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The great shellfish bay 
Native Americans referred to it as Chesepiooc, or 
great shellfish bay, because of the vast abundance 
of oysters that once characterized the Chesapeake 
Bay. Decimated initially by overharvesting that 
resulted in removal of their reefs themselves 
and later by introduced diseases, oysters are 
present at a very small fraction of their original 
abundance. Substantial efforts are underway to try 
to determine how to increase oyster aquaculture 
and to restore oyster reefs for the role they play in 
providing habitat for other organisms and clearing 
up estuarine waters by their filter feeding. 

Variations in climate have always been 
important in determining the success of oysters. 
Temperature and precipitation—trough it effect 
on salinity—affect reproduction, the development 
of larvae and the survival of newly settled oyster 
spat. Still, through the 1970s the abundance of 
juvenile oysters in one year was heavily influenced 
by the abundance of the adult parents the year 
before.119 Recently, it appears that at such low 
abundance the number of adults has relatively little 
influence on the number of juveniles, which is now 
predominantly determined by water temperature 
and, particularly salinity.120 If higher river runoff 
regularly lowers Bay salinity fewer juvenile oysters 
would be expected to survive, but if sea-level rise 
increases the volume of the Bay sufficiently to 
increase salinity the reverse would be true. 

The two prevalent oyster diseases, commonly 
called Dermo and MSX, are also likely to respond 
to climate change. Dermo epidemics are more 
severe in Chesapeake Bay after dry and warm 
winters. Increased water temperatures cause more 
rapid cell growth by the Dermo parasite once it has 
infected an oyster.121 As conditions have warmed 

Dermo has extended farther up the East Coast, 
even to New England.122 But it may be the case 
that the Chesapeake Bay is already warm enough 
so that temperature is not a limiting factor limiting 
Dermo epidemics except under 
higher salinity conditions. MSX 
is also more prevalent in oysters 
after dry and warm winters and 
less so following cold winters 
(less than 37°F) and under 
low salinity.123 Successive cold 
winters keeps MSX in check, 
but, as this becomes less likely with the warming 
waters of the Chesapeake Bay and Coastal Bays, 
this disease is likely to remain at least as prevalent 
if not more so.

Overall, the net effects of climate change on 
oyster populations, aquaculture and restoration 
are difficult to project. They will depend not only 
on the direct effects of salinity and temperature 
on oyster growth and survival, but importantly on 
how the changing conditions affect the prevalence 
and virulence of the disease organisms, which 
warmer conditions should favor. Still, it should be 
remembered that native oyster populations prosper 
in Gulf Coast estuaries, which experience higher 
temperatures and more variable salinities. 

Aquatic vegetation 
Submerged aquatic vegetation, vascular plants 
that live underwater, constitutes a very important 
component of the Chesapeake Bay and Coastal Bay 
ecosystems. These plants increase water quality in 
shallow water areas by reducing the resuspension 
of sediment and releasing oxygen to the sediments, 
thereby enhancing nutrient recycling. The 
vegetation provides habitat for many animals, 

Oyster reef, Chesapeake Bay.
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including blue crabs, which use it as a refuge from 
predators during early life.124 There is currently a 
worldwide decline in coastal submerged plants, or 
seagrasses, including in the Chesapeake Bay and 
Coastal Bays.125 Much of this loss is a result of 
nutrient over-enrichment, which increases shading 
by phytoplankton and stimulates the growth of 
algae on the blades of vegetation, thereby reducing 
the light needed for photosynthesis.93 

Aquatic vegetation requires suitable 
temperature, salinity, nutrients and, in particular, 
light.126 Climate change could affect, directly or 
indirectly, all of these variables. As in the case of 
fish and other animal species, aquatic plant species 

have different latitudinal 
distributions that are closely 
related to their temperature 
tolerance. The dominant 
aquatic plant species under 
the higher salinity conditions 
of the lower Chesapeake Bay 
and the Coastal Bays is eelgrass 

(Zostera marina), a boreal-temperate species with a 
southern limit of distribution in North Carolina.127 
Largely as a result of declining water quality and 
increased light limitation, eelgrass has become 
much less abundant in Maryland bays. During the 
high salinity and high water clarity conditions that 
existed in the 1960s, eelgrass was found as far up the 

Figure 8.5. Changes in the distribution of eelgrass (Zostera 
marina) in the Chesapeake Bay.

