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Objective(s) of the Research Project:The services provided by infrastructure systems include
flood control, water supply, drainage, wastewater managesw@itt,and hazardous waste
management, energy, transportation, providing constructiiti¢ador residential, commercial,
and industrial activities, communication, public health awdaation.

Even though infrastructure systems and services are désignerding to socioeconomic and
environmental conditions that are very sensitive to climatesffamples; energy and water
demands, wind and water loads) and have interrelatgacits upon each other, there have been
no major integrated assessments of the impacts dditdiohange on metropolitan infrastructure
in the US. Infrastructure systems last considerably lothger decades (some a century or more)
and provide the footprint and direction for future infrastitetand related future socioeconomic
activities and environmental quality. Hence it is importaat decision-makers understand the
short- and long-term consequences of climate change ostifteure. This includes both local
and regional decision-makers because they make most inotase-related decisions and state
and national decision-makers because they provide policy geidanc

The objectives of the research include:
. Documentation and analysis of the state of presensinfieture systems and the
socioeconomic and environmental services provided by them in sterBigletropolitan Area
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(includes the major cities of Boston and Cambridge and 99 wilneicipalities within
approximately 20 miles of Boston - land use varies from utbdéarms and open space) using
various indicators to indicate their contribution to the qualitlife in the region;

. Determination of the integrated direct and indirect inpat climate change,
socioeconomic, and technology scenarios on the future evolutiofradtructure and the
regional quality of life over time;

. Identification and importance of policies and short- lngj-term research needs for the
provision of infrastructure services that will meet stakadoheeds over time given the
uncertainties of climate and other changes; and

. Collaboration with the Metropolitan Area Planning Cou(iAPC), our local partner,

to ensure that stakeholders are involved, their concerraddressed, and the project results are
effectively communicated to them and the public at largg@bégin to engage stakeholders in
the process of preparing for potential climate change.

Summary of Findings:

The CLIMB study conducted analyses of many of the critidfaastructure systems in Metro
Boston with the major analysis tool being dynamic modelfrtheperiod 2000 to 2100 with
spatial disaggregation to seven subregions (referredzongs) of metro Boston. In most cases,
impacts were examined under one set of demographic projedtianslimate change scenarios

in addition to the present climate, and three possiblptatians responses to climate change. The
adaptation scenarios included:

* The “Ride it Out” scenario in essence assumes thatlaptation to climate change
occurs and that damages and benefits continue to octunevattempts by society to
minimize damages or maximize benefits.

* The “Green” scenario assumes conscious, sustainablensespto observed trends, as
well as pro-active or anticipatory implementation ofigiek and technologies in efforts
to counteract, and prepare for, adverse climate imp&zime of the practices might be
put in place before impacts are felt (for example, movingaats out of flood plains),
after impacts occur, or at the end of lifecycles afasfructure systems.

e The “Build Your Way Out” scenario assumes that replacemifailed systems is
undertaken and susceptible systems are protected by strnotaisures.

Systems analyzed included:

* Energy Use

* Sea Level Rise

* River Flooding

» Transportation

e Water Supply

» Public Health (heat-stress mortality)

» Localized Case Studies (Water Quality, Tall Buildirgsdge Scour)

The conclusions of each sector are summarized below.

Energy Use The summer electricity demand increases will caugative impacts in the region.
Anticipatory adaptation could alter the region’s energy demesybnse function to more
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effectively correspond with future climatic conditions viarnplad adjustments in the attributes of
temperature-sensitive infrastructure and energy technsl@gee building thermal shells, air-
conditioners, furnaces). ldentifying potential impacts forrdgion now is important because the
energy industry is extremely capital intensive and as aegomesice the flexibility of policy
induced changes in energy generation and demand trajectonighegbort and medium run is
limited. In the long run, as the capital stock naturialtyis over, building codes may be changed
to calibrate the thermal attributes of the building stoodxmected future climates. However,
such changes need to be implemented in the relativelytereaor the building stock will
become increasingly maladapted to climate. In the naar felices such as urban shade tree
planting and installation of high albedo roofs can begin to indidé thermal characteristics of
the Massachusetts energy infrastructure in order to reshagee-conditioning energy use.

Sea Level RiseQur findings on adaptation to increased storm surge impagp®s those of
others; it may be advantageous to use expensive strugtatedtion in areas that are highly
developed and take a less structural approach in lesogdedadreas and/or environmentally
sensitive areas. Our adaptation scenarios were basedalpmomaction well before 2050 or even
earlier. Besides being more cost effective, the legstsral approaches are no-regrets or co-
benefit policies, are environmentally benign, and allowenfl@xibility to respond to future
uncertain changes. While uncertainty in the expectedofegea level rise and damages makes
planning difficult, the results also show that no mattieat the climate change scenario or the
location, not taking action is the worst response.

