-2 .25 .375 

http://des.nh.gov/organization/divisions/water/dam/drought/index.htm


 

 

mitigation actions have a high impact and would become 
more politically feasible as drought conditions worsen.   

Total   2.675 

Priority   2 

 

Threat: lack of water for commercial irrigation  

Criteria Evaluation Score Weight Weighted 
Score 

Probability If drought caused water to be rationed, commercial 
irrigation would likely be one of the earlier uses to be 
banned, after residential irrigation.  “The results indicate 
that over the long-term (2070-2099) under the higher 
emissions scenario, New Hampshire, New England, and 
update New York can expect to experience a two-to 
three-fold increase in the frequency of short-term 
drought (1-3 months) and more significant increases in 
medium-term drought (3-6 months)…Under the lower 
emission scenario, the frequency of short-and medium-
term drought increases only slightly by the end of the 
century.  The frequency of long-term drought does not 
change substantially across NH in the future under either 
emissions scenario compared to the frequency of long-
term drought (6 plus months) in the past” (Climate 
Change in Southern NH, pg 30-31).    

2-3 .15 .375 

Severity Economic losses to farmers would be significant, 
particularly if they could not switch to more drought 
tolerant crops.  Economic hardship and health impacts to 
the general public would also be significant if the 
drought was widespread and led to food shortages.  It 
would also have an environmental impact, as fields 
without crops are more prone to wind and water 
erosion.  In turn, this causes air and water pollution as 
well as a decrease in soil nutrients and future yield.  “The 
projections of hotter summers and more frequent short-
and medium-term droughts suggest serious impacts on 
water supply and agriculture.  Even very short water 
deficits (on the order of one to four weeks) during 
critical growth stages can have profound effects on plant 
productivity and reproductive success…As a water deficit 
deepens, productivity of natural vegetation and 
agriculture drops” (Climate Change in Southern NH, 
pg31). 

2-3 .35 .875 

Spatial Extent  Communities in the region with the greatest land use in 
agriculture include Hollis, Litchfield, Milford, and Wilton.     

2 .25 .5 

Mitigation 
Opportunities 

Farmers could try switching to more drought tolerant 
crops, however, even these need water to germinate 

3 .25 .75 



 

 

and establish.   In addition, it is uncertain that the 
market for these crops would be equivalent to the 
market for traditional New England crops.   

Total   2.5 

Priority   4 

 

Threat: lack of water for public safety 

Criteria Evaluation Score Weight Weighted 
Score 

Probability The Region would have time to prepare so that 
conservation measures could be implemented before 
water supplies for public safety were threatened.   “The 
results indicate that over the long-term (2070-2099) 
under the higher emissions scenario, New Hampshire, 
New England, and update New York can expect to 
experience a two-to three-fold increase in the frequency 
of short-term drought (1-3 months) and more significant 
increases in medium-term drought (3-6 months)…Under 
the lower emission scenario, the frequency of short-and 
medium-term drought increases only slightly by the end 
of the century.  The frequency of long-term drought 
does not change substantially across NH in the future 
under either emissions scenario compared to the 
frequency of long-term drought (6 plus months) in the 
past” (Climate Change in Southern NH, pg 30-31).    

1 .15 
 

.15 

Severity Water is essential for protecting against fire.  Wildfires 
are more likely to occur in a drought.  Without adequate 
water for firefighting protection there could be severe 
property damage and loss of life.  Long term, areas 
without adequate fire protection may be deemed 
uninhabitable.   

3 .35 1.05 

Spatial Extent  The entire region depends on water for public safety.  
The interface between forested and developed lands 
poses the greatest threat to property from wildfires.   

4 .25 1 

Mitigation 
Opportunities 

A number of mitigation actions exist to conserve water 
supplies before drinking water is impacted.  They include 
early planning with specific trigger points, bans on non-
essential water use, building code adjustments to 
require increased water conservation, rate adjustments 
to incentivize conservation, and public education.  These 
mitigation actions have a high impact and would become 
more politically feasible as drought conditions worsen.   

1-2 .25 .375 

Total   2.575 

Priority   3 

 



 

 

Threat: lack of knowledge about threats to and uses of water resources  

Criteria Evaluation Score Weight Weighted 
Score 

Probability Public officials and NRPC have direct control over 
whether an educational campaign is implemented, so 
the probability that the public is unaware of threats to 
water resources could be low.  That said, public officials 
and NRPC have no control over whether the public turns 
their understanding of these issues into behavior 
changes.   

2 .15 .3 
 

Severity Lack of knowledge in and of itself will not directly cause 
injuries, property damage, or disruption of life.  
However, lack of understanding can lead to overuse of 
water resources, which can result in injuries, property 
damage, and disruption of life.  Severity will be limited if 
an educational campaign and associated behavioral 
changes can happen before a drought occurs rather than 
once it is already a crisis. Public education campaigns 
take time to develop and implement.  Then, even after 
the public has heard the messaging, it takes time for 
education to translate into behavioral changes.  People 
will be quicker to change their behavior when they can 
actually see the effects of drought.   

2 .35 .7 

Spatial Extent  If NRPC leads an educational campaign, then the entire 
region would be able to take part in it.  If individual 
municipalities are responsible for their own campaigns, 
then it is likely that the municipalities with the largest 
staffs will be better positioned to implement this.   

1 .25 .25 

Mitigation 
Opportunities 

NRPC, municipalities, and water utilities have the 
resources and tools to conduct a public outreach 
campaign, so feasibility is high.  Education does not 
always translate into changed behavior, so impact may 
be low.  As drought worsens, the impact of a public 
education campaign will likely increase.   

1-2 .25 .375 

Total   1.625 

Priority   9 

 

Threat: inconsistent conservation policies  

Criteria Evaluation Score Weight Weighted 
Score 

Probability Although NRPC does not have any enforcement ability 
over its member municipalities, we could help them 
coordinate so that they have consistent conservation 
policies if they desired.  As such, the probability of this 
threat could be low.  It may be more difficult for NRPC to 
help water utilities coordinate their policies since they 

3 .15 .45 



 

 

are not partners we typically work with. 

Severity Inconsistent policies themselves will not directly cause 
injuries, property damage, or disruption of life.  
However, inconsistent policies can lead to overuse of 
water resources, which can result in injuries, property 
damage, and disruption of life.  Policies can be written 
and adopted fairly quickly, so if resources were allocated 
to this threat it would have a short duration.   

1-2 .35 .525 

Spatial Extent  Participation in a policy coordination effort in the region 
would be voluntary, so spatial extent would depend on 
which municipalities participated.  If every municipality 
in the region participated, it would ease concerns that 
developers would not be interested in municipalities 
with stringent conservation policies.   

3 .25 .75 

Mitigation 
Opportunities 

The impact of coordinated conservation policies could 
be high if they were enforced.  Given that NRPC has no 
regulatory authority over its member municipalities and 
local water utilities, there is a low feasibility of 
coordinating conservation policies.   

2 .25 .5 

Total   2.225 

Priority   7 

 

Threat: unregulated withdrawal from private wells  

Criteria Evaluation Score Weight Weighted 
Score 

Probability There is currently no mechanism in place to regulate 
withdrawal from private wells, with the exception of RSA 
41:11-d that allows municipalities to restrict residential 
lawn watering during state or federally declared 
droughts.  Given the state’s “live free or die” philosophy, 
it would likely be politically difficult to do.  Private well 
owners would have an incentive to self-regulate if they 
could not easily switch to public water when their well 
went dry.   

4 .15 .6 

Severity Homes would become uninhabitable if they did not have 
a source of running water.  If enough private wells went 
dry it may increase demand to connect to public water 
supply, putting an additional strain on the system.   

