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				Chapter 1

				THE CULTURE OF MAINE’S WEATHER

				Maine is a state known for its rocky coastline, its lobsters and blueberries, and for the fun that its ocean and mountains bring to tourists and Mainers alike. It is also known for its people, their independence and fortitude. Maine is “Vacationland,” as prominently displayed on one of the state’s license plates. Its more official nickname is “The Pine Tree State,” and given that 90% of the state is forested, the highest percentage in the United States, this is certainly a valid nickname. Maine is also known for its weather, probably most of all for its cold winters and snowstorms. Those may be icons for the state, but there are many other weather types dictating the interactions between people and Maine’s natural environment. The weather of Maine is dynamic and can be so unpredictable that Mainers can easily be said to have adopted it as an icon for their lifestyle. You have only to read the description of the weather event detailed below for a clear, and humorous, example of what Mainers must cope with.

				AN UNEXPECTED TURN OF EVENTS

				As the end of March 1992 approached, many Mainers were undoubtedly looking forward to spring-like weather, getting their tomato plants started inside, and possibly getting ready to start spring cleaning. Temperatures had not only risen to 50˚F in Portland several times in early March that year, but also in the last few weeks of February. There had not been a measurable snowfall in Portland since the end of January and by the end of March the ground had no snow cover. Kennebunkport had a high of 58˚F on March 6 and Sanford had four days above 50˚F in early March, including a high of 58˚F on the 5th. Many people in southern Maine were probably thinking of an early spring, and the weather forecasts were not indicating anything very different from this progression out of winter. But the notorious and often unpredictable weather of Maine was about to throw a major-league curve ball. At 9:17 PM on Thursday, March 19, the National Weather Service issued the following forecast for the midcoast and southwest coasts of Maine.

				Tonight: Mostly clear. Lows near 20. Northeast wind around 10 mph. Some minor coastal flooding possible at the time of high tide near midnight. 

				Friday: Partly sunny. Highs in the mid to upper 30s. Light wind. 

				Friday night: Mostly clear. Lows in the teens. 

				Saturday: Mostly sunny. Highs 30 to 35. 

				This was not the kind of forecast that would make someone pay serious attention to the weather for the upcoming weekend. Not much had changed by early Friday morning. The forecast released at 3:04 AM indicated that a fairly nice couple of days lay ahead for the midcoast and southwest coastal areas. Twelve hours later (3:01 PM, Friday, March 20) computer models produced the same forecast for the southern coastal regions. By Friday evening, a small change in the forecast occurred. There was now a chance of flurries; however, this was just a minor change and there still was probably very little concern about weather conditions over the next few days. At 9:23 PM on Friday, the forecast called for a 30% chance of flurries, but atmospheric conditions were changing. Here is the forecast that was issued at 9:23 that evening. 

				Tonight: Variable clouds with a 30 percent chance of flurries. Lows 20 to 25. Southeast winds 5 to 10 mph becoming variable. Minor flooding possible along the coast around midnight due to high tides. 

				Saturday: Becoming sunny. Highs around 30. Northwest winds 5 to 15 mph. 

				Saturday night: Mostly clear. Lows in the teens. 

				Sunday: Sunny, then clouds increasing during the afternoon. Highs around 30. 

				By midnight on Saturday, the stage was set for Maine’s weather to show its unpredictable nature. In other words, the fun was beginning. It started to snow along the southwest coast around midnight Saturday. In some areas, the snow began to fall at the rate of 3 to 4 inches per hour, and the game of “catch-up” began. This meant that the forecasts for early Saturday morning were essentially only accommodating the amount of snow that had already fallen. The next forecast for the midcoast and southern Maine, released at 1:07 AM on the 21st, was as follows.

				Tonight: Snow ending, then partial clearing. Accumulations 1 to 3 inches with some patchy accumulations near 4 inches. Lows 20 to 25. Southeast winds 5 to 10 mph becoming variable. 

				Saturday: Becoming sunny. Highs near 30. Northwest winds 5 to 15 mph. 

				Saturday night: Mostly clear. Lows in the teens. 

				Sunday: Sunny, then increasing clouds in the afternoon. Highs near 30.

				Yet, as of early Saturday morning, some areas along the southern coast already had 4 to 8 inches on the ground. This prompted the following forecast at 3:37 AM for the southwest coast.

				Snow advisory early this morning.

				Today: Snow ending this morning, then becoming mostly sunny. Total accumulation 4 to 8 inches. High in the mid-30s. Winds becoming northwest, 5 to 15 mph. 

