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power failures due to communications interdependence with power (Jacob et al., forthcoming-
b). This section identifies the facets of climate change that will cause broadcast,
telecommunication, and power outages and thereby affect the key economic components of
the sector.

Table 8.3. Climate Change Sensitivities: Telecommunications Sector

Ice storms will damage power and telecommunication lines and poles. In December 2008,
federal disaster aid totaled more than $2 million for nine New York counties that suffered
damage from an ice storm.

Hurricanes. A slight increase in the intensity of hurricanes or storm surges will likely cause a
substantial increase in infrastructure damage (Stern, (2007) Communications in coastal areas
will be vulnerable to coastal flooding intensified by sea level rise.

Rain, wind, and thunderstorms will damage power and telecommunication lines and poles.
Riverine and inland flooding caused by intense precipitation will also threaten low-lying
Communications.

Heat. Unmet peak energy demands for air conditioning will cause power outages. This will
indirectly lead to communication outages.

Snowstorms will damage power and telecommunication lines and poles.

Electric power blackouts. Power outages are often weather related and are a leading cause for
communication outages. Risks are becoming increasingly significant as the proportion electric
grid disturbances caused by weather related phenomena has more than tripled from about 20%
in the 1990s to about 65% more recently.

8.4 Impact Costs

The costs of climate change impacts in the communications infrastructure sector are incurred
through direct damage of equipment and productivity losses (Jacob et al., forthcoming-b).
Telecommunication companies generally consider the economic data that is relevant to the
ClimAID study as proprietary information. This, coupled with the limited and often voluntary
requirements for communications operators to report service outages to the New York Public
Service Commission (Jacob et al., forthcoming-b), combined with the fact that some of this
information is not publicly accessible, makes it nearly impossible to determine the total costs of
climate impacts on infrastructure. This section presents the available costs of climate change
impacts for New York State.

Loss Estimates
Damage costs are fairly straightforward and include things such as the replacement of downed
poles and wires, etc.

Ice and Snow Storms. The ClimAID communications case study found that the total estimated
cost of a major winter storm in NY is nearly $2 billion dollars, of which nearly $900 million
comprises productivity losses (due to service interruption) and $900 million comprises direct
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damage (spoiled food, damaged orchards, replacement of downed poles and electric and
phone/cable wires, medical costs, emergency shelter costs etc.) To estimate damage and
economic productivity losses, the case study used the number of people affected and the
number of customers restored per number of days until restoration. It also used New York
State’s average-per-person contribution to the state’s gross domestic product ($1.445 trillion
per year per 19.55 million people equals about $58,600 per person per year, which is equal to
$160.50 per person per day). Losses to the state’s economy were approximated at about $600
million in the first 10 days, $240 million between days 10 and 20, and $60 million in the
remaining time from days 20 to 35. In total, this amounts to about $900 million ($0.9 billion)
from productivity losses alone (Jacob et al., forthcoming-b, Economic Impacts of a Blackout
Case Study).

Federal aid for New York State ice storms: During an April 3-4, 2003 ice storm affecting western
New York State, 10,800 telecommunications outages were reported. It took 15 days from the
beginning of the storm to return conditions to normal. More than $15 million in federal aid was
provided to help in the recovery (Jacob et al., forthcoming-b).

Federal disaster aid topped $2 million for the nine New York counties that suffered damages
from the December 2008 ice storm. The aid for these counties and to the State of New York
was (Jacob et al., forthcoming-b):

e Albany County - $295,675

¢ Columbia County - $123,745

e Delaware County - $324,199

* Greene County - $203,941

¢ Rensselaer County - $203,079

e Saratoga County - $166,134

e Schenectady County - $300,599
e Schoharie County - $324,569

¢ Washington County - $173,393
e State of New York - $ 10,070

Additional impact costs of ice storm events outside New York State include:

e Between 1949 to 2000, freezing rain caused more than $16.3 billion in total property
losses in the United States (Changnon 2003; Jacob et al., forthcoming-b).

e The estimated cost of the 1998 ice storm that hit Northeastern US and Canada caused
damages in Canada alone totaling (U.S.) $5.4 billion. In Quebec, telephone service was
cut off to more than 158,500 customers. Several thousand kilometers of power lines and
telephone cables were rendered useless; more than 1,000 electric high-voltage
transmission towers, of which 130 were major structures worth $100,000 each, were
toppled; and more than 30,000 wooden utility poles, valued at $3,000 each, were
brought down. 28 people died in Canada, many from hypothermia, and 945 people



Annex Il e Telecommunications 109

were injured (Environment Canada). More than 4 million people in Ontario, Quebec and
New Brunswick lost power. About 600,000 people had to leave their homes. By June
1998, about 600,000 insurance claims were filed totaling more than $1 billion (Jacob et
al., forthcoming-b).

Productivity loss is slightly more complicated but can be estimated in terms of potential
business that would have been done under normal circumstances. For example, the New York
Clearing House processes up to 26 million transactions per day for an average value of $1.5
trillion (NYCEDC, DolTT, & DSBS, 2005); if the communications infrastructure is down then this
business productivity loss is an impact cost of climate change.

8.4 Adaptation Costs

There are two types of adaptations in infrastructure: (1) modifications in the operations of
infrastructure that is directly affected by climate change, and (2) changes in infrastructure
needed to support activities that cope with climate sensitive resources (UNFCCC, 2007, p. 121).
This section deals with the latter and presents the costs of climate change adaptation strategies
for communications infrastructure in New York State.

Rapid changes in technology and intra-industry competition drive the constantly evolving
communications sector, allowing for a planning horizon of only 10 to 20 years. Therefore
adaptation to climate change will not bear significant costs if it is incorporated into the existing
communications plans. It has been determined that for every $1 spent in public disaster
mitigation there is a savings of $4 in non-incurred disaster losses (Jacob et al., forthcoming-b).
Following this reasoning, proactively modifying communications infrastructure to adapt to
climate change will benefit the sector.

Proposed adaptations to ensure a higher level of reliability in the sector include the following
(Jacob et al., forthcoming-b):

e Move wired communications from overhead poles to buried facilities

e Emergency power generators and strategies for refueling generators

e Standardization of power systems for consumer communication devices

e Diversification of communication media

e Natural competition between wired and wireless networks

e Develop alternate technologies (free space optics, power line communications, etc.)