3 .35 1.05 

Spatial Extent  Roughly 37% of the region’s population uses private well 
water.    

3 .25 .75 

Mitigation 
Opportunities 

Under NH’s current legal framework, no mitigation 
actions exist to regulate withdrawal from private wells 
with the exception of residential lawn watering through 
RSA 41:11-d. 

3-4 .25 .875 

Total   3.275 

Priority   1 



 

 

 

Threat: Reduced revenue for water suppliers from decreased usage, resulting in reduced level of service 

Criteria Evaluation Score Weight Weighted 
Score 

Probability Pennichuck Water Works and Pennichuck East Utility are 
regulated by the NH Public Utilities Commission.  
Therefore, they do not have unlimited ability to charge 
any rate they wish.  “As a part of the Commission’s (PUC) 
current investigation into greater conservation of water, 
the Commission is considering the encouragement of 
greater use of water rate designs which can be effective 
in reducing water waste and encouraging more 
customer awareness of the cost to provide safe clean 
drinking water to their homes or businesses”( PUC 
website). Municipal water utilities are not regulated by 
the PUC and rates are set by local water utility boards.   

2 .15 .3 

Severity Lower revenue could result in decreased or deferred 
maintenance of water utility infrastructure.   

1 .35 .35 

Spatial Extent  63% of the Nashua Region’s population is on public 
water supply.  Water utilities in the Nashua Region 
include Pennichuck (Amherst, Nashua), Hudson Water 
Department, Pennichuck East (Litchfield, Pelham), 
Merrimack Village District, Milford Water Utilities, and 
Wilton Water Works.   

4 .25 1 

Mitigation 
Opportunities 

Water utilities could temporarily institute drought 
pricing, which can include various surcharges and rate 
increases.  However, they do not have unlimited ability 
to raise rates during droughts.  Water utilities must set 
rates that are lawful, just, and reasonable in order to 
withstand legal challenges.   

2 .25 .5 

Total   2.15 

Priority   8 

 

http://www.puc.state.nh.us/Water-Sewer/howwaterandsewerratesareset.htm
http://www.puc.state.nh.us/Water-Sewer/howwaterandsewerratesareset.htm
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Appendix B ~ Vulnerability Assessment: Increased Precipitation  
 

Increased Precipitation and Flooding Related Threats Prioritized in Order of Risk (high-low) 

1. Development policies created without consideration of climate change  

2. Road closures due to flooding and/or culvert and bridge failure  

2. Loss of utilities due to flooding (including wastewater treatment plants) 

4. Increased rainfall intensity during storms resulting in greater flood damage because flood zones are  

    underestimated on current flood maps 

5. Loss of homes and businesses due to flooding 

6. Increased likelihood of secondary hazards such as toxic releases 

7. Loss of critical facilities due to flooding 

8. Increased amount of impervious surface 

 

Risk Analysis—Increased Precipitation and Flooding  

 

Threat: Increased likelihood of secondary hazards such as toxic releases  

Criteria Evaluation Score Weight Weighted 
Score 

Probability Though not common, toxic releases into regional water 
bodies continue to occur with some regularity. Raw 
sewage is leaked into water bodies both due to both 
infrastructure failures (“Officials say small, unknown 
amount of sewage leaked into Nashua river”, The 
Telegraph, 5 July 2015 ) and the City of Nashua’s system 
of Combined Sewer Overflows (“Major Wastewater 
Projects,” City of Nashua Division of Public Works), 
which release raw sewage through storm drains during 
heavy rain events. The region’s high share of 
manufacturing firms contributes to a higher share of 
toxic releases than other parts of New Hampshire, 
however toxic water releases are relatively minimal (EPA 
Toxic Release Inventory, 2013). The city is currently 
working to replace its CSOs with systems that do not 
leak during heavy rain events. Finally, several EPA 
Superfund sites exist in close proximity to regional water 
bodies, including the Mohawk Tannery and the Fletcher 
Paint site in Milford (which directly abuts the Souhegan 
River). These sites also are undergoing remediation. 

2 .15 .3 

Severity In the past, the severity of toxic water releases in the 
region has been relatively minor with short-term 
environmental impacts, however due to the presence of 

2-3 .35 .875 



 

 

industry in the region, as well as other factors noted 
above, there is the potential for more serious events, 
particularly in flood conditions. 

Spatial Extent  Industrial areas of the region with a history of toxic 
releases are limited to Nashua, Merrimack, Milford and 
Hudson (EPA Toxic Release Inventory, 2013).  

2 .25 .5 

Mitigation 
Opportunities 

In addition to dangers posed to humans and ecosystems, 
toxic water clean-ups can be extremely costly and time-
consuming to remediate. This makes mitigation 
measures critically important. Sound mitigation 
measures are relatively easy to implement, however 
because stewardship is shared between the public and 
private sectors, it can be challenging to coordinate, 
share information, and ensure compliance.  

2 .25 .5 

Total   2.175 

Priority   6 

 

 

Threat: Increased rainfall intensity during storms resulting in greater flood damage because flood zones 

are underestimated on current flood maps. 

 

Criteria Evaluation Score Weight Weighted 
Score 

Probability Precipitation is forecast to increase in the region in the 
coming decades. Most concerning is a forecast increase 
in severe precipitation events defined as those where 
more than 1” of rain falls within 24 hours or more than 
2-4” in 48 hours (Wake et al., “Climate Change in 
Southern New Hampshire,” pg. 19).  

4 .15 .6 

Severity Increased rainfall presents concern because much of the 
region’s population is centered in areas surrounding 
water bodies (though development within the 100- and 
500- year flood plains is relatively limited) and because 
of a past history of flood damage, particularly to 
transportation infrastructure.  

2 .35 .7 

Spatial Extent  Low-lying areas of the region would be most impacted, 
particularly those located in or around the existing flood 
plain.  

3 .25 .75 

Mitigation 
Opportunities 

Several mitigation opportunities are available to prepare 
for increased rainfall intensity. Municipalities should 
consider significantly curtailing new development 
activity within flood plains. New infrastructure 
construction and maintenance practices should fully 
account for increased rainfall intensity.  Municipal codes 
and guidelines should encourage or require private 

1-2 .25 .375 



 

 

stakeholder involvement to help counter the impacts of 
higher intensity rainfall.  

Total   2.425 

Priority   4 

 

 

Threat: Increased amount of impervious surface 

Criteria Evaluation Score Weight Weighted 
Score 

Probability Although pervious materials are increasingly available in 
the marketplace for building construction, a review of 
municipal codes generally indicates that the use of 
porous materials are not required under current zoning 
and building codes in the region. Therefore, new 
development is highly correlated to increases in the 
amount of impervious surface coverage in the region. 
For example, between 2001 and 2006, impervious 
surface coverage increased by 2,463 acres in the region 
(United States Department of the Interior & United 
States Geological Survey, 2014). New development 
continues to occur, however this threat is slightly 
mitigated by a slowdown in building construction in the 
region (Current Estimates and Trends in New 
Hampshire’s Housing Supply - Update 2013, New 
Hampshire Office of Energy and Planning).  

4 .15 .6 

Severity Impervious surface can dramatically exacerbate the 
effects of flooding because it prevents water from 
infiltrating the ground. Rainfall is often redirected to 
streams and other water bodies, increasing the 
likelihood that those water bodies will flood and 
overwhelm adjacent infrastructure and ecosystems.  

1 .35 .35 

Spatial Extent  This threat is more pronounced in areas experiencing 
development pressures with larger shares of 
undeveloped and pervious lands. A population 
projection analysis conducted in 2014 found that growth 
rates were likely to be highest in Brookline, Litchfield, 
Milford, Pelham and Mont Vernon (Nashua Regional 
Plan, Scenario Planning, Nashua Regional Planning 
Commission, December 2014). In areas at or 
approaching buildout, including the City of Nashua, 
there are greater opportunities to reduce pervious 
surface coverage through the incorporation of 
sustainable construction methods into redevelopment 
projects. 