Chesapeake Bay as Kent Island, but now is largely 
limited to the Tangier Sound region (Figure 8.5), 
where it provides valuable habitat for early juvenile 
blue crabs and refuge for the highly vulnerable soft 
stages of adults. 

At high summer temperatures, eelgrass 
photosynthesis cannot keep pace with its 
respiration and the plant loses its leaves and even 
its below-ground rhizomes may die.128 During 
unusually hot summers, for example in 2005, the 
dieback of eelgrass may be extensive and recovery 
in the following year dependent the bank of seeds 
left in the sediment. Because eelgrass seeds do 
not remain viable for over a year, if there were a 
succession of hot summers eelgrass populations 
could be eliminated from the Bay. Consequently, 
the outlook for eelgrass in the warming bays is not 
promising. By mid-century, it is as likely as not that 
eelgrass beds will no longer exist in the Chesapeake 
Bay under the lower emissions scenario and likely 
that it will be functionally eliminated under the 
higher emissions scenario. It is highly likely that 
eelgrass will be completely extirpated by the end 
of the century under either scenario. It is possible, 
however, that shoalgrass (Halodule beaudettei), 
a subtropical species that is abundant in higher 
salinity portions of North Carolina’s sounds could 
colonize the Chesapeake Bay and Coastal Bays as 
the winters warm. However, it does not tolerate 
low salinity as much as eelgrass and thus, its 
distribution up the Bay would be more limited. 
Shoalgrass is also more ephemeral and provides 
less robust habitat than eelgrass. 

As sea level continues to rise, increasing water 
depths will reduce the light available to aquatic 
vegetation where it presently occurs. However, 
the vegetation could migrate shoreward and even 
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occupy areas that are presently tidal wetlands or 
dry land. As wetlands erode away, hard clay-rich 
deposits often remain, a consolidated remnant 
older wetland soils. These clay deposits are not 
suitable soils for submerged vegetation and until 
covered by a veneer of sand will not be colonized.129 
With the increased volume of the Chesapeake Bay 
because of accelerated sea-level rise, higher salinity 
conditions are likely to extend farther up the Bay. 
While greater intrusion of salinity may be beneficial 
to seagrasses such as eelgrass and shoalgrass (if it 
successfully colonizes the Bay), it could constrict 
the habitat suitable for plants originating from fresh 
waters, such as redhead grass and sago pondweed, 
that are prevalent in lower salinity regions, where 
aquatic vegetation is currently expanding as 
water quality improves.93 While the net effects of 
climate change on aquatic vegetation are difficult 
to project because of the complex and interacting 
effects of temperature, salinity, water quality and 
sea level, it is highly likely that the biomass, species 
composition and distribution of aquatic vegetation 
in the Chesapeake Bay and Coastal Bays will be 
significantly affected by climate change. 

What Effect Will Ocean 
Acidification Have?

In addition to its greenhouse effect, the increase 
in the concentration of carbon dioxide in the 
atmosphere is gradually acidifying, or lowering the 
pH, of the ocean. Much of the carbon dioxide that 
is released from human activities is actually taken 
up by the ocean, moderating its effect on global 
warming. However, when carbon dioxide dissolves 
in sea water, it decreases its pH. From the beginning 

of the industrial era, pH has declined about 0.1 
units from its normal 8.18, and may decline by a 
further 0.3 to 0.5 units by 2100.2 While this will 
not make the oceans actually acidic (below 7 ph 
units), such a decline in pH affects the ability of 
organisms to create shells or skeletons of calcium 
carbonate because lowering the pH decreases 
the concentration of the carbonate ions that are 
required. 

