Soil Water

Importance of soil water is that it is used by plants for:
transpiration,
Absorption of nutrients
Cell turgidity
Tissue
Metabolism
Agent in many soil processes. 

3 TYPES OF SOIL WATER:
1. Gravitational  SWC : Saturated water content

-Water that percolates down through and out of the soil. 

-Percolation ceases varying with: amount of input and soil texture.

- It is UNAVAILABLE to plants.

-Matric force consists of cohesion and adhesion  

2. Capillary  FC: field (Storage) capacity
- This is also known as COHESION water.
-Water held by COHESION
- Moves from wetter soil to drier soil in any direction
- Movement is quite slow
- Available to plants

3. Hygroscopic  PWP: Permanent wilting point 
- This is known as ADHESION WATER
- water held by ADHESION
- Removed only by evaporation
- Unavailable to plants.

The saturated water content, field storage capacity and permanent wilting point are the three key soil water levels.

Removal of different types of soil water :
Water removed by gravity?  Gravitational
Water removed by absorption?  Gravitational and Capillary
Water removed by evaporation?  all of them including hygroscopic. 

Ocean Current and the Cryosphere

it’s at the surface of the ocean where the most intense physical, chemical, or biological 

Heat exchange: the ocean absorbs insolation that has passed through the atmosphere, the ocean surface emits outgoing long wave, and evaporation is a form of latent heat transfer. 

Temperature: varies, at the surface, in low and mid latitudes in the summer, intense heating of the surface of the ocean water. Agitation by waves and transparency of the water we call that the Rise Penetrate to a certain depth so because of the physical mixing of the water, and penetration from the insolation, the warm water extends from the surface to a certain depth and varies. 

Thermocline: Steep decline in temperature, a basal thick layer, where temperatures are uniformly cold and continues down to the floor of the ocean. Throughout the year at high latitudes and during winter in mid latitudes there is no thermocline because net radiation is negative, so no intense warming of the surface. This thermocline does not exist and is more uniformly cold from surface to depth.

Evaporation: main source of atmospheric moisture. Almost limitless amount of water that can evaporate, the salts remain behind, and produces fresh water behind, ocean is primary source for that. Then fresh water returns to the ocean from precipitation and from rivers flowing from continent into the ocean.

Carbon 
Oxygen: profile of dissolved oxygen content, at the surface high values of dissolved oxygen because you have surface layer interfacing with the overlying atmosphere. Most of the phytoplankton will be close to the surface where light for photosynthesis is most accessible so the phytoplankton will release oxygen, 2 sources of oxygen that are abundant at surface layer.

Middle layer= low concentration of dissolved oxygen because you still have living organisms (consumers) consuming dissolved oxygen but little oxygen produced because it’s too deep for phytoplankton and photosynthesis, and father away from the atmosphere. Little production of oxygen but still significant consumption of oxygen. This is the LOWEST of oxygen.

intermediate value of oxygen concentration at the lowest level= solubility of oxygen deeper you go, the grater the amount of pressure, the higher the pressure the more soluble a gas (like oxygen) the lower the temperature (colder) more soluble the gas will be within that water, and at this depth you have very little marine life consuming oxygen. 

Phytoplankton: microscopic plants are the base of the marine food chain, and they are concentrated at the ocean surface where light is most plentiful. Most marine life, trophic layers will be concentrated at the surface where there’s ample food, rich supply of oxygen and temperatures are warmer. 90% of marine life is in the UPHOBIC layer/ZONE.
Uphotolayer = Well LITE layer= abundant light. 

Low activity of phytoplankton is usually because of low food (nutrients).. along the coasts there’s higher productivity because water flows from the continents into the ocean and dissolved in that water is nutrients, so the most productive areas will be coastal areas, and especially coastal areas where there’s UP WELLING.: when bottom water RISES up to the SURFACE, and when this happens, it carries nutrient rich sediment from the ocean floor up to the surface. So again, you get added nutrient to the surface water. High productivity in coastal areas particularly where you have UPWELLING because of high nutrient concentration of water.

Even though 90% of marine life lives in the UPHOBIC zone, there is life on the ocean floor, so the first of these hydrothermic vent communities was found around the glapogolus islands, discovered  by Alan, for the first time live time viewing of the ocean floor in the Atlantic and pacific oceans. These arise where there is a temporary fisher, a vent, opening of the ocean floor, and where places beneath the ocean floor where there is geothermal heating. So, you got an opening in the ocean floor, with water but really steam because its so hot, and minerals escape through these openings or vents. And communities have developed around that, bacteria engage in Kino synthesis. The primary process of primary producers is CHEMOsynthesis because photosynthesis is unavailable at the ocean floor, they derive energy from chemicals such as hydrogen sulphate (H2S04), and the mineral rich water that escapes.

So these bacteria’s are the base of the food chain in the hydrothermal vent communities and you get larger organisms such as tube worms, and different crabs and clans. While, each individual hydrothermal vent community can be relatively short lived, there are some vent fields that are more than 10,000 years old. So the area, the field are active for more than 10,000 years. It is thought that these hydrothermal vent communities began at LEAST 200,000 million years ago. And more than 300 species have been identified. 

the atmosphere moves, wind moving laterally, wind rising, wind sinking, it’s the same thing in oceans, where you have ocean water moving sideways, as currents both surface currents and deep currents, and areas where ocean water is rising and others areas where it is sinking. So you got oceanic circulation. It moves. Most, large scale SURFACE currents are initiated by the movement of SURFACE winds, along the surface of the ocean. So it’s a drag of the wind creates friction with the ocean surface, and it gets the ocean water to move along with the wind, it initiates it. BUT... WHEN THE OCEAN WATER STARTS MOVING.. Its ACTED UPON THE CORIOLIS EFFECT... So this surface current that is initiated by surface wind dragging and pulling across the ocean surface DEFLECTS TO THE RIGHT IN THE NORTHERN HEMISPHERE, AND LEFT IN SOUTHERN HEMISPHERE THEN THAT WATER DEFLECTS ACCROING TO CORIOLIS.

