5. Atmospheric pressure and wind

Atmosphere pressure is probably most difficult climate element to understand. The other three-temperature, wind and moisture- are more readily understood because our bodies are much more sensitive to them. We can feel heat, air movement and humidity. And we are quick to recognize variations in these elements. Pressure, on the other hand, is a phenomenon of which we are usually unaware; its variation is considerably less noticeable to our senses. 

Despite its unawareness, pressure is an important feature of the atmosphere. 

5.1 the nature of atmospheric pressure

Gas molecules, unlike those of a solid or a liquid, are not strongly bound to one another. Instead, they are in continuous motion, colliding frequently with one another and with any surface to which they are exposed.

The atmosphere is made up of gases, of course, and so atmospheric pressure is the force exerted by the gas molecules on earth surface. 

At sea level, the pressure exerted by the atmosphere is about 14.7 pounds per square inch.

The atmospheric pressure is measured by a barometer. This is a simple diagram of a mercury barometer. The atmospheric pressure pushes the mercury upward into the tube, the weight of the mercury is balanced by the atmospheric pressure. At sea level, the average height of the mercury is about 76 cm.

The atmosphere exerts pressure on every solid or liquid surface it touches. It exerts pressure in all directions, -up,down, and sideway. In other words, atmospheric pressure is not simply a “weight” from above. We are not sensitive to this ever-present burden of pressure because the fluids and cells of our bodies contain air at the same pressure; in other words, there is an exact balance between outward pressure and inward pressure.

Pressure, density, and temperature

Atmospheric pressure is closely related to the density and temperature of the atmosphere. Variations in any one of the three can cause variations in the other two.

Density and pressure  Density is the amount of matter in a unit volume. Gas density changes very easily because a gas can expands as far as the environmental pressure will allow. The density of a gas is proportional to the pressure on it. 

Temperature and pressure if air is heated, the molecules become more agitated and their speed increases. This increasing speed produces a greater force to their collisions and results in higher pressure. Therefore, if other conditions remain the same (in particular, if volume is held constant), an increase in temperature of  the atmosphere of a gas produces an increase in pressure, and a decrease in temperature produces a decrease in pressure. Knowing this, you might conclude that the air pressure will be high on warm days and low on cold days. However, this is usually not the case. Warm weather is generally associated with low atmospheric pressure and cool weather with high atmospheric pressure.

This is because that the pressure is not only determined by temperature but more importantly by density. As the temperature increase, air will expand, as a result, gas density decrease.

Considering the relationship between pressure, density and temperature, there are some generalizations which can be made:

(1) very warm surface conditions often produce low pressure at the surface.

(2) Strongly rising air often produces low pressure at the surface

(3) Very cold surface conditions often produce high pressure at the surface

(4) Strongly descending air often produces high pressure at the surface.

Mapping pressure with isobars

Weather station normally record atmospheric pressure, either constantly or periodically, in units called millibar( the instrument used to measure pressure is called a barometer), where 1 bar = 1000 millibar=14.7 pounds per square inch.

Once pressure in millibars are plotted on a weather map, it is then possible to draw isolines of equal pressure called isobars. In other words, isobars are lines connecting points of equal atmospheric pressure.

In an atmospheric pressure map, you may notice some roughly circular or oval areas characterized as being either “high pressure” or “low pressure”.

While highs and lows represent the pressure extremes in any region, less extreme pressure areas can be recognized. A “ ridge” of high pressure may separate two isobars of low pressure, and a “trough” of low pressure may intervene between two isobars of high pressures.

5.2 . the nature of wind

the atmosphere is virtually always in motion. Atmospheric motions often involve both horizontal and vertical displacement. However, vertical movement of atmosphere is not called wind, instead, if it is small scale, we call it as updrafts and downdrafts; large-scale vertical motion we call as ascents and subsidence. The term wind is applied only to horizontal movement.

Direction of movement

Insolation is the ultimate cause of wind because all winds originate from the same basic sequence of events: unequal heating of different parts of Earth’s surface brings about temperature gradients that generate pressure gradients, and these pressure gradients set air into motion.

Pressure gradient  If there is higher pressure on one side of a parcel of air than on the other side, the parcel will move from the higher toward the lower.

If no other forces, the pressure-gradient force acts at right angles to the isobars in the direction of the lower pressure. However, such flow rarely happens because of other factors’ influence.

The Coriolis effect

Because Earth rotates, any object moving freely near Earth’s surface appears to deflect to the right in the Northern Hemisphere and to the left in the southern hemisphere. This Coriolis effect has an important influence on the direction of wind flow. If it were the only factor affecting wind direction, the wind would be shifted from its pressure-gradient path and would flow parallel to the isobars.

Friction  In the lower portion of the troposphere, a third force influences wind direction- the force of friction. The frictional drag of Earth’s surface acts both to slow down wind movement and to modify its direction. Instead of blowing perpedicular to the isobars or parallel to them, the wind takes an intermediate course between the two and crosses the isobars at some angle that is larger than 0 but less than 90. As a general rule, the frictional influence is greatest near Earth’s surface and diminishes progressively upward. The effect of friction (the friction layer) extends to only about 5000 feet above the ground.

Cyclones and Anticyclone

A high-pressure center is known as an anticyclone, and the flow of air associated with it is described as being anticyclonic. low-pressure centers are called cyclones, and the associated wind movement is said to be cyclic.

Wind speed

So far, we have been considering the direction of wind movement and paying little attention to speed. The speed of wind flow is determined primarily by the pressure gradient. 

Over most of the world most of the time, surface winds are relatively gentle. The most persistent winds are usually in coastal areas or high mountains.