River Flooding. Our analysis of climate change impacts on river floodingatdithat the
number of properties damaged and the overall cost of flomdgla will both double relative to
what might be expected with no climate change. The neesrs incremental impacts will occur
in the fast growing western suburbs. The likely economic magdmivf these damages is
sufficiently high to justify large expenditures on adaptatioategies such as universal flood
proofing in all flood plains. The most extensive adaptadtoategy — as incorporated in the
“green” scenario — greatly reduces the incrementatiftlamage due to climate change. In fact,
damages under the green strategy with climate changelastantially lower than might be
expected in the absence of climate change but with no aidapitraitegies.

Transportation. Increases in the frequency of extreme weather evehtsesuilt in a major
increase in delays and lost trips due to road flooding twecourse of the 2century. The
economic impact of these delays and lost trips, howeverelatésely small compared with those
of flood damages to residential, commercial and induigtra@perties. It is unlikely that
infrastructure improvements such as realignment of roadwajeinvalleys can be justified on a
cost-benefit basis. Thus, increased weather inducedsdaiaya nuisance that motorists will have
to endure as the frequency of extreme rain events iregeas

Water Supply. Under the climate change scenario with the least futeagitation and the
adaptation actions considered in the report, only by tla systems using the regional MWRA
system to supplement their supplies is it possible to miaiatcceptable local water supplies
under climate and demographic changes. Even with the higher demaitdunder BYWO, the
reliability of the regional MWRA systems remains manageabthe future under climate and
demographic changes. Since presently the MWRA is not obdigateerve all locally supplied
systems in event of temporary or permanent shortages siggtems should consider anticipating
climate and demographic changes by using adaptation actionasdeimand management and
others not analyzed in this study such as increasingamtflows through better storm water
management, increasing system storage capacity thoughaieser aquifer use, and
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considering using such water supply sources as reclaimeewedst and desalination.
Implementation of these actions has historically takeqg lead-times.

Public Health. Only impacts related to heat-stress mortality wesdyaed. There will be

slightly higher average heat-stress mortality until about 20d@r climate change compared to
the base case. From 2010 onward, mortality declines moddyrapider climate change than
without it and from approximately 2012 onward, the number of desttually declines as the
number of heat events increases. One explanation behirab#@s/ed reversal lies in the effects
that repeated events may have on a population’s adaptiagibe— the more frequent the
number of events, the more may the population be prepadmhting with it. These findings,
however, assume that current adaptation trends in the regitinue such as increases in the use
of air conditioning, and improvements in health care and th@lsarly warning systems for
individuals most prone to changes in temperature. Besidiesaiming these trends, additional
adaptations to climate change may be needed. For exahglegion has seen only few efforts
to increase the use of shade trees to decrease alfi@ase moisture retention and thus
contribute to local cooling. Similarly, little new constiioa uses materials or designs that
reduce a building’s albedo, its heating and cooling needghaedenergy consumption and
impacts on local air quality. Such engineering approachasefmre the local building stock to a
changing climate, together with appropriate zoning and trargjporiplanning could go a long
way in reducing, for example, urban heat island effedtsch may be exacerbated by climate
change. For these results to be achievable requiressapgréenvestments in all areas ranging
from health care to space cooling to smart land useekhasvpotentially drastic behavioral
adjustments of the local population. On the one hand, suchradjits will need to be large, yet
given past experience seem doable. On the other hand, theyntadymajor changes in
lifestyles in the region.

Water Quality. The localized case study found that the additional ¢cosigapt to climate

change with or without population growth are significant beeaof the high costs of extra
nonpoint source pollution management. These results point tedaeto consider the integrated
impacts of temperature, streamflow, precipitation, larg] pspulation, and water and wastewater
management in evaluating the potential impacts of clictzage upon water quality.

Tall Buildings. The localized case study of a typical tall building ietrm Boston found that if
design wind velocities increased by 30 percent over thengrigsessachusetts Building Code,
large wind induced sways potentially could cause humaomiigrt and costly architectural
damage. They could also cause cracking and spallingegfriitection materials from the surface
of steel structural members leading to reduced safgtinst fire protection. The structure may
also experience increased cracking of non-structural acthitl finishes, leading to increased
maintenance costs. In sum, the serviceability obtlikeling will be reduced. It is unknown what
the expected wind speed may be under climate changes.r&aechers only predict 3 to 5
percent by 2095, but the research does suggest some of the abditadyses that may be
necessary in the future.