2 .25 .5 

Mitigation 
Opportunities 

The development of building and zoning codes to stem 
the growth of impervious surface coverage and 

1-2 .25 .375 



 

 

encourage or require porous materials is a relatively 
short-term measure that will significantly reduce the 
growth of impervious surfaces over time.  

Total   1.825 

Priority   8 

 

Threat: road closures and culvert/bridge failure due to flooding 

Criteria Evaluation Score Weight Weighted 
Score 

Probability Flooding and culvert failures have impacted critical parts 
of the region’s road network in recent years, including 
the weeks-long forced closure of a part of Route 101(the 
region’s major east-west roadway) in Milford due to a 
landslide in 2007 (“Route 101 landslide poses traffic, 
engineering, and repair challenges,” NHDOT Newsletter 
Summer 2007). Disruptions to local road and bridge 
networks has also occurred, as much of this 
infrastructure suffers from deferred maintenance and is 
thus more vulnerable to flood damage.(“As federal 
funding wanes, the state's roads crumble,” Fosters Daily 
Democrat, 22 February 2015). 

3 .15 .45 

Severity Historically, road closures and bridge failures have been 
less severe in the region than in other areas of the state 
during major events, however this issue remains a major 
regional concern in the event of severe precipitation 
events, particularly in rural areas with very few 
alternative road options.  

2-3 .35 .875 

Spatial Extent  Of the 1,818 miles of public/private roads in the Nashua 
Region, 213 miles traverse a flood plain, or 11.7 percent 
of road miles in the region. Of the 230 bridges in the 
region, 137 are in the flood plain. 

3 .25 .75 

Mitigation 
Opportunities 

Mitigation opportunities exist and include: protect and 
reestablish overland flow paths, such as drainage swales, 
to convey runoff from streets when storm drains are 
overwhelmed; implement site-scale green infrastructure 
during road reconstruction to replicate natural drainage, 
such as roadside rain gardens, swales, tree boxes, or 
porous pavement; increase the capacity of stormwater 
detention and retention basins; increase the size and 
correct the orientation of culverts in flood prone areas; 
and elevate roads and bridges above the base flood 
elevation.   

2 .25 .5 

Total   2.575 

Priority   2 

 



 

 

Threat: loss of homes and businesses due to flooding  

Criteria Evaluation Score Weight Weighted 
Score 

Probability Localized damage to homes and businesses due to 
flooding from major storm events has posed a challenge 
for the region in recent years and will likely continue to. 
The share of homes and businesses located in flood 
plains in the region is fairly low, but there are several 
pockets of concern, including business and residential 
areas located along the Souhegan River in Milford and 
Wilton as well as areas of Downtown Nashua and 
Hudson adjacent to the Merrimack River. Additionally 
many residential areas of southern Amherst and 
residential areas along the Nashua River in Nashua are 
located in the flood plain.  

3 .15 .45 

Severity Areas of most concern in the region are low lying 
adjacent to water bodies and are prone to flood 
recurrently. Some major gathering areas, including the 
Souhegan Valley Boys & Girls Club in Milford, flood 
recurrently. Although these areas are geographically 
limited due to the region’s diverse topography, they 
contain a sizable share of development  

2 .35 .7 

Spatial Extent  Per NRPC GIS, there are 2,291 structures located in 
residential parcels and in the 100- or 500-year 
floodplain.  This represents 3.5 percent of the total 
number of residential structures in the region.   

2 .25 .5 

Mitigation 
Opportunities 

It is logistically challenging and often financially 
prohibitive to relocate homes and businesses in flood 
prone areas, however in extreme cases it may be 
appropriate. Site specific measures like grade 
improvements and proper drainage can help reduce 
vulnerability by redirecting flood waters around 
structures. 

3 .25 .75 

Total   2.4 

Priority   5 

 

Threat: loss of critical facilities due to flooding  

Criteria Evaluation Score Weight Weighted 
Score 

Probability NRPC GIS analysis indicates that 4 critical facilities have 
their building footprint within the floodplain.  20 more 
facilities are located on parcels that are within the 
floodplain but their building footprints are outside of 
the floodplain.  These facilities could be inaccessible 
during a major event.   

1 .15 .15 

Severity Region would be severely impacted in the rare event 3 .35 1.05 



 

 

that critical facilities were flooded. Without proper 
mitigation efforts or relocation, the above facilities 
remain vulnerable to flood damage or destruction. 

Spatial Extent  The facilities in the floodplain are in Litchfield (Griffin 
Memorial School and the Litchfield Fire Station), 
Amherst (South Fire Station), and Wilton (Police 
Department).  

1 .25 .25 

Mitigation 
Opportunities 

Flood walls, grading and drainage improvements will 
help mitigate flood threats to individual sites. Over time, 
as major repairs to facilities are needed, municipalities 
should consider relocation of particularly flood prone 
structures to new sites.  

2-3 .25 .625 

Total   2.075 

Priority   7 

 

Threat: loss of utilities due to flooding (including wastewater treatment plants) 

Criteria Evaluation Score Weight Weighted 
Score 

Probability A GIS analysis of wastewater treatment plants in the 
region indicates that all three (the Nashua, Merrimack 
and Milford facilities) are located either within or 
directly adjacent to the floodplain, indicating a higher 
probability of flooding at such locations. However, it is 
likely that preventative actions would be taken in an 
emergency to protect such facilities. Additionally, a 
number of mitigation opportunities are currently 
available to protect the facilities in the event of floods.  

1 .15 .15 

Severity Approximately 80 percent of residents of Nashua Region 
residents live in communities with widespread access to 
public water systems, while 64 percent reside in 
communities with widespread public sewer access. In 
the event of a failure of a wastewater treatment facility, 
the impacts would be far-reaching. 

3 .35 1.05 

Spatial Extent  Due to the rural nature of much of the region, large 
geographic areas are serviced by private septic and well 
systems and are insulated from vulnerability. However a 
much larger share of the region’s population relies on 
public water and sewer systems.  

3 .25 .75 

Mitigation 
Opportunities 

Provided their critical importance to the region’s 
population, mitigation measures are necessary to 
protect utilities from flood damage. Site specific 
measures are available, though relocation is likely cost 
prohibitive 

2-3 .25 .625 

Total   2.575 

Priority   2 

 



 

 

Threat: development policies created without consideration of climate change 

Criteria Evaluation Score Weight Weighted 
Score 

Probability Climate Change has not yet been incorporated into 
municipal site planning or subdivision standards and 
codes, or operating practices, at least not at a 
widespread level in the Nashua Region. The presence 
of an Emergency Management Director in Nashua, one 
of the few such positions of its kind in the state, 
provides Nashua a key advantage in emergency 
preparedness planning, however it is not yet clear if 
such planning has been incorporated into 
development policies. Increasing awareness of Climate 
Change and weather-related emergencies should 
begin to influence local ordinances and standards over 
time, however the urgency surrounding this issue 
cannot be overemphasized.  

3 .15 .45 

Severity By failing to incorporate Climate Change into 
development policies, towns risk severe negative 
impacts and losses and will incur higher costs over the 
long-term. 

3 .35 1.05 

Spatial Extent  Every municipality in the region supports planning and 
zoning land use boards and thus maintains control 
over this issue at the local level. Many communities in 
the region lack the planning staff manpower to advise 
land use boards on the integration of Climate Change 
into regulatory codes. However, both planning support 
and planning resources are available at the regional, 
state and national levels, including from NRPC, the NH 
Office of Energy and Planning, the NH Department of 
Environmental Services, the Federal Emergency 
Management Administration (FEMA) and the EPA, 
among many others. Grant opportunities are 
sometimes available to help fill this void as well.  