Costs are available for several specific adaptations proposed in NYC’s telecommunications
Action Plan:

e |t will cost an average of $250,000 per building in lower Manhattan to bolster resiliency
by having (1) two or more physically separate telecommunication cable entrances, (2)
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carrier-neutral dual risers within buildings, and (3) rooftop wireless backup systems
(NYCEDC, DolTT, & DSBS, 2005, p. 33).

e It will cost approximately $10 million to develop a rooftop wireless backup network in
lower Manhattan to ensure that the building’s tenants could move data in the event
that landline communications are disrupted (NYCEDC, DolTT, & DSBS, 2005, p. 37).

Some additional examples of adaptation costs in NY include:

e Recently, the federal National Telecommunications and Information Administration
awarded a $40-million grant for the ION Upstate New York Rural Initiative to deploy a
1,300-mile fiber optic network in upstate regions as part of the federal government’s
broadband stimulus program (Jacob et al., forthcoming-b).

Initial analysis determined that 62 percent of telephone central offices in New York State have
geographic diversity (the ability to transmit/receive signals from one location to another via
two distinct and separate cable routes), while 38 percent of do not. Company estimates
determined that the cost to provide geographic diversity to all remaining offices was
approximately $174 million. The Public Service Commission performed a critical-needs analysis,
which concluded that 40 percent of the non-diverse central offices could be equipped with
geographic route diversity at a significantly lower total cost of about $13.3 million. Following
this recommendation, 77 percent of central offices have now achieved geographic route
diversity, covering 98 percent of the total lines in New York. This enhanced route diversity of
outside cable facilities substantially increases access to emergency services, overall network
reliability and the resiliency of telephone service during emergency situations.

8.5. Summary and Knowledge Gaps

From the standpoint of improving the ability of planners to do economic analysis of the costs of
climate change impacts and adaptations in the communications sector, there are many
knowledge gaps to which resources can be directed. These include:

e There is a need for comprehensive data bases showing the locations and elevation of
installed communications facilities as well as other details. These data bases will have to
be secure, but accessible to qualified researchers.

e From locational data as above, assessment need to be completed of vulnerability of
infrastructure components to coastal and inland flooding.

e Within the monitoring systems that should be developed for climate analysis, wind
records in relation to communications systems should be included.

e Asclimate changes, the important of public access to outage information will increase.

e Public health aspects of communications infrastructure should continue to be
monitored.
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Technical Notes - Telecommunications Sector

Impact: Communications outage from a 1-in-50 year winter storm

Adaptations: Develop a wireless backup network in New York City and construct a fiber optic
broadband network in Upstate New York

Annual costs of current and future climate hazards without climate change:
1. Annualize the total storm cost given by ClimAID Telecommunications Chapter 10 based
on the 1-in-50 year storm ($2,000M/50=540M).
2. Project out annualized S40M baseline cost to 2100 accounting for the 2.4% growth in
GDP (Baseline: $40M, 2020s: $72M, 2050s: $147M, 2080s: $300M).

Annual incremental costs of climate change impacts without adaptation:
3. Assume a 10% and 20% increase in baseline costs associated with an increase in storm
frequency due to climate change.

Annual costs of Adaptation:

4. Estimate from the annual cost for a rooftop wireless backup network assuming 10-year
lifespan (S10M/10 = S1M). Multiply this cost by 3 to scale up to the city level
(representing two other concentrated areas in the city, Midtown Manhattan and
Downtown Brooklyn).

5. Estimate the annual cost for fiber optic network assuming 40-year lifespan ($40M/40 =
is $1M).

6. Add the totals from steps 4 and 5 for a total annual adaptation cost of $4M.

7. Projected out the costs of adaptation (54M) to 2080 based on 2.4% GDP growth (2020s:
S6M; 2050s: $12M; 2080s: $24M)

Annual benefits of adaptation:

8. Based on the Multi-hazard Mitigation Council finding that “for every $1 spent in public
disaster mitigation there is a savings of $4 in non-incurred disaster losses” (Multihazard
Mitigation Council 2005a; Jacob et al., forthcoming-a), take the annual adaptation cost
of $4M and multiply it by 4 to find the savings in non-incurred disaster losses (=$16M).

9. Projected out the savings from adaptation ($16M) to 2100 based on 2.4% GDP growth
are as follows: 2020s: $23M; 2050s: $47M; 2080s: S95M
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9 Public Health

Climate change is anticipated to have widespread and diverse impacts on public health. On the
whole these impacts will be negative, with the exception of a potential reduction in cold-
related health outcomes (Parry et al, 2009, p.108). Maintenance of public health is critically
linked with other sectors, particularly water resources and energy. In many cases, adaptation to
climate change within other sectors is as important as the enhancement of conventional public
health programs for reducing the health impacts of climate change. Appropriate adaptation in
these other sectors will insure that the public health costs of climate change will be
manageable (Kinney, 2010). Taking steps to prepare for climate related hazard events, to
maintain grid reliability during heat waves, to secure food and water supplies, and to
implement infrastructure improvements will significantly reduce the impacts of climate change
on public health (Parry et al, 2009, p.52).

PART I. KEY ECONOMIC RISKS AND VULNERABILITIES AND BENEFIT-COST ANALYSIS
FOR PUBLIC HEALTH

Key Economic Risks and Vulnerabilities

This section identifies climate-related changes that will have significant potential costs for the
public health sector. Table 9.1 identifies the climate variables that are likely to impact some of
the key facets of the public health sector with the projected economic impact by mid-century.
Based on existing data, it is possible to develop rough, provisional estimates of the direct
climate-change related costs for some facets of the public health sector, including costs
associated with loss of life due to extreme heat and hospitalizations due to asthma. For other
types of impacts including the potential costs associated with emergent, vector-borne diseases
and water-borne illnesses, costs are currently unknown. The mid-century estimate of total
impact costs of between roughly $3 and $6 billion dollars is an estimate of some of the critical,
potential costs associated with mortality and hospitalization as the result of climate change
(without adaptation). Other types of impacts may amount to several hundred million or more
per year in additional costs.