Bridge Scour. The localized case study found that with increased fttiecharges in rivers,
bridge foundation scour could become a problem. One solutreirditting existing bridge
footings with riprap.

Generally, three themes emerge from these analyses: &ithetural (BYWO scenario) or less
structural (Green scenario) actions taken beforecliniate change impacts occur will result in
less expected infrastructure negative impacts to the regi@nsecond is that under many
scenarios, an effective adaptation action taken soomesilllt in less total future negative
impacts in a sector even if climate change does not deouexamples, this was found in the
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analyses of river and coastal flooding impacts and atiapt The third theme is that climate
change will significantly add to the negative impacts of agnaphic changes upon infrastructure
services in the region. This is because the region is glaesk to buildout.

Summary by Integration of Impacts and Adaptation Actions

Impacts. Theemphasis of the research was on the integration catdiand demographic
changes upon an infrastructure and on examining these imytces common framework.
Based upon the results of this research, it is also peseilexamine how impacts in one sector
will impact another sector. Ride It Out negatively imgaaftone infrastructure system in most
cases will also negatively impact the performances of atfrastructure systems. River flooding
most negatively impacts the other sectors followed byeses rise and energy supply — these are
the sectors with the largest numbers of impacts cuttingsa sectors. Water supply and water
guality are next with transportation and health followingalkth (not only including heat-stress
mortality) followed by water supply and water quality Hre sectors must impacted by other
sectors. These interactions are important becausééveythe potential to magnify any negative
impacts caused by climate change alone in a sector.

Adaptation. It was found that generally anticipatory adaptations wesst effective in lessening
the impacts of climate change. Since the sectors arediatied, adaptations to address problems
in one sector will have effects on other sectors. In stases the effects will be complementary,
but in others they may work against each other. Alhefadaptations will also have
environmental impacts other than on climate change and wil Inpader economic and social
implications. Furthermore, all of these adaptations haase impacts on our efforts to mitigate
climate change by reducing greenhouse gas emissions.

In most cases, it was found that an effective adaptatition in one sector also lessens climate
change impacts in another sector. For example, actidngptove water quality also have the
potential to improve water supply, the environment, and greenlgagsemissions. Water quality
adaptations, however, may result in increased wateageament rates.

The interactions of adaptations with other sectorsrargt widespread in the case of management
of future river flooding. Adaptations include increased udtofl proofing, retreat from flood
plains, and increased recharge rates. Retreat fromflagts will be beneficial to transport in
the sense that fewer trips will begin and end in floodeds so the impact of floods on system
performance will be less. If land use restrictions keadenser development, there will also be a
benefit in terms of less residential energy use, whichimpgrt offset the need for more air
conditioning. Retreat from flood plains (and coastal aredksalao have the environmental
benefits of less displacement of natural flora and fauttaese ecologically rich areas. These
same areas may also serve as greenways, which beitigfittion efforts. Increased recharge
rates, which actually serve to reduce the extent of floodiage very widespread benefits in
terms of improved water supply and water quality.

With the exception of the Energy and Health (as represéngtbdat-stress mortality) sectors, in
the CLIMB region effective adaptations actions taken bysawtor have the potential to improve
the service of other sectors as well as the environnmaeigl snd economic conditions and
mitigation. In order to capture these complementaritidggh level of cooperation by different
infrastructure agencies in decision-making and implemientatill be needed.

Overall Conclusions

CLIMB research provides the following major conclusions.
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Anticipatory Actions A common result of the analyses is that not taking aaptation actions
over our analysis period of 2000 to 2100 is the most ineffemsmonse. We showed in our full
dynamic analyses and it is implied from our localizeskcstudies that taking action well before
2100 results in less total adaptation and impact costetieegion. Some examples from above
include implementing both structural and nonstructural floadagement strategies before 2050
to reduce the total costs of flood mitigation and impautintaining policies to continue to
improve health care, implementing policies to encourage moergy efficient housing stock,
integrating water quality management to include land us@mabe, and treatment, and
continuing to maintain redundancy in road networks. Beeaf the integration of sectoral
impacts and adaptation actions, taking action in onersedtdenefit other sectors, particularly
in the case of flood management. Because taking actionrenitigates future impacts and in the
case of infrastructure systems requires long leaglstimur conclusion recommends against
adaptative action planning and responses taken only after inmgjacts are incurred.

Land Use

Another common theme is that, as expected, present and faihar use greatly effects the
magnitude of the impacts. This is because the distributidmegiapulation affects the location of
infrastructure and hence the impacts, but also how thddateleloped effects flood magnitudes
and losses, water quality, water availability, anghldieat island effects. Prohibition of new
development — and where possible, flood proofing or retresttisting development — in flood
zones is an example of land use regulation that can batbadecpotential damages to property
and improve hydrological conditions, thereby decreasing the segéfiboding. In general, the
threat of climate change reinforces the importanagoofl land use planning.