The currents that move in the deep ocean derive from differences in density. From one location to another in the depths of the ocean, the difference in density occurs probably because of the difference in temperature of the water. 

A pattern that we see when we look at surface water, is a circular motion, in every ocean we got that. Each of these is called a GYRE. these gyres are large circular currents are centered between 20 and 30 degree latitude, northern and southern hemisphere, and they are initiated BY THE TRADE WINDS. North east trade winds: gets deflected by the Coriolis affect in the northern so to the right, but not by a lot because the Coriolis is weak in the higher latitudes, the ocean current will move from the eastern side of the ocean basin towards the western side, and south east trade winds. 

WESTERN INTESITIFICATION: Western side of the ocean, SLUSHES up against the continent, is 15 cm higher on the western side of the current than on the eastern (THINK OF BATH TUBE ANALOGY) some of the consequences, is that it generates the Gulf Stream because you have greater accumulation of water, and flows poleward. The westerlies will then push against the air drag across the water, and will pull the Gulf Stream here near Britain and Scandinavia, and you get the north Atlantic drift. So western intensification is one of the factors contributing to the Gulf Stream. The predominant factor however, is SINKING OF WATER in the north Atlantic. Surface water sinks down to the bottom, and water is PULLED across to replace the water that has sinked.

Equatorial counter-current: you can see here that between the gyres, between the N and S hemisphere, periodically, you get an equatorial counter-current moving in the OPPOSITE direction in the pacific, Atlantic and the Indian oceans. Uncertainty to the cause, one theory is that its western intensification. ANOTHER theory is that you got your GLOBAL surface winds, it migration of the surface winds and depends which hemisphere is having summer, and you’ll get the periodic equatorial counter- current. 

Currents are horizontal motion of the ocean water. There is also VERTICAL currents of the ocean water = UPWELLING: where the cold bottom ocean water rises to the surface and usually replacing surface water that has been carried away by a surface current, and because nutrient sediment accumulates on the ocean floor, when it rises it carries nutrient rich sediment up to the surface. DOWNWELLING= is when surface water SINKS down to the bottom, and it will occur where the amount of surface water increases or the density of the surface water increases. It will occur where surface water accumulates where you have western intensification, some of that water will sink as down welling. It will occur where surface SALINITY Increases because when water evaporates the water is removed but the salt remains behind so you get an increase in density in the surface water that will sink because the surface water is denser. So it sinks.

it will occur where the surface water cools, because cold water is denser, so cooling of surface water then it will sink because of higher density. So down welling occurs. INCREASE OR DENSITY. 

Down welling in the northern Atlantic is the PRIMARY factor causing the flow of the Gulf Stream. In a world of global warming would we think the Gulf Stream would be increased or reduced? REDUCED! Because the surface water is not as cold, so not as dense, so wont sink as much. Also because, melting of the glaciers, primarily the Greenland ice sheet. And that is FRESH WATER because the origin of a glacier is snow. So that’s fresh water pouring into the north Atlantic, so it won’t be as salty, therefore less dense, therefore, less likely to sink. Less sinking of the north Atlantic, will slow down the Gulf Stream. The heat input originates from the Gulf Stream to north Europe? So slowing down the Gulf Stream will have a cooling effect on Western Europe.

Upwelling and down welling but the surface currents and the deep currents are linked by the arms of upwelling and the arms of down welling so it’s one continuous it’s called a thermal hyaline circulation thermo for temperature haline for salt- so its one continuous linked thermal haline circulation. 

The next storage component we will look at is the Cryosphere. It consists of glaciers, which is this large, natural, accumulation of land ice that is subject to movement and ice moves in two ways:

1) Terminus or the edge of the glacier- advances and retreats and moves. 
2) The ice within the glacier itself is continually moving

There are multiple classifications of glaciers and we are going to differentiate between 2 kinds

1) ice sheets: occur in polar regions, arctic, Antarctic, in these locations temperatures are continuously low throughout the year. Cold every month of the year. So ice accumulates over wide area often regional in size, the Greenland ice sheet has an aerial expanse of 1.7 million square kilometers where Antarctica has only 13 million square kilometers, these are huge expansions of ice that can be 1000-2000 sometimes 4000 meters thick. Thick blanket of ice over the land surface. 

2) And alpine glaciers: alpine refers to mountains so an alpine glacier is a river of ice that occurs in mountains in high enough elevation where precipitation falls as snow. Largely orographic precipitation (Falling as snow) and the snow accumulates and remains even during the summer time. So long and narrow truly rivers of ice because as alpine glacier flows down the mountain side, it often follows a channel that a river has harped in the bedrock.