Many climate change related threats to public health can be substantially reduced or even
eliminated with preventative measures and adaptations such as heat wave warning programs,
asthma awareness and treatment programs, and development of new vaccines for emergent
vector-borne diseases. Other impacts can be reduced via appropriate adaptations action within
other sectors such as maintenance of water quality to protect residents from water-borne
iliness. Table 9.1 provides mid-century estimates of costs associated with heat warning systems
and asthma prevention programs, and also describes qualitatively a number of other types of
potential adaptation costs that may be incurred with climate change.
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precursors (Kinney 2008). The costs associated with such hospitalizations are estimated to
exceed $600 million today. Without climate change, these costs will increase over the next
century, approaching $3.2 billion by the 2080s. Climate change is expected to increase the
number of asthma related hospitalizations due to increased levels of ambient ozone and an
increase in the severity and length of the pollen season. The above analysis estimates costs
associated with increased ozone-related hospitalizations in the state under climate change
based on Bell et al. (2007). Results suggest that climate change will lead to additional annual
costs in the ranges of $2 to $11 million in the 2020s, $10 to $58 million in the 2050s, and $32
to $193 million by the 2080s. Adaptation may reduce these costs somewhat. In Table 9.2, we
estimate the benefits associated with implementation of an asthma intervention program
similar to the New York State Healthy Neighborhoods Program, which was found to reduce
asthma hospitalization rates by approximately 24 percent within eight counties in New York
State (Lin et al. 2004). The benefits of adapting monetarily increase in the future and eventually
outweigh the costs of asthma intervention programs.

PART Il. BACKGROUND

9.1 Public Health in New York State

The public health sector in New York State encompasses disease prevention and the promotion
of healthy lifestyles and environments, as well as clinical medicine and the treatment of sick
people. Within the state, 99% of health care spending is currently allocated to medicine while
approximately 1% is spent on the public health system (Kinney, 2010). The county-based public
health system in New York State is highly decentralized with non-uniform provision of its core
services. According to the New York State Public Health Council, this decentralization of the
public health service delivery system is a key obstacle for climate health preparedness (Kinney
et al., forthcoming).

State GDP and Employment

The size of the public health sector is roughly reported in the official state GDP figures issued by
the U.S. Bureau of Economic Analysis. The NAICS classification for public health is Health Care
and Social Assistance, excluding Social Assistance, and the subsidiary parts are: Ambulatory
Health Care Services, and Hospitals and Nursing and Residential Care Facilities. Employing
more than 1.3 million people, the Health Care and Social Assistance industry accounted for 7%
of the total state GDP in 2008 (New York State Department of Labor, 2008). For the 2008
current dollar state GDP figures, New York State GDP was $1.144 trillion; of this total, $82.580
billion was in the Public Health sector (United States Department of Commerce Bureau of
Economic Analysis, 2009). See Table 9.3.
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Table 9.3. 2007 New York State Census Data for Health Care and Social Assistance

. # Of establish- | # Of paid HETE) AULTEL
Type of care/assistance P Ao revenue payroll
($1,000) ($1,000)
Health care and social assistance | 53,948 1,326,039 | 128,595,239 | 54,422,381
Ambulatory health care services 38,284 439,960 46,191,651 | 18,512,293
Offices of physicians 17,279 134,142 21,801,478 | 8,589,789
Offices of dentists 9,101 50,896 6,124,859 1,993,816
Offices of other health
practitioners 8,071 34,808 3,037,320 1,080,660
Outpatient care centers 1,454 43,522 4,330,922 1,875,468
Medical and diagnostic
laboratories 924 16,433 2,967,253 999,220
Home health care services 944 144,246 6,432,091 3,444,280
Other ambulatory health care
services 511 15,913 1,497,728 529,060
Hospitals 278 416,273 54,026,089 | 23,216,717
General medical and surgical
hospitals 216 368,682 48,395,169 | 20,465,979
Psychiatric and substance
abuse hospitals 44 25,258 2,073,753 1,220,277
Other specialty hospitals 18 22,333 3,557,167 1,530,461
Nursing and residential care
facilities 5,048 237,061 15,820,321 | 7,160,538
Nursing care facilities 651 128,310 9,432,676 4,263,973
Residential mental health
facilities 3,316 64,872 3,627,477 1,737,770
Community care facilities for
the elderly 655 26,992 1,703,565 619,091
Other residential care facilities | 426 16,887 1,056,603 539,704
Social assistance 10,338 232,745 12,557,178 | 5,532,833
Individual and family services | 4,122 131,331 7,005,336 3,275,727
Emergency and other relief
services 1,059 18,401 2,164,252 563,746
Vocational rehabilitation
services 492 21,184 1,052,240 484,654
Child day care services 4,665 61,829 2,335,350 1,208,706

Health Care Expenditures

Source: United States Census Bureau 2010b

Billions of dollars are spent each year on the prevention and treatment of mortality and
morbidity. In 2004, health care expenditures in New York State totaled approximately $126
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billion (The Kaiser Family Foundation, 2007). Hospital care and professional medical care
services accounted for over 50% of these health care expenditures statewide. See Table 9.4.

Table 9.4. Distribution of Health Care Expenditures (in millions), in 2004

NY % NY S US % uss
Hospital Care 36.10% $45,569 37.70% $566,3886
Physician and Other Professional
Services 23.20% $29,230 28.20% $446,349
Drugs and Other Medical
Nondurables 14.10% $17,722 13.90% $222,412
Nursing Home Care 10.60% $13,364 7.40% $115,015
Dental Services 4.30% $5,445 5.20% $81,476
Home Health Care 4.80% $6,021 2.30% $42,710
Medical Durables 1.30% $1,685 1.50% $23,128
Other Personal Health Care 5.60% $7,040 4.00% $53,278
Total 100.00% $126,076 | 100.00% $1,551,255

Source: The Kaiser Foundation, 2007

9.2 Key Climate Change Sensitivities

Climate change is compounding existing vulnerabilities within New York State’s public health
sector. Changes in temperature, precipitation and sea level are anticipated to have adverse
effects on air quality, disease and contamination, and mental health. Table 9.5 specifies which
facets of climate change will impact the key economic components of the public health sector.

See Kinney et al., forthcoming, for additional details.