4 .25 1 

Mitigation 
Opportunities 

Among all threats analyzed in this assessment, the 
continued failure to incorporate Climate Change into 
municipal development codes would represent the 
most glaring missed opportunity related to mitigation 
in the region. Because every municipality maintains 
local planning and zoning and code enforcement 
functions, they are all well positioned to implement 
such measures. In the region’s rural communities 
where resources are more scarce, working closely with 
regional and state bodies will help the development of 
codes and advisory plans tailored to rural areas.  

1-2 .25 .375 

Total   2.875 

Priority   1 
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Appendix C ~ Vulnerability Assessment: Warmer Temperatures  
 

Warmer Temperatures Related Threats, Prioritized in Order of Risk (high-low) 

1. Increased evaporation of surface water supplies.   

2. Increased surface water temperatures resulting in decreased water quality. 

3. Increased flooding during winter storm events resulting from decreased amount of precipitation 

falling as snow.    

4. Increased strain on regional water resources from more growing days for agriculture crops and 

lawns. 

 

Risk Analysis—Warmer Temperatures  

Threat: Increased strain on regional water resources from more growing days for  
agriculture crops and lawns  

Criteria Evaluation Score Weight Weighted 
Score 

Probability More growing days will lead to increased 
lawn maintenance that is likely to require 
more water. The effect of a longer growing 
season on agriculture may be mixed, as it 
depends on specific crop water needs and 
our ability to adjust the species mixture of 
crops planted. 

3 
 

.15 .45 

Severity Conversion to lower-water crops could be 
costly and time-consuming. The impacts 
would be seasonal: depending on emissions 
scenario, short-term projections predict a 
7% lengthening in growing season and by 
the end of the century this could balloon to 
a 20-30% longer season. 

2 .35 .7 

Spatial Extent  Agricultural land cover constitutes 
approximately 1% of total land cover in the 
region (source:  National Landcover Dataset 
2011).  Regional lawn cover mapping is not 
available, so it’s assumed NRPC is slightly 
above the national average of about 2% 
lawn cover (Milesi et al. 
http://www.isprs.org/proceedings/XXXVI/8-
W27/milesi.pdf) 

1 .25 .25 

Mitigation 
Opportunities 

In general, water consumption can be 
controlled through water restrictions, 
however these are in-place at Merrimack 
Village District already, and further 
restrictions could be austere.   

1 .25 .25 



 

 

Total   1.65 

Priority   4 

 

Threat: Increased flooding during winter storm events resulting from  
decreased amount of precipitation falling as snow    

Criteria Evaluation Score Weight Weighted 
Score 

Probability The Southern NH Climate Study predicts 
increased flooding during winter storm 
events to be a very likely effect of 
climate change, now to the year 2100.   

4 .15 .6 

Severity Similar to increased water demand, the 
likelihood of increased flooding is 
proportional to climate change emission 
scenario.  Flooding can lead to 
catastrophic and prolonged impacts on 
life and property.   

3 .35 1.05 

Spatial Extent  Likely all of the region would suffer this 
climate effect; floodplain areas would 
bear a disproportionate burden.   

3 .25 .75 

Mitigation 
Opportunities  

Flood hazard mitigation can be achieved 
through a combination of flood control 
projects and good floodplain 
management activities.  Existing 
implementation resources, however, are 
designed for 100 and 500 year flood 
probabilities. 

1 .25 .25 

Total   2.65 

Priority   3 

 

 

Threat: Increased evaporation of surface water supplies   

Criteria Evaluation Score Weight Weighted 
Score 

Probability Increased evaporation of surface water supplies is an 
inevitable effect of increased temperatures.  

4 .15 .6 

Severity Surface water is a crucial aspect of the region’s water 
supply. The Pennichuck system of supply ponds provides 
75% of the water supply for the Pennichuck customer 
base (source: Pennichuck website).   Relative to flooding 
and other impacts, however, the effect of less surface 
water availability would be more gradual in onset.   

3 .35 1.05 

Spatial Extent  The impact would affect the Pennichuck supply ponds 
and Merrimack River, which are both surface water 
supplies. 

4 .25 1 



 

 

Mitigation 
Opportunities 

No practical mitigation actions exist to address increased 
evaporation of surface water.  The likely sequelae of less 
surface water would be increased groundwater 
withdrawals, which would place further pressure on the 
region’s aquifer resources. 

4 .25 1 

Total   3.65 

Priority   1 

 

Threat: Increased surface water temperatures resulting in decreased water quality 

Criteria Evaluation Score Weight Weighted 
Score 

Probability Warmer water contains less dissolved oxygen and is 
prone to algal overgrowth.  Water quality impacts are 
already being observed in many water bodies across the 
U.S. due to increased water temperatures, and the 
probability of this effect continuing is extremely high. 

4 .15 .6 

Severity Water quality is critical to public health, and there is a 
definitive threshold beyond which algal contamination 
would render supplies unpotable.   

4 .35 1.4 

Spatial Extent  The Pennichuck supply ponds are more likely to suffer 
degradation in water quality than the larger and swift-
moving Merrimack River, which serves as a back-up 
water supply source. 

2 .25 .5 

Mitigation 
Opportunities 

Algal blooms can be treated chemically or with 
biological agents, but the science is nascent and existing 
treatment options are costly.  

3 .25 .75 

Total   3.25 

Priority   2 
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Appendix D ~ Kickoff Meeting Documents  
 

Meeting Agenda 

Attendee Sign-in Sheet  

Probability/Consequence Matrix—Drought 

Probability/Consequence Matrix—Increased Precipitation 

Probability/Consequence Matrix—Warmer Temperatures  

 



Supporting Water and Wastewater Systems in New Hampshire 

      

       

 

 

DRAFT Agenda 
 
 

 
 

Lower Merrimack River EPCRA Tier II Facility Inventory Improvements  
-and- 

Nashua Region Water Resiliency Planning Project  
Kick-Off Meeting 

June 25th, 2015 8am-12pm 
 

1. Introductions (8:00-8:30) 
 
2. Project Description—Lower Merrimack River EPCRA (8:30-8:40) 
 
3. Overview of Current Inventory (8:40-9:10) 
 
4. Discussion on Data Gaps and Methodology (9:10-10:00) 
 a. Are there areas of special interest or focus? 
 b. Are there types of facilities that are of special concern? 
 c. How should non-reporting facilities be approached? 
 d. Has your community/department performed an independent inventory? 
 

**10 Minute Break** 
 
5. Project Description—Nashua Region Water Resiliency Planning Project (10:10-10:15) 
 
6. Vulnerability Assessment Input—divide into 3 groups (10:15-11:30) 

a. What are the threats facing water systems and vulnerable populations related to climate 

change?  What are the consequences of these threats? (10:15-10:25) 

b. Where do these threats fall on the Probability vs Consequences matrix? (10:25-10:50) 

c. What mitigation actions can be implemented to address the high consequence/high 

probability threats? (10:50-11:15) 

d. Report back to full group (11:15-11:30) 

7. Next Steps (11:30-12:00) 
 a. Discussion of the formation of an Advisory Committee 
 b. Data sharing opportunities 
 c. Other opportunities for collaboration  
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Appendix E ~ Templates for Incorporating Climate Change into FEMA Hazard 

Mitigation Plan Updates 

 

Instructions for using Hazard Mitigation Plan Templates  

The following templates are designed to help municipalities incorporate climate change threats and 

mitigation measures into to their FEMA Hazard Mitigation Plan updates.  Each template identifies the 

Chapter, Section, and subsection of a Hazard Mitigation Plan in which to integrate climate change 

language.  Model language to be included in the Hazard Mitigation Plan appears in red.  This is 

illustrated in the example below.  The templates and model language are simply meant to provide a 

starting point for municipalities; the Nashua Regional Planning Commission encourages local hazard 

mitigation teams to edit and customize the text in a manner that meets their municipal mitigation goals 

and objectives.    
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CHAPTER 1. PLANNING PROCESS 

Section 1.4 ~ Existing and Potential Authorities, Policies, Programs, and Resources  

Planning and Regulatory Capabilities  

 Nashua Regional Water Resiliency Action Plan— Climate change in southern New Hampshire will 

impact the environment, ecosystem services, economy, public health, and quality of life.  

