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of precipitation (map)
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lower box: JJA) for the
scenario A2




The annual mean change
of temrpeuratLIJre (:nap) Iand StreamﬂOWS ChangeS

the regional seasonal
change (upper box: DJF;

lower box: JJA) for the  Streamflow = Precipitation —
scenario A2 o o
Evapotranspiration

 Evapotranspiration = function (temperature)
» Runoff may increase, decrease, no change
Eg. Figure 4-1, IPCC WG I, 2001,

By 2100, Mid Atl USE runoff: -12.5% to +
37.5%

Changes in extreme
hydrological events

Increased summer drying over mostmid-  MOre intense precipitation . .
latitude continental interiors and events (Very likely, over * Eustatic sea level rise of 0.09 m — 0.88 m

S TR Gl Mg UL ED) many areas) from 1990 to 2100, central value of 0.48 m
% Decreased crop yields depends on scenario and models

# Decreased water resource quantity

and quality Increased flood, » More coastal flooding and erosion
# Increased risk of forest fire Iandslide, ava|anche'
and mudslide damage

» Increased soil erosion

What causes the sea level to change?

Already seeing some hydrologic
changes




Annusl precipitation trends: 1900 to 2000

Temperature and Precipitation Trends, 1900 to Present

Temperature Precipitation
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Fio. 1. Regians foe which the large sets of daily precipitation rime series nre fyses of Signs
(ptuses and mimuses) indlcase regions where significant changes In heary the paat decudes, Lightly
shaded regions are those uscd in our summary shown in Table 2, We were abic to assess the centary-long trepds in daily precipitation

foe anly ot courtries (Australia, Usived States, Norway, and Soush Africa). For other countries only the post=Workd War 1l period
was analyzed.

a8 Vol. 87, Ne. 3, March 2000

Sea level rise from
disintegration of Greenland
and West Antarctic Ice Sheets

“Risks of large scale, (abrupt),
and possibly irreversible impacts

are yet to be reliably quantified”

Substantial slowing or collapse of
ocean circulation that transports
heat to North Atlantic

Very low likelihood in 21st century but

increases with rate, magnitude and duration
of climate change




Water in the Z18tCentuiry: Meeting
the Global Challenges of Population
U_r_banization, ‘Development,

&+ - and Climate Change

.

Present Stresses

-1.1billion lack access to improved water services

- 2.0 billion live without sound wastewater disposal
-3.0 million children die from waterborne diseases
each year

- At any one time, 50% of people in developing
world suffering from water and food related diseases
-Women in the developing world spend ~10 million
person-years each year to bring household water
from distant source

-300 major river basins cross international borders
and require extra management (e.g., West Bank,
Indus, Mekong, Rio Grande, Aral, Nile, Volta...)

Population, millions
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A Key Issue

World Population Growth

1800

i Unitied Matiors Population Division and Population Reference Bureau, 1933

Burkina Faso
Bonam village

Life expectancy at birth:
male 45.6
female  47.6

Total fertility rate x woman: 6.9

Infant mortality rate (x 1000): 105
Child (<5) mortality rate (x000): 198

Literacy rate (% age 15 +)
male 33.9
female  14.1

Human Development Index rank: 169 (of 173)
Gender development Index rank: 143 (of 173)

Annual Population growth rate: 2.6 %

90 percent of population supported by agriculture, 80 %
subsistence.

10 -15 % of food imported




Seasonal livelihoods

Dry season:
November to May

Rainy (farming) season
May to October

CFAR Sites
BONAM, Central Plateau

(met station at Boulsa) IPCC WGII Third Assessment
Annual rainfall: 600-700 mm - -
Report — Regional Issues with

Inhabitants mostly Mossi, some settled Fulbe

Rainfed farming: sorghum, millet, maize, groundnuts, B.gnuts, cowpea, rice EmphaSiS on Deve|0p| ng
' Countries of Africa

30% of hh have plows

Paul V. Desanker (Malawi)

Coordinating Lead Author
Chapter 10 (Africa)

Planting maize
Bonam, July 1999

Desertification would be
exacerbated by reductions in Vulnerabiity of h

. ulneranlility or numan
average annual ralnfall, r.unoff, and SEEie i Ea e el of
soil moisture, especially in heavy reliance on rain-fed
southern, North, and West Africa agriculture; frequent

(medium confidence). droughts and floods; and
poverty.
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Adaptive capacity of “!ﬁf%.‘!%;

human systems in l‘“o”

Africa is very low due ‘g}”

to lack of economic

resources and

technology.