Ocean acidification is the sleeper issue of global 
change, because not only are the potential effects 
on the world’s coral reefs profound, but the process 
of acidification also reduces the ocean’s capacity to 
absorb more carbon dioxide from the atmosphere. 
The effects of ocean acidification have just 
recently been receiving attention, most of which 
is focused corals and the plankton of the open 
ocean. Recent studies have shown that mollusks 
that are ecologically and economically important 
into coastal waters may vulnerable to the effects of 
ocean acidification. Mussel and oyster calcification 
rates were projected to decline by 25 and 20%, 
respectively by the end of the century130 and the 
ability of oyster larvae to form their thin shells 
when pH was reduced to 7.4 through addition of 
carbon dioxide.131

Research on the processes and effects of 
acidification in Mid-Atlantic estuaries and coastal 
waters has scarcely begun. Important questions 
remain regarding the interaction of the bicarbonate 
created when carbon dioxide dissolves in these 
waters with other chemical constituents. This will 
affect the level of acidity likely to be experienced 
and, the effects, that might be realized not only on 
mollusks, but also crustaceans, starfish and other 
organisms that create calcareous skeletons. 
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introduction

Human well-being is obviously affected 
by the weather and the changing climate 
will have multiple ramifications for 

human health as well as comfort and enjoyment. 
Human health has the greatest sensitivity to climate 
change with regard to heat stress; the effects of 
storms that generate floods and extremely high 
winds; air pollution effects, particularly as they 
cause or exacerbate asthma and other respiratory 
maladies; and diseases caused by pathogens that 
are borne by insects and other vectors, water and 
food.132 Storms and floods are addressed earlier 
in this assessment. Here the potential impacts of 
climate change-related heat waves, air quality and 
pathogenic diseases on human health in Maryland 
are evaluated. 

Heat Waves

Global warming is likely to result in substantially 
higher temperatures both in winter and summer 
in Maryland. While there could be some benefits 
in terms of reduced mortality from cardiovascular 
disease, for example, as result of milder winters, 
with its temperate climate Maryland’s population 

experiences very few deaths related to extreme 
winter temperatures that could be alleviated by 
warming. Rather, most assessments in the United 
States have appropriately focused on the health 
risks of extreme heat. In six out of ten recent years, 
heat has been the leading weather-related killer in 
the United States.7 

Concerns about the increased health risks from 
heat waves caused by global warming are not far-
fetched. The death of an estimated 35,000 people 
attributable to the August, 2003, heat wave in 
Europe was a sobering experience.133 Parts of 
France experienced seven consecutive days with 

Dawn brings on the day’s heat.
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temperatures more than 104°F and 14,800 people 
died in that country alone. The situation in Europe 
was particularly acute because the population 
was not acclimated to warm summers and there 
was little air conditioning. Most of those who 
died were elderly. Closer to home, a 1995 heat 
wave in Chicago resulted in an estimated 696 
excess deaths.134 While the European heat wave 
was related to unusual weather patterns and not 
primarily to climate change, climate models protect 
frequent summer conditions not unlike those in 
2003 during the latter part of the 21st century, 
indicating that, for many purposes, the 2003 event 
can be used as an analog of future summers in 
climate impact assessments.135

Heat stress can result in illnesses caused by heat 
cramps, fainting, heat exhaustion, and heatstroke 
and result in death.136 Except for cramps, heat-
related illnesses are the result of the body’s failure 
to regulate its internal temperature. Our bodies 
respond to hot weather by an increase in blood 
circulation and increase in perspiration, both in an 
attempt to rid the body of heat. The effectiveness 
of such heat loss is reduced when air temperature 
and humidity increase. The ability to increase 
circulation may be limited by heart rate and the 
blood volume, which is reduced because of the loss 
of body fluids. Several factors can increase the risk 
of heat-related illness. Both individuals over 65 
and the very young are at higher risk because they 
have less ability to control internal temperatures 
and are more susceptible to dehydration. Reduced 
physical fitness, obesity, existing illnesses, and the 
use of medicinal drugs such as stimulants and 
beta-blockers all increase the risk of heat stress. 
Individuals not acclimated to high temperature or 
exerted are also more susceptible. City dwellers, 
particularly those of lower economic status who 
cannot afford air conditioning, are at greater risk 
because of the urban heat island effect, wherein 
building and paved surfaces hold the heat into 
the night.137 Many of those who die of heat stress 
live alone and to not seek treatment or are not 
discovered until it is too late. 