Table 9.5. Climate Change Sensitivities: Public Health Sector (see Kinney et al., forthcomin;

q

2)

Increases in mean temperature will affect air quality and the spread of disease and
contamination

Increases in extreme heat events will contribute to more heat related deaths and air
quality problems

Increases in mean precipitation will impact air quality, the spread of disease and
contamination, and food production

Increases in storm surges and coastal flooding will contribute to mental health issues and
the spread of disease and contamination

Decrease in soil moisture could lead to greater risk of wildfires, which place residents at
risk.

9.3 Impact Costs

Impact and adaptation costs in the public health sector are heavily interrelated. The level of
impact is dependent upon preparedness, and adaptation strategies undertaken are dependent
upon the type and severity of the impact. The following section presents costs associated with
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most common health vulnerabilities within New York State: heat waves, asthma and allergies,
storms and flood, vector borne and infectious diseases, and food and water supply. Impact
costs can be divided into three categories: morbidity, mortality, and lost productivity.

Although many aspects of public health are not easily quantifiable, the Environmental
Protection Agency has approximated the value of a statistical life to be $6.9 million (See Kinney
et al., forthcoming, “Economic Impacts of Mortality due to Heat Waves” for more information
on estimating the value of a statistical life.) Other studies use substantially lower values. For
this study, we used a range of estimates from $1.0 million to $6.9 million for the value of a
statistical life.

Temperature-Related Deaths

Heat Waves. Heat waves are the leading cause of weather related deaths in the US and are
anticipated to increase in magnitude and duration in areas where they already occur (Kalkstein
& Greene, 1997; Knowlton et al. 2007). Heat events also lead to an increase in hospital
admissions for cardiovascular and respiratory diseases (Lin et al. 2009). Without adaptation in
New York State, there will likely be a net increase in morbidity and mortality due to heat waves.
Fewer cold days should lower the number of cold-related deaths; however, new heat related
deaths would outnumber these lives saved. The heat wave threat however may be a near term
problem as it is expected that most homes will be climate controlled by the second half of this
century. Adaptation costs will include air conditioning, but there is also a trend of increased air
conditioning use in New York State (Kinney, 2010). This section presents various impact costs
for heat waves that have occurred in other areas. Table 9.2 above contains estimates for heat
impact costs in New York City.

Table 9.6 provides a summary of the costs associated with major heat waves that occurred in
the U.S. over the past 30 years. Costs per heat event range from $1.8 billion to $48.4 billion

(Kinney et al., forthcoming).

Table 9.6. Costs for Major Heat Waves in the United States, 1980-2000

Year Event Type Region affected Ve e Deaths
Damage Costs

2000 |[Severe drought & |South-central & S4.2B 140
persistent heat southeastern states

1998 [Severe drought & [TX/ OK eastward to the |$6.6-9.9 B 200
persistent heat Carolinas

1993 |Heat wave/ drought [Southeast US S1.3B 16

1988 |Heat wave/ drought [Central & Eastern US S6.6B 5000-10,000

1986 |Heat wave/ drought (Southeast US $1.8-2.6B 100

1980 |Heat wave/ drought |Central & Eastern US S48.4B 10,000
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Additional impact costs of extreme heat events outside New York State include:

® The number of premature deaths linked with hot weather events in Canada has been
reported as 121 in Montreal, 120 in Toronto, 41 in Ottawa, and 37 in Windsor. The
value per premature death, based on lost earning potential, is estimated at $2.5 million.
These cities are spending an additional $7 million per year on health care (Kinney et al.,
forthcoming).

Concerning hospital admissions and extreme heat, Lin et al. (2009) found increased rates of
hospital admissions for both cardiovascular and respiratory disorders in New York City. These
effects, which were investigated for summer months between 1991 and 2004 were especially
severe among elderly and Hispanic residents. As discussed in the Energy chapter, extended heat
events may also be associated with increased likelihood of blackouts, with compounding effects
on public health. In a study of the health impacts in New York City of the 2003 blackout, Lin et
al. (2010) found that the blackout event had a stronger negative effect on public health than
comparable hot days. In particularly, the study found that mortality and respiratory hospital
admissions increased significantly (2 to 8 fold) during the blackout event (Lin et al. 2010).

Cardiovascular Disease. Extreme temperature events have been linked to higher rates of
premature death and mortality among vulnerable populations, including children, elderly, and
people suffering from cardiovascular or respiratory conditions (Kinney et al., forthcoming).
Cardiovascular disease is a predisposing factor for heat related deaths because it can interfere
with the body’s ability to thermoregulate in response to heat stress (Kinney et al., forthcoming).
Table 9.7 includes information on the costs of treating and suffering from cardiovascular
disease. Nearly $16 billion was spent on cardiovascular disease in New York State in 2002. This
number will likely increase as temperatures continue to climb.

® The costs associated with treating CVD and stroke in the U.S. in 2009 were expected to
exceed $475 billion, with estimates of direct costs reaching over $313 billion. Although not
all such costs are related to extreme heat events, CVD prevalence is likely to be exacerbated
during such periods, thereby putting additional strain on the Public Health System and its
efforts to reduce CVD incidence. Costs are projected to increase in future decades, as the
size of the elder population is also expected to grow. (Kinney et al., forthcoming). As noted
earlier, nearly $16 billion was spent on cardiovascular in 2002 disease in New York State
alone.
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Table 9.7. New York State Costs for Cardiovascular Disease, 2002 (in Millions of dollars)

Coronary Congestive | Total
Heart Heart Cardiovascular
Type of Cost Disease Stroke Failure Disease
Direct Costs
Hospital/Nursing Home $3,751.20 $1,189.20 | $828.10 $6,120.90
Physicians/Other
Professionals $771.80 $116.50 $86.00 $1,451.40
Drugs/Other $0.00 $0.00 $0.00 $0.00
Medical Durables $556.40 $38.80 $107.60 $1,543.60
Home Health Care $143.60 $150.50 $129.10 $567.90
Total direct expenditures S5,223 $1,495.00 | $1,150.80 $9,683.80
Indirect Costs
Lost Productivity/Morbidity | $753.80 $271.80 NA $1,499.90
Lost Productivity/Mortality | $4,056.30 $631.00 $96.80 $4,795.80
Total indirect expenditures $4,810.20 $902.90 $96.80 $6,295.70
Grand Totals $10,033.20 | $2,397.90 | $1,247.60 $15,979.50

