Section 1: Meteorology and Climatology
     Tropospheric processes driving climate and weather patterns.

 

QUESTIONS:
2008 - 2. Explain why Ireland often experiences a succession of depressions and anticyclones.
2007 – 3. With the aid of diagrams, explain why mid-latitude climates usually are associated with changeable weather.
2006 – 2. Explain why hot deserts experience very low rainfall.
Answer - General:
Global Climate patterns are associated with the atmospheres general circulation. These patterns depend greatly on their latitude and each of the latitudes varies greatly causing a lot of diversity in climatic patterns of the earth. The main latitudes include; low latitudes/Hadley cells, mid-latitudes and the polar cells. 

1.     Low latitude/Hadley cells: 
Low latitudes/Hadley cells are the inter tropical convergence zone where trades from two hemispheres meet. Air found here is moist and warm as it is heated by the warm surface. Moist air is less dense, causing convectional rise, condensation, clouds and rainfall. Therefore, low pressure occurs as air is ‘moving out’ from the zone upwards. 

OPHs and seasonal tilting of the earth’s axis with each season are relative to the incoming insolation from the sun. The inter tropical convergence zone (ITCZ) immigrates to this latitude of maximum incoming insolation to power and then migrates north and south of the equator. If the equator was covered by this zone for all of the year, it would experience continuous rainfall, however as the zone moves polewards from the equator, it causes an increasing length of time free from the zone cover, resulting in a dry season. The further from the equator it goes the longer the dry season.

(Pg 10 – ITCZ migration model)

 

The poleward movement of the cells is limited due to one main factor, the subsistence of initially cold air from the tropopause towards the surface. The cells are being pushed down, compressed and are moving into a higher pressure environment, therefore getting heated. At these latitudes, more air is being pushed into the air column thus, resulting in high pressure. The warming air increases its capacity to absorb water vapour, but the descending air makes the upward movement of the warm rising air difficult, thus trapping the warm air. This is the reason why deserts found on land are so hot and experience little surface wind. 

(Pg 12 – wind patterns of high and low pressure)

 

Trade winds return air to the ITCZ, but heat transfer to the mid-latitudes wave system. 

2.     Climate and weather associated with the mid-latitude waves:
Weather and climate, because of the conditions, are so variable temporally and spatially that it is hard to think of the meaningful 30 year averages. 

The climate is dominated by moving air, the airstreams of varying temperature and humidity. Long waves found along the mid-latitudes produce a pattern of alternating high and low pressure systems. Anticyclonic and cyclonic weather along with minor waves contributing to more local weather patterns, transient variability in weather through shorter lived cyclones and anticyclones. In other words the movement of air streams, brings about the variability in weather. 

(Pg12 – diagram 2  Pg11 last diagram diagrams given during lecture about minor waves)

 

Long waves produce patterns of high and low pressure systems because of Jet streams and their alternation troughs and ridges. A jet stream is the idea of friction slowing down air at the surface but not aloft as the fastest air flows under the tropopause. The movement of the jet stream along with Coriolis force causes the pattern of convergence and divergence in the jet stream itself. 

(Pg.11 – Diagram 2)

One interesting factor of this movement is that the upper tropospheric convergence and divergence translates into the surface patterns being divergence and convergence. 

(Pg. 11 – last diagram  given diagrams during lecture diagram A)

Thus, due to the variability in the patterns in the mid latitudes, changeable weather patterns exist. 

 

3.     Climate of the Polar cells
The polars are very cold, resulting in little study of this area; however it is known that the Hadley cells operate here at least some of the time. 

The climate is very cold, but can be relatively warm when air blows from the mid latitude penetrates. These penetrations bring high temperature gradients and give violent storms and heavy precipitation. Ice is critical to these latitudes to remain intact. 

RELATING TO QUESTIONS:
2008: Ireland is located on 53 north of the equator  mid latitudes so write about mid latitudes and relate the changeable climate patterns to Ireland (which we all know too well!!)
2007: Discuss mid latitudes 
2006: Hot deserts are located near the equator thus are affected by low latitudes. Discuss low latitudes/Hadley cells and relate back to the hot deserts throughout. 
 

