Modifications of the General Circulation
To understand how real-world weather and climate differ from this general picture, we must discuss two important modifications of the generalized scheme: Seasonal Variations in pressure and winds and Monsoons. 

Seasonal Variations in Location
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中度可信度描述已自动生成]The seven surface components of the general circulation shift north or south with the changing seasons. When sunlight, and therefore surface warming, is concentrated in the Northern Hemisphere (Northern Hemisphere summer), all components are displaced northward; during the opposite season (Southern Hemisphere summer), everything is shifted southward. The displacement is greatest in the low latitudes and least in the polar regions. 
由于地球不停自转和公转，太阳直射点的位置随着季节变化而呈规律性的南北移动，这就导致气压带和风带也呈现季节性移动。在北半球，与二分日相比，气压带和风带的位置大致是夏季偏北，冬季偏南。

As the overhead Sun shifts north and south within the tropics from season to season, the ITCZ shifts, too. The ITCZ generally extends poleward over large landmasses in the hemisphere that is experiencing summer. This larger shift over the land than over the oceans is because of the more intense heating of land surfaces, especially in the Northern Hemisphere, where land accounts for 40% of surface area, as opposed to less than 20% in the Southern Hemisphere. 
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描述已自动生成]
Thermally induced seasonal variations affect the pressure patterns. At high latitudes, seasonal temperature differences are larger because of the greater seasonal variation in daylight length and angle of the sun’s rays.

The ITCZ can be found as far as 25°N in July and 20°S in January (Figure 5-27), while the polar highs experience little or no latitudinal displacement from season to season. Also, the shift of the ITCZ is closely tied to seasonal rainfall patterns in large areas of the tropics.

Unlike the ITCZ, the subtropical high pressure doesn’t exist in a continuous belt around the Earth. The ocean-covered surfaces support high pressure better than land surfaces because land heats up too much at these latitudes, producing lower air pressure. The subtropical highs are significantly broken up over the continents, especially in summer. The STHs normally tends to be more vigorous over the oceans throughout the year.

The STHs are usually elongated east–west and tend to be centered in the eastern portions of an ocean basin (in other words, just off the west coasts of continents). Their positions shift a few degrees poleward in summer and a few degrees equatorward in winter. The STHs are so persistent that some have been given a proper name, such as the Azores High 亚速尔高压 in the North Atlantic and the Hawaiian High 夏威夷高压 in the North Pacific. 

Seasonal Variations in Pressure and Winds
January 
During the northern hemisphere winter, middle and high-latitude continents become much colder than the surrounding oceans. Over eastern Asia, there is a strongly developed anticyclone (反气旋，中心气压比周围气压高，即会下降，也就是高压) during the winter months, known as the Siberian High 西伯利亚高压. Its equivalent in North America, the Canadian High加拿大高压, is not as strong because North America is smaller than the Eurasian continent. 

Two low-pressure centers also develop: the Icelandic Low冰岛低压 in the North Atlantic, and the Aleutian Low 阿留申低压in the North Pacific. The Aleutian and Icelandic lows are associated with cloudy, unstable weather and are a major source of winter storms, whereas the Canadian and Siberian highs are associated with clear, blue-sky days, calm, starry nights, and cold, stable weather. Therefore, during the winter months, cloudy and sometimes dangerously stormy weather tends to be associated with the two oceanic lows, and clear, but cold, weather with the continental highs.

In the Southern Hemisphere during January (where it is summer), the subtropical high pressure belt breaks into three cells centered over the oceans because the warmer continents produce lower pressures compared to those over the oceans. Because there is virtually no land between 45°S and 70°S latitude, the subpolar low circles Earth over the Southern Ocean as an unbroken belt. There is little seasonal movement in this belt of low pressure other than in January, when it is located a few degrees equatorward of its July (winter) position. 
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描述已自动生成]figure 2: 1月全球高低气压中心
July 
The high pressure over the North Pole weakens during the summer, primarily because of the lengthy (24-hour daylight) heating in that region. The Aleutian and Icelandic Lows also weaken and shift poleward from their winter position.
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描述已自动生成]
figure 3: 7月全球高低气压中心

North America and Eurasia, which developed high-pressure cells during the cold winter months, develop extensive low-pressure cells slightly to the south during the summer. The subtropical highs in the Northern Hemisphere are stronger over the oceans than over the landmasses. The North Pacific subtropical high, termed the Pacific High (or the Hawaiian High), is a pressure system that greatly affects the climates of the west coast of North America. North Americans call the corresponding high pressure cell in the North Atlantic the Bermuda but it is the Azores High to Europeans and West Africans. 

The equatorial low moves north in July, following the seasonal migration of the sun’s rays, and the subtropical highs of the Southern Hemisphere are equatorward of their January (summer) locations.