The average annual frequency of days with a 
maximum temperature exceeding 90°F in Maryland 
is projected to grow gradually over the century, 
but more dramatically later in the century. Near 
the end of the century under the lower emissions 
scenario, the model averages project about xx 
days per year would exceed 90°F and yy days per 
year would exceed 100°F (Figure 4.4). Under the 
higher emissions scenario these numbers would 

grow to zz and zz days per year, respectively. These 
projections are generally similar to those derived 
by the Northeastern Climate Impacts Assessment 
for Philadelphia (Figure 9.1).7 In other words, these 
projections indicate that toward 
the end of the century under 
the high emissions scenario, it 
would be a rare summer day 
when the high temperature did 
not top 90°F and there would 
be an average of 30 days that 
temperatures reached 100°F. 
A considerable increase in 90°F days is highly 
likely inevitable, even if greenhouse gas emissions 
were reduced around the middle of the century 
(lower emissions scenario), but only about half as 
many 100°F days would occur if emissions were 
reduced. 
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Figure 9.1. Model projections of number of days per year that 
the maximum temperatures would exceed 90°F and 100°F in 
Philadelphia according the NECIA.7 The higher emissions scenario 
employed assumed more rapid growth of greenhouse gas 
emissions that the higher emissions scenario in this assessment.
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Of course, as the frequency of very hot days 
increases so does the likelihood that there will be a 
successive number of these days, i.e., a heat wave. 
Based on the model projections, there is a high 
probability that late in the century heat waves with 
daily temperatures exceeding 90°F would last more 
than 60 days is high under the higher emissions 
scenario. Under the low emissions scenario, in most 
years most such heat waves would not exceed 20 
days. The difference between the scenarios is even 
greater for severe heat waves such as experienced in 
Europe in 2003 (successive days with temperature 
exceeding 100°F). 

Based on these temperature and heat wave 
projections, Maryland is likely to confront 
substantially increased heat-related health risks by 
the mid-century and beyond. By late in the century 
under the high emissions scenario, this situation is 
likely to become very serious, with life threatening 

conditions developing nearly 
every year, particularly in the 
Baltimore and Washington 
urban areas because of the 
urban heat island effect and 
more at-risk individuals living 
there. Beyond threatening life 
for the most vulnerable, these 

oppressive conditions would curtail outdoor 
activities and diminish productivity in commercial 
activities requiring outdoor work. Under the lower 
emissions scenario heat-related health risks would 
increases substantially from the present condition 
but much less so than with the unmitigated growth 
in emissions. 

Of course, there are steps that can be taken to 
lower these health risks. Within limits, acclimation 
to higher outdoor temperatures and various 
adaptation measures can lower the incidences of 
heat-related deaths. Adaptation measures include 
effective early warning and response plans for heat 
waves, air conditioning, and better education about 
personal precautions, such as drinking more fluids, 
wearing light colored and loose fitting clothing, 
and limiting outdoor activity. Over the longer term 
building codes can be designed to reduce the urban 
heat island effect, for example by increasing the 
tree canopy and including reflective or green roofs. 
More frequent and severe heat waves will very 
likely increase requirements for air conditioning, 
extend the air-conditioning season and increasing 
peak-load electricity demands at the very time 
there will be a premium on energy conservation to 
mitigate greenhouse gas emissions.

Air Quality

Global climate change could affect human 
respiratory health by changing levels of air 
pollutants and the types and levels of pollen. For 
the United States, impacts of climate change on 
ground level, or tropospheric, ozone are much 
more likely to be more important than for other 
air pollutants. This is due to the importance of high 
temperature in the formation of ozone as well as 
the large areas of the country currently affected by 
ozone levels exceeding national standards (Figure 
9.2). Central Maryland is among the most affected 
regions in the nation.