Part 2 section A
With the aid of a diagram, explain how a heat engine works. Explain how the Earth’s atmosphere acts as a heat engine. Illustrate your answer with diagrams where possible (2006)
With the aid of diagrams, show how troposheric circulation might be explained as the working of a heat engine. (2007)
Explain the causes and functioning of global athmospheric circulation. (2008)
Explain why there is very often vertical movement of air in the troposphere.
Explain how vertical movement of air contributes to global circulation. ( 2008 Repeat)
Introduction
The Earth may be considered to be a huge machine driven by two heat engines, one internal and one external engine. The Earth’s external heat engine is powered primarily by solar energy and influenced by gravity. This heat engine is a system of energy which drives and controls the nature of the pressure, winds, and climatic belts of the earth's surface. This external heat engine is the atmospheric heat engine. The heat engine is responsible for redistributing surplus heat from low latitudes to high latitudes. This heat is transfer by both air and by the oceans currents. Some study suggest that  80% is transferred by air and 20% by ocean currents but other studies have this figure to be at 70/30 and some say it could be even 50/50. The heat engine is broken up into three sections both north and south of the equator. 

The low latitudes (The Hadley cell) 

The mid latitudes (Mid latitude wave/Ferrell Cell)

The Polar Latitudes(The Polar Cell)

 

	1 Insert diagrams Here. Page 6 of the notes The atmosphere in motion

	2 Insert diagrams Here. Page 7 of the notes

	3 Insert diagrams Here. Page 6 of the notes The simple model of general circulation.


Low latitudes: (Equator – 30 degrees North and South)
It is at this latitude that the suns energy is at the greatest and the earth’s surface is the warmest, it is called the Inter tropical convergence zone. This powers the Hadley cell. The rising air sucks in the trade winds mostly blowing over warm oceans with high humidity carrying large volume of water vapour. The rising air is deflected northwards and southwards by Coriolis force. (C.F. =the Earth’s surface is curved so anything that moves across its surface will be affected).

     Diagram 2 shows us how air rises and cools leading to condensation.

     Release of latent heat strengthens the air movement upwards.

     The air then moves pole wards north or south.

     The air is pulled along due a vacuum caused by sinking air at the 30 degree latitudes north and south because of cooling by radiation to space.

     This sinking air in the source of the trade winds

     Heat does not follow the air movement.

     Heat transfers from poleward extension of the Hadley Cells and moves poleward.

 

Mid- Latititudes: (30-60 degrees North and South)
The mechanism of the heat transfer from the tropis to the poles here in the form of a wave like circulatory of movement of air. (See diagram 1).

Waves in this latitude superimpose on one another.

     Long waves 4-5 per hemisphere stretching from sub-tropic to sub-polar latitudes. These are stable and stay in size for about a month.

     Minor waves superimpose in major/long waves. Started by local instabilities cause by the configuration of land and sea. Change at a hourly daily basis due to varies reasons humidity, temperature, major mountain ranges.

Unknown to know why it is a wave motion and not a circular motion such as the Hadley Cell.(Diagram 1)

Potential Reason:
Coriolis Force

Land/Sea Configuration

North/ South Mountain ranges

Stratospheric influence not yet understood.

Because of greater latitudinal energy transfer

 

These all influence and are factors in local weather condition. The overall effect is to transfer heat from the subtropics to subpolar latitudes as seen in diagram 3 of the simple circulation model. But the major mechanism of heat transfer is Lantent heat. (Lantent Heat see notes page 42)

 

Polar Latitudes
The polar cells complete the energy transfer to the poles. There is little heat to distribute so sometimes the cells break down in these regions, especially in winter. So problem is where does the energy come from to power often very strong winds??? (They don’t fully understand why the winds are strong)

 

Conclusion:
The three cells are like interlocking gears such as in Diagram 3. 

Largest Cog : Solar energy heats the entire planet but is strongest around the equator to 30 degrees latitude. This energy causes air to rise up to the tropical tropopause along with the release of latent heat. The air is then pulled along by the sinking of air around the 30 degree latitude. This pushes the sink air downwards back towards the equator creating the trade wind or also pushing air into the mid latitude.

Medium Cog: This is the mid latitudes cell, heat is transferred from the subtropics to the subpolar in forms of wave like circulation of air up into the mid latitude tropopause. Heat is lost and gained here due to a number of local instabilities and is very hard to model.  Air is pushed back towards the equator in some areas and towards the polar cell in others. 

Small Cog: Then finally in the Polar Cell there is little heat left or being produce by solar energy so this cog moves at a slower pace. The air from the mid latitude mixes with the air coming from the pole and forces the air upwards causing it to be pushed up into the polar tropause and towards the pole to start the circulation over again

 

 

Section 2: Climate Change
Part 1
These are exam questions for the last three years. 