Source: http://www.nyhealth.gov/diseases/cardiovascular/heart_disease/docs/burden_of_cvd_in_nys.pdf

Asthma and Allergies

The spending on asthma, allergies, and respiratory problems in New York State is anticipated to
increase with climate change (Kinney, 2010). Current spending on asthma in the U.S. is on the
order of $10 billion per year. Within New York State, spending on asthma-related
hospitalizations exceeded $535 million in New York State in 2007 (NYSDOH 2009). As described
in Table 9.2 and below, asthma hospitalization costs may increase as the result of higher levels
of ambient ozone with climate change. Asthma-related spending is also likely to increase as
heat, higher levels of CO,, increased pollen production, and a potentially longer allergy season
(or shift in the start date of the season) may increase cases of allergies and asthma in New York
State (Kinney, 2010).

Vulnerable populations, including children and the elderly, poor, and those with predisposing
health conditions, face the greatest threats and therefore costs. Consider, for example, the
costs of childhood asthma. Children are among those most vulnerable to the public health
impacts of climate change. One study found that the average per capita asthma-related
expenditures totaled $171 per year for US children with asthma -- $34 for asthma prescriptions,
$31 for ambulatory visits for asthma, $18 for asthma ED visits, and $87 for asthma
hospitalizations. Average yearly health care expenditure for children with asthma were found
to be $1129 per child compared with $468 for children without asthma, a 2.8-fold difference
(Lozano et al, 1999). Within New York State, the cost for asthma hospitalizations for children
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15 and under between 2005 and 2007 exceeded $317 million (NSYDOH, 2009). Such costs are
likely to increase as the result of climate change.

Ambient Ozone

Many areas within New York State do not meet the health-based National Ambient Air Quality
Standards for ozone. Surface ozone formation is anticipated to increase with climate change,
as a result of changing airmass patterns and rising temperatures (the latter leads to an increase
in the emissions of ozone relevant precursors from vegetation) (Kinney 2008). Unhealthy levels
are reached primarily during the warm half of the year in the late afternoon and evening.
Asthmatics and people who spend time outdoors with physical exertion during high ozone
episodes (i.e. children, athletes, and outdoor laborers) are most vulnerable to ozone and
respiratory disease because of increasing cumulative doses of ozone to the lungs (Kinney et al.,
forthcoming). Recent estimates by Knowlton et al. (2004) and Bell et al. (2007) indicate that
climate change is likely to cause significant increases in both asthma hospitalizations and
asthma mortality in New York City. Knowlton et al. (2004) project a median increase in asthma
mortality of 4.5 percent for the New York Metropolitan region by 2050. Bell et al. (2007) project
an increase of 2.1 percent average in asthma hospitalizations across all U.S. cities included in
the study. At the 95 percent confidence level, Bell et al.’s (2007) estimates range from .6% to
3.6%. This range of values is used in Table 9.2 above.

Storms and Floods

Storms and coastal and inland flooding will result in the loss of lives and property, as well as
cause physical injury, mental distress, and the spread of disease and contamination. More
intense storms are anticipated to disrupt energy and communication infrastructure, which will
adversely impact public health as the sector has recently become increasingly dependent on
high-quality, high-speed telecommunications (NYCEDC, DolTT, & DSBS, 2005, p. 9).

Emergency preparedness and response are crucial components of the public health sector and
its ability to forewarn and respond to extreme storms. More extreme events may require
better and more extensive emergency response systems, particularly with respect to coastal
storms and flooding and ice storms. There will be costs associated with protecting the public
from injury and death as the result of more frequent extreme events. The state currently has
emergency response systems in place, e.g. DOT, to keep sectors running smoothly during and
after storms. These systems will need to be expanded to deal with more frequent and severe
extreme events (Kinney, 2010).

Vector-Borne and Other Infectious Diseases

Changes in temperature and precipitation will affect the patterns of vector-borne and other
infectious disease in New York State, likely increasing the incidence of West Nile and Lyme
Disease. This may require more spending on pest management and vaccinations and
enhancement of existing surveillance programs.

Arthropod vectors, transmitters of infectious disease, are extremely sensitive to climate change
because population density and behavior are correlated with ambient air temperature,
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humidity, and precipitation. West Nile Virus and Lyme Disease are particularly prevalent in
New York City, Long Island, and Hudson Valley due to favorable climate conditions for vectors
(Kinney et al., forthcoming), and human exposure is generally expected to increase as New York
State gets wetter and warmer (Kinney et al., forthcoming).

Water Supply and Food Production

The increased cost of water treatment to ensure public health safety in the face of more
extreme storm events (e.g. cost of treating additional turbidity) will likely become one of the
most significant economic costs within this sector (Kinney, 2010). See also Chapter 2: Water
Resources and Chapter 5: Agriculture for a more complete discussion of the economic costs
associated with maintaining a secure and reliable supply of water and food.

9.4 Adaptation Costs

Adaptations are wide-ranging and constantly evolving in the public health sector. Cost are
incurred through measures to improve the health protection system to address climate change,
introduce novel health interventions, meet environmental and health regulatory standards,
improve health systems infrastructure, occupational health, research on reducing the impact of
climate change, and the prevention of additional cases of disease due to climate change (Parry
et al, 2009, p.53).

Because climate change in New York State will mainly alter the frequency of existing health care
problems, public health and environmental agencies in New York State are already involved in
activities that address climate change vulnerabilities. The most effective adaptation strategy
will be to further integrate climate change information into ongoing public health surveillance,
prevention, and response programs. Additional investment should be made in comparative
health risk assessments, environmental monitoring and reporting, communication and
information dissemination, and environment-health crosscutting initiatives. This section
discusses potential costs of adaptation to climate change in the public health sector in New
York State. While some of adaptation measures and costs described below are based on studies
of New York State, others are based on studies conducted in other states in the Northeast or in
other parts of the United States. Additional, detailed analysis of the feasibility and costs of
these measures is needed to ensure that they would be appropriate and effective in New York
State.