According to a 2014 study by the Sustainability Institute at the University of NH, southern NH is 

expected to become warmer and wetter over the next century with more extreme precipitation 

events.  This weather pattern puts significant stress on the region’s already aging water 

infrastructure.  Furthermore, climate change is likely to cause a number of public health impacts 

on NH’s most vulnerable residents.  Despite efforts taking place to slow the rate of climate 

change, some level of change is inevitable.  Therefore, municipalities must make sound 

decisions to help their communities adapt to a new climate normal. The goal of the Nashua 

Region Water Resiliency Action Plan is to help municipalities become more resilient to the 

impacts that climate change has on their water infrastructure and vulnerable populations. 

 

Summary and Analysis of Municipality’s Existing Authorities, Policies, Programs, and Resources 

 

Capability Description Area of 
Town 

Covered 

Responsible 
Entities 

Effectiveness Changes or Improvements 
Needed 

Planning 
and 
Regulatory 

Nashua Regional 
Water Resiliency 
Action Plan  

    Consider conducting a 
Town specific vulnerability 
assessment to improve 
local resiliency to climate 
change impacts  

  

Section 1.5 ~ Review and Incorporation of Existing Documents  

 

The Nashua Regional Water Resiliency Action Plan provided insight when developing the description of 

natural hazards (Section 3.1), probability of future hazards (Section 3.3), vulnerability by hazard (Section 

3.5), and goals to reduce vulnerabilities (Section 4.1).  It was used to inform the analysis and 

prioritization of mitigation actions (Section 4.3). 
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CHAPTER 3. HAZARD IDENTIFICATION AND RISK ASSESSMENT  

Section 3.1 ~ Description of Natural Hazards  

 

Table 3—Natural Hazards in Jurisdiction 

Hazard Type Hazard Location within 
Jurisdiction 

Hazard Extent Impact 

 Climate Change  Entire jurisdiction. See Hazard Extent 
descriptions below for 
Drought, Extreme 
Temperatures, Flooding  

See Impact descriptions 
below for Drought, 
Extreme Temperatures, 
Flooding  
 

 

 

Section 3.3 ~ Probability of Future Hazard Events  

 

Table 5—Probability of Future Hazard Events 

Hazard Type Probability of Future Event Source 

Climate 
Change—
Drought 

The frequency of short term drought (1-3 months) in New 
Hampshire is predicted to increase 2-3 times in the long 
term (2070-2099) under the higher emissions scenario.  
The state will experience a more significant increase in 
medium-term drought (3-6 months) during this period.  
Short and medium term droughts are primarily caused by 
evapotranspiration as a result of hotter summers.  The 
frequency of long-term drought (6 plus months) does not 
change significantly in the future under the low or high 
emissions scenario compared to past long-term drought 
events in New Hampshire (Wake et al., “Climate Change 
in Southern New Hampshire,” pg. 30-31). 

“Climate Change in 
Southern New 
Hampshire,” 
Sustainability Institute, 
University of New 
Hampshire, 2014   

Climate 
Change—
Increased 
Precipitation 

Annual average precipitation is predicted to increase 17-
20% in southern New Hampshire by the end of the 
century under both the low and high emissions scenarios.  
Larger increases in precipitation are expected in the 
winter and spring, while summer and fall will only 
experience slight increases (Wake et al., “Climate Change 
in Southern New Hampshire,” pg. 29).  Southern New 
Hampshire can also expect more extreme precipitation 
events, defined as those where more than 1 inch of rain 
falls within 24 hours or more than 2-4 inches falls in 48 
hours.  Under both low and high emissions scenarios, the 
frequency of extreme precipitation events in predicted to 
more than double by the end of the century (Wake et al., 

“Climate Change in 
Southern New 
Hampshire,” 
Sustainability Institute, 
University of New 
Hampshire, 2014   
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Hazard Type Probability of Future Event Source 

“Climate Change in Southern New Hampshire,” pg. 29). 

Climate 
Change—
Warmer 
Temperatures   

Temperatures in southern New Hampshire will continue 
to rise under a lower or higher future emissions scenario.  
In the short-term (2010-2039), average annual 
temperatures are predicted to increase by approximately 
2F.  Under a higher emissions scenario, long-term (2070-
2099) average annual temperatures are predicted to 
increase by 8 to 9F.  If a lower emissions scenario is 
achieved, long-term average annual temperatures are 
predicted to increase by 4F (Wake et al., “Climate 
Change in Southern New Hampshire,” pg. 23). The region 
is also predicted to experience more extreme heat events.  
From 1970-1999, southern New Hampshire had an 
average of seven days above 90F each year.  In the long-
term under a higher emissions scenario, southern New 
Hampshire is predicted to have over 54 days per year 
above 90F.  Under a lower emissions scenario, the region 
is predicted to have 23 days per year above 90F in the 
long-term (Wake et al., “Climate Change in Southern New 
Hampshire,” pg. 25).  
 

“Climate Change in 
Southern New 
Hampshire,” 
Sustainability Institute, 
University of New 
Hampshire, 2014   

 

Section 3.4 ~ Critical Facilities and their Vulnerability  

Note that Climate Change is not included as a hazard in this analysis because its effects on critical 

facilities are included under the hazards of Drought, Extreme Temperatures, and Flooding.   

 

Section 3.5 ~ Vulnerability by Hazard 

 

Climate Change 

Climate change in southern New Hampshire will impact the environment, ecosystem services, economy, 

public health, and quality of life.  According to a 2014 study by the Sustainability Institute at the 

University of NH, southern NH is expected to become warmer and wetter over the next century with 

more extreme precipitation events.  This weather pattern puts significant stress on the region’s already 

aging water infrastructure.  Furthermore, climate change is likely to cause a number of public health 

impacts on NH’s most vulnerable residents, including heat stress; flood related deaths and injuries; 

respiratory and cardiovascular illness, including asthma; allergies; vector, food, and water-borne 

disease; chronic disease; and mental health and stress-related disorders.  Despite efforts taking place to 

slow the rate of climate change, some level of change is inevitable.  Therefore, municipalities must make 

sound decisions to help their communities adapt to a new climate normal. 



 

5 
 

Temperatures in southern New Hampshire will continue to rise under a lower or higher future emissions 

scenario.  In the short-term (2010-2039), average annual temperatures are predicted to increase by 

approximately 2F.  Under a higher emissions scenario, long-term (2070-2099) average annual 

temperatures are predicted to increase by 8 to 9F.  If a lower emissions scenario is achieved, long-term 

average annual temperatures are predicted to increase by 4F (Wake et al., “Climate Change in Southern 

New Hampshire,” pg. 23). The region is also predicted to experience more extreme heat events.  From 

1970-1999, southern New Hampshire had an average of seven days above 90F each year.  In the long-

term under a higher emissions scenario, southern New Hampshire is predicted to have over 54 days per 

year above 90F.  Under a lower emissions scenario, the region is predicted to have 23 days per year 

above 90F in the long-term (Wake et al., “Climate Change in Southern New Hampshire,” pg. 25).  