				As dawn approached on Saturday, the forecast released at 4:54 AM emphasized potential snowfall amounts along the southwest coast. Interestingly, even this late in the event, the computer forecast models did not calculate the magnitude of the situation successfully.

				Winter storm warning early this morning.

				Today: Snow ending this morning, then becoming mostly sunny. Total accumulation 6 to 10 inches except 10 to 15 inches in the vicinity of Portland. Highs in the mid-30s. Winds becoming northwest 5 to 15 mph.

				Finally by mid-afternoon, the snow began to diminish and eventually stopped late in the day on Saturday. The 30% chance of flurries forecasted at 9:00 PM on Friday ultimately produced snowfall totals well over 10 inches along the southwest coast of Maine, with an unofficial snowfall of 30 inches at Goose Rocks Beach in York County. The weather phenomenon that produced this “surprise snowstorm” is referred to as a NORLUN Instability Trough. It is not a distinct low-pressure or storm center, but results from a group of conditions that can form along the Maine coast. This type of weather features a persistent flow of air off of the ocean that helps to produce the 3-4 inch/hour snowfall rates and ultimately the high snowfall totals. Computer models in the early 1990s were not able to predict this kind of weather event very well and, according to Hendricus Lulofs of the Caribou National Weather Service office, the more refined and intricate models of today are still unable to consistently predict their occurrence, nor are they able to reliably predict where the highest snowfall rates will occur. Truly the NORLUN Instability Trough is a great example of the complicated nature of Maine’s weather. 
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				Figure 1.1. Examples of glaciated features in the landscape of Maine. On the left is a photograph of the Beehive, Acadia National Park. This feature is a roche moutonnée formed by glacial erosion and indicative of the direction of ice flow. Ice flowed from the right (north) of the hill (long gentle slope) to the left (south) of the hill (short steep slope). Photograph from Greg Zielinski. On the right is a photograph of Balancing Rock, Acadia National Park. This large boulder was placed on top of the Bubbles by the last ice sheet. Photograph from Chris Zielinski.

				THE FORTITUDE OF MAINERS: THE EARLY DAYS

				Mainers are hearty souls, willing to withstand deep snow, blizzards, and cold temperatures, particularly when these conditions are unexpected. In fact, winter-like conditions may exist in certain parts of the state at any time during nine months of the year. On the other hand, summers can have temperatures in the 90˚Fs with high humidity and torrential rains. In fact, both drought and wet spells with the possibility of flooding may occur frequently within the same year. Hurricanes and all levels of tropical systems can have a direct impact on the state and even tornadoes may occur along with very severe thunderstorms. There is no shortage of weather types and events to challenge the fortitude of Mainers. This is especially true as so many individuals are dependent on the weather, such as farmers, fishermen, foresters, and those in the tourist and recreation industries. Public works departments are also highly cognizant of approaching weather systems, especially once the dreaded “winter weather advisory” or “winter storm watch” is issued by the National Weather Service.

				It is noteworthy that the perseverance of individuals in the face of Maine’s weather is not something that has come into existence over the last century. It is true that our dependency on modern technology makes us more susceptible to the fury of a severe weather event than were early settlers with their more-simple lifestyle. This is especially true of modern travel and communications. However, the first Europeans who settled here had fewer conveniences to help protect them from the weather as a whole, and particularly, from the different types of storms that move into or form in the state. 

				An example of the adversity past Mainers endured from the weather occurred during the summer of 1816. That year is commonly referred to as the “Year Without a Summer,” as well as “Eighteen Hundred and Froze to Death,” ominous descriptions no matter which is used. Snow was recorded in June just about everywhere in Maine that summer, and accounts of conditions in July by Stommel and Stommel (1983) include “ice froze as thick as window glass” on July 5. Of even greater significance to settlers was the frost on July 9 that again killed much of the corn crop in the state except in the most sheltered areas. Corn in Warren was cut down by the frost on this day as it was just hoed for the first time. Professor Parker Cleveland at Bowdoin College recorded a temperature of 33˚F on the morning of July 9 and frost was reported in many places around Brunswick. The cool nights were very unfavorable for vigorous corn growth and failure of the crop was certain throughout Maine and New England as a whole. In fact, the Portland publication Argus advised farmers on July 17 to plow their grasses under again and resow for new growth to appear by the end of summer. The poor growing season in 1816 also led to an increase to 75 cents per bushel of potatoes—up from the usual price of 40 cents per bushel. Such conditions would be quite traumatic for today’s farmers, but think of what it meant to the farmers of 1816 who were so dependent on their crops for survival. 

