CHAPTER 9 EXTRATROPICAL NORTHERN HEMISPHERE CLIMATES
The Climatic Setting of North America
· General Characteristics
· Diverse range of latitudes, and influence of continentality and oceans 

· Severe Weather

· No other area of the world experiences such frequent juxtaposition of radically different air masses as mid-latitude North America
· The Role of the Gulf of Mexico and the Low-Level Jet

· Low-level jet (LLJ) is a stream of air at approximately the 800- to 900-mb level, moving at perhaps 40 – 110 km hr-1 that advects copious amounts of moisture into the southern Great Plains
· The Effect of Mountain Ranges
· The high western cordillera effectively prevents warm, moist Gulf air from being pushed by the large semi-permanent Bermuda-Azores high west of the Rocky Mountains
· Also prevents cP and A air masses from spilling westward against the flow of the mid-latitude westerlies to generate strong air mass contrast and powerful fronts and associated severe weather
· Causes ridges to be locked in place above the mountains, allowing for cyclogenesis to the east of the mountains

· Downslope winds and cold air damming are also important
· The Effect of the Great Lakes
· Offsets some of the continental influence
· Lake effect snows occur leeward of the lakes in autumn and winter, as the still-warm lake waters evaporate into A and cP air masses being advected over the region from the northwest
· Ocean Currents and Land-Water Contrast
· The eastern side of North America is affected by the warm Gulf Stream that results from the clockwise circulation around the Bermuda-Azores high
· Labrador current, Loop current, and California current are also important
The Climatic Setting of Europe
· General Characteristics
· Mild for its latitude

· The Effect of Ocean Currents
· The North Atlantic Drift is a warm surface current that flows across the North Atlantic basin to the Arctic Ocean north of Scandinavia and into the Barents Sea as an extension of the Gulf Stream
· The Effect of Mountain Ranges

· Because of the west-east orientation of the Alps, European warm air masses are largely confined to the southern regions of the continent 
· Colder air is primarily confined to the northern regions of the continent, but this air is generally not as frigid as air at comparable latitudes in North America, because of the oceanic influence in Europe
· Alps create a regional circulation known as Föehn winds
· Blocking Anticyclones

· Blocking anticyclones at the surface or blocking ridges aloft originate primarily as a result of the persistent strengthening of the air/sea gyre
· During blocking events the continent is affected by largely cloudless skies and little chance of precipitation
The Climatic Setting of Asia
· General Characteristics
· The primary climatic attribute of Asia is continentality
· The cold air in winter induces a strong thermally-driven anticyclone – the Siberian high
· Summer months are marked by a strongly opposite circulation as the Asian interior heats appreciably under long days and abundant solar energy receipt
· The size of the Asian continent also subjects it to a wide array of climatic types, including every one in the Köppen climate classification system
· Monsoonal Effects