3) An ice cap is really just a mini ice sheet – has smaller dimensions 


Glacial ice contains about 75% of fresh water. Oceans all the vapor and ice on the planet more than 97% is currently sea water in the oceans so less than 3% is fresh water. 75% of that fresh water is currently frozen in glaciers, and will influence global scale climate. So for example, the ice sheets of Greenland and Antarctica have far reaching effects on climate- so the global radiation balance the ice sheets increase outgoing shortwave radiation. Low angle of instant radiation because its high latitude, light colored surface, smooth, all combined to give a high albedo. High amounts of outgoing short wave and as a consequence the global heat is out of balance because it has a cooling effect on temperature. These 2 large ice sheets effect wind – surface wind, got the polar easterlies flowing from the surface high pressure of these polar areas. The polar front where the cold polar air mass interfaces with the warm tropical air mass you get the jet stream, the raspy waves of the jet stream, at the surface u get the wave cyclones in the polar front so affecting climate beyond the mere confinements of glaciers themselves particularly the ice sheets.

Now, ice sheets and alpine glaciers share certain similarities but also have differences.
Among their similarities are their inputs and outputs: 
so the primary input to any glacier is snow, and this can be snow that falls directly on the glacier or snow from somewhere else that the wind blew onto the glacier.
Repeated melting and freezing changes that fresh snow into sort of granular ice pellets called FIRN. And as this granular old ice of firn (pellets or grain of ice) as the firn is buried as new snow accumulates on top, the firn is compressed so the individual grains of ice under the pressure of accumulated snow above, the individual grains sort of emerge and create a continuous expanse of ice called a glacier. We have air mixed in and within glacier ice you have air bubbles and then these are sampled to find out what the atmosphere was like in periods in the past.
(SCIENTISTS STUDY AIR BUBBLES FROM PAST, C02 LEVELS ,YADDA YADDA YADDA)

Snow is primary input but there’s some minor inputs: 
rainwater that freezes on contact with the glacier, a runoff of water (water that is flowing on the surface of the ice will melt) add its volume to the glacier, and RIME: rime is a coating of FROST on the glacier. And it forms when you have SUPERCOOLED water droplets in the air that touch the surface of the glacier. SUPERCOOLED water droplet in the air will then freeze and add its volume to the glacier. 

THE PRIMARY OUTPUT FROM THE GLACIER IS:  MELTING. 
 and for melting to occur there has to be a source of heat, and there are diverse sources of heat, all of which melt the ice to one degree or another,
the first is  RADIATION: this is primarily insolation. (incoming solar radiation) short wave radiation from the sun but it can also include a minor input of long wave radiation given off by objects embedded in the surface of the ice so you might have a boulder a dark gray boulder embedded in the surface ice and it will give off long wave radiation that can cause some melting of the ice around it. 

Turbulent heating: is heating derived from friction, when wind blows across the surface of the glacial ice 

Condensation:  we know when vapor condenses, the vapor releases latent heat and so this released latent heat can melt some ice and most effective when accompanied by wind, if wind can help condensation. 

Warm water, warmer than zero degree Celsius, so it can be rain or runoff on the surface of the glacier, PERCOLATING WATER: that’s water that moves downward through the glacier or beneath the surface of the glacier, so if the water is warm then u can melt some of the ice. And that’s why especially in alpine glaciers you can have streams flowing in the glacier and also under the glacier. The bottom ice can also melt as the glacier moves there’s friction with the land surface and the bottom ice melts as a consequence. 

PRESSURE METLING: this is pressure from the overlying ice  = can melt bottom ice but the glacier would have to be at least 1000 meters thick for there to be sufficient pressure to melt the ice.

GEOTHERMAL HEAT (in some areas like Iceland for example: a land of fire and ice. But you have an ice cap on it, a mini ice sheet on the island of Iceland. But it’s a volcanic island it formed from lava being released from the ocean. So you have periodic volcanic activity on Iceland and you get this tremendous explosion of heat and massive melting= and this is called a GLACIER BURST!!!! 
MINOR OUTPUTS:  

sublimation: ice transforms into vapor

snow if blown off the glacier surface before it’s had a chance to freeze and then re-freeze to become firn and then become compressed to be glacial ice. So the snow, the primary input is removed.

Calving  occurs when a chunk of the glacier, whether it’s an ice sheet or alpine glacier, breaks off at the coast and then floats away in a current. Calving produces ice bergs. So this is an example of the Greenland ice burgs breaking off from the Greenland ice sheet. 

Greenland Icebergs: 

So, icebergs vary in size. They can be hundreds of meters thick and can weigh millions of metric tons or can be small as a grand piano. These little ice bergs are called ROWLERS OR BERG BITS. Little bits of an ice berg so really small.  Most of the ice berg (7/8ths) is below the surface because the density of the ice berg is only slightly less than the density of the sea water. So the ice berg is fresh because it derives from snow and sea water is saline. 

In the northern hemisphere, most of the ice berg derive from the calving of the Greenland ice sheet. Every year there’s about 40,000 medium and large ice begs that calve from the Greenland ice sheet and then they drift southward, on the Greenland or Labrador Current. Some of them reach the grand banks of Newfoundland and one such ice berg that did in the titanic in 1912. The Greenland ice bergs have a peak top, irregular shape, they are partially melted, they are so eroded by the water that they become top heavy and they tip over, so they are usually irregularly shaped. As opposed to the ice bergs that derive from the Antarctic sheet you can see typical flat top and steep sides and that’s because they originate as an ICE SHELF: a plate of glacial ice, it’s still attached to the Antarctic ice sheet but the coast line is irregular so you have a MASSIVE ice sheet and its extending and some of it extends out over the ocean and it forms this flat plate of ice under laid by the ocean. And sometimes this plate of ice, gets cracks in it, and these cracks grow and pieces break off creating these ice bergs. So they are flat topped because they started off as this plate of ice and steep sides because there’s cracks in a vast plate and that just got broken through. 