				Unfortunately, the poor weather in the summer of 1816 was the turning point in the future of many people in Maine. The size of many farm families was large, thereby preventing many sons from inheriting the family farm. In addition, the amount of available land suitable for agriculture in Maine at this time was very limited. As a result, many young people were probably contemplating a westward emigration to find new land in the fertile farmlands of the central part of the country. In particular, those who had previously moved to the areas around the Ohio and Mississippi Rivers encouraged their siblings to move out of Maine and northern New England, as a whole. The bad crop of 1816 was enough to convince many to emigrate westward. Many sold their farms in Maine, with some of the poorer farmers leaving on foot for Indiana and Ohio. Clarence Day, in his book, referred to one such family of eight who walked from Maine to Easton, Pennsylvania, dragging their possessions behind them. He also noted a single day when a train of 16 wagons with 120 men, women, and children left Durham, Maine, passing through Haverhill, Massachusetts, en-route westward to Indiana. Although not the sole reason for this migration out of Maine in the early 1800s, the weather and climate of the time played a significant role in the process.

				The weather and climate of Maine also played a key role in the American Revolution. Benedict Arnold led his troops on the Quebec Expedition during the fall of 1775 from Fort Warren, Augusta, through the hills of west-central Maine to Point Levis on the St. Lawrence River in Quebec. The harsh nature of Maine’s weather reared its ugly head during this trip in the form of a strong windstorm on October 12 and 13 and a drenching rain from the 19th to the 21st. Arnold and his men also encountered three early season snowstorms, the largest of these was a six-inch snow on the 24th and 25th of October, with smaller snowstorms on the 3rd–4th and 7th of November. Maine’s weather certainly added to the hardships of the expedition and Arnold’s force of men was greatly reduced by the time they reached Quebec.

				[image: Figure%201.2.jpg]

				Figure 1.2. Example of the rocky coastline of Maine showing Bass Harbor Light, Mount Desert Island. Photograph by Chris Zielinski.

				There is no doubt that Mainers have always had to deal with very dynamic and potentially life-altering weather, but at the same time, the beauty and natural wonders of Maine are also directly related to the state’s weather and climate. Our modern landscape actually began to develop under the climatic conditions of 10,000 years ago, a short step back in time from a geological perspective (Fig. 1.1). At that time, the entire state was covered by the last great ice sheet that spread over large portions of North America. The erosion associated with the moving ice carved out great portions of the landscape in Maine. Sediments deposited directly from the ice or from melt water flowing from the glaciers produced many of the landforms that make up great expanses of the state’s landscape. With warmer conditions at the end of the last glaciation, melting ice helped to raise sea level, thereby producing the rugged coastline of Maine (Fig. 1.2).

				Our present-day weather conditions now highlight this wondrous landscape. Different cloud types form under different weather conditions leading to great variability in a single vista from one day to the next. Coastal areas are frequently shrouded in fog, a nemesis for some, but the source of interesting lighting for photographers. A gorgeous rainbow against the dark sky of a summer shower or thunderstorm enhances the state’s scenery. Furthermore, how can one talk about the beauty of the state without mentioning the glorious colors of autumn. Our weather and climate is greatly responsible for many of the most delightful parts of Maine’s culture and the interactions between Maine’s people and environment.

				The dynamic nature of Maine’s weather can cause it to change very quickly over a short period of time or even as you simply drive down the road. On the other hand, great differences in weather conditions can be encountered from year to year, such as going from a very frigid, snowy winter one year to a warm winter with limited snowfall the next. This book will help you understand what controls the great variability in Maine’s weather and why it differs so much across the state. At the same time, you will be able to evaluate how Maine’s weather and climate have changed over time and think about what continuing changes may mean for our future. Rest assured, our climate has always been changing and it will continue to do so.

			

		

	
		
			
				Chapter 2

				THE “QUICKIE” GUIDE TO WEATHER

				Sometimes the weather-related terms used by local forecasters or individuals in various parts of the media are unknown or many people may be unclear as to what they actually mean. It may be frustrating when you are listening for “just the forecast,” but these other terms are added to the description of weather conditions. Have no fear, for I’ll explain many of those terms. You may still want the “weather person” to get to the forecast, but at least now you’ll understand what these individuals are talking about. 