· A monsoon is defined as a seasonal reversal of wind, and it occurs in Asia because of a thermally-induced see-saw of atmospheric pressure between the Asian interior and the Indian and North Pacific Oceans
· During winter, continentality causes the Asian interior to cool appreciably, supporting the Siberian high by chilling the overlying air, while relatively low pressure exists over the Indian Ocean and adjacent water bodies – so surface air in winter circulates from the continental interior toward the tropical oceans even after Coriolis deflection
· During summer, the Asian land mass heats appreciably in the absence of major water bodies and causes the development of a surface-based thermal low pressure system, while the Indian Ocean and North Pacific Oceans are relatively cool -- This flow is manifested as the southwesterly monsoon of South Asia
· The Effect of Mountain Ranges
· Himalayas and Hindu Kush Mountains promote very impressive precipitation totals on the windward side especially during summer, and maintain the very dry interior of Asia through a rain shadow effect
· The east-west orientation of the Himalayas and adjacent Tibetan Plateau also causes the polar front jet stream to split into two branches in winter – one branch north of the mountains and the other to their south
· Other mountain ranges exert important impacts in other parts of Asia
· The Effect of Coastal Zones on Climate
· Over coastal East Asia, an upper-level trough tends to be anchored in place because of the sharp temperature gradients that exist between the continent and the ocean – implications for cyclogenesis
Regional Climatology
· B—Arid Climates
· Dry climates occupy much of the western U.S. and a small section of adjacent interior western Canada, along with all of interior Asia
· True Desert (BW) climates occur in the southwestern U.S. and adjacent northern Mexico, in extensive sections of Asia including: 1) the Gobi Desert of north-central China and south-central Mongolia, 2) the Aral Sea area, encompassing most of Kazakhstan and parts of Uzbekistan and Turkmenistan, and 3) a large swath of southwestern Asia (popularly known as the “Middle East”) from the Arabian Peninsula across much of Iran, most of Pakistan, and extreme western India
· The Steppe (BS) climate generally surrounds the True Desert core for all of the BW regions noted above
· Aridity is generally caused by either a location near the zone of influence of subtropical anticyclones, proximity to the stabilizing influence of a cold ocean current, a rain shadow effect, or great distance to moisture sources
· The BW climate type is subdivided into Subtropical Hot Desert (BWh) and Mid-latitude Cold Desert (BWk), with the 18°C (64°F) mean annual temperature threshold serving as the boundary between BWh and BWk
· Temperatures in BW areas fluctuate considerably on both daily and seasonal time-scales
· Although precipitation totals are very small, both BWh and BWk climates tend to experience more frequent, abundant, and intense precipitation during the warmest months
· Steppe climates are subdivided into BSh (Hot Steppe climates) and BSk (Cold Steppe climates), with the boundary again being the 18°C (64°F) annual mean temperature isotherm
· Precipitation totals typically reach a maximum during winter for Steppe locations at higher latitudes, because of the more frequent passage of migratory mid-latitude wave cyclones in winter
· C—Mesothermal Climates
· Humid Subtropical (Cfa) climates have long, hot summers, relatively mild winters, and abundant precipitation with a relatively even distribution of precipitation across all months. In North America the climatic type occurs through nearly all of the U.S. South, from western Texas to the middle Atlantic coast. Cfa climates also dominate southeastern Asia, extending from areas of India to the central Chinese coast, including Taiwan and the southern halves of Japan and South Korea
· If the monsoon season provides a significantly more distinct increase in summer precipitation than is seen in Cfa climates, it is classified as a Humid Subtropical Winter Dry (Cwa) climate, as is found in extensive portion of northern India, extending into southeast Asia
· In the Mediterranean (CS) climate type, temperatures are warm to hot in summer and mild in winter, with distinct dryness in summer and a relatively wet winter
· The CS climate is found in southern Spain, southern France, Italy, and Greece, the remainder of the crescent around the Mediterranean Sea, the California coast, along with small areas to be discussed in Chapter 10
· Areas with CS climates are influenced by the stability associated with cold ocean currents and subtropical anticyclones in summer, and with the passage of mid-latitude wave cyclones in winter

· The Marine West Coast climate occupies the coastal strip of North America north of Mediterranean climates along the Pacific coast, from northern California through Alaska, along with extensive areas throughout western Europe, from northern Spain through France, England, Norway, and across the northern tier of Europe into Russia
· Marine West Coast temperatures are moderate considering the latitude of the regions, as the moderating effects of the sea are transported inland (farther in Europe than in North America because of the coastal mountain ranges in North America)
· Precipitation is evenly-distributed through all months of the year in both Marine West Coast Warm Summer (Cfb) climate and Marine West Coast Cool Summer (Cfc) climate
· D—Microthermal Midlatitude Climates
· Humid Continental (Dfa, Dfb) climates extend through the central to east-central North America between the central Great Plains and the Atlantic Ocean south of Lake Superior 
· In Europe the Dfa region is small, but the Dfb region is vast, extending in a wide swath from western Europe (Poland, Slovakia, and the northern Balkan nations) through to south-central Asia (central Russia), and also occupying much of the eastern areas of Scandinavia
· Small areas of Dfa and Dfb occur in the northern half of Japan and adjacent islands
· Summer temperatures are considered “hot” (Dfa, Dwa) in the southern parts of the Humid Continental climates, particularly in the continental interior, and “warm” (Dfb, Dwb) on the northern sides
· Precipitation in all Dfa and Dfb climates is well-distributed throughout the year, but a slight maximum generally occurs during the summer months for locations that are inland or upwind from major water bodies
· Subarctic (Dfc, Dwc, Dwc) climates exist poleward of Humid Continental climatic regions, with temperatures and precipitation generally lower than in Humid Continental climates
· E—Polar Climates

· Tundra (ET) climates exist poleward of the Subarctic climate
· The boreal and taiga forests of North America, Europe, and Asia terminate at the 10°C isotherm for the warmest summer month
· The Tundra climatic type is named for tundra vegetation, which consists of stunted low-growing flowering plants, bushes, shrubs, lichens, and mosses
· In Tundra climates, temperatures are low, with frosts occurring throughout the year, and precipitation is sparse
· The Ice Cap (EF) climate is found in the northern hemisphere extratropics only in interior Greenland, and is characterized by mean temperatures below freezing in each month of the year
· H—Highland Climates

· Local-scale elevation differences – vertical zonation – create vast differences in climates locally, such that the progression of climate zones with height largely mimics the progression of latitudinal climate zones 
· Rapid changes in slope, orientation, and elevation make specific categorization of these regions problematic
· Of particular note in Highland climates is the development of mountain-induced winds