Ozone can affect human health by irritation of 
the respiratory system, reducing lung function, 
aggravation of asthma by increasing sensitivity to 
allergens, increased susceptibility to respiratory 
infections, and inflammation and damage to the 
lining of the lungs, causing chronic obstructive 
pulmonary disease (COPD). Effects can range from 
coughing and shortness of breath to permanent 
scaring of the lungs, and even death. Central 
Maryland has some of the highest incidence of 
asthma and acute respiratory illness in the country. 
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Figure 9.2. Counties not attaining the 8-hour ozone standard 
include most Maryland counties.
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It is estimated that xxxx Marylanders die each year 
because of respiratory illnesses.

Maryland has made substantial progress in 
controlling air pollution. The Baltimore and 
Washington are on a path leading to compliance 
with the National Ambient Air quality Standards 
(NAAQS) by 2009, but changes both in the global 
background could reverse this process and require 
even deeper reductions of the pollutants responsible 
for ozone formation. Humans do not emit ozone 
per se, but our activities result in the release to 
the atmosphere nitrogen oxides (NOx), carbon 
monoxide (CO), and volatile organic compounds 
(VOCs). NOx and CO are emitted mainly by the 
combustion of fossil fuels and VOCs are emitted 
from incomplete combustions of fuels and the 
evaporation of petroleum fuels and chemicals 
and by certain plants. These compounds react 
with oxygen in the atmosphere in the presence of 
sunlight to create ozone (O3) (Figure 9.3). 

The process of ozone formation depends on 
high air temperatures, which explains why we 
do not have ozone alerts during the winter even 
though emissions of NOx and VOCs are just as 
high then. As Figure 9.4 shows there is a clear 
relationship between the maximum temperature 
at BWI and ozone concentrations in the Baltimore 
non-attainment area.138 Furthermore, heat 
waves (multiple successive days with very high 
temperatures) create the optimum conditions 
for ozone formation. This is apparent in the 
Baltimore non-attainment area here the number 
of days where ozone concentrations exceed the 
8-hour “Code Orange” standards in a year shows 
close relationship with the number of days where 
maximum temperatures exceed 90°F (Figure 9.5). 

Climate change is also likely to decrease the 
occurrence of cyclonic waves (low pressure system 
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Figure 9.3. Ozone is created by the chemical reaction of air 
pollutants in the presence of sunlight.

Figure 9.4. More ozone is formed under higher temperatures.  
Peak 8-hour ozone concentrations in the Baltimore region for 
May-September, 1994-2004, compared to maximum temperature 
at BWI Airport.138

Figure 9.5. Heat waves (multiple days with temperatures 
exceeding 90°F) increase the buildup of ground-level ozone.

Photochemical smog drifts out from the Mid-Atlantic region 
over the Atlantic.
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with associate weather fronts), thus lengthening 
lengthen the duration of stagnant, high pressure 
events (hot and hazy periods) and delay the onset of 
cold fronts that clean up air pollution episodes.139 
Such smog episodes not only decrease the visual 
range but can also cause human morbidity and 
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mortality due to higher concentrations of fine 
particulate matter. The persistent Bermuda High 
leads to weak or stagnant winds, high daytime 
temperatures, and intense UV radiation reaching 
the Earth’s surface. Pollution and VOCs build up 
from gasoline vapors and even trees—particularly 
the pines and oaks that are favored by global 
warming. All of this is exacerbated by the urban 
heat island effect.140

Based on the increase in summer temperatures 
and heat waves and these changes in weather 
patterns, scientists have projected anything from 
a 3-5 ppb141 to a 10-20 ppb142 increase in 8-hr 
average ozone concentrations over the eastern 
United States by the end of the century before the 
end of this century, assuming emissions of the 
ozone-precursor pollutants remain constant. One 

recent study projected a 28% 
increase in the average number 
of days exceeding 8-hour ozone 
standards for Baltimore and a 
50% increase for Washington, 
DC by 2050.143 On the other 
hand, if emissions of NOx are 
reduced by 50%, then ozone 

concentrations could, according to another study, 
actually decline by 11-28% despite the warming 
conditions.144 The decline in observed ozone 
concentrations in the Baltimore region for a given 
temperature ranges (Figure 9.6) provides clear 
evidence of the importance of reducing emissions. 