Annual average precipitation is predicted to increase 17-20% in southern New Hampshire by the end of 

the century under both the low and high emissions scenarios.  Larger increases in precipitation are 

expected in the winter and spring, while summer and fall will only experience slight increases (Wake et 

al., “Climate Change in Southern New Hampshire,” pg. 29).  Southern New Hampshire can also expect 

more extreme precipitation events, defined as those where more than 1 inch of rain falls within 24 

hours or more than 2-4 inches falls in 48 hours.  Under both low and high emissions scenarios, the 

frequency of extreme precipitation events in predicted to more than double by the end of the century 

(Wake et al., “Climate Change in Southern New Hampshire,” pg. 29). 

The frequency of short term drought (1-3 months) in New Hampshire is predicted to increase 2-3 times 

in the long term (2070-2099) under the higher emissions scenario.  The state will experience a more 

significant increase in medium-term drought (3-6 months) during this period.  Short and medium term 

droughts are primarily caused by evapotranspiration as a result of hotter summers.  The frequency of 

long-term drought (6 plus months) does not change significantly in the future under the low or high 

emissions scenario compared to past long-term drought events in New Hampshire (Wake et al., “Climate 

Change in Southern New Hampshire,” pg. 30-31). 

Because the impacts of climate are wide ranging and have little historic data to draw from, it is beyond 

the scope of this Plan to estimate the dollar value of losses to the municipality resulting from climate 

change.   

Some insights on the municipality’s vulnerability to climate change may be gained by examining the 

results of the Nashua Region Water Vulnerability Assessment, conducted by the Nashua Regional 

Planning Commission in 2016.  Based on the results of the vulnerability assessment, the Nashua Region 

is most vulnerable to threats related to warmer temperatures and threats that affect water supply.   

Threats related to warmer temperatures are highly likely to occur, are broad ranging, have critical 

severity, and moderately effective mitigation options. In addition, while the region has experience with 

flooding (and drought to a smaller extent), the region has no experience with warming temperatures to 

provide historical guidance.   

Threats that affect water supply are likely to occur, have moderate to critical severity, will likely affect 

between 10 and 50% of the region’s population, and have moderately effective mitigation options.    
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There are numerous threats in this category and they have broad implications from public health and 

safety to agriculture and the economy.   

It may also be helpful to review the Drought, Extreme Temperatures, and Flooding sections in this Plan 

for more insight on the municipality’s vulnerability to climate change. 

 

Section 3.6 ~ Overall Summary of Vulnerability 

Table 7a—Overall Summary of Vulnerability by Hazard 

Hazard Types of Critical 
Facilities Impacted 

by Hazard 

Impact of 
Hazard  

% of Critical 
Facilities in 

Hazard Area 

% of 
Structures  

Estimated to 
be Damaged 

$ Value of Loss 

Climate Change   General 
Occupancy 

 Essential 
Facilities 

 Transportation 

 Utility Systems 

 High Potential 
Hazard 

 Hazardous 
Materials 

 Agricultural 
Land  

See Impacts 
related to 
Drought, 
Extreme 
Temperatures, 
and Flooding 
below. 

See Critical 
Facilities 
calculations 
for Drought, 
Extreme 
Temperatures, 
and Flooding 
below. 

See damage 
estimates for 
Drought, 
Extreme 
Temperature, 
and Flooding 
below. 

Calculating $ 
value of losses 
is beyond the 
scope of this 
Plan (see 
Section 3.5 
Climate 
Change for 
explanation) 

 

 

Table 7b—Overall Summary of Vulnerability by Facility Type 

Note that Climate Change is not included as a hazard in this analysis because its effects on critical 

facilities are included under the hazards of Drought, Extreme Temperatures, and Flooding.   
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CHAPTER 4. MITIGATION STRATEGY  

Section 4.1 ~ Goals and Objectives to Reduce Vulnerabilities to Hazards  

Goal X—become more resilient to the impacts that climate change has on the Town’s population, critical 

facilities, infrastructure, emergency services, natural resources, and private property. 

 Objective X.1—Utilize existing documents, including the Nashua Regional Water Resiliency 

Action Plan (NRPC, 2016) and “Climate Change in Southern New Hampshire” (Sustainability 

Institute, University of New Hampshire, 2014) to better understand predicted changes in the 

region’s climate. 

 Objective X.2—Conduct a town-specific vulnerability assessment to better understand the 

municipality’s strengths and weaknesses with respect to climate change readiness. 

 Objective X.3—Prioritize which climate change impacts to address and when.  Prioritization 

could be based on vulnerability assessment results, current needs, upcoming plans, feasibility, 

or budget considerations.   

 Objective X.4—Develop an adaptation strategy, including potential mitigation measures, 

timelines, responsible parties, and available funding sources. 

 Objective X.5—Implement the adaptation strategy and incorporate finding into hazard 

mitigation plan updates. 

 Objective X.5—Track progress and monitor results to determine where improvements can be 

made.  Adjust the implementation strategy as necessary.   

 

Section 4.2 ~ Mitigation Actions  

See “Nashua Region Water Resiliency Action Plan, Part 2: Municipal Climate Adaptation Strategy” for 

sample mitigation actions.   

 

Section 4.4 ~ Implementing and Administering Mitigation Actions  

See “Nashua Region Water Resiliency Action Plan, Part 2: Municipal Climate Adaptation Strategy” for 

sample implementation tables.   
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Appendix F ~ Data  
 

Culvert Assessment Data  

Souhegan River Watershed Culvert Assessment Data 

During the summer of 2015, NH Department of Environmental Services collected stream crossing 

assessment data for the entire Souhegan River Watershed. The data and resultant geomorphic and 

aquatic organism passage compatibility rankings have been posted to the NH Coastal Viewer (through 

NH GRANIT).  

 Link—http://nhcoastalviewer.unh.edu/.  

 

Merrimack River Watershed Culvert Assessment Data  

The Lower Merrimack River Continuity Assessment was a 1-year project conducted by the Nashua 

Regional Planning Commission in 2012.  The project took place in the Lower Merrimack River Corridor, a 

15-mile segment of the Merrimack River beginning at the northern borders of Merrimack and Litchfield, 

NH, flowing south through Hudson and Nashua to the Massachusetts border.  After identifying and 

prioritizing culverts in the study area, NRPC staff conducted field assessments of the prioritized culvert 

locations using the NH Stream Crossing Protocol.  Field work was conducted during the summer of 2012 

and included: 2 culvert assessments in Hudson, 4 in Litchfield, 6 in Merrimack, and 2 in Nashua.  The 

results of this analysis can be found in the Lower Merrimack River Continuity Assessment Report.   

 Lower Merrimack River Continuity Assessment Final Report— 

http://www.nashuarpc.org/files/1713/9455/5605/LMR_ContinuityAssessment_FinalReport.pdf  

 Lower Merrimack River Continuity Assessment Final Map— 

http://www.nashuarpc.org/files/2813/9455/5633/LMR_ContinuityAssessment_FinalMap.pdf  

 Lower Merrimack River Continuity Assessment Report Appendices— 

http://www.nashuarpc.org/files/3913/9455/5622/LMR_ContinuityAssessment_Appendices.pdf  

 

Fluvial Erosion Data  
Fluvial (river-related) erosion is the wearing away of river beds and banks by the action of running 

water.  Fluvial erosion is a natural process and is most active during flood events.   It can result in 

significant changes to the physical location and dimensions of river and stream channels.    

 

Transportation infrastructure and agricultural property are typically the most vulnerable to fluvial 

erosion hazards.  Fluvial erosion events frequently cause culverts failures, undermine bridges and roads, 

and wash away stream banks.  Residential, commercial, and municipal properties as well as utility 

infrastructure can also be impacted.   