5.3. The general circulation of atmosphere

If Earth is a nonrotating sphere of a uniform surface, we would expect a very simple circulation pattern. 

As we have seen, the basic force causing atmosphere motion is the pressure gradient; this gradient arises from the unequal heating of the atmosphere by solar radiation. At the equator where the highest solar radiation is received, so the air becomes warm and density is low and so it rises, and flows out towards the poles. Cool, dense air would subside at poles and from the poles return to equator areas. So surface winds in the Northern Hemisphere would flow directly down the pressure gradient from north to south, whereas those in the Southern Hemisphere would follow a similar gradient from south to north.

Since the earth is rotating, and also the surface is widely varied, the global circulation pattern of the atmosphere is much more complicated than we just talked. However, there is still symmetry more or less between the northern and southern hemisphere. For the sake of brevity, we are now just discussing the Northern Hemisphere but what is said applies equally to the southern hemisphere.

Hot air rises at the equator and the air flows northward at high levels, cools and eventually sinks around 30 N. after reaching he surface, the air flows southward and being deflected to the right by the Coriolis force. This surface flow is known as the northeast trade winds.

Upon reaching the equator the northeast trades converge with the southeast trades from the southern hemisphere, and the air rises at the equator to complete the low-latitude cycle known as the Hedley cell.

At around 30 N, additional air desends and then flows north at the surface. This is the beginning of the Farrel cell. The northward flowing air is deflected to the right, forming the prevailing westerlies, which flow from southwest to northwest in the North Hemisphere. The westerlies continue until they encounter a cold mass of air moving south from the North poles at about 50 N. and then rising and flowing southward at high altitude to complete the Farrel cell. Air rising at 50 N also flow northward at high altitude and sink in the north pole area and air flow southward at the surface, due to the deflection, the wind is known as polar easterlies. This cell is called polar cell.

Now we talk about the pressure patterns associated with global circulation patterns. On the equator areas, since air is heated and rises, a zone of lower pressure will result. This  zone is referred to as the equatorial trough. As air moves toward the equtorial trough from both north hemisphere and south hemisphere, so convergence occurs in a narrow zone, named the intertropical convergence zone (ITC). At about 30 N, as the air descending, so the surface pressure is high. This produce a subtropical high pressure belts.

Between about 30 and 60 degrees, the pressure and wind pattern becomes more complex. This latitudinal belt is a zone of conflict between air bodies with different characteristics. Masses of cool, dry air from polar areas, and masses of moist warm air from low latitudes. The boundary between them is called polar front. Pressure can be quite variable in the midlatitudes from day to day and week to week.

5.5. modification of the general circulation

there are many variations to the pattern we just discussed, and all features of the general circulation may appear in altered form, much different from the idealized description.  To understand how real-world weather and climate differ from this general picture, it is necessary to discuss two important modifications of generalized scheme.

Seasonal variation in location

The components we just talked shift latitudinally with the changing seasons. When sunlight is concentrated in the Northern Hemisphere, all components are displaced northward; during the opposite season, everything is shifted southward. The displacement is greatest in the low latitudes and least in the polar regions. The ITCzone, for example, can be found as much as 25 degree north of the equator in July and 20 degrees south of the equator in January, while the polar high pressure experiences little or no latitudinal displacement from season to season.

Monsoon

The most significant disturbance of the pattern of general circulation is the development of monsoons in certain parts of the world, particularly southern and eastern Asia. The word monsoon is derived from the Arabic (mawsim, meaning “season”) and has come to mean 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 regime- heavy summer rains derived from the moist maritime air of onshore flow and a pronounced winter dry season when continental air moving seaward dominates the circulation.

It would be convenient to explain monsoonal circulation on the basis of the unequal heating of continents and oceans. A strong heat-produce low pressure generated over a continental landmass in summer would attract oceanic air onshore; similarly, a prominent high pressure in winter over a continent would produce an offshore circulation.

In addition to pressure difference induced by continents and oceans, monsoon winds essentially represent unusually large latitudinal migration of normal trade winds and westerly flow. The explanation for such extensive migration, is however, not clear.

5.6. localized wind systems

we just talked about broad-scale wind systems, now we like to discuss some localized wind systems.

Sea and land breezes

A common local wind system along tropical coastlines and to a lesser extent during the summer in midlatitude coastal areas is the cycle of sea breezes during the day and land breezes at night.

This is essentially a convectional circulation caused by the differential heating of land and water surfaces. The land warms up rapidly during the day, heating the air above by conduction and reradiation. This heating causes the air to expand and rise, creating low pressures that attracts surface breezes from over the adjacent water body. Because the onshore flow is relatively cool and moist, it holds down daytime temperatures in the coastal zone. Sea breezes are normally confined in the 10-20 miles from the coast.

At night, the land and the air above it cool more quickly than the adjacent water body, producing relatively higher pressure over land. Thus air flows offshore in a land breeze.

Valley and Mountain breezes

Another notable daily cycle of airflow is characteristic of many hill and mountain areas. During the day, conduction and reradiation for the land surface cause air near the mountain slopes to heat up more than air over the valley floor. The heated air rises, creating a low-pressure area, and then cooler air from the valley floor flows upslope from the high-pressure area to the low-pressure area. This upslope flow is called a valley breeze. After dark, the pattern is reversed. The mountain slopes lose heat rapidly through radiation, which chills the adjacent air, causing it to slip downslope as mountain breeze.

Valley breezes are particularly prominent in summer, when solar heating is most intense. Mountain breezes are often weakly developed in summer and more likely prominent in winter.
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