Environmental Impacts

Since the emphasis of the research was upon impactfastincture, impacts upon the
environment were not directly considered. Potentially sicgifi environmental impacts such as
poorer air and water quality and wetland loss could accoyngiaect impacts on infrastructure.
Generally, an adaptation action that best lessendrastinicture impact also lessens environment
impacts. It also mitigates greenhouse gas emissionscl€aeexception is expansion of air
conditioning to manage heat stress mortality.

Socio-Economic Impacts

The impact and adaptation analyses through the useiofisandicators measured some of the
socio-economic impacts of climate change on the regiomasitnficture. The incremental
damage to properties in river flood and coastal zones undecr@ased frequency of extreme
weather events is the most profound of the measurable ecomapaicts. The analyses,
however, did not capture how impacts and the possible benefitlapfation might be distributed
throughout the region by economic sector or houshold grouperdiffig in age structure, ethnic
mix, economic prosperity and other factors which may érftee an individual’s ability to adapt),
though distributional impacts clearly may exist.

Other and Hybrid Adaptation Actions
In most cases, we standardized and simplified ouysesby examining three adaptation
responses. We never intended these to include all posddpéation actions. There are many

actions that were not considered such as offshore patesttiuctures or shoreline retreat as well
as possible combinations of actions by location or hylatégbtation such as RIO in one area and
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GREEN in another. As shown, however, in the coastal flogomtjof the SLR section, and as
should be expected, hybrid adaptation strategies aretedpede more beneficial than just a
single type of response.

Some other adaptation actions not considered include:
Updating all building and design codes to the present (or eventjab future), not past, climate
Adding climate changes to the Environmental Impact AssesdPnecess

Major Technology and Lifestyle Changes such as telecommutiddhigh efficiency resource
(e.g. energy, water) using devices

Adaptation Actors and Institutions

The adaptation responses considered in this researaiequilte actions by many institutions
ranging from private citizens to the federal government.aDatysis, as well as outreach
activities, indicate that local levels of government (myuaitiiies and counties) will play an
especially critical role in adaptation. Due to the canmntarities of effective adaptation actions,
a coordinated response strategy will be necessary.

Contribution to Understanding of and Solutions for Environmental Problems

The CLIMB study is based upon the hypothesis that the tiper@nd services provided by urban
infrastructure will be impacted by climate change as #reysensitive to climate. Using various
indicators, our research has shown that compared to aovgddf just population growth, climate
change impacts are significant in many infrastructuctose We have also identified some
specific actions and policies that can be taken in the-teem future to lessen some of the
negative impacts. These actions are not intended to beadjti terms of timing, location, or

even action, but they do show that taking anticipadation wells before 2100 results in less total
adaptation and impact costs to the region than takingtioma@/e have also shown that
considering the joint or integrated effects of sectionglcts and adaptation actions is beneficial.

Through our outreach activities, we have also providedrimdtion about the research to many
stakeholders at all institutional levels and have bedunyrim informed by them about issues of
concern.

Publications/Presentations:

This is the status of material prepared to date. Sewtral publications are in preparation.

Publications

Amato, A., Ruth, M., Kirshen, P., Gute, D., Magliahb, and Horwitz, J., Potential Effects of
Climate Change on Temperature-Related Mortality in dbfmilitan Boston, in preparation.

Knee, K., Kirshen, P., Vogel, R., and Ruth, M., Optatizn of Adaptation Strategies to Sea

Level Rise in Metro Boston, in preparation for JournalMafter Resources Planning and
Management.
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Ruth, M., Kirshen, P.H., and Donaghy, K., (co-edito@)nate Change and Variability:
Consequences and Responges research conducted as part of the 1999 and 2000 EPA STAR
grant program), in preparation.

Kirshen, P.H., Wilson, C., Chudyk, W., and Ruth, M., Loragsi Climate and Socio-Economic
Change and Water Quality in the Boston Metropolitan AlteaAssabet River, submitted to the
Journal of Water Resources Planning and Management, 2004.

Knee, K., Kirshen, P.H., Vogel, R., Ruth, M., Adaptatiorsea Level Rise in Metro Boston,
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Impacts on Metro Boston, invited paper at Energy ModelirgiipSnowmass, CO, August 1-2
2002.

Kirshen, P.H., Coastal Impacts of Climate Change ondvigtiston, presentation to Meet the
Scientists Program, Tufts University, March 19, 2002.
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