Ice sheets and alpine glaciers share similar inputs and outputs but they differ in how they move.

How they move in terms of the ice in the glacier itself that moves. Think of an escalator from the 7th down to the 6th floor- the steps are continuously moving down similarly with the ice moving in a glacier, the ice is continuously moving in a glacier even if the glacier is not growing or shrinking. So the movement is different between ice sheets and alpine glaciers.

The movement of ice in an ICE SHEET is controlled by the slope (movement of ice surface) meaning that the movement of the ice WILL BE WHERE THE ICE SHEET IS THICKER (more pressure) in the direction to where it is THINNER (less pressure) the ice sheet will move from higher pressure (thick ice to lower pressure, thin ice) typically sluggish, only moves a couple centimeters per day.
In contrast, the movement of alpine glaciers is controlled by the UNDERLYING GROUND surface. So the shape and the slope of the LAND surface in particular. So, its direction moves from higher elevation to lower elevation of the LAND. And as it flows down the mountain, it often follows an elongated channel, depression carved out in the bedrock of the mountain slope from a pre-existing stream or river. And it’s a move vigorous movements, it typically moves METRES per day. 

Occasionally, the rate at which ice moves, accelerates dramatically, and this is called a SURGE.. Rapid, 10-100 times faster than usual, and again Iceland is subject to these surges, because of the periodic activity of the volcanos on Iceland. The volcanos melt the glacial ice causing a burst of massive melting of the ice, but by melting the bottom ice you got a layer of water separating the land from the overlying ice. And the water access is lubricant making it very easy for the ice to move. So it moves very rapidly as a consequence.

MASS BALANCE  is a ratio or balance between input and output so the equilibrium line is where input=output. It would be the same for both ice sheets and alpine glaciers. You have the accumulation zone where there’s more input than output. The ABLATION zone where there’s more output than input, and the EQULILBRIUM LINE and the glacier flows in essence from the accumulation zone towards the ablation zone. And the alpine glacier, you have higher accumulation In the higher colder regions of the mountain, less accumulation at lower elevation. The equilibrium line will vary, if u have very heavy snow fall for a year or two there’s going to be an expansion of accumulation zone and the equilibrium line shifts down slope. If you have prolonged warming as we are now in, the ablation zone will expand and the equilibrium line will shift up slope. AND, if the ablation is sufficient the TERMINUS or end of the glacier will retreat, so the glacier sin the Himalayan regions are the THIRD largest accumulation of glacier ice. First its Antarctica, then its Greenland, and then it’s the alpine glaciers in the Himalayan region. And so from year to year the terminus is retreating every year, and this will have consequences because the ice in these alpine glaciers is FOSSIL ICE, these glaciers, formed decades, centuries ago and the climate has shifted so there’s less new accumulation but it’s the seasonal melting of the ice that has historically provided water for much of Asia, the main rivers from the gangi, the yanski, 7 major rivers that have their origin, source of water from the melting of Himalayan alpine glacier, and there mass is shrinking every year and that will have long term consequences, and water availability for a large portion of Asia.
PERMAFROST: perma for permanent, frost for frozen. This is permanently frozen soil, regolith, and bedrock. And permanently frozen means its frozen for AT LEAST two years continuously. Permafrost is identified as either wet or dry – so wet if there’s water present (as ice) 

A surface layer lies a top the permafrost, and the surface layer is called the ACTIVE LAYER. This is the layer that thraws/fraws? During the summer time, and the permafrost lies below. So we often find permafrost in glacial regions, laying underneath glaciers but also areas surrounding glaciers. Methane is contained within the permafrost, and as the permafrost is thawing this methane is being released and methane is a greenhouse gas that is more potent than carbon dioxide. Methane releases 20 molecules for 1 carbon dioxide so it’s very effective and more and more methane is being released into the atmosphere, therefore Methane is one of the POSITIVE FEEDBACKS, of climate change (warming) Positive feedback: the outcome of one process in essence goes back and enhances that process. 

Ground water

contains most of the remaining 25%. Regolith fragmented rock laying beneath and then bedrock below that but there are some places where bedrock is not exposed at the surface and you don’t have soil or regolith. There are some places where you have a thin layer of soil laying on top of bedrock and this is sort of the typical but not always this case. 

You have a water input (rain, snow melt, irrigation) infiltration, water enters the soil, and gravity pulls it down. So you have gravitational soil that drains through the soil and out of the bottom of the soil. And this gravitational soil is pulled by gravity all the way down until it encounters a layer of bedrock that is not permeable, that water backs on top. A rock such as shale for example. It excludes rock. So, the gravitational soil water backs up on top of this barrier and fills up all these openings in the porous bedrock that is the aquifer. (Sandstone for example) a bedrock with lots of crack in it. Backs up, SATURATING all of the openings, that gravitational water that is drained down and is now occupying the pores the openings in the aquifer that is GROUND WATER. And it will totally saturate a certain portion of the aquifer depending on how much ground water there is so, because all the pores are saturated with water this is referred to the SATURATED zone, the ceiling of saturated zone, is the WATER TABLE. The INPUT to ground water is GRAVITATIONAL SOIL WATER recharges GROUND WATER. Sometimes the water table INTERSECTS depressions such as a river channel, or it can be a depression of a lake, and so ground water can supply some of the water in a river or stream. 