				In addition to the words and phrases commonly used by forecasters, it may also be unclear just what the difference is between weather and climate. Weather is the condition of the atmosphere at any given moment at any given place. Climate, on the other hand, is average weather over a long period of time or over an area larger than a single location. Examples of climate include the average temperature for the month of January in Portland, the average daily high on September 18 for Presque Isle, and the average annual precipitation for the state of Maine. Both weather and climate are part of meteorology, which is the study of the atmosphere, although the study of climate itself is climatology. Meteorologists study the atmosphere and that includes many different components such as weather forecasting, probably the part of the profession most familiar to the general public.

				The definition of the seasons may not mean the same thing from one person to another. After all, one has only to remember the last one-foot snowstorm that hit several weeks after the first day of spring. The common use of the terms winter, spring, summer ,and fall comes from the position of the sun relative to the equator and the Tropic of Cancer (Northern Hemisphere) and Tropic of Capricorn (Southern Hemisphere). The seasons are solar based and so are not completely connected to local weather conditions. It is true that the first day of winter is on or about December 21 in Maine, and in the Northern Hemisphere as a whole. It is the day with the least amount of daylight during the year and it is around the coldest time of the year. However, because of various factors (see chapter 5), the average coldest day of the year in Maine actually falls in mid- to late January or early February. So we can also classify the seasons by the coldest 90 days of the year (climatological winter) and by the warmest 90 days of the year (climatological summer). The average hottest day of the year occurs almost one month after the day with the longest amount of daylight—about June 21 or the first day of summer. Climatological spring and fall would then be the 90 days that fall between the coldest and warmest days of climatological winter and summer. 

				Of course, all Mainers know the “real” seasons are defined by neither of these factors, but rather by the impact on one’s lifestyle. True spring is in reality more appropriately named “mud season” and the first part of true summer is “blackfly season.” These two are perhaps the most well known of the “real” seasons of Maine, but others can readily be described as beach season (summer), skiing or snowmobiling season (winter), and leaf season (fall), to name a few possibilities. The timing of these “real” seasons, as well as the timing of the climatological seasons, differs across the state, another reason why understanding our weather and climate is not a simple task.

				WHAT THE FORECASTERS TELL YOU

				A typical listing of current conditions, whether from local television or radio, may include terms such as temperature, barometric pressure, wind speed and direction, including gusts, and relative humidity. In some cases, more detailed accounts of current conditions may be provided by including additional terms in the summary, such as dew point or the existing wind chill or heat index. Specific aspects of each of these components of weather will be presented in later chapters.

				TEMPERATURE

				Nearly everyone is familiar with the term temperature, but what does it actually represent? Technically, the temperature that we record is a measure of the average speed of air molecules, with greater speeds meaning higher temperatures and lower speeds producing lower temperatures. A more simple definition, however, is the quantity measured by a thermometer—certainly a definition we can all relate to. Temperature is measured in three different units. The scale used in the United States is Fahrenheit (˚F), while most of the rest of the world uses the Celsius scale (˚C). The exact conversion between the two scales is ˚F = 1.8C˚ + 32, with the two scales being equal at –40˚. Absolute temperature is measured in Kelvin (˚K), but because of the large numbers and ranges involved, that unit is not used to report air temperatures.

				Degree Days: Heating and cooling degree-days were developed during the energy crisis of the mid-1970s as guidelines for determining yearly energy needs. They are based on the average daily temperature relative to 65˚F. The thought is that average daily temperatures below 65˚F require heating of the household or building, hence the term heating degree-day. Average daily temperatures above 65˚F require energy to cool the household or building, thus the term cooling degree-day. 

				HUMIDITY

				One of the most important characteristics of our planet that allows the existence of life is the presence of water in all three of its phases, solid (ice), liquid, and gas (water vapor). The amount of the water in the atmosphere at any one location is an important characteristic that has many ramifications for the weather. The most common form water takes in the atmosphere is the gaseous phase, thus the amount of water vapor present in the air is an important forecast tool. The term humidity is a reflection of how much water vapor is in the air.

				Relative Humidity: The most common number presented by forecasters to describe the moisture content of the atmosphere. It is actually the ratio of the vapor pressure (the pressure exerted by the water-vapor molecules) to the saturation vapor pressure (when the pressure of the water-vapor molecules is equal to that of a surface in either the liquid or ice phase of water). The relative humidity of the air can be measured and expressed as a percentage, with 100% relative humidity meaning the air is completely saturated with water vapor. 

				Dew Point: The temperature at which water vapor condenses to form liquid water. It, too, is indicative of the moisture content of the air.

