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Presentation Notes
Caption (Niagara Falls): A History of Abundant Water Resources Images such as this view of Niagara Falls in New York reinforce the perception of the Northeast as a region rich in water resources. In the future, projected changes in the region’s hydrology may require new approaches to water-resource management.

In the Northeast global warming is projected to affect water resources in the following ways.
• Alter the timing and amount of stream flow, which would create: – more high-flow events in winter, particularly under the higher-emissions scenario, with an associated risk of winter flooding; – earlier peak flows in spring—roughly two weeks earlier under the higher-emissions scenario and 10 days earlier under the lower-emissions scenario; and – extended low-flow periods in summer—nearly a month longer by late-century under the higher-emissions scenario, with little change under the lower-emissions scenario.
• Increase winter precipitation (much of which is expected to fall as rain) 20 to 30 percent by late century under either emissions scenario.
• Reduce snowpack and shorten the snow season in the typically snowy northern states—up to 50 percent by late-century under the higher-emissions scenario and more than 25 percent under the lower-emissions scenario.
• Increase the frequency of short-term (one- to three-month) droughts3 by late-century from an average of once every two to three years to once every year across the Adirondacks, Catskills, and most of New England under the higher-emissions scenario, with little change under the lower-emissions scenario.
• Increase the frequency of extremely hot days (which can increase water demand) roughly five-fold under the higher-emissions scenario and two- to three-fold under the lower-emissions scenario.
• Increase the likelihood and severity of damaging rainstorms under both scenarios.
• Raise sea levels between 10 and 23 inches under the higher-emissions scenario and 7 and 14 inches under the lower-emissions scenario, increasing the risk of saltwater intrusion into coastal aquifers.

Caption (sprinkler): Hot Summers, High Water Demand. Projected increases in summer temperatures, short-term drought, and extended low-flow conditions under the higher-emissions scenario could both increase water demand and tax water supplies.
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Changes in the Water Cycle 
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Caption (flooding): River Flooding Affects Water Quality. Heavy rainfall in 2004 turned the waters turned this river in Lawrence into a torrent, damaging many properties and negatively affecting water quality. Under either emissions scenario, extreme precipitation is projected to increase, potentially creating more frequent river flooding.

Caption (low stream flow): Communities and Wildlife Depend on Adequate Stream Flow. Conditions of low stream flow are projected to last roughly a month longer by late-century under the higher-emissions scenario, with little change under the lower-emissions scenario. For communities dependent on streams and rivers for their water supply, this trend is cause for concern.

Changes in the surface water balance are reflected in evaporation, soil moisture, and runoff: How much water is entering the system (precipitation)? How much is leaving (through evaporation and runoff)? How much remains (as measured by soil moisture)? To examine the potential impacts of climate change on surface or terrestrial hydrology in the Northeast, we rely on simulations from the Variable Infiltration Capacity hydrological model, driven by historical observed temperature and precipitation and by future projections of changes in temperature and precipitation likely to occur under the higher and lower emissions scenarios.  
Climate change is projected to bring increases in winter precipitation and warmer temperatures, with little change in summer rainfall. Increasing winter precipitation would mean more water available for runoff and evaporation. As temperatures warm, snow will also melt faster and earlier. For this reason, runoff and soil moisture in winter and early spring is likely to increase. These increases could be followed by reductions in soil moisture in the late summer and early fall, and possible water shortages. Late summer and early fall reductions in soil moisture could arise because warmer temperatures drive higher evaporation rates, which would not be compensated for by additional rainfall. Projected winter and spring increases, and summer and fall decreases, are generally greater under the higher scenario as compared with the lower scenario, highlighting the important influence of temperature on hydrology and surface water in the Northeast.  
These trends in soil moisture, evaporation, and other aspects of hydrology will have important implications for the availability of water for agriculture and other uses in the Northeast. Moreover, extreme events such as droughts that can occur on top of these long-term trends have even greater potential for creating economic and ecosystem damage. A drought is defined here as occurring when monthly soil moisture is more than 10% below the long-term mean (relative to historical simulations). This definition relates directly to the availability of water for agriculture and water supply. Drought events are classified as being short (1-3 months), medium (3-6 months) or long-term (6+ months).  
Historically, short-term droughts occur one out of every two years over most of the Northeast and once in every three years over inland New York State, western Pennsylvania and northern Maine [Figure 9]. Medium-term droughts are far less common; historically, they occurred anywhere from once every fifteen years for the inland regions listed above, to not at all for some coastal areas. Long-term droughts occurred on average less than once in thirty years[i]. �54 Note that these simulations do not include the 1960s drought, since they are not based on observed temperature and precipitation. Historical drought estimates were generated using the Variable Infiltration Capacity (VIC) model, driven by historical climate model simulations, as discussed in section 2.