Ground water as a storage component in the hydrologic cycle and ground water that OCCUPIES and SATURATES all or part of an aquifer, a poris bedrock is the aquifer.

THREE KINDS OF AQUIFER
:
1) Unconfined Aquifer: an acculude: a layered bedrock that is not permeable; water backs up on top of it. It’s considered unconfined because there is no barrier to the gravitational water draining down under the influence of gravity and reaching the aquifer. So this is an unconfined aquifer.

2) Confined aquifer: layer of permeable imperable bedrock beneath it acting like an acculude, but there’s also a layer of imperable bedrock laying on top of it. The permable rock(the aquifer) is sandwiched between two imperable layers, and the aquifer is exposed only in narrow aerial expanses at the surface. Its only where the aquifer is exposed at the surface, not covered by the over lying layer by imperable bedrock. Its only there that recharge can occur because any gravitational water, cannot drain down though this upper layer. 

They (the confined and unconfined) will also vary, on how they respond to inputs and outputs of water. With an unconfined an input of water will cause the water table to rise, that’s not possible in a confined aquifer, the water cannot rise into the imperable acculde above. So what happens when you have input in the confined aquifer, a pressure builds up within in.

Sometimes, if there are cracks or fishers within the overlying accuclude, water, water can find its path up to the surface and this is what happens naturally and its also discovered that artisian wells where pumping is not necessary its usually pressure in the ground water, in an confined aquifer that pushes the water up through the well to the surface.

Whereas an unconfined aquifer, a well would need a pump to pull the water up to the surface.

3) Perched Aquifer: lying In the unsaturated zone above, the lens of imperable rock acting as a perched acculude, water then will accumulate a puddle on top of this imperable rock. Forming a perched aquifer. 

if there’s more output then there is input in an unconfined aquifer, the water table lowers, 
and that’s happening worldwide because of human extraction of ground water by wells. In a confined aquifer, output and excessive input will cause a lowering of the pressure. 

Unsaturated zone = which is sometimes referred to as air_____(because there’s air there) , there’s a small piece of imperable rock up above the regular, and so , water that drains down from the surface will accumulate on top, and you’ll get a perched aquifer. (Perched = on top of, above) 

Ground water moves, it moves very very slowly, it moves in the direction of where the water table is HIGHER, to where it is LOWER, but because there’s friction all around it, this movement is very slow, sometimes its slow as a few meters per MELLINUM.. so its very very slow. It will vary somewhat, like the steeper the slope of a water table, the faster the ground water will move. If the openings in the aquifer are large, then, the ground water will move more quickly than if the openings are small. Moves much more slowly than water would on the surface.

so we can see ground water at the surface ocassionaly, this can happen in several ways, sometimes, theres a SLOPE, or when we cut through a slope or mountain to make way for a road, or railway tracks, the aquifer is exposed and ground water sort of steeps out of the exposed rock or on the side of the mountain. And this ground water that sweeps onto the surface is a SPRING. (SPRING WATER) ground water that emerges at the surface.

Or the ground water can move into depressions on the surface, when the water table cuts through the depression, that forms a stream, channel. So if u have a precipitation event, so water enters the soil, gravitational water drains down and recharges the ground water, say it happens here, that will exert pressure on the ground water which will cause the ground water here into the stream. So it’s not the rain water (that event )going through the aquifer and moving into the stream, its PRE-EXSISITING ground water that moves into the stream because of the PRESSURE of new water entering up here. 

So, A STREAM that RECEIVES ground water is called an EFEULENTY STREAM (e for EXITING) the aquifer, moving into the stream and this occurs when the water table intersects the depression. 

likely to get this where u have a humid climate, an abundant rainfall , in more ARID locations water tables often lower and sometimes lower than the bed or bottom of the stream, and if this happens u sometimes get an INFFLUENT stream where stream water MOVES OUT OF THE STREAM and INTO the ground (INFLLUENT= INTO THE GROUND) which is sometimes why long streams in arid locations, you’ll see rows of vegetation’s along the side of the stream, because there feeding in on this water that’s moving out of the stream and into the ground. 

What are the first 2 
A third way that Ground water finds its way to the surface is by WELLS.  This is a human extraction, sometimes we extract so much that the water table lowers, so much that it goes dry, because it can no longer reach the ground water. You can see too with wells, you got a CONE of depression because of the extraction and vicinity of the well, and because there’s a slope that will facilitate the movement of the ground water to the well, because ground water moves down the slope of the water table, but it also means that’s its easier to EXCESSIVELY extract ground water. All sorts of ways humans have extracted water,  ¼ Canadians depend on ground water as there source of water.  Contamination, for example; landfills have inadequate ceiling so it can be toxic when ground water, snow melt ect, seeps through that, and dissolves or carries its particulates that then goes into the ground water. This excessive extraction of ground water also causes surfaces to sink in many locations, some locations for example in Kenya many coastal wells have become useless because the decline in the water table has allowed saline water from the Indian ocean to move into the coastal areas , contaminating the coastal ground water. So, the coastal wells are drawing in saline water, so long distance pipes are bringing in water to these coastal communities’ 

The Potential metric service = is a HYPOTETHICAL level, its an estimate of how high the water table would be if that particular aquifer was not confined. So you can see given the height of the potential metric service how much pressure the ground water is under. 