 

http://nhcoastalviewer.unh.edu/
http://www.nashuarpc.org/files/1713/9455/5605/LMR_ContinuityAssessment_FinalReport.pdf
http://www.nashuarpc.org/files/2813/9455/5633/LMR_ContinuityAssessment_FinalMap.pdf
http://www.nashuarpc.org/files/3913/9455/5622/LMR_ContinuityAssessment_Appendices.pdf


The New Hampshire Department of Environmental Services (DES) and New Hampshire Geological Survey 

(NHGS) conducted an assessment to identify areas prone to river and stream erosion that could impact 

public health and safety.  The assessment was conducted over the summer and fall of 2013 in the 

Souhegan and Piscataquog River watersheds.   

To obtain Fluvial Erosion data for the Nashua Region, please contact Sara Siskavich, NRPC GIS Manager, 

at saras@nashuarpc.org.   

mailto:saras@nashuarpc.org
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Appendix G ~ Vulnerability Assessment Tools and Supporting Resources  

 

Vulnerability Assessment Tools for Municipalities  

“Being Prepared for Climate Change: A Workbook for Developing Risk-Based Adaptation 

Plans”  

 Author—US Environmental Protection Agency, Climate Ready Estuaries, August 2014.   

 Overview—This workbook provides guidance for carrying out risk-based climate change 

vulnerability assessments and developing adaptation action plans.  It is designed for conducting 

climate change vulnerability assessments at a watershed scale 

 Link—https://www.epa.gov/cre/risk-based-adaptation  

 

“A Self-Assessment to Address Climate Change Readiness in Your Community,”  

 Author—Midwestern Regional Climate Center, Illinois-Indiana Sea Grant.   

 Overview—The purpose of this self-assessment is to provide community leaders, administrators, 

planners, engineers, public works directors, and natural resource managers with a simple and 

inexpensive method to review their community’s potential vulnerabilities to climate trends.  It is 

not designed to be a complete vulnerability assessment, but rather a tool used to identify key 

areas where communities are likely to be most at-risk and start the process of determining 

where a more thorough review of vulnerability may be needed.  Although this tool is tailored for 

the Midwest, it provides a framework for conducting vulnerability assessments that can be used 

by any community.   

 Link—http://www.cmap.illinois.gov/documents/10180/14193/Appendix+B+--+Self-

Assessment+to+Address+Climate+Change+Readiness+in+Your+Community.pdf/11377862-ee6c-

4d8e-84a5-b3a138c486d4  

 

Resources for Water Utilities  

“Community Based Water Resiliency Tool” 

 Author—US Environmental Protection Agency.   

 Overview—This self-assessment tool helps communities to determine how prepared they are to 

handle emergencies that impact their water systems.  It also provides tools and resources to 

help build resilience, including a Water Resiliency Action Plan kit, which provides a step-by-step 

process for planning and hosting a community meeting or workshop on water emergencies. The 

tool addresses a number of hazards, not just climate change, and is part of the EPA’s 

Communities and Utilities Partnering for Water Resilience program. 

 Link—https://www.epa.gov/communitywaterresilience/community-based-water-resiliency-tool  

 

https://www.epa.gov/cre/risk-based-adaptation
http://www.cmap.illinois.gov/documents/10180/14193/Appendix+B+--+Self-Assessment+to+Address+Climate+Change+Readiness+in+Your+Community.pdf/11377862-ee6c-4d8e-84a5-b3a138c486d4
http://www.cmap.illinois.gov/documents/10180/14193/Appendix+B+--+Self-Assessment+to+Address+Climate+Change+Readiness+in+Your+Community.pdf/11377862-ee6c-4d8e-84a5-b3a138c486d4
http://www.cmap.illinois.gov/documents/10180/14193/Appendix+B+--+Self-Assessment+to+Address+Climate+Change+Readiness+in+Your+Community.pdf/11377862-ee6c-4d8e-84a5-b3a138c486d4
https://www.epa.gov/communitywaterresilience/community-based-water-resiliency-tool


“Vulnerability Self-Assessment Tool” (VSAT) 

 Author—US Environmental Protection Agency. 

 Overview—This tool is designed for drinking water and wastewater utilities of all sizes to 

enhance their security and resiliency.  It allows users to identify the highest risks to mission-

critical operations and find the most cost-effective measures to reduce those risks.  It addresses 

a number of hazards, not just climate change. 

 Link—https://www.epa.gov/waterriskassessment/conduct-drinking-water-or-wastewater-

utility-risk-assessment  

 

“Climate Resilience Evaluation and Awareness Tool“ (CREAT) 

 Author—US Environmental Protection Agency, Office of Water, 2012. 

 Overview—This risk assessment tool allows water utilities to identify regional climate change 

threats and design adaptation plans.  After assessment, CREAT provides a series of risk reduction 

and cost reports to allow water utilities to evaluate various adaptation options as part of long-

term planning.  It is part of the EPA’s Climate Ready Water Utilities program.  

 Link—https://www.epa.gov/crwu/assess-water-utility-climate-risks-climate-resilience-

evaluation-and-awareness-tool  

 

Drought Response and Recovery Guide for Water Utilities 

 Author—US Environmental Protection Agency, Office of Water, March 2016.  

 Overview—This interactive guide provides worksheets, best practices, videos, and case studies 

for responding to drought emergencies and building long-term resilience. 

 Link—https://www.epa.gov/sites/production/files/2016-

03/documents/epa_drought_response_and_recovery_guide.pdf  

 

Short-Term Forecasting Analysis for Municipal Water Demand  

 Authors—Fullerton, Thomas M., Jr.; Ceballos, Alejandro; Walke, Adam G.   

 Overview—short-term water demand forecasts inform decisions regarding budgeting, rate 

design, water supply system operations, and effective implementation of conservation policies.  

This study develops a linear transfer function forecasting model for El Paso, TX.  The model was 

used to generate monthly frequency out-of-sample simulations of water demand for periods 

when actual demand was known.  Changes in climatic and economic conditions were found to 

affect consumption per customer more rapidly than did changes in water rates.  

 Link— http://www.awwa.org/publications/journal-awwa/abstract/articleid/54587917.aspx  

 

Summer Smart Water Use: A Guide to Peak Season Water Demand Management  

 Authors—Metropolitan Area Planning Council, in collaboration with 495/Metro West Corridor 

Partnership, Inc.    

https://www.epa.gov/waterriskassessment/conduct-drinking-water-or-wastewater-utility-risk-assessment
https://www.epa.gov/waterriskassessment/conduct-drinking-water-or-wastewater-utility-risk-assessment
https://www.epa.gov/crwu/assess-water-utility-climate-risks-climate-resilience-evaluation-and-awareness-tool
https://www.epa.gov/crwu/assess-water-utility-climate-risks-climate-resilience-evaluation-and-awareness-tool
https://www.epa.gov/sites/production/files/2016-03/documents/epa_drought_response_and_recovery_guide.pdf
https://www.epa.gov/sites/production/files/2016-03/documents/epa_drought_response_and_recovery_guide.pdf
http://www.awwa.org/publications/journal-awwa/abstract/articleid/54587917.aspx


 Overview—this report is a catalogue of strategies that communities can use to manage summer 

water demand.  It is intended for stakeholders interested in developing and implementing a 

peak demand management program: water suppliers, municipal officials, regulators, citizen 

board members, and advocates.  This report discusses strategies for public outreach, but is not 

itself intended for a general audience.   

 Link— 

http://www.mapc.org/sites/default/files/SummerSmart_Water_Use_Guide_to_Peak_Season_

Water_Demand_Management_May_2006.pdf  

 

New Hampshire-specific Resources  

“New Hampshire Lives on Water”  

 Author—New Hampshire Water Sustainability Commission, Final Report, December 2012.  