Increasing Summer 
Drought 

• Over course of century, hotter 
summers are likely to feature 
increased evaporation rates and 
reduced soil moisture 

• By end-of-century 
– short-term droughts projected to occur 

annually in Massachusetts, with higher 
emissions.   

– only slightly greater risk of drought under the 
lower emissions scenario. 
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Changes in the surface water balance are reflected in evaporation, soil moisture, and runoff: How much water is entering the system (precipitation)? How much is leaving (through evaporation and runoff)? How much remains (as measured by soil moisture)? To examine the potential impacts of climate change on surface or terrestrial hydrology in the Northeast, we rely on simulations from the Variable Infiltration Capacity hydrological model, driven by historical observed temperature and precipitation and by future projections of changes in temperature and precipitation likely to occur under the higher and lower emissions scenarios.  
Climate change is projected to bring increases in winter precipitation and warmer temperatures, with little change in summer rainfall. Increasing winter precipitation would mean more water available for runoff and evaporation. As temperatures warm, snow will also melt faster and earlier. For this reason, runoff and soil moisture in winter and early spring is likely to increase. These increases could be followed by reductions in soil moisture in the late summer and early fall, and possible water shortages. Late summer and early fall reductions in soil moisture could arise because warmer temperatures drive higher evaporation rates, which would not be compensated for by additional rainfall. Projected winter and spring increases, and summer and fall decreases, are generally greater under the higher scenario as compared with the lower scenario, highlighting the important influence of temperature on hydrology and surface water in the Northeast.  
These trends in soil moisture, evaporation, and other aspects of hydrology will have important implications for the availability of water for agriculture and other uses in the Northeast. Moreover, extreme events such as droughts that can occur on top of these long-term trends have even greater potential for creating economic and ecosystem damage. A drought is defined here as occurring when monthly soil moisture is more than 10% below the long-term mean (relative to historical simulations). This definition relates directly to the availability of water for agriculture and water supply. Drought events are classified as being short (1-3 months), medium (3-6 months) or long-term (6+ months).  
Historically, short-term droughts occur one out of every two years over most of the Northeast and once in every three years over inland New York State, western Pennsylvania and northern Maine [Figure 9]. Medium-term droughts are far less common; historically, they occurred anywhere from once every fifteen years for the inland regions listed above, to not at all for some coastal areas. Long-term droughts occurred on average less than once in thirty years[i]. �54 Note that these simulations do not include the 1960s drought, since they are not based on observed temperature and precipitation. Historical drought estimates were generated using the Variable Infiltration Capacity (VIC) model, driven by historical climate model simulations, as discussed in section 2.
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The number of snow-covered days across the Northeast has already decreased, as less precipitation falls as snow and more as rain, and as warmer temperatures melt the snow more quickly. 
Snow density has increased as the snow has become wetter and heavier (i.e., more “slushy”).
By the end of the century, the northern part of the Northeast, currently snow-covered for almost the entire winter season, could lose up to one-quarter of its snow-covered days under the lower-emissions scenario and more than half of its snow-covered days under the higher-emissions scenario.
By the end of the century, the southern and western parts of the Northeast could experience as few as 5 to 10 snow-covered days in winter, compared with 10 to 45 days historically.

This map explores changes in a particular measure of snow cover: the area with > a dusting of snow on the ground for more than 30 days in the average winter.  
The area where this threshold has historically been met in the average year is shown in red.  
In the future, these snow cover conditions will only be experienced in the remaining white area.




Increasing winter precipitation 
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Winter precipitation (in the form of both snow and rain falling in winter months) has been increasing over the past few decades, and is projected to continue increasing, with slightly larger changes under the higher-emissions scenario than the lower-emissions scenario.
Little change is expected in summer rainfall, although projections are highly variable.