Another storage component is LAKES.

Lakes: are bodies of water that occupy depressions in the land. Lakes vary in their origin, their size, salinity, lifespan but all share certain characteristics. 

They are ALL terrestrial: in that their water bodies surrounded by land, located on continents, the upper water surface of the lake, interfaces with the atmosphere. So you have exchanges of energy, absorption of insolation, release of outgoing long wave, absorption of atmospheric gases, so different kinds of interactions between the lake surface and the atmosphere. 

and water is fairly level, even though the bottom  of the lake can be very irregular, the surface is quite level, and although it might be interrupted by waves if you have wind blowing across it, its fairly level. AND ITS OFTEN REFERRED TO STANDING WATER.  It’s not absolutely still but it doesn’t move as vigorously as water moves in a stream. Some movement , some turnover , you have water coming into the lakes perhaps from the surrounding land, you might have the water table intersecting the depression, you might have a stream flowing into the lake providing water but you also have streams flwoing out of the lake.

the turnover time= is how long it takes the water molecule that just arrived in the lake, to leave.
And so sometimes it’s very very sluggish, so in the great lakes for example, turnover time is about 1% (Lake Ontario) only 1% of the water actually exits, and the only exit is the St-Laurence River in terms of surface water. 

Now, there are diverse processes, geological and human processes that create either the depressions (which surface water can then occupy) or obstruction (stream and lakes can be formed when obstructions are put across the lake, damning the lake and causing water to back up) 

so geological processes: A VOLCANO; a volcanic crater is the depression on top of the volcano, and if a volcano is dormant, or inactive, water from precipitation can accumulate and form a volcanic lake. 



A TARN: occupies the bowl from which an alpine glacier grows. An alpine glacier, starts as a patch of snow that does not melt in the summer, and because its frozen it can act on the surrounding rock, freezing and thawing, and this repeating fractures the rock, so this depression in which snow resides can get deeper and water over time, EVENTUALLY, as that ice gets buried by new snow and turns into fern and gradually, glacial ice. And if enough accumulates, it SPILLS over the lip of the depression and starts moving down slope as an alpine glacier. Should it melt, water will occupy that depression, the crater of the alpine glacier. And that water makes a lake, which is referred to as a TARN. 

OXBOW LAKES: when rivers meander, when there are curves in the stream, sometimes the meanders elongate so much that water flow, cuts across the neck of the meander, sediment will be deposited, clogging up and separating the meander from the rest of the stream that is now flowing right across. (It’s no longer connected to the stream.)

Landslides: rock material that flows down mountain slopes will shatter when reaching the base of the slope and all that debris builds up into a natural dam that blocks the flow of the stream. And you get a lake being formed behind it. 

And humans have created lakes, we create them primarily by building concrete dams along and across streams to allow the water to back up to form reservoirs, to power or irrigation water.  

Q TO CLASS: tell me 5 ways that water enters a lake: 
 precipitation (rain, snow, hail, sleet) 
 ground water seepage (if the water table intersects the depression)
 rivers, streams flowing into the lake (INLET STREAM) (higher elevation to lower elevation) 
 overland flow into the lake 
 interflow (enters the soil but cannot drain, so it moves just below the soil surface and along that slope) 
 ice melts and creates a depression ( but not really an answer) 

HOW DOES WATER EXIT A LAKE?
 OUTLET stream (one or multiple)
 evaporation (relationship between Lake Surface and the atmosphere) 
 stream water exits the stream and ends. Lake water seeping into the ground


The lifespan of a lake can be decades, centuries, but lakes eventually disappear, for one or multiple reasons
1) outlet channel; if the bed of the outlet channel, erodes down enough, it will allow all the lake water to drain and evacuate.

2) sediment accumulates in the lake, sediment brought in by overland flow, sediment brought in by inlet streams and from the organisms that live in the lake ( plants and animals) cause organic debris and they accumulate on the lake bed and gradually over time the sediment fills up the depression and the lake disappears 

3) excessive evaporation: so much evaporation that all the lake water evaporates, an example of this; IMPLUVIAL: is a wet period that occurs in an area because ice sheets/glaciers are expanding somewhere else, so the most recent ice age approx. 10,000-25,000 years ago, during that period, u had ice sheets extending equator-ward burying Canada and extending into the states as far as Wisconsin which is why it’s called the Wisconsin Ice age America, associated with that u had climate changing elsewhere, including the south west of the US. In this PLUIVAL or wet period, temperatures cooled and there was more cloud cover and precipitation. 

So we know then, that with cooler temperatures, more cloud cover, more precipitation, POTENTIAL EVAPORATION will be low. The topography of the area, is called basin and range, meaning mostly flat with periodic hills and mountains and ranges. So during this pluvial, there was a lot of precipitation and relatively little evapotranspiration. So you had surface water accumulated these vast lakes on the south west. Lake Bonville was the largest, the average depth was 10m, but this one was at 330m, but it covered an area of 50,000 sqkm. Where most had about 4000 sqkm. So this was a massive lake.

Death Valley is currently an extreme desert today was actually a lake basin during the last ice age. Climate changed and in this area, temperatures warmed, precipitation diminished, so less cloud cover, less rain, warmer temperatures. Potential evaporation soared. So all this lake water, and pluvial started to evaporate. And now lac bonville still exists but its GREAT SALT LAKE is what remains. 