				Clouds: The visible form in the sky of the many tiny water droplets that accumulate when water vapor condenses in rising air. The type of cloud is determined by its form and many times a forecaster will mention the type of clouds one could expect to see during the day. The very high wispy clouds are cirrus and they often are the first type of cloud observed as a storm system approaches. Very puffy clouds that show some vertical growth are cumulus clouds and when the vertical growth is limited, these are characteristic of fair weather. However, when they grow vertically to great heights they often form thunderheads or cumulonimbus clouds. Stratus clouds are layered clouds and they are the most common type of cloud associated with precipitation. There are many combinations of these different cloud types.

				Fog: When enough water vapor condenses very close to the earth’s surface it forms a cloud that may be only a few feet above the ground. This is fog.

				Heat Index: How often do you hear the phrase, “it is not the heat, but the humidity”? This phrase reflects how the moisture content of the air increases the impact of air temperature on humans and other animals during the summer or warm-season months. The body cools itself by the evaporation of sweat, but when the humidity is high, the perspiration we generate is not able to evaporate, thereby reducing the body’s ability to cool off. To make sure that this potentially dangerous situation is known to the general public, the heat index is often reported along with air temperature during those “sticky” days of summer. The heat index indicates what the air temperature actually feels like (that is, the apparent temperature) to the body given the humidity conditions that exist (Table 2.1). A high heat index can lead to dehydration and heat stroke at a much quicker rate than would occur with the same temperature and lower humidity levels. 

				ATMOSPHERIC PRESSURE

				Air is drawn toward the center of the earth by gravity, so pressure is created at the earth’s surface by the weight of our atmosphere. Forecasters are more likely to use the term barometric pressure when reporting atmospheric conditions, because it is measured with a barometer. The unit of atmospheric pressure used in the United States is inches of mercury (in. Hg), because mercury is the fluid in the standard barometer. The more common unit of pressure around the world and the unit often used to describe the strength of storm systems is the millibar (mb). 

				Surface: Atmospheric pressure decreases with elevation because there is less of the earth’s atmosphere above someone at a given altitude versus somebody at sea level. It is for this reason that when you hear the pressure given for a particular location, that pressure is converted to what it would be if the location was at sea level. This allows comparisons to be made from one site to another without worrying about differences in pressure caused by differences in elevation. The average pressure at the earth’s surface is 29.91 in. Hg or 1013 mb. Weather maps shown on television and on the Web frequently show lines of equal surface pressure, referred to as isobars.

				Upper-air Pressure: As you move higher and higher away from the surface of the Earth there is less atmosphere above you. The result is that the pressure decreases as you go upward. In fact, it decreases very quickly with height—the reason you feel light-headed and feel pressure on your eardrums at higher altitudes. This is why the cabin of a passenger jet is pressurized. In addition, the pressure at different levels of the atmosphere is critical to our weather here at the earth’s surface. That is the reason forecasters will often mention upper air patterns or characteristics when talking about how strong an approaching storm will be, particularly in the case of nor’easters. Upper air patterns are a reflection of the air pressure patterns at different levels of the earth’s atmosphere. These patterns are important because they will often dictate the direction and speed of weather systems at the surface. Upper-air pressure patterns can also directly impact the weather at the surface even when there is no obvious weather feature at the surface. 
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				Table 2.1. Heat Index. Note: Heat index in light gray also referred to as apparent temperature. A Category I heat index (apparent temperature >130˚F, in black) means heatstroke or sunstroke is highly likely. Category II heat index (apparent temperature 105—129˚F, in dark gray) means sunstroke, muscle cramps, or heat exhaustion likely. Category III heat index (apparent temperature 90-104˚F, light gray) means sunstroke, muscle cramps and heat exhaustion possible. Category IV heat index (apparent temperature 80—90˚F) means fatigue possible. Prolonged exposure and physical activity greatly increases the likelihood of the impacts within each category of heat index. From the National Weather Service, National Oceanic and Atmospheric Administration.

				High-pressure System: One of the major circulation features found at the earth’s surface, high-pressure systems, or highs, form when air is descending from upper levels of the atmosphere. They are also referred to as anticyclones. This descending air increases atmospheric pressure at the surface and results in an area of pressure higher than that of the surrounding region. A high is usually associated with nice weather because descending air prevents abundant air from rising from the earth’s surface. Rising air will cool, condense, and form clouds that may eventually become large enough to produce precipitation. Airflow around a high-pressure system is clockwise in the Northern Hemisphere because of the Coriolis Effect (a force caused by the rotation of the earth). Together with the descending air, the result is that air will move outward from the center of the high-pressure system in this clockwise pattern. The center of the high-pressure system on a weather map is designated by a blue H. Highs often dominate a large part of the country.