The MAPC Area

Why Urban Area ?

» Few past studies on urban areas

 Urban infrastructure designed for socio-
economic conditions as well as climate
conditions

» World is urbanizing; in a few decades, more
in urban than rural areas

¢ Tufts University, University of Maryland, Boston University
Paul Kirshen, Project Manager, Co-Pl, paul.kirshen@tufts.edu

Matthias R ! h, Co-PI, mruthl@umd.edu
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2100 Climate Change in New
England

» 3to 5 degree C increase in temperature

(temperature of Richmond, VA or Atlanta,
GA)

Up to 25% increase in precipitation

Increase in the the frequency and intensity of
extreme precipitation events and droughts
Uncertain change in frequency and intensity
of hurricanes and nor’easters

Increase in relative sea level elevation of 0.3m
to 1 m (historic rise has been ~ 0.3 m)



2100 GCM Climate Scenarios

Present CC Had
Prec 2100/Prec 2000 | 1.059 1.23
PET 2100/Prec 2000 | 1.145 1.078
Runoff 2100/2000 1.010 1.333
Temp 48C 295C

CLIMB Research Water Supply

Water Supply

Water Quality

Coastal and River Flooding
Health

Energy Demand

Research Methods — Computer Modeling,
Scenarios, Uncertainty Analysis, Stakeholder
Inclusion
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Summary of Water Supply - Cumulative, 2000-2100

Mean Climate - South Site

e p——

Water Quality

Loads

* Point Source Nutrients — Eutrophication
* NPS BOD
» SOD
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Study Area Overview

« 32 coastal municipalities in 5 zones
— 1.2 million people
— 110,000 hectares
« Residential area = 40,000 hectares
* Commercial area = 5,000 hectares
¢ Industrial area = 3,000 hectares

olnzsap\\#\!us

— Temp(C) Average ® Average Temp-data  — Temp(C) Minimum
—Temp(C) Maximum @ Minknum Temp-data W Maximum Temp-data

Integrated Impacts of Climate
Change in the Coastal Zone of
Metro Boston

Kelly Knee, Paul Kirshen, Pablo Suarez, Matthias Ruth
Tufts University — Boston University — University of Maryland
CLIMB Project

Current Landuse

Landuse
Residential
Commercial

I Industrial

|| MAPC Towns




Sea Level Rise

NOS Gage Data - Boston

Eustatic sea level rise = thermal
expansion and ice melt

Subsidence = local rate of settling

Relative sea level rise = eustatic sea
level rise & subsidence

Historic relative sea level rise in
Boston = 1 foot per century

Current Coastal Protection g Current Coastal Protection

Present Flood Vulnerability

 February Blizzard of 1978, 100 Year
Coastal Flooding, caused $550
million in damages and $95 million

emergency costs (2000 dollars) in &3
coastal MA. ar-y « Al Since Jan

Streets

= Feb78




Sea Level Rise

Projections:
 Canadian Climate Center (CCC)
— 0.41 meter increase by 2100

— Accounts for thermal expansion alone, not ice
melt or subsidence

e The Hadley Center
— 0.3to 0.5 meter increase by 2100

— Accounts for thermal expansion and ice melt,
not subsidence

» Subsidence
— 0.20 meter by 2100

Storm Surge Flooding

100-year floodplain = 11,000 hectares,
500-year floodplain = 1,000 additional hectares

Storm Surge Flooding

 Tropical cyclones (hurricanes)
— Formed in the tropics
— Usually make landfall in the southeast US
— Protection provided by Cape Cod
Extra-tropical cyclones (nor’easters)
— Formed off southeast US
— Predominant winds from the northeast
— More severe impacts for Metro Boston
— Blizzard of 1978, “Perfect Storm”