In summary, it is very likely that without 
significant additional reductions in air pollution by 
NOx and VOCs, ground level ozone concentrations 
will increase and pose additional health risks to 
people residing in central Maryland. In addition 
to mitigation by reducing pollutant emissions, 
adaptive responses are similar to those for heat 

stress: warning systems, air conditioning, avoiding 
exertion and outdoor activity, and increasing tree 
cover.

Pathogenic Diseases

Climate change can increase human exposure and 
vulnerability of diseases caused by pathogenic 
microorganisms.132 These include diseases borne 
by various animal vectors, such as malaria, dengue, 
lime disease, and encephalitis, a type of which may 
be caused by the West Nile virus. Global warming 
could increase the range or abundance of the animal 
vectors. Climate change could also affect exposure 
to non-vector borne diseases such as hantavirus, 
cryptosporidiosis, and cholera. The incidence and 
associated mortality of most of these diseases in 
the United States is relatively low because of public 
health precautions and the availability of treatment. 
For Maryland, the increased risks due to heat stress 
and respiratory impairment are likely to be more 
serious than for pathogenic diseases. 

Moreover, it is difficult project how climate 
changes would impact pathogenic transmission 
and human health because of the complexity of 
climatic effects on vectors and other environmental 
factors.132 Cryptosporidiosis is an intestinal disease 
caused by a bacterium that is abundant in livestock 
feces and can be transported during high rainfall 
events. The bacterium is small and resistant to 
chlorination, making it difficult to kill or filter 
out of water supplies. Lyme disease has become 
the most important vector-borne diseases in the 
United States and large majority of cases occurs 
in the Northeast, although it is less prevalent 
in Maryland than in the states to the north. The 
ticks that transmit Lyme disease prefer cooler 
temperatures during the summer, so the projected 
warming could reduce tick populations and 
disease risk.7 Continued encroachment of suburbs 
into former woodlands presents a far greater risk 
for contraction of Lyme disease. Outbreaks of 
West Nile virus in humans seem to occur when 
extreme heat and drought are followed by heavy 
rains. It is thought that birds that host the virus 
migrate to wetter areas during the drought and the 
mosquitoes that normally prey on birds switch to 
humans when they hatch following the rains.7
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Figure 9.6. Maximum ozone concentrations have declined 
for each temperature range in recent years as a result of the 
reduction of emissions of air pollutants.
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introduction

T his assessment of the impacts of climate 
change on Maryland was undertaken as 
one of three integrated components of 

the Plan of Action of Maryland’s Commission on 
Climate Change. To that end it is appropriate to 
draw implications from the impacts assessment to 
inform the other efforts to mitigate climate change 
by reducing greenhouse gas emissions and to adapt 
to changes likely and thereby reducing Maryland’s 
vulnerability. This concluding chapter briefly 
summarizes the findings of the impacts assessment 
related to those two objectives. 

Mitigation

Reducing emissions soon is required to avoid 
the most serious impacts
The Intergovernmental Panel on Climate Change 
has demonstrated that on a global scale, there are 
likely to be large changes in climate and substantial 
and serious effects on these changes on natural 
ecosystems, resources and human populations and 
societies.3 The IPCC showed that some of these 
changes are inevitable because they have already 
begun and cannot be easily stopped, even with 

dramatic and immediate reductions in greenhouse 
gas emissions. However, the path that humankind 
will follow in either continuing to increase those 
emissions or gradually reducing them will have 
a large effect on the extent of climate change and 
magnitude of its consequences. 

This assessment seeks to identify both those 
changes in Maryland that are likely inevitable and 
those changes that can be avoided with action to 
reduce emissions through the use of the lower and 
higher emissions scenarios. A point made earlier 
bears repeating: the higher emissions scenario 
is not a ceiling, representing the most extreme 
changes that are likely and the lower emissions 
scenario is not a floor, representing the minimum 
effects that are likely to be experienced. Currently 
emissions are growing faster than the higher 
scenario assumes. The IPCC estimated that it would 
require early reductions of global greenhouse gas 
emissions of 50 to 85% by 2050 to constrain the 
increase in the global mean temperature to 3.6 
to 4.5°F3, a level of warming generally thought to 
have dangerous consequences. Under the lower 
emissions scenario used in this assessment, the 
emissions in 2050 would be declining but still be 
about 30% higher than today. For that reason, the 
IPCC is planning to use scenarios incorporating 
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earlier and more dramatic emission reductions in 
its future assessments.