Temperature-Related Deaths

Heat Watch/Warning Systems. Early warning systems for extreme heat events are an effective
method to reduce heat-related morbidity and mortality. One example of an effective program
that may apply to New York is that The Philadelphia Hot Weather—Health Watch/Warning
System (PWWS). PWWS was developed in 1995 to serve as an early warning system for
extreme heat events. Ebi et al.’s 2004 study examined the costs and benefits of the system and
concluded that if any lives are saved, then the system has significant benefits. The VSL for even
one life is greater than the cost of running the system. These findings are based on the
additional wages required to pay workers to run the system, totaling around $10,000 per day.
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Over a three-year period between 1995 and 1998, the City of Philadelphia issued 21 alerts, and
costs for the system were estimated at $210,000. The value of 117 lives saved over the same
time period were estimated to be $468 million; therefore the net benefits of the issued heat
wave warnings were estimated to be nearly $468 million for the three-year period (Ebi et al,
2004; Kinney et al., forthcoming). In Table 9.2 above, results from the Ebi study are used to
develop estimates of adaptation costs and benefits of a similar heat wave warning system for
New York State.

Air Conditioning and Cooling Centers

Expanded use of air conditioning is another important adaptation to extreme heat. As
described above, New York City has initiated a program to provide free air conditioners to
elderly residents who are unable to afford them at a program cost of approximately $1.2
million for each year 2008 and 2009. The program entailed distribution of approximately 3000
air conditioning units to residents over 60 years old (Sheffield, 2010). Substantial expansion of
this type of program may be needed to foster adaptation to climate change, given that high
number of at-risk seniors not only in New York City but throughout the state. As noted, other
on-going efforts to reduce heat related mortality in New York include development of a
network of cooling centers to help residents cope with extreme heat.

Asthma Prevention

Prevention of asthma hospitalizations is a priority for New York State (New York State
Department of Health 2005). One option for prevention of asthma hospitalizations entails
implementation of a statewide program similar to the New York State Healthy Neighborhoods
Program. In this program, which was implemented in eight New York counties between 1997
and 1999, outreach workers initiated home visits and also provided education about asthma,
asthma triggers, and medical referrals. The program was found to reduce asthma
hospitalization rates by approximately 24 percent within eight counties in New York State (Lin
et al. 2004). Such a program may help reduce additional hospitalizations as the result of climate
change.

Vector-Borne and Other Infectious Diseases

Vector Control. Without adaptation, cases of West Nile virus may increase in New York State.
One potential adaptation option is aerial spraying to control mosquito populations. The
benefits of this type of spraying have been found to outweigh the costs in other parts of the
country. For example, 163 human cases of West Nile virus (WNV) disease were reported during
an outbreak in Sacramento County, California in 2005. Emergency aerial spraying was
conducted by the Sacramento-Yolo Mosquito and Vector Control District In response to WNV
surveillance indicating increased WNV activity. The economic impact of the outbreak included
both vector control costs and the medical cost to treat WNV disease. Approximately $2.28
million was spent on medical treatment and patients' productivity loss for both West Nile fever
and West Nile neuroinvasive disease. Vector control costs totaled around $701,790 for spray
procedures and worker’s overtime hours. The total economic impact of WNV was $2.98 million.
A cost-benefit analysis indicated that only 15 cases of West Nile neuroinvasive disease would
need to be prevented to make the emergency spray cost-effective (Barber et al, 2010).
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Vaccination. Another option for adapting to increased threats of vector-borne disease entails
vaccination programs. Such programs can be a cost-effective means to reduce the public health
impacts of climate change. An evaluation of the cost effectiveness of vaccinating against Lyme
disease in Atlanta, GA revealed that there may be substantial economic benefits from
vaccination. Within the study, a decision tree was used to examine the impact on society of six
key components, including the cost per case averted. Assuming a 0.80 probability of diagnosing
and treating early Lyme disease, a 0.005 probability of contracting Lyme disease, and a
vaccination cost of $50 per year, the mean cost of vaccination per case averted was $4,466.
Increasing the probability of contracting Lyme disease to 0.03 and the cost of vaccination to
$100 per year, the mean net savings per case averted was found to be $3,377. Because most
communities have average annual incidences of Lyme disease <0.005, economic benefits will be
greatest when vaccination is used on the basis of individual risk, especially for those whose
probability of contracting Lyme disease is >0.01 (Meltzer et al, 1999, p. 321-322).

In addition to known diseases such as West Nile virus, climate change may also bring emerging
diseases to New York State, or lead to the introduction of diseases that are present in more
tropical climates. There will be a need to monitor for new diseases as part of the public health
system (Kinney, 2010). Options for treatment or prevention of these new diseases will be an
important public health priority.

9.5 Summary and Knowledge Gaps

The public health system in New York State is highly decentralized and county-based, with non-
uniform provision of its core services. According to the state’s Public Health Council, this
decentralization of the public health service delivery system is a key obstacle for climate health
preparedness (Kinney et al., forthcoming). Adaptations within this sector will help lessen the
impacts of climate change on resident’s health and investment in preparedness infrastructure
will also enhance the effectiveness of the day-to-day operations of the public health system
(Kinney et al., forthcoming).

Knowledge gaps and areas for further action include:

e Additional monitoring of emergent diseases and development of effective options for
treatment and vaccination;

® Additional monitoring of threats to food and water supplies and development of
appropriate strategies to reduce these threats;

® Expansion of emergency preparedness planning throughout the state in order to prepare
for more frequent and severe extreme climate events;

® Expansion of community-based public health warning systems for extreme heat; and
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® Expansion of programs to reduce asthma-related hospitalizations.

Maintenance of public health is linked with other sectors and adaptation within other sectors is
likely to be as important as the enhancement of conventional public health practices for
reducing the health impacts of climate change. That is, if we take care of adaptation in these
other sectors, then the public health costs of climate change will be manageable (Kinney,
2010). Particularly, disaster mitigation, food and water security, and infrastructure
improvements will significantly reduce the impacts of climate change on public health (Parry et
al, 2009, p.52).
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Technical Notes — Public Health Sector
Impact: Heat-related deaths
Adaptation: Create a heat watch/warning system similar to Philadelphia

Assumptions

From ClimAID Ch. 11 Case Study, “Projecting Temperature-Related Mortality Impacts in
New York City under a Changing Climate”

Based on a 2.4% GDP growth rate (United States Department of Commerce Bureau of
Economic Analysis, nd.)