Storm Surge Flooding

Current recurrence intervals (in Boston):
» 10-year storm = 2.82m

e 100-year storm = 3.16m

e 500-year storm =3.41m

11



Storm Surge Flooding

Sample Bootstraps:

Boston MSL

Storm Surge Flooding

Projections from Adjusted Historic Record:

Boston 2000 100 Year Flood

12



Boston 2050 100 Year Flood Boston 2100 100 Year Flood

Possible Change in Recurrence Intervals of MA Flood Plains (Kharin and Zwiers, 2000)
(based upon adjusted changes in 24 hr precipitation)
Present Fld Plain Present Climate 2050 2100
Area

Riverine Flooding Scenarios

100 year

Pablo Suarez and Bill Anderson
Boston University 500 year

Estimated Aggregate Riverine Flood Damage, 2000-
2100 ($million, 2000)
(Draft — do not cite)
Commercial  Industrial Residential ~ Total
Ride-it-Out
No climate change 6,226 22,741 1,789
Climate change 12,121 41,096 3,964
increment 5,895 18,355 2,175
Build Your Way Out
No climate change 5,834 19,724 1,629
Climate change 12,573 42,301 4,056
increment 6,739 22,577 2,427
Green
No climate change 2,903 6,832 693
Climate change 5,322 13,097
increment 2,419 6,265




Summary of CLIMB Q

spond
(see Transportation)
Infrastructure
fgamage

productivity and
quality of lfe losses
Poor less able to

respond
(see Transportation)
Infrastructure.

Poor less able 10
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Productivity and
qualityof lfe losses

Poor fess able 10
respond

Productivity,
lues, and
quality of lfe Tosses.

Possible Adaptation Policies

Easterling and others state that “Consideration of actions — e.g.
mitigation policy — that can reduce this likelihood [of adverse
climate change induced impacts] is reasonable and prudent. . . .
However, recognition is increasing that the continued combination
of increases in emissions and the inertia of the climate system
means that some degree of climate change is inevitable. . . [even] if
extreme measures could be instantly taken to curtail global
emissions. . .. [Thus] adaptation actions . . . presenta
complementary approach to mitigation. Adaptation can be viewed
as reducing the severity of many impacts if adverse conditions
prevail.” [i] They also find in their review that “proactive
adaptation can reduce US vulnerability to climate change” and
policies can be implemented to improve adaptive capacity.
Proactive adaptation comprises actions that take place before
impacts of climate change are observed. Reactive adaptation
com}rises actions taken aﬁtgr imp Il

i

Disproportional
impact on elderly
and poor

po
ncreased energy

Loss of productivi
and quality of life

‘Stress on health care

system
Loss of productivity
Loss of qualiy of
life

More impacts on

poor
Loss of productivity
Distuption of
production chains

Conclusions

Climate Change has occurred
It will continue
It will impact human and natural systems

Time to take action to mitigate GHG
emissions

Time to consider taking adaptation action
in many cases, less expensive to take
actions now to protect systems.

Massachusetts

Commonwealth of Massachusetts released its Climate Protection
Plan in spring 2004. While the plan focused upon controllin
emissions and opportunities for sequestrating carbon, one p
the plan explicitly responds to the challenges of adaptation; in
Section 10 the plan states that the Office of Coastal Zone
Management “will integrate climate change considerations, their
olicy-making and management of state-owned coastal resources .
.. will encourage coastal municipalities to institute adaptation
measures to reduce climate impacts, assist state open space
reservation programs in the identification of coastal areas in need
of protection.”[ii] The new Massachusetts Water Policy released
on November 9, 2004, did not mention climate change
considerations though it stressed more proactive planning

i
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Local

 Several municipalities in metro Boston participate or
have participated in the Cities for Climate Protection
Program of the International Council for Local
Environmental Initiatives (ICLEI). The goal of this

program is to provide technical assistance to
municipalities to inventory and reduce their emissions
of GHGs and air pollutants.[i] Generally, the state and
regional actions are in line with the findings of a recent
Pew Center report on state and regional action plans;
all examples discussed mitigation plans with no
mention of adaptation plans.[ii]

[i] www.iclei.org/co2/index.htm

[ii] Pew Center On Global Climate Change, (Innovative
Policy Solutions to Global Climate Change, In Brief,
Number 8, no date). Report paper?