				Low-pressure System: The other major circulation feature at the surface is the low-pressure system, or low. These are also referred to as cyclones. Lows are characterized by rising air, resulting in an area of lower pressure at the surface compared to that of the surrounding region. The process of rising air is referred to as convection. Rising air cools and water vapor condenses to form water droplets and clouds. Precipitation may eventually fall from these clouds. As a result, storms are areas of low-pressure. The air moves in a counter-clockwise motion around a low in the Northern Hemisphere. As air moves upward in the center of a low, more air moves in toward the low’s center to replace the rising air. The result is that motion around a low-pressure system is toward the center in a counter-clockwise direction. The center of the low-pressure system on a weather map is designated by a red L. Unlike high-pressure systems, lows are, overall, smaller pressure systems.

				WIND

				Wind is the movement of air relative to the earth’s surface. There are several factors that dictate the direction and speed of wind, but the primary cause, as so often discussed by forecasters, is the difference in pressure between high- and low-pressure systems. This difference in pressure over the distance between the two systems is the pressure gradient. The higher the gradient, as shown on a weather map by closely spaced isobars, the faster the wind will blow. The lower the gradient, that is, widely spaced isobars, the slower the wind will blow. Essentially there is minimal wind or calm conditions immediately under the center of a high-pressure system. The horizontal movement of airflow is referred to as advection.

				Wind Direction: Potentially one of the more confusing items presented by a forecaster is the wind direction. Wind direction always indicates the direction from which the wind is blowing. For instance, a north wind means that the wind is blowing from the north toward the south.
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				Table 2.2 Wind Chill. Note: Wind chill values calculated by wind chill (˚F) = 35.74 + 0.6125T – 35.75(V0.16) + 0.4275T(V0.16), where T = air temperature (˚F) and V = wind velocity (mph). Frostbite may occur in 30 minutes as indicated by numbers black, in 10 minutes by numbers in dark gray, and in 5 minutes by numbers in light gray. From the National Weather Service, National Oceanic and Atmospheric Administration.

				Wind Speed: There are two methods to evaluate wind speed. One way is via sustained wind speed. The second is the wind gust, a brief increase in wind speed. The highest recorded wind averaged over a two-minute period is often used to determine the maximum wind speed for a day. Wind speeds in the United States are recorded either in miles per hour (mph) or in knots. Knots are nautical miles, which are equal to 1.15 standard miles—meaning a wind speed of 100 knots is equal to 115 mph. Other places in the world present wind speeds in meters/second (m/s) or sometimes in kilometers per hour (kph).

				Wind Chill: During the winter or cold-season months, the term wind chill is almost always reported along with air temperature, particularly on those cold mornings when strong winds drive the cold to your bones. The wind chill index is used to quantify heat loss from the body under cold conditions, because wind blowing across bare skin makes that loss more. The wind chill index was recalculated in 2001 (Table 2.2) and it is sometimes described as the equivalent temperature exposed skin would feel if there was no wind. No matter how you define wind chill, it can be very dangerous, leading to quick onset of hypothermia and frostbite.

				PRECIPITATION

				Precipitation is the other weather phenomenon that most people pay attention to. By definition, precipitation is any liquid or solid water originating in the atmosphere that ends up hitting the ground. This is in contrast to virga, which is falling liquid or solid water that evaporates prior to reaching the earth’s surface. Virga is often observed as vertical wisps or streaks below clouds. 

				Rain: When liquid precipitation falls in drops greater than 0.5 mm in diameter, it is classified as rain. Droplets that are less than 0.5 mm in diameter are classified as drizzle. Perhaps the only way that most individuals can tell the difference, considering what it might take to measure an individual drop, is that visibility becomes much more reduced in drizzle than in light rain. A rain shower is defined as a brief period when rainfall intensity changes frequently—sometimes quite rapidly.