On average, precipitation in the Northeast is relatively consistent throughout the year, although it can vary greatly from year to year and month to month. The recent historical precipitation pattern in the Northeast was dominated by an extended drought in the early 1960s, which lasted for several years [Figure 6].  This drought was the worst to occur in the NE region since the beginning of record keeping in the late 19th century, and possibly since European settlement.[i],[ii] 
Excluding this event, there has been a gradual increase of about 5 to 10 percent in annual average precipitation across the Northeast since 1900.2,[iii] Most of that increase is evenly split between spring, summer, and fall, with little change in winter precipitation. Over the past few decades, however, this trend has reversed. Average annual precipitation shows a slight decrease, but winter precipitation has begun to increase at a rate of up to 0.15 inch per decade. 
The most significant trend has been in the type of precipitation that falls. As winter temperatures rise, more precipitation is falling as rain and less as snow.
In the future, most model simulations suggest a steady increase in annual precipitation, with a total increase of 10 percent (or about four inches per year) by the end of the century. Unlike temperature, the magnitude of annual precipitation changes is not projected to differ significantly under the higher- and lower-emissions scenarios. 
Winter precipitation, however, is projected to increase more under the higher-emissions scenario than the lower-emissions scenario (Figure 6). By mid-century, winter precipitation could increase between 11 percent (lower emissions) and 16 percent (higher emissions) on average. By the end of the century, winter precipitation could increase an average of 20 to 30 percent, with greater increases under the higher-emissions scenario. And compared with the past few decades, a greater proportion would be expected to fall as rain rather than as snow. Overall, little change in precipitation is projected in summer months, although individual models project both increases and decreases, in part due to the high variability in year-to-year rainfall. 




Extreme Precipitation 
• Heavy rainfall events are becoming more frequent 

across the Northeast 
• Under both emissions scenarios 

– rainfall is expected to become more intense 
– periods of heavy rainfall are expected to become more 

frequent  
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The frequency of heavy rainfall events is increasing across the Northeast.
Under both emissions scenarios, rainfall is expected to become more intense. In addition, periods of heavy rainfall are expected to become more frequent. 
Some East Coast winter storms are projected to shift from earlier to later in the winter season as temperatures rise, and more storms are expected to travel further up the coast and affect the Northeast.

Extreme precipitation can inflict tremendous damage on homes, businesses, public infrastructure and ecosystems, as well as disrupting economic activity and daily lives. In the fall of 2005 and spring of 2006, the Northeast was hard hit by several extreme precipitation events that resulted in loss of life and an estimated $130 million dollars in property damage.   
During the 1980’s and 1990’s, the Northeast experienced a rise in heavy precipitation events, defined as more than two inches of rain falling in less than 48 hours9. To assess possible future changes in extreme events, we use the following three measures:
The average intensity of precipitation, calculated as the number of days that it rains each year, divided by total annual rainfall
The number of heavy precipitation events, defined as more than two inches of rain in less than 48 hours
The intensity of once-a-year extreme precipitation events, calculated as the amount of precipitation that falls over five consecutive days in a given year
All three measures of extreme precipitation are expected to increase over the coming century. For precipitation intensity, or the average amount of rain that falls on any given rainy day in the Northeast, increases of 8 or 9 percent are projected by mid-century, and increases of 10 to 15 percent by the end of the century. In other words, wet days will become wetter. 

The number of heavy precipitation events is also projected to increase by 8 percent by mid-century, and 12 to 13 percent by the end of the century. This means that, in addition to having more rain when it does rain, there will also be more two-day periods with heavy downpours. Finally, increases are also projected for the wettest five-day period of each year. By mid-century, 10 percent more rain is projected to fall during these events. By the end of the century, 20 percent more rain is projected relative to the average event during 1961 to 1990. Overall, these changes indicate that the types of heavy rainfall events and floods that have occurred in the Northeast in recent years will become increasingly common.
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A collaboration between the Union of Concerned Scientists (UCS) 
and > 50 independent experts to:
Develop and communicate a new assessment of climate change and associated impacts on key climate-sensitive sectors in the Northeast U.S.
Combine state-of-the-art analyses with effective outreach to provide decision-makers with the best available science upon which to base informed choices about climate change solutions.

New state-of-the-art research shows that if global warming emissions continue to grow unabated, Connecticut can expect dramatic changes in climate over the course of this century, with substantial impacts on key sectors and the state’s character. If the rate of emissions is lowered, however, projections show that many of the changes will be far less dramatic. Emissions choices we make today—in Connecticut, the Northeast, and worldwide—will help determine the climate our children and grandchildren inherit, and shape the consequences for their economy, environment, and quality of life.

Geographic scope: Nine Northeast states, from Maine to Pennsylvania
Sectoral scope: coastal, marine, forests, agriculture, winter recreation, health, solutions.

July 11, 2007: Release of NECIA assessment of impacts, options for mitigation and adaptation.  
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