Public.
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CLIMB Adaptation Conclusion

Anticipatory Actions A common result of the analyses is that not taking an
adaptation actions over our analysis period of 2000 to 2100 is the most
ineffective response. We showed in our full dynamic analyses (and it is
implied from our Tocalized case studies) that taking action well before 2100
results in fewer adaptation and impact costs to the region. Some examples
from above include implementing both structural and nonstructural flood
management strategies before 2050 to reduce the total costs of flood
mitigation and impacts, maintaining policies to continue to improve
health care, implementing policies to encourage more enerqy efficient
housing stock, integrating water guality management to include land use,

drainage, and treatment, and continuing to maintain redundancy in road
n k

Because of the integration of sectoral impacts and adaptation actions, taking
action in one sector will benefit other sectors, particularly in the case of
flood management. Because taking action earlier mitigates future impacts and
in the case of infrastructure systems requires long lead times, our conclusion
recommends adaptive action planning and responses taken before major
impacts are incurred

Ene
conservation
and use of
renewables for
replacement
and new.
capacity will
reduce GHG
emissions

ACexpenses | AC expansion
Beter health | may require
caresystem? | more eneray

Ifwetlands

river flooding

More relizble | Less energy.
water supply

Rate changes | If vegetation
2

then possible.

heat island,
more shade.
1f denser
development,

resource uses.

Land Use. Another common theme is that, as expected
present and future land uses greatly affect the

magnitude of the impacts. This is because the
distribution of the population affects the location of

infrastructure and hence the impacts, but also the way
that the land is developed affects flood magnitudes and
losses, water quality, water availability, and formation
of local heat islands. Prohibition of new development —
and where possible, flood proofing or retreat of existing
development — in flood zones is an example of land use
regulation that can both decrease potential damages to
property and improve hydrological conditions, thereby
decreasing the severity of flooding. In general, the
threat of climate change reinforces the importance
good land use planning.

part of BMPs,
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» Equity The impact and adaptation analyses
through the use of various indicators measured
some of the socioeconomic impacts of climate
change on the region’s infrastructure. The
analyses, however, did not capture how impacts
and the possible benefits of adaptation might be
distributed throughout the region by age
distribution, ethnic mix, economic prosperity, and
other factors that may influence an individual’s
ability to adapt. Issues of equity must be part of all
policy initiatives

Adaptation Actors and Institutions The
adaptation responses considered in this research
will require actions by many institutions ranging
from private citizens to the federal government.
Our analysis as well as outreach activities indicate
that local levels of government (municipalities and
counties) will play an especially critical role in
adaptation. Due to the complementarities of
effective adaptation actions, a coordinated
response strategy will be necessary

» Adaptive Management. In most cases, we standardized

and simplified our analyses by examining three
adaptation responses. We never intended these to
include all possible adaptation actions. There are many
actions that were not considered such as offshore
protection structures or shoreline retreat as well as
possible combinations of actions by location or hybrid
adaptation such as RIO in one area and GREEN in
another. As shown, however, in the coastal flooding
part of the SLR section, and as should be expected
hybrid adaptation strategies are expected to be more
beneficial than just a single type of response. The
research has also shown that impacts are sensitive to
the uncertainties of climate change and response
actions. Therefore, policies should be pursued that are
a combination of flexible, monitored actions capable of
adjustment as more knowledge is gained about impacts

Policy Instruments. There are several policy instruments that may be useful

in implementing the policies. These include:

zoning regulations such as cluster zoning and conservation districts,
updating building and design codes to include the present and possible
future climate,

adding climate change impacts to Environmental Impact Statements,

using State Revolving Funds to finance the incremental costs of climate
change adaptation,

changing floodplain regulations to discourage rebuilding after any
amount of flood damage,

more community education about climate change impacts,
permitting for use of natural resources,

drought management plans,

early warning systems

impact fees

precautionary principle

designing for future climate (similar to designing for uncertain socio-
economic conditions)

Allow insurers to set premiums based upon expected future losses
Encourage projects with co-benefits

more
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