				Snow: Snow is frozen precipitation that is composed of white or translucent ice crystals that often take a branched form. Accumulations of these ice crystals produce snowflakes. Snow showers are the same as rain showers in that they are brief periods of changing snowfall intensity. When the snow shower only lasts for a short period of time then it is considered to be snow flurries. The other common term associated with snow is blizzard. Blizzard conditions exist when there are high winds that produce reduced visibility from falling or blowing snow. The National Weather Service defines blizzard conditions as winds of 30 knots (35 mph) or greater with sufficient snow in the air to reduce visibility to less than a quarter mile. At one time, the definition of a blizzard also included the presence of temperatures of 20˚F or lower, but that aspect is no longer included in the definition of a blizzard. It is noteworthy that blizzard conditions can exist without falling snow since the definition of a blizzard is based on wind and visibility. This situation can occur when recently fallen powdery snow is whipped-up by strong winds, thus creating treacherous driving conditions. Sometimes the term ground blizzard is used to describe this situation. Whiteout conditions can occur with either windblown or very rapidly falling snow and it is dangerous because visibility becomes seriously impaired as the ground and sky become impossible to differentiate. 

				Sleet: Essentially sleet can also be defined as ice pellets—solid precipitation consisting of transparent or translucent pellets of ice that are 5 mm or less in diameter. The pellets may come in various shapes, with one defining characteristic being the sound they make when they hit the ground. They also bounce when they hit a hard surface. These characteristics are much different than those of freezing rain.

				Freezing Rain: Unlike sleet, which is already ice when it hits the ground, freezing rain is liquid precipitation that freezes upon impact with an object. Freezing rain produces a glaze on the ground, including roadways, sidewalks, and other exposed objects. 

				Hail: Almost always a warm-weather phenomenon, unlike sleet and freezing rain, hail is precipitation in the form of balls or irregular lumps of ice. Concentric rings often make-up individual hailstones, which can range from pea- to grapefruit-sized. They form in very intense convective situations, such as severe thunderstorms.

				FRONTS

				A front is the zone that marks the boundary between two air masses of very different densities. The representation of this zone on a weather map is a line indicating the type of front. Specific types of air or air mass characteristics are often markedly different on each side of the front, as is wind direction. The contrasting winds result in converging currents that produce rising air and, very often, precipitation. This is the reason frontal zones are frequently accompanied by areas of precipitation. 

				Air Mass: A widespread body of air with similar characteristics throughout the entire area covered by this body of air. The two main characteristics that identify an air mass and the resulting density are the temperature and moisture conditions, or humidity. The air mass will take on the characteristics of the earth’s surface over which it develops. The major types of air masses are combinations of temperature conditions, such as tropical (warm to hot) and polar (cool to cold), and moisture conditions, such as maritime (humid) and continental (dry). The greatest contrast in air masses will occur when a humid and hot air mass (maritime tropical) meets a dry and cold air mass (continental polar).

				Cold Front: A cold front occurs when a denser air mass is moving into a warmer, less dense air mass. The front marks the zone where this cold air is pushing under the warmer air, resulting in rising air and usually a narrow zone of showers or, depending on the season, possibly thunderstorms, some of which may be quite strong. Winds usually come out of the northwest following the passage of the front. The cold front is colored blue on a typical weather map, with triangles pointing in the direction of movement.

				Warm Front: A warm front marks the zone where a warmer, less dense air mass is overriding a cooler, more dense air mass in front of it. The overriding produces rising air and precipitation. Unlike the passage of a cold front, a warm front is more often characterized by a broad area of precipitation, though it is often less intense precipitation than that associated with a cold front. The warm front is colored red on a weather map, with semi-circles facing in the direction of movement.

				Stationary Front: There may be times when two contrasting air masses meet, but neither is strong enough to push the other out of the way. This may be because the contrast between the two is not great enough for one of the air masses to push under or override the other, or the upper-air winds may not be strong enough to push the weather systems along. The front resulting from these scenarios is a stationary front. The front marks the location where these contrasting air masses come together. The stationary front is often marked by converging air, causing the air to rise, condense, and form precipitation. Low-pressure systems will often move along a stationary front, thereby increasing precipitation in areas over which the low-pressure system moves. The symbol on a weather map for a stationary front is alternating cold (triangles) and warm (semi-circles) front symbols on opposite sides of the front.

				Occluded Front: Occasionally a weather map will show a purplish-colored front extending from a low-pressure system and ending at the junction of a cold and warm front. This situation is especially possible in the case of some nor’easters as they approach or move through Maine. This is called an occluded front and it marks the contrast between cool and cold air with warmer air trapped above the surface front. Occluded fronts commonly develop when a storm, like a nor’easter, reaches maximum intensity. As a result, the occluded front is frequently associated with an area of abundant precipitation. The symbol for an occluded front on a weather map is alternating cold and warm front symbols on the same side of the front (as opposed to the alternating sides for a stationary front) pointing in the direction in which the front is moving.