 Overview—The New Hampshire Water Sustainability Commission was created to develop a 

strategic action framework to ensure that the quality and quantity of NH’s water in 25 years is 

as good as or better than it is today.  This report describes the work of the Commission and its 

finding. 

 Link—https://www.nh.gov/water-sustainability/publications/documents/wsc-final-report.pdf  

 

“Climate Change in Southern New Hampshire: Past, Present, and Future”  

 Author—The Sustainability Institute, University of New Hampshire, 2014.  

 Overview—This report documents historic and future climate trends in southern NH, including 

annual and seasonal temperature, extreme temperature, growing season, precipitation, 

extreme precipitation, drought, and snow cover.  It also addresses opportunities for mitigation 

and adaptation. 

 Link—

https://www.climatesolutionsne.org/sites/climatesolutionsne.org/files/2014_southernnh_clima

te_assessment_unhsi_csne_gsf.pdf    

 

“New Hampshire Climate Action Plan”  

 Author—NH Department of Environmental Services, March 2009 

 Overview—The NH Climate Action Plan is aimed at achieving the greatest feasible reductions in 

greenhouse gas emissions while also providing the greatest possible long-term economic 

benefits to the citizens of New Hampshire.  Development of the NH Climate Action Plan was 

initiated in December 2007 following an executive order issued by then Governor John Lynch.  

The order established a Climate Change Policy Task Force, whose 29 members represent a 

diverse group of regulators, scientists, business leaders, utility representatives, and 

environmental leaders from around the state.   

http://www.mapc.org/sites/default/files/SummerSmart_Water_Use_Guide_to_Peak_Season_Water_Demand_Management_May_2006.pdf
http://www.mapc.org/sites/default/files/SummerSmart_Water_Use_Guide_to_Peak_Season_Water_Demand_Management_May_2006.pdf
https://www.nh.gov/water-sustainability/publications/documents/wsc-final-report.pdf
https://www.climatesolutionsne.org/sites/climatesolutionsne.org/files/2014_southernnh_climate_assessment_unhsi_csne_gsf.pdf
https://www.climatesolutionsne.org/sites/climatesolutionsne.org/files/2014_southernnh_climate_assessment_unhsi_csne_gsf.pdf


 Link—

http://des.nh.gov/organization/divisions/air/tsb/tps/climate/action_plan/nh_climate_action_pl

an.htm  

 

Improving Source Protection for Drinking Water Supplies in the Merrimack River Corridor 

through EPCRA Tier II Inventory Improvements and Emergency Response Coordination 

 Author—Granite State Rural Water Association, May 2016  

 Summary—the Merrimack River and its underlying aquifers supply drinking water to an 

estimated 167,752 individuals in the communities of Manchester, Bedford, Londonderry, 

Litchfield, Merrimack, and Nashua.  Although these resources are capable of supplying ample 

water to meet the region’s needs, they are highly susceptible to contamination from the 

accidental release of hazardous substances from commercial and industrial activities.  To help 

evaluate the risks presented by these facilities, Granite State Rural Water Association was 

awarded funding to improve the current inventory of EPCRA Tier II facilities located within the 

Pennichuck Water Works hydrologic area of concern.  

 Link—please contract Granite State Rural Water Association  

 

New Hampshire Stormwater Manual  

 Author—NH Dept. of Environmental Services   

 Overview—the New Hampshire Stormwater Manual was developed in 2008 as a planning and 

design tool for the communities, developers, and members of regulatory boards, commissions, 

and agencies involved in stormwater programs in NH.       

 Link— http://des.nh.gov/organization/divisions/water/stormwater/manual.htm   

 

New Hampshire Drought Management Plan   

 Author—NH Dept. of Environmental Services   

 Overview—the purpose of the New Hampshire Drought Management Plan is to ensure that NH 

will respond in an organized and appropriate manner in the event of a drought related water 

shortage.  

 Link— http://des.nh.gov/organization/divisions/water/dam/drought/index.htm    

 

Other Tools 

HAZUS-MH 

 Author—Federal Emergency Management Agency.   

 Overview—Planners and emergency managers use this downloadable software package to 

access FEMA models that estimate potential losses from earthquakes, floods, and hurricanes.  It 

also allows users to evaluate costs and benefits of mitigation options.   

 Link—http://www.fema.gov/hazus  

http://des.nh.gov/organization/divisions/air/tsb/tps/climate/action_plan/nh_climate_action_plan.htm
http://des.nh.gov/organization/divisions/air/tsb/tps/climate/action_plan/nh_climate_action_plan.htm
http://des.nh.gov/organization/divisions/water/stormwater/manual.htm
http://des.nh.gov/organization/divisions/water/dam/drought/index.htm
http://www.fema.gov/hazus


 

National Stormwater Calculator 

 Author—US Environmental Protection Agency.   

 Overview—This desktop application provides estimates for the amount of rainwater and 

frequency of runoff anywhere in the United States.  Estimates are based on local soil conditions, 

land cover, and historic rainfall records.  The tool is primarily designed to inform site developers 

on how well then can meet a desired stormwater retention target with and without the use of 

green infrastructure.  A climate change component is also included to help users explore how 

climate change impacts may affect the amount of stormwater produced by a site and how to 

manage it.  

 Link— https://www.epa.gov/water-research/national-stormwater-calculator  

 

Resilience and Adaptation in New England (RAINE) 

 Author—US Environmental Protection Agency.   

 Overview—The RAINE database is a collection of vulnerability, resilience, and adaptation 

reports, plans, and webpages at the state, regional, and community level.   

 Link—https://www.epa.gov/raine  

 

US Climate Resilience Toolkit 

 Author—NOAA.   

 Overview—The Toolkit is a website designed to help people find and use tools, information, and 

subject matter expertise to build climate resilience.  The Toolkit offers information from across 

the US federal government in one location.  Resources contained in the Toolkit that are relevant 

to the Nashua Region Water Resiliency Action Plan have been identified individually in this 

Appendix.   

 Link—http://toolkit.climate.gov/  

 

Water Sense 

 Author—US Environmental Protection Agency.   

 Overview—Water Sense, a partnership program by the US EPA, seeks to protect the future of 

our nation’s water supply by offering people a simple way to use less water with water-efficient 

products, new homes, and services.  Products and services that have earned the Water Sense 

label have been certified to be at least 20% more efficient without sacrificing performance.     

 Link— https://www3.epa.gov/watersense/index.html  

 

Protecting Water Resources and Managing Stormwater  

 Author—NH Sea Grant, University of NH Cooperative Extension, and University of NH 

Stormwater Center    

https://www.epa.gov/water-research/national-stormwater-calculator
https://www.epa.gov/raine
http://toolkit.climate.gov/
https://www3.epa.gov/watersense/index.html


 Overview—this document is intended to help communities consider the range of strategies 

available to protect water resources.  It uses a bird’s eye view to encourage community boards 

and municipal departments to consider a variety of options and use an integrated approach to 

water resource protection.  It is designed to help communities recognize and discuss the state of 

their current water resource management, determine where gaps exist, and consider next steps.  

 Link— 

http://www.unh.edu/unhsc/sites/unh.edu.unhsc/files/pubs_specs_info/stormwater_guide.pdf  

 

Groundwork Lawrence Green Streets Program 

 The City of Lawrence, Massachusetts is working on a tree planting project to grow a larger tree 

canopy in order to help offset the heat island effect. Groundwork Lawrence, a community non-

profit, is available for advice on how it created and implemented its program. Contact Brad 

Buschur, (978) 974-0770,website: http://groundworklawrence.org/greenstreets.   

http://www.unh.edu/unhsc/sites/unh.edu.unhsc/files/pubs_specs_info/stormwater_guide.pdf
http://groundworklawrence.org/greenstreets