Monsoons 季风
The word monsoon is derived from the Arabic mawsim (meaning “season”). Arabic sailors have used this word for many centuries to describe seasonal changes in wind direction across the Arabian Sea between Arabia and India. As a meteorological term （气象学术语）, monsoon refers to a seasonal reversal of winds—a general sea-to-land movement, called onshore flow, in summer and a general land-to-sea movement, called offshore flow, in winter. Associated with the monsoon wind pattern is a distinctive seasonal precipitation (降水) regime: heavy summer rains derived from the moist maritime air of the onshore flow and a pronounced winter dry season when continental air moving seaward dominates the circulation.

In summer, the Asian continent becomes very warm and develops a large center of low pressure that attracts warm, moist air from the oceans (Fig. 4a). Convective uplift or landform barriers make this hot, humid air rise and cool to bring heavy precipitation. Extremely heavy rainfall and flooding can occur during the summer monsoon in the Himalayan foothills, in other parts of India, and in areas of Southeast Asia.

In the winter, as Asia’s giant landmass becomes much colder than the surrounding oceans, the continent develops a strong high-pressure cell from which there is a strong outflow of air (Fig. 4b). These cold, dry winds blow southward from the continent toward the tropical low that exists over the warmer oceans. The winter monsoon is a dry season because air is coming from a dry continental region. 
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描述已自动生成]
Figure 4. Seasonal wind reversals create the Asiatic monsoon system. (a) The “wet monsoon,” with its onshore flow of humid tropical air in summer, is characterized by heavy precipitation. (b) The winter offshore flow of dry continental air creates the “dry monsoon” and drought conditions in southern Asia.

Causes of Monsoons: It would be convenient to explain monsoon circulation simply on the basis of the unequal warming of continents and oceans. A strong thermal (warm surface) low-pressure cell generated over a continent in summer pulls oceanic air onshore; similarly, a prominent thermal anticyclone over a continent in winter produces an offshore circulation. These thermally induced pressure differences contribute to monsoon development but are not the whole story.
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描述已自动生成]
Figure 5 The principal monsoon areas of the world

Monsoon winds essentially represent unusually large latitudinal migrations of the trade winds associated with the large seasonal shifts of the ITCZ over southeastern Eurasia. The Himalayas evidently also play a role. This significant topographic barrier allows greater winter temperature contrasts between South Asia and the interior of the continent to the north, which in turn may influence the location and persistence of the subtropical jet stream in this region.

Although the causes are complex, we can describe the monsoon patterns with some precision. There are two major monsoon systems (in South Asia and East Asia), two minor monsoon systems (in Australia and West Africa), and several other regions where monsoon patterns develop (especially in Central America and the southwestern areas of the United States). But they do not experience monsoons in the true meaning of the term.

Seasonal Variation in Precipitation
Observe these graphs showing average monthly precipitation amounts for two very different parts of Asia: Kolkata, one of the largest metropolitan areas of India, and Seoul, the capital of South Korea. For both cities, notice prominent precipitation peaks that occur during the summer — the wet season. The increase in precipitation during the wet season results from the flow of moist air from oceans onto land, toward the Tibetan Low. The dry season, during the winter months, reflects the flow of dry air from the land, flowing outward from the Siberian High.
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描述已自动生成]

Significance of Monsoons: We cannot overestimate the importance of monsoon circulation. More than half of the world’s population inhabits regions with monsoon-controlled climates. 

These are generally regions in which the majority of the populace depends on agriculture for its livelihood. Their lives are intricately bound up with the reality of monsoon rains, which are essential for food production and cash crops. The failure or even late arrival of monsoon moisture causes widespread hunger and economic disaster.

monsoons greatly influence the lives of people living in regions with seasonal shifts in wind. The main effects of a monsoon are seasonal variations in precipitation, which in turn affect water supplies, amount of vegetation, and overall livability for some normally dry landscapes. Many cultures plan their activities around these seasonal changes, conserving water during the dry season and taking advantage of the plentiful water during the wet season.

The monsoon pervades the psyches of people in southern and southeastern Asia, especially the region from India to Vietnam, in ways not fathomable to most North Americans or Europeans. The influence on agriculture, including the cultivation of rice, and on flooding and other natural hazards is obvious, but the monsoon also appears in literature, art, music, architecture, and nearly every other aspect of culture. Ceremonies commonly mark the anticipated start of the monsoon. In years when the monsoon rains arrive later than usual, people become very concerned that harvests will suffer. The date of the onset of the monsoon rains varies by location, but generally proceeds from south to north with the onset in April and May.
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A Figure 5-27 Typical maximum poleward positions of the intertropical
convergence zone at its seasonal extremes. The greatest variation in
location is associated with monsoon activity in Eurasia and Australia.