The last of the storage components is the ATMOSPHERE: contains a tiny proportion of all the water vapor and ice on the planet, and as I mentioned previously, at any one time there’s perhaps a 10 day storage in the atmosphere, sufficient for to sustain global precipitation. For precipitation to extend beyond that period, the atmospheric storage would have to be replenished, and the process of that is evapotranspiration. Returns vapor into the atmosphere. 

so lets compare oceans and continents. 
Oceans cover just about 70% of the earth’s surface. 78% precipitation 86% more evapotranspiration of ocean water than precipitation into the oceans. But oceans are not gradually drying up. 
Continents cover just about 30% of earth’s surface. 22% precipitation. More precipitation than evapotranspiration and continents are not gradually drowning because some of the EXCESS precipitation over the continents is CARRIED to the oceans via rivers that draw overland flow, and ground water ect.. and finally emptying into the ocean. So the excess precipitation on continents flows into the ocean via rivers. And the excess in oceans is carried over by winds to continents, which allows for more precipitation on continents than just the continental evapotranspiration would commit. So you have a CONVECTION LOOP. 

DOWNWELLING occurs in oceans-- > it occurs where surface water accumulates, does it occur where surface water temperature cools (higher density) salinity increases. 

Multiple choice question: an imperable bedrock, such as shale, can act as an aquiclude because it’s a barrier to the flow of water. (SEEEEE IMAGE))))))

Excessive evaporation and the accumulation of sediment is most likely to cause the eventual disappearance of a lake.

TRICKY: ________transports the surplus ATMOSPHERIC moisture between oceans and continents… it’s WIND, and NOT ocean currents, runoff (overland flow and streams, or all of the above) 

which direction does the wind transport this excessive moisture? From the oceans to the continents. Which provides the moisture for all the precipitation on continents. 

LAST TOPIC: TRANSFERS IN THE HYDROLOGIC CYCLE: 

Infiltration: upon reaching the surface, infiltration (rain or snow melt) has 1 of 2 options, 

1) enters the soil or it doesn’t.

Infiltration is the process of water entering the soil. But that’s it, it just enters the soil, after the water enters the soil, there are different options. JUST THE ENTRY.

infiltrated water after infiltration has occurred, separate processes, the water might DRAIN DOWN under the influence of gravity (gravitational soil water) it might encounter a barrier to drainage so it moves laterally below the surface, or it might be held in the soil by the matric force by cohesion or adhesion. It might be then absorbed by plant roots or evaporated but these are separate processes. Infiltration is MERELY THE ENTRY OF WATER into the soil surface.

Infiltration will vary with the infiltration capacity surface. As well as characteristics of the rainstorm; particularly the intensity and duration of a rainstorm. 

Infiltration capacity: ability of usually a soil surface to absorb water, to allow the entry of water into the soil surface, in essence it will vary with the number of openings in the soil, and the size of the openings, so how do you get openings in the soil? Well soil particles are irregularly shaped, so they don’t fit snuggly beside one another, there are gaps between them (openings that will be filled by water or air depending on the saturation status) 

SOIL FAUNA: such as earthworms, ants, beetles, rabbits, dig tunnels in the soil, these are openings that water can utilize, when these openings connect with the surface. Roots of plants, especially woody species, the species that have bark, not only when the roots grow (elongate) but they also enlarge LATERALLY, so as they large they’re forcing the soil apart, and water can more easily enter the space btween the surface of the plant root and the soil and allows continue drainage down. 

When plant roots die and decay the space in the soil that was occupied by the plant root, has decomposed is now space, and again it allows water to easily infiltrate and then drain down. 

FREE THAW ACTION: when water freezes it expands in volume by 9% so if u have water in soil openings, and then that water freezes, it exerts, pressure on the surrounding soil, pushing and largening the pore and then u get larger openings and more abundant openings. 

CORASE TEXTURE SOILS: allow more rapid infiltration- coarse texture means large particles, think sand grains, and fine textured means small particles (clay). So, coarse texture soils due to their large particles, will similarly have large pores- so large openings easy for water to infiltrate. 

Whereas, fine texture soils, like clays have microscopically tiny pores, very very hard for water to enter, EXCEPT, certain clays have the property that when their wet they expand in volume and when there dry they shrink. And we see this in a period in the summer time, we see cracks, in the surface of the soil. That’s because the clays are present there, so they contracted in volume so cracks formed. So if u have cracks in the surface, it will initially be very easy for water to enter that surface UNTIL the clay gets wet enough that it starts to expand again and start to seal up/ close up the cracks again: then infiltration will be impeded. 
Rain Splash: is the force of the rain drop hitting the soil surface and the impact is such that it causes surface soil particles to spray up, and when they come down to the surface they can plug up some of the openings in the surface. Openings in the soil surface= lower infiltration capacity. 

A litter layer: occurs in forests where you have debris accumulating on the forest, most of which, is leafs that have been shed by the trees, and this forms a blanket of organic debris on the surface. And this facilitates infiltration because the litter layer will absorb the impact of the raindrop and the soil below is protected from that impact and then, the rain water will slowly trickle through the litter layer and slowly reach the soil below. 

ANALOGY: SPONGE IN THE SINK… okay .. so the more SLOWLY the water can arrive at the surface the more easily it can infiltrate the FASTER the water arrives at the surface the more difficult it is for infiltration to occur. 

so the litter layer REDUCES rain splash and it slows the rate at which the water reaches the surface, so its BENEFICIAL in a number of ways. 