For the most part, the projections of impacts 
under the lower and higher emissions scenarios are 
similar or only modestly different at the middle of 
the 21st century. This is hardly surprising because 
the cumulative emissions are little different between 
the two scenarios by that point in time (Figure 3.3). 
The differences become starker toward end of the 
century, even though the lower emissions scenario 
shows only about a 50% reduction in emissions 
by that time. Thus, the lower emissions scenario 
projections represent what might be considered 
the maximum change that could be expected if 
the mitigation strategies now being advanced in 
international negotiations are implemented. With 
that in mind, the following are some of the more 
severe impacts projected for late 21st century 
climate change in Maryland that could be avoided 
by global action to reduce greenhouse gas emissions 
during the first half of century:

•	 Sea-level rise of up to 3.5 feet as opposed to 
less that 2 feet; the loss of virtually all coastal 
wetlands; inundation of more than 100 
square miles of presently dry land and loss of 
the homes of 4 to 18 thousand Marylanders; 
and the likely initiation of a 20-feet or more 
rise in sea level in coming centuries as a 
result of unstoppable melting of polar ice 
sheets.

•	 Heat waves lasting most of the summer, 
with an average of 30 days each summer 
exceeding 100°F (like Phoenix but with 
high humidity) creating life-threatening 
conditions in Maryland’s urban 
environments during most years; and 
increased respiratory health risks due to 
ground-level ozone concentrations unless 
pollution emissions are dramatically 
reduced. 

•	 More extreme rainfall events, but also longer 
lasting summer droughts, not unlike the 
unusual conditions seen in Maryland over 
the past year.

•	 Declines in agricultural productivity, which 
may be initially enhanced due to warmer 
temperatures, and higher carbon dioxide 
concentrations, as a result of severe heat 
stress and the summer droughts. 

•	 Reduced forest productivity and ability to 
sequester carbon, after a modest increase 
during the first half of the century, as a 
result of heat stress, seasonal droughts, and 

outbreaks of pests and diseases; the loss 
of maple-beech-birch forests of Western 
Maryland and an increase in pine trees in 
the landscape of the rest of the state; and the 
withdrawal of northern bird species such as 
the Baltimore oriole from Maryland. 

•	 The permanent loss of important species 
such as eelgrass and soft shell clams from the 
Chesapeake Bay, highly stressful summer 
conditions for striped bass and other fish as 
the dead zone expands and surface waters 
heat up, and a substantially more difficult 
challenge in restoring the health of the Bay 
by reducing nutrient pollution. 

Limiting the projected impacts in this assessment 
to the 21st century undervalues the full benefits 
of mitigation of greenhouse gas emissions taken 
early in the century. The impacts of unmitigated 
climate change will not just stabilize in 2100 but 
continue beyond, in some cases at an accelerated 
pace. In fact, some responses 
have a long lag effect, meaning 
that the effects will continue 
to grow over centuries.2 This 
is particularly for sea-level rise 
because of the slow process of 
warming the ocean and the 
continued melting of polar ice 
sheets. If emissions continue to grow at the pace of 
the higher emissions scenario or greater, it is likely 
that the climate system will be committed to an 
accelerated melt down of the polar ice sheets over 
the next few centuries that could not be stopped 
by reducing greenhouse gas emissions. If we think 
that is such a long time in the future, we should 
remember that European colonization of Maryland 
began 374 years ago and Maryland became a state 
227 years ago. 