$7.4 million ($2006), Environmental Protection Agency (EPA) Value of a Statistical Life
(VSL) (USEPA 2000, 2010). (The use of the EPA value for VSL was suggested by the New
York State Department of Health).

30X to 604 temperature-related deaths per year for New York County (Kinney et al.,
forthcoming; and Kalkstein and Greene 2007)

Calculated based on the findings of Ebi, et al., 2004 study of the Philadelphia Hot
Weather — Health Watch/Warming System (PWWS) that estimated the system saved
117 lives between 1995 and 1998

Based on 2000 population data for New York County (Manhattan) (1,537,195) and
Philadelphia County (1,517,542) (United States Census Bureau, 2000a)

Based on average costs to run the PWWS. Actual expenses vary from year-to-year.

Annual costs of current and future climate hazards without climate change:
1. Project out the $7.4M VSL ($2006) to 2080 using a 2.4% GDP growth rate to find the VSL

for 2020, 2050, and 2080.

Using these VSL projections, estimate future costs of lives lost by multiplying the
respective values by the projected number of lives lost in New York State due to
temperature-related deaths per year under both the low and high scenario to find the
totals.

Annual incremental costs of climate change impacts without adaptation:
3. Multiply the heat-related mortality projections under climate change in the ClimAID

chapter figures by the respective future VSL estimates to find the projected costs of
climate change -related deaths.

Annual benefits of adaptation:
4. Based on the estimated number of lives saved from the Philadelphia Hot Weather-

Health Watch/Warning System (PWWS) over a three-year period (117), find the annual
lives saved by dividing by 3 (39). In order to ascertain what percentage of the
population was saved by PWWS, divide number of lives saved per year (39) by the total
population of Philadelphia County (1,517,542) (0.0026%).

Using this percentage, estimate the total number of New York City deaths that could be
saved by a similar system. Assuming that twice the New York County population is
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vulnerable to temperature-related deaths, multiply 0.0026% by twice the New York
County population: (0.0026% x (2 x 1,537,195)) = 79.

6. To find economic benefit from the number of lives saved, multiply the future VSL
estimate (step 1) by the estimated number of lives saved in New York City (79 from step
8).

7. Project this benefit out to 2080 using the 2.4% GDP growth rate.

Annual costs of adaptation:

8. The PWWS study that found it cost approximately $210,000 to run the system over 3
years. Therefore the average annual cost of the system is $70,000 (=5210,000/3). Find
the per person annual cost of the PPWS by dividing the annual cost by the number of
people in Philadelphia County ($70,000/1,517,542=50.05).

9. Find the annual cost to NYC by multiplying the estimated vulnerable population (step 8)
by the annual per person cost to run the system (step 12) (3,074,390 x $0.05=5141,813).

Impact: Cold-related deaths
Adaptation: None

Assumptions
e From Kinney et al. (forthcoming) Case Study, “Projecting Temperature-Related Mortality
Impacts in New York City under a Changing Climate”
e Based on a 2.4% GDP growth rate.
e $7.4 million (52006) Environmental Protection Agency (EPA) Value of a Statistical Life
(VSL) (USEPA 2000, 2010).

Annual costs of current and future climate hazards without climate change:

10. Using the estimated cold-related deaths of 18 in New York County per year for the
baseline period of 1970-1999) from Kinney et al. (forthcoming), calculate the current
VSL costs of cold-related deaths.

11. Project out the VSL values to obtain values for 2020, 2050, and 2080.

12. Using these VSL projections, estimate future costs of lives lost by multiplying the
respective values by the projected number of lives lost in New York State due to cold-
related deaths per year.

Annual incremental costs of climate change impacts without adaptation:
13. Reduce the cold-related death projections given in Kinney et al. (forthcoming) for each
timeslice to scale up to New York State.
14. Multiply these figures by the respective future VLS estimates to find the projected
reductions in costs due to reduced temperature-related deaths.
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Impact: Asthma

Adaptation:

Implementation of a statewide New York Health Neighborhoods program. This program was
found to reduce asthma related hospitalizations by 24% between 1997 and 1999 in the eight
counties where it was implemented (Lin et al. 2004).

Assumptions
e Based on a 2.4% GDP growth rate.

Annual costs of current and future climate hazards without climate change:
1. Asthma hospitalizations cost the state approximately $535 million in 2007 (New York
State Department of Health (2009). In 2007, the average cost per asthma hospitalization
in New York State was $14,107 (NYSDOH 2009).

2. These costs are each assumed to increase over time at a rate of 2.4% based on the
midpoint growth rate of GDP.

Annual incremental costs of climate change impacts without adaptation:

3. Bell et al. (2007) provide estimates of the number of additional asthma hospitalizations
U.S. cities as the result of the climate change in 2050. These values were extrapolated to
obtain estimates for 2020 and 2080. Costs were estimated based on the cost of
hospitalization in each year multiplied by the number of additional projected
hospitalizations.

Annual costs of adaptation
4. Lin et al. (2004) provide data on the annual cost of the New York State Healthy
Neighborhoods program in eight counties in New York State. These costs were assumed
to increase at an average rate of 2.4% per year, and were extrapolated to the state as a
whole to obtain estimates of the costs of adaptation in 2020, 2050 and 2080.

Annual benefits of adaptation:

5. Lin et al. (2004) found that the New York Healthy Neighborhoods program reduced
asthma hospitalizations by 24 percent in New York State. A similar reduction rate was
used for climate change-related hospitalizations in order to obtain estimates of the
benefits of adaptation.

SUS 2010 adjustment:
The final calculations in tables 9.1 and 9.2 were adjusted to $US2010 using the United
States Bureau of Labor Statistics CPI Inflation Calculator, http://data.bls.gov/cgi-
bin/cpicalc.pl to yield the final calculations.
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10 Conclusions

This study has aimed to provide an overview assessment of the potential economic costs of
impacts and adaptation to climate change in eight major sectors in New York State. It builds on
the sectoral knowledge of climate change impacts and adaptation developed in the ClimAID
Assessment Report as well as on economic data from New York State and analyses of the costs
of impacts and adaptations that been have conducted elsewhere. This chapter presents the
principal conclusions of the study.