The antecedent moisture content : is just how much water is ALREADY there in the soil BEFORE the wetting event (rainstorm or snow melt) so, if the soil is ALREADY saturated with water, theres a HIGH antecedent moisture content, theres going to be very little infiltration, the capacity will be very low. There will still be SOME infiltration but it will depend on how fast water can drain down. If the soil is saturated the infiltration rate will pretty much EQUAL the percolation rate (the process of draining) so if u have a very LOW antecedent moisture content, the soil is DRY, is then easier for infiltration to occur. 

( EX OF A COARSE TEXTURE : FORESTS (76.2 mm) - REALLY HIGH INFLIRATION (A VERY IMPORTANT REASON is because you have THE LITTER LAYER, slows down the rate at which water enters the soil, get much higher infiltration rate, why else? Let’s start with interception, HIGH INTERCEPTION ABILITY, lots of vertical stratification, HIGH DENSITY: entire surface is covered no bare soil so interception EVERYWHERE, also you have A PERMANENT ROOT NETWORK: is intact it’s expansive and we know that the root network creates lots of openings in the soil for water to infiltrate. Forests, lots of vegetation so lots of food for animals both above the soil and also in the soil, so ABUNDANT SOIL FAUNA calling all there tunnels and burrows that link with the surface creating openings in the soil with the surface. And even when u have a high antecedent moisture content and so much rain that saturated and some of the water does not infiltrate, if u got a slope, the water will start moving down the slope, but there’s so much stuff on the floor of the forest, u got the litter layer, all the trunks of trees, logs of dead trees, branches that have fallen, all sorts of irregularities on the surface, so IRREGULAR is the surface that when u get water flowing over the surface, it usually gets caught in these multiple depressions on the surface. And you got puddles forming and over time the water in the puddle will infiltrate (some of it will evaporate because it’s exposed to the atmosphere, but over time, the water will infiltrate) 
(EX: OF A COARSE TEXTURE: A PASTURE 25.4 mm): a lower interception rate because not much vertical stratification, but high density, so there will be some interception. You got permanent root network, so openings form the plant roots, openings cause u got animals there, breathing in the soil, but u also got livestock which are very heavy, and as they walk around their COMPACTING the soil, so the large pores are squished into smaller pores and they have their favorite places where they like to nap, so u can get larger compressed areas where the surface soils are compacted and the openings are smaller. So it IMPEDES INFLIRATION SOMEWHAT. 

A ROW CROP: that’s in agricultural areas where the crops are grown in rows whether its strawberries or corn, carrots or lettuce a LOWER interception rate than in a pasture, because u got alternated vegetated and bare soil. Bare soil = ZERO interception. Early in the growing season = very little vegetation = very little interception, as the crops grow, plants get bigger there will be more interception but it depends what the crop is, if its corn HUGE DIFFERNCE from that tiny seedling to this MASSIVE corn stock with its large leafs, so lots of interception but if its strawberries, you’ll get interception but not very much. And also, the vegetation is HARVESTED at the end of the growing season, so the INTERCEPTION IS JUUUST DURING THE GROWING SEASON. So, because the plants are harvested at the end, u have a TEMPORARY ROOT NETWROK (so benefits of the roots are only seasonal) the soil fauna is not as abundant, rain splash on the bare rows, water flow over the ground will usually go through the bare rows, because its bare there’s not a lot of friction, so the water goes quickly and will leave, fast flowing water to infiltrate in these bare rows. And farm machinery is heavy so it compacts the soil. 

BARESOIL = 0 INTERCEPTION, 0 ROOTS, 0 SOIL FAUNA , NO LITTER LAYER, BUT THERE IS STILL SOME INFILRATION AND THAT’S SOLEY BECAUSE OF THE IRREGULAR SHAPE OF THE SOIL PARTICLES., ALLOWING FOR SOME OF THE WATER TO INFLIRATE, ALSO HAVE RAIN SPLASH THERE. 


INFILTRATION CAPACITY OF DIFFERENT SURFACE COVERS 
Rainstorms = particularly the intensity and duration of a rainstorm 

Overland flow = is water that flows OVER the land, so it doesn’t infiltrate, they are intimately linked. The water rising at the surface will either infiltrate or generate overland flow. So sometimes you can get overland flow being created even when the soil is not saturated. This occurs when the intensity of the rainfall EXCEEDS the infiltration capacity. What intensity will generate overland flow depends on the infiltration capacity. But it will have to be greater to generate overland flow before the soil is saturated. Also the higher the intensity of rainstorm, the higher the intensity of rain splash, for bare soil.

25mm or greater it’s considered an erosive storm (when we talked about precipitation) 
bare soil is important because vegetation protects the soil against erosion by the roots anchoring down the soil particles. Above ground biomass slows down the overland flow reducing its capacity to erode. The duration of the rainstorm will also be influential in that the longer the rainstorm the greater likely hood that the soil will become saturated, and then the inflirration rate will approximate the rate of percolation. So if its full, the amount of water that the water can enter (after its saturated, after its full ) will vary pretty closely with how fast the water can drain (or percolate) down. 

Intensity of the rainfall > infiltration capacity of surface → overland flow.
↑ intensity → ↑ risk of rainsplash
[bookmark: _GoBack]↑ duration → ↑ probability of soil becoming saturated → infiltration rate ≈ percolation rate. 
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