				WATCHES AND WARNINGS

				One of the most important roles played by the National Weather Service and subsequently by local forecasters is informing the general public about the possibility that a particular weather event may bring harm to people or produce damage to personal property. The National Weather Service issues specific advisories, watches, and warnings as a means to alert people about weather conditions that could produce such a situation. In general, watches are issued when conditions may lead to the formation of the weather event of concern, whereas a warning is issued when the particular weather phenomenon is imminent or has been spotted. Here are brief explanations of some of the hazardous weather notices issued by the National Weather Service.

				Wind Chill Advisory: This advisory is issued when wind chills may be life threatening if appropriate action is not taken. Conditions needed to issue the advisory vary, but they will often be issued when wind chills are expected to reach below -20˚F and almost always when they are expected to reach the –30˚ to –35˚F range or below.

				Heat Advisory or Warning: A heat advisory is issued 12 hours prior to the time when the heat index is expected to reach 105˚F for 3 or more hours during the day or nighttime lows are expected to remain above 80˚F. The advisory is upgraded to a warning when the heat index reaches 115˚F. Heat advisories are not very common in Maine, and a heat warning would be rare, indeed.

				Severe Thunderstorm Watch: Conditions are appropriate for the formation of a severe thunderstorm. A severe thunderstorm has winds that exceed 58 mph with the possibility of 3/4-inch diameter or greater hail. Watches often are issued for a period of 4–8 hours for broad areas of a region.

				Severe Thunderstorm Warning: A severe thunderstorm has been sighted or indicated on radar. The warning will be issued for the area that the thunderstorm or storms are moving toward, and the warning will often include the time period when the severe thunderstorm is expected to move into a particular county or city.

				Tornado Watch: Conditions are appropriate for the formation of a tornado, usually over a wide area.

				Tornado Warning: A tornado warning means that either an official weather spotter, such as a member of the police force, has seen a tornado on the ground or has seen a funnel cloud, or when radar indicates that there is rotation in a severe thunderstorm. They are usually issued for a period of 30 minutes.

				Winter Weather Advisory: Minor accumulation of winter precipitation, including any combination of snow, sleet, or freezing rain, is possible after the next 24-hour period. Potential snow accumulations are not expected to be great enough to meet the criteria for a warning.

				Winter Storm Watch: Significant accumulation of winter precipitation, including any combination of snow, sleet or freezing rain, is possible over the next 24- to 36-hour period. Potential snow accumulations for a watch are usually greater than 6 inches, but it varies by location.

				Winter Storm Warning: Significant accumulation of winter precipitation, including any combination of snow, sleet or freezing rain, is probable within the next 24-hour period. Potential snow accumulations for warnings are usually greater than 6 inches, but it varies by location.

				High Wind Advisory: Issued when high winds may be a hazard. Criteria vary from state to state, but they often are issued when sustained winds of 25 to 39 mph or gusts up to 57 mph are expected.

				High Wind Warning: Issued when high winds may be a hazard. Criteria vary from state to state, but they often are issued when sustained winds of at least 40 mph or gusts exceeding 57 mph are expected.

				Tropical Storm Watch and Warning: Issued when tropical force winds (39–74 mph) originating from a tropical storm that is passing by a region or may make landfall sometime in the next 24–36-hours. The watch is upgraded to a warning when these conditions are expected within the next 24 hours.

				Hurricane Watch and Warning: Issued when hurricane force winds (> 74 mph) originating from a hurricane that is passing by a region or may make landfall sometime in the next 24–36-hours. The watch is upgraded to a warning when these conditions are expected within the next 24 hours.

				In addition to these warnings, the National Weather Service will issue specific warnings applicable to mariners and, in the case of Maine, conditions on the Gulf of Maine. These warnings are primarily based on high wind speeds that cause increasingly dangerous wave heights as the severity of the warning increases. These advisories or warnings are commonly associated with conditions from mid-latitude circulation systems—like a nor’easter—as opposed to those from a tropical system—like a tropical storm or hurricane. In the latter case, tropical storm or hurricane watches and warnings would be issued.

				Small Craft Advisory: Sustained winds or frequent gusts ranging between 25 and 33 knots and/or seas or waves 5 to 7 feet and greater, area dependent.

				Gale Warning: A warning of sustained surface winds, or frequent gusts, ranging from 34–47 knots (39–54 mph), either predicted or occurring, and not directly associated with a tropical cyclone.

				Storm Warning: A warning of sustained surface winds, or frequent gusts, ranging from 48–63 knots (55–73 mph), either predicted or occurring, and not directly associated with a tropical cyclone.
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