The Nature of Wind
The atmosphere is virtually always in motion. Air is free to move in any direction, its specific movements being shaped by a variety of factors. Some airflow is weak and brief; some is strong and persistent. Atmospheric motions often involve both horizontal and vertical movement. Wind refers to horizontal air movement. Although both vertical and horizontal motions are important in the atmosphere, much more air is involved in horizontal movements than in vertical ones. 
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Insolation (太阳辐射/日照) is the ultimate cause of wind because all winds originate from the same basic sequence of events: unequal warming of Earth’s surface produces temperature gradients that generate pressure gradients, and these pressure gradients set air into motion. Wind represents nature’s attempt to even out the uneven distribution of air pressure across Earth’s surface.

Air generally begins to flow from areas of higher pressure toward areas of lower pressure, but in practice wind rarely blows directly from high pressure to low pressure. If Earth did not rotate and if friction did not exist, that is precisely what would happen—a direct movement of air from a high-pressure region to a low-pressure region. However, the actual direction of wind is determined by the interaction of three factors: the pressure gradient force水平气压梯度力, the Coriolis effect 地转偏向力（科里奥力）, and friction 摩擦力.

Pressure Gradient Force: 水平气压梯度力
If one area is at higher pressure than another, air will begin to move from the higher-pressure area toward the lower-pressure area in response to the pressure gradient force (Figure 5-5). If you visualize a high-pressure area as a pressure “hill” and a low-pressure area as a pressure “valley,” imagine air flowing “down” the pressure gradient in the same manner that water flows down a hill. (Keep in mind that these terms are metaphorical—air is not necessarily actually flowing downhill.)

The pressure gradient force acts at right angles to the isobars in the direction of the lower pressure. If there were no other factors to consider, that is the way the air would move, crossing the isobars at 90° (Figure 5-6a). However, such a flow rarely occurs in the atmosphere.

The Coriolis Effect: 地转偏向力/科里奥力
Because Earth rotates, any object moving freely near Earth’s surface is deflected by the Coriolis effect (Figure 5-7). 
• Regardless of the initial direction of motion, any freely moving object appears to deflect to the right in the Northern Hemisphere and to the left in the Southern Hemisphere.
• The apparent deflection is strongest at the poles and decreases progressively toward the equator, where the deflection is zero.
• A fast-moving object is deflected more than a slower one—although the Coriolis effect influences direction of movement only; it does not change an object's speed.

The Coriolis effect has an important influence on the direction of wind flow. The Coriolis effect deflection acts at 90° from the direction of movement—to the right in the Northern Hemisphere and to the left in the Southern Hemisphere.

Once air begins to move, there is a “battle” between the pressure gradient force moving air from high toward low pressure and the deflection of the Coriolis effect 90° from its pressure-gradient path: the Coriolis effect prevents the wind from flowing directly down a pressure gradient.

Where the pressure gradient force and Coriolis effect are balanced—as is usually the case in the upper atmosphere—wind moves parallel to the isobars and is called a geostrophic wind 地转风. Only near the surface is another factor—friction—significant, further complicating the situation.

Friction: 摩擦力
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描述已自动生成]In the lowest portions of the troposphere, a third force influences wind direction: friction. The frictional drag of Earth’s surface slows wind movement, so the influence of the Coriolis effect is reduced there. (Recall that rapidly moving objects are deflected more by the Coriolis effect than are slowly moving objects.) Instead of blowing perpendicular to the isobars (along the pressure gradient) or parallel to them (where the pressure gradient force and the Coriolis effect balance), the wind gradually crosses the isobars at angles between 0° and 90°. In essence, friction reduces wind speed, which in turn reduces the Coriolis effect deflection—thus, although the Coriolis effect does introduce a deflection to the right (in the Northern Hemisphere), the pressure gradient “wins the battle” and air flows into an area of low pressure and away from an area of high pressure. 

As a general rule, the frictional influence is greatest near Earth’s surface and diminishes progressively upward (Figure 5-8). Thus, the angle of wind flow across the isobars is greatest at low altitudes and becomes smaller at increasing elevations. The friction layer of the atmosphere extends to only about 1000 meters above the surface. Higher than that, most winds follow a geostrophic or near-geostrophic course. 

把所有内容总结一下，给的极简知识版如下：
风的产生
Unequal warming of Earth’s surface produces temperature gradients that generate pressure gradients, and these pressure gradients set air into motion. The horizontal air movement is wind. 
地球是个球太阳光照在球上自然会有冷热不均的情况冷热不均导致气压高低不同，热的地方气压低，冷的地方气压高，产生了气压差气压差导致高压流向低压，产生了空气的运动（垂直和水平的都有）空气的水平运动叫做风。

影响风向的因素
1. Pressure Gradient Force水平气压梯度力 理想状态下仅受这一个因素影响。风向和水平气压梯度力方向垂直。
2. The Coriolis Effect地转偏向力。高空中的风才仅受水平气压梯度力+地转偏向力影响。地转偏向力仅改变风运动的方向，不改变风速。风向最终和等压线平行（重点知识点，为三圈环流中30°的做铺垫的）
3. Friction 摩擦力。地表到1千米左右的低空的风向都同时受到：水平气压梯度力、地转偏向力和摩擦力影响。摩擦力既改变风向也改变风速。
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A Figure 5-5 (a) Airtends to move from areas of higher pressure toward
areas of lower pressure. We say this movement is “down the pressure
gradient.” (b} If the pressure gradient force were the only force involved, air
would flow perpendicular to the isobars (would cross the isobars at 90°).
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A Figure 5-8 Near Earth’s surface friction causes wind flow to be
turbulent and irregular. Above the friction layer (altitudes higher than about
1000 meters/3300 feet), the wind flow is generally smoother and faster.