Changing conditions will affect mitigation 
options
Conditions will change in ways that affect mitigation 
options. For example, forests that are stressed by 
heat and low soil moisture during the summer will 
cease to take up and hold (or sequester) carbon 
from the atmosphere. Instead, they tend to release 
stored carbon back into the atmosphere as carbon 
dioxide. Heat stress will increase the demand for 
air conditioning and extend the cooling season. 
At times, air conditioning will not be a luxury, but 
a matter of survival. This would offset mitigation 
savings through energy conservation and increase 
peak electricity demand, which determines the 
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generation capacity required. 
Some of the projected climate changes are 

likely to make the accomplishment of present 
environmental objectives more difficult, for 
example attaining ozone concentration standards 
by reducing air pollution or achieving the 
Chesapeake Bay restoration goals by reducing 
nutrient agricultural and urban runoff of nutrients 
and sediments. However, most of the projected 
impacts of climate change will not be realized 
until the middle of the century or later and some 
are not yet very predictable. Therefore, there is 
ample opportunity to continue to pursue those 
environmental objectives aggressively because this 
would lessen the impacts of climate change later 
on. Freezing action due to the uncertain effects of 
climate change would serve no useful purpose.

Adaptation

Sea-level rise and coastal vulnerability
Based on the current scientific understanding 
of the complex processes that will affect future 
sea level as considered in the projections of this 
assessment it is prudent to plan now for one foot of 
relative sea level rise by the middle of the century 
and at least two feet by the end of the century. For 
major, long life-time investments in property and 
infrastructure it would be prudent to consider 
an additional margin of safety by planning for a 

four foot rise in sea level. New 
observations of the global and 
local rates of sea level rise, new 
scientific understanding of the 
processes of melting of polar ice 
sheets and improved capabilities 
for long-range storm forecasting 
could alter this advice, but more 

severe impacts are not likely to be realized until 
the second half of the century. Consequently, plans 
and policies should be periodically reevaluated 
with regard to this emerging understanding and 
the progress in reducing GHG emissions. 

Subsequent adaptation strategies
The Maryland Commission on Climate Change 
will continue to evaluate adaptation strategies in 
addition to sea-level rise and coastal vulnerability 
over the next year or more. The assessments 
provided in this report should serve as a useful 
basis for evaluation of adaptation strategies 
appropriate for Maryland in the areas of human 
health (heat and respiratory stress), water resources 
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(particularly emphasizing the Potomac Basin, 
groundwater resources, and reducing the effects of 
urbanization on flooding and stream health), forest 
management (changing sequestration potential 
and managing forest succession and diseases and 
pests), and restoration of the Chesapeake Bay and 
Maryland’s Coastal Bays (building on the recent 
analysis of the Scientific and Technical Advisory 
Committee of the Chesapeake Bay Program). 

Monitoring, assessment and forecasting
In general, there is insufficient monitoring of 
Maryland’s climate, environmental conditions and 
resources to characterize their present state and 
variability. Now that we realize that all of these are 
changing and will be changing more rapidly in the 
future a better system of observations is required—
one that is reliably continuous, strategically targeted, 
and thoroughly integrated. Reliable observations, 
interpreted with scientific understanding and 
innovative models, can dramatically reduce 
uncertainty about the path of climate change in 
Maryland and its consequences, allowing us to 
make better informed and wise decisions about the 
state’s future. Climate models can be downscaled 
to incorporate locally important phenomena, such 
as urban heat island and forest cover effects, and 
resolve important difference across our slice of the 
Mid-Atlantic landscape. 

Maryland is in a strong position to become a 
national and international leader in regional-to-
global climate change analysis and its application 
to mitigation and adaptation. There is already 
considerable, world-recognized expertise within 
our public and private universities on which 
to build. And, Maryland has the unmatched 
advantage of the location of: the Goddard Space 
Flight Center, which leads the National Aeronautics 
and Space Administration’s earth science program, 
at Greenbelt; the headquarters of the National 
Oceanic and Atmospheric Administration’s line 
offices at Silver Spring; and the National Weather 
Service’s Climate Prediction Center soon to 
be relocated to College Park. Marshalling and 
enhancing this capacity for continually improving 
climate impact assessment would greatly benefit 
not only our state, but our planet, Earth.
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