5.a)  The climate system is a complex, interactive system consisting of the atmosphere, land surface, snow and ice, oceans and other bodies of water, and living things. The atmospheric component of the climate system most obviously characterizes climate; it is often defined as ‘average weather’. 
· Climate is what we expect – weather is what you get.

· Climate is an envelop of possibilities within which the weather bounces around.

· [image: image1]Climate is determined by the properties of the Earth system itself (bvp), whereas the weather depends very sensitively on the evolution of the system from one moment to the next (ivp)

5.b) 

5.c) Generally associated with a sustained period of lower soil moisture levels & water supply relative to the normal levels around which the local environment & society have stabilized. Criteria used in defining drought include: ppt, ET, streamflow, runoff, GW levels, water supply & water needs.

Meteorological drought – is defined as an interval of time, generally of the order of months or years, during which the actual supply at a given place cumulatively falls short of climatologically appropriate moisture supply

5.d) Climate is usually described in terms of the mean and variability of temperature, precipitation and wind over a period of time, ranging from months to millions of years (the classical period is 30 years). The climate system evolves in time under the influence of its own internal dynamics and due to changes in external factors that affect climate (called ‘forcings’). 
5.e) The Cryosphere, which includes the ice sheets of Greenland and Antarctica, continental (including tropical) glaciers, snow, sea ice, river and lake ice, permafrost and seasonally frozen ground, is an important component of the climate system. 

The cryosphere derives its importance to the climate system from a variety of effects, including its high reflectivity (albedo) for solar radiation, its low thermal conductivity, its large thermal inertia, its potential for affecting ocean circulation (through exchange of freshwater and heat) and atmospheric circulation (through topographic changes), its large potential for affecting sea level (through growth and melt of land ice), and its potential for affecting greenhouse gases (through changes in permafrost) amplification of the warming signal.

6.a) The Earth’s climate results from the interaction of many properties and processes:

·   Solar radiation and orbital geometry

·   The size, gravitational force and rotational rate of the planet

·   Atmospheric constituents, circulation, and the hydrologic cycle

·   Ocean properties and circulation

·   Land surface hydrology, biology and geochemistry

·   The geography of continents, glaciers, mountain ranges, and oceans

·   Other stuffs.
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6.b) 
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6.c) Thermohaline circulation refers to slow circulation of water through oceans arising from density changes due to temp and salinity occurrences

It originates in polar latitudes as a vertical flow sinking to mid-depth or even below, followed by horizontal flow.

It is initiated by an increase of density at the upper surface either directly by cooling and/or salinity increases or indirectly when ice freezes out, ejects salt and thus increasing salinity of the remaining water. Global scale redistribution of ocean water by thermohaline circulations operates on time scales of decades to centuries, on average around 1600 years for one complete cycle, i.e., water from surface to Deep Ocean to back to surface. 
In the Pacific, however, a warm, shallow-sea counter-current has been generated. This Counter-Current moves south & westward way through the Indonesian archipelago, across the Indian Ocean, still heading west, & rounds southern Africa just off the Cape of Good Hope. It crosses though the South Atlantic, still on the surface (though it extends a km and a half deep), where tropical warmth increases evaporation and leaves the counter-current saltier. It then moves up along the East Coast of North America, and on across to the coast of Scandinavia, which its warmth helps protect from the extreme cold of northern winters. When this warmer, saltier water reaches high northern latitudes, it chills, & eventually becomes North Atlantic Deep Water, completing the circuit. 
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6.d) Three necessary conditions for formation of intense tropical cyclones:

A warm ocean surface (min 26ºC to 27ºC) is necessary to provide required fluxes of water vapor & sensible heat from ocean to atmosphere.
Since strong rotation generates in regions of significant Coriolis force, these storms form beyond about 5º to 8º of the equator.
A small change of wind with height is required if storm is to survive.

[image: image2]
7.a) Exosphere starts at the top to the thermosphere and continues until it merges with interplanetary gases, or space. In this region of the atmosphere, Hydrogen and Helium are the prime components and are only present at extremely low densities
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7.b) Cape of Good Hope
7.c) 

During La Nina event 

· Eastern Pacific remains colder than western Pacific

· Atmospheric pressure in east is higher than west

· So wind blows (Trade Wind) from east to west & push warm surface water & vapor to west

· Heated rising air over western Pacific causes rainfall in the west

7.d) Planetary (≥104km) 

· Incoming solar radiation

· Mean meridional circulations

· Land-ocean contrast

· Major mountain ranges

· Subtropical highs

· Trade wind systems

· Middle latitude storm tracks
· Jet stream
7.e) Local circulation:  local wind systems are prevalent in many areas; they may be gravity driven at down slope of mountain regions, and off ice fields and glaciers; thermally driven by differential surface heating; or mechanically driven due to isolated hills or mountains

Thermally induced local circulations are most pronounced in the tropics & middle-latitudes during warmer months when large-scale temp gradient & circulation are weak; thermally driven diurnal wind systems include: mountain- valley winds, land-lake & land-sea breezes & urban-rural contrasts.
7.f) Planetary b.l in high-pressure regions over land; planetary b.l consists of 3 major parts: 
· a very turbulent mixed layer, 
· a less turbulent residual layer containing former mixed-layer air, and 
· a nocturnal stable b.l of sporadic turbulence; the mixed layer can be subdivided into a cloud layer & a subcloud layer.

8.a) [image: image6.jpg]



8.b) Atmosphere takes energy at its lower boundary by  feeling SST, while surface wind produces wind-driven circulations in the upper ocean. Wind driven circulation Is primarily horizontal and is limited to upper few hundred meters of ocean. At the southerly latitudes of SH where there are strong and persistent  westerlies and no  land barrier, the Antarctic circumpolar current is continuous around the latitude circle.
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Outside the deep tropics, the largest-scale wind-driven circulation systems of the Atlantic and Pacific Oceans are the basin-scale subtropical anticyclonic gyres, arise as a result of prevailing winds, continental boundaries, and rotation of earth.

Mostly east-west or zonal circulation regimes of equator is quite different than higher latitudes; major changes in these equatorial currents are rapid, more tuned with the year-to-year atmospheric variability, called El Nino-Southern Oscillation (ENSO).

They include: 

Relatively narrow & intense warm poleward current systems on west side of ocean basins (transport heat):

· Gulf Stream in North Atlantic

· Kuroshio Current east of Japan

Cold & upwelling equator ward currents on east side of ocean basins (transport colder water):

· California Current in North Pacific

· Peru Current in South Pacific

8.c) Asian-Australian monsoon system is the dominant monsoon circulation of the earth

During winter, there is low-level flow of dry & cool air from cold continent to warm ocean, & ppt over land is light During summer, there is flow of moisture from tropical ocean to warmer land, where upward motion of the heated air produces heavy rains of the monsoon

[image: image8.emf]Similar but less pronounced monsoon-type circulations also occur over west Africa & portions of Mexico & Central America, where they extend as far north as the southwestern US Beyond the common characteristics, regional monsoon precipitation regimes vary widely

Also shows are 28ºC & 27ºC SST isotherms for the mid-summer month of the respective hemisphere; hatched area indicate much heavier ppt than the average for all months.
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