Costs of impacts and adaptation are expected to vary across sectors in New York State, with
some sectors more at risk to climate change than others and with some sectors potentially
requiring more costly adaptations. Because New York is a coastal state, and because of the
heavy concentrations of assets in coastal counties, the largest impacts in dollar terms will be
felt in coastal areas, including impacts on transportation, other coastal infrastructure, and
natural areas. There will be significant costs of climate change and needs for adaptation
throughout the state: climate change is truly a state challenge. From the evidence assessed in
this study, it appears that climate costs for the sectors studied without adaptation in New York
State may approach $10 billion annually by midcentury. However, there also appears to be a
wide range of adaptations that, if skillfully chosen and scheduled, can markedly reduce the
impacts of climate change in excess of their costs. This is likely to be even more true when non-
economic objectives, such as the environment and equity, are taken into account.

All sectors will have significant additional costs from climate change. The sectors that will
require the most additional adaptations include transportation, the coastal zone, and water
resources. Communications and agriculture are sectors in which costs could be large if there is
no adaptation; but in these sectors, adaptation to climate is a regular part of investment, so
that additional costs are likely to be moderate. This is also true to some extent of the energy
sector. The ecosystem sector will see also significant impacts, but many of these costs
estimates are preliminary and require further assessment. Finally, public health will be
significantly impacted by climate change, but many of these impacts can be avoided with
appropriate adaptations.

10.1. SECTOR RESULTS

Water Resources. Water supply and wastewater treatment systems will be impacted
throughout the state. Inland supplies will see more droughts and floods, and wastewater
treatment plants located in coastal areas and riverine flood plains will have high potential costs
of impacts and adaptations. Adaptations are available that, as suggested in the case study for
this sector, will have sizable benefits in relation to their costs.

Coastal Zones. Coastal areas In New York State have the potential to incur very high economic
damages from a changing climate due to the enhanced coastal flooding as the result of sea level
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rise and continued development in residential and commercial zones, transportation
infrastructure (treated separately in this study), and other facilities. Adaptation costs for coastal
areas are expected to be significant, but relatively low as compared to the potential benefits.

Transportation. The transportation sector may have the highest climate change impacts in New
York State among the sectors studied, and also the highest adaptation costs. There will be
effects throughout the state, but the primary impacts and costs will be in coastal areas where a
significant amount of transportation infrastructure is located at or below the current sea level.
Much of this infrastructure floods already, and rising sea levels and storm surge will introduce
unacceptable levels of flooding and service outages in the future. The costs of adaptation are
likely to be very large and continuing.

Agriculture. For the agriculture sector, appropriate adaptation measures can be expected to
offset declines in milk production and crop yields. Although the costs of such measures will not
be insignificant, they are likely to be manageable, particularly for larger farms that produce
higher value agricultural products. Smaller farms, with less available capital, may have more
difficulty with adaptation and may require some form of adaptation assistance. Expansion of
agricultural extension services and additional monitoring of new pests, weeds and diseases will
be necessary in order to facilitate adaptation in the agricultural sector.

Ecosystems. Climate change will have substantial impacts on ecosystems in New York State. For
revenue-generating aspects of the sector, including winter tourism and recreational fishing,
climate change may impose significant economic costs. For other facets of the sector, such as
forest-related ecosystems services, heritage value of alpine forests, and habitat for endangered
species, economic costs associated with climate change are more difficult to quantify. Options
for adaptation are currently limited within the ecosystems sector and costs of adaptation are
only beginning to be explored. Development of effective adaptation strategies for the
ecosystems sector is an important priority.

Energy. The energy sector, like communications, is one in which there could be large costs from
climate change if ongoing improvements in system reliability are not implemented as part of
regular and substantial reinvestment. However, it is expected that regular investments in
system reliability will be made, so that the incremental costs of adaptation to climate change
will be moderate. Even with regular reinvestments there may be increased costs from climate
change. Moreover, the energy sector is subject to game-changing policy measures such as
impacts on demand from a carbon tax (either directly or via cap and trade) and from the large
investments in stability that could be undertaken to deal with the impacts of electromagnetic
storms.

Communications. The communications sector is one in which there could be large costs from
climate change if ongoing adaptations are not implemented as part of regular reinvestment in
the sector or if storms are unexpectedly severe. However, it is expected that regular
adaptations will be made, so that additional costs of adaptation for climate change will be
relatively small.
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Public Health. Public health will be impacted by climate change to the extent that costs could
be large if ongoing adaptations to extreme events are not implemented. Costs could also be
large if appropriate adaptations are not implemented in other sectors that directly affect public
health, particularly water resources and energy. The costs associated with additional
adaptations within the public health sector need further study.

10.2. SUMMARY

This study is an important starting point for assessing the costs of climate change impacts and
adaptations in New York, although much further work needs to be done in order to provide
detailed estimates of comprehensive costs and benefits associated with climate change. This
work will have to deal with challenges such as the lack of climate-focused data sets and the fact
that the feasibility of many potential adaptations has not been adequately analyzed. On the
other hand, the basic conceptual approaches to future work have been identified, and even
initial cost-benefit analyses of major impacts and corresponding adaptation options can help to
illustrate the economic benefits of adaptation and thus to shape policy.

In terms of costs of adaptations, higher costs are projected for the Transportation sector, with
its extensive capital infrastructure and less but still significant costs are projected for the
Health, Water Resources, Ocean and Coastal Zones, Energy, and Communications sectors. Costs
for adaptations in the Agriculture Sector are projected to be moderate, and costs for
adaptations in the Ecosystems Sector require further assessment.

Net benefits comparing avoided impacts to costs of adaptation are most favorable for the
Public Health and Ocean and Coastal Zones sectors, more moderate but still significant for the
Water Resources, Agriculture, Energy, and Transportation sectors, and low for the
Communications sector.

Planning for adaptation to climate change in New York State should continue to build on the
State’s significant climate change adaptation planning and implementation efforts to date,
including further assessments of specific adaptation strategies. Benefits from adaptation are
likely to be significant because there are many opportunities for development of resilience in all
sectors and regions.
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