Explain important natural causes of climate change, and evaluate the extent to which we currently understand them.
Describe climate change during the Holocene (last 10,000 years), and suggest possible reasons for this change.
Explain natural causes of climate change, that is, changes NOT caused by human
activity. In your answer, include as many important causes as you can.
Causes of climate change: Natural
The theory of our climate and its different seasons is that summers should be cool

enough at high latitudes for snow to remain on the ground throughout the year. “Ice 

ages end when the three long – term cycles work together to make the summers

unusually warm, melting the ice”. This explanation is known as the Milankovich

effect. 

Milankovich Effect: Summer snow on the ground reflects incoming solar heat which

would otherwise warm the ground below. The ground is therefore cooler and at the

start of the next winter it is easier for the next snow fall to lie there without melting. 

There are findings that every 40,000 years, a cycle of nodding (low albedo factor

melts ice) about the earth’s vertical axis caused by the moon’s influence can be a

significant determining factor between whether we get strong seasons or gentle

seasons. This factor combined with the gravitational pull of the moon aligned with the

sun every 25,000 years which gives wobble to the orbit also can give strong or weak

seasons. In gentle seasons ice tends to accumulate which is a hindrance as it takes

longer to form then melt which only adds to the vicious cycle of temperamental

weather conditions.  

The Albedo Effect
The albedo of an object is the extent to which it diffusely reflects light from the Sun.

Changes in polar regions can cause more warming in the entire planet earth system through feedback effects. One such effect is the reduction of ice and snow due to warmer temperatures. When the white and gray snow and ice disappears, less sun rays are reflected out and instead the heat is absorbed by land and sea – which causes further increase in the warming. The Ice in the North Pole is constantly melting because of this overall rise in global temperature causing sea level to rise. According to the IPCC website in 2007 since the global 1900’s temperature has increased by 0.95 degrees celsius and in the North Polar Region have risen 2 – 3 degrees celsius. This is caused by the albedo effect as ice is warming up and subsequently melting rising seal levels. Some levels are rising >20 mm per annum and IPCC predict a global rise of 13 – 48 cm by 2050. Warm ocean currents bring warm water to Ireland. If this did not happen we would have a very cold winter as we are on the same latitude as Siberia and Canada by rights we should have the same climate. See P.15 of book for diagram
Atmospheric Sunshield and Greenhouse Gases: The Ozone layer is a natural shield which blocks ultraviolet radiation. If we did not have the ozone layer we would not be able to survive on earth as it would be too hot. As a result of the greenhouse gases such as sulphuric acid and carbon dioxide created by volcanic eruptions holes are being caused which let through more radiation than before. Australia is the closest continent to the Ozone layer and has seen a significant rise in temperature and radiation being soaked up by humans the environment. IPCC figures say that global warming this century will rise 1.8 – 4.0 degrees Celsius.

Vulcanicity: Otherwise known as volcanic activity occurs when there is an eruption especially of a great magnitude e.g. Volcano Toba in Sumatra which exploded 74,000 years ago. The associated dust veil which ensued almost certainly contributed to the start of the last glacial period. When the lava from this volcanic eruption cools it turns to ash and accumulates what is known as a dust veil. The dust veil does what it says by creating a veil which stops the sun getting through. Together with the harmful greenhouse gas sulphur dioxide it cools the climate and causes a reduction in global climate by 1 – 1.5 degrees Celsius.

Recent dendrochronology testing show that frost damage to trees is also a detrimental effect of global cooling caused by vulcanicity and dust veils as growth of the trees are stunted. 

Key Terms
Milankovich Effect – summer snow reflects heat - ground cooler – winter snow stays longer. Cycle of nodding – earth’s vertical axis – determines seasons – gravitational pull.

Albedo Effect – Changes temp – polar regions – rise sea level.

 

Atmospheric Sunshield and Greenhouse Gases – Ozone layer - sulphur dioxide, CO2 – radiation – global warming.

Vulcanicity – Eruption – dust veils – greenhouse gases – global cooling – dendrochronolgy (test of tree rings for growth).

Part 2
2008: Q. 5- Explain important ways in which human activity may contribute to climate forcing.
2007: Q. 7- Explain why most scientists now believe that it is 90% certain that present day climate change is to a large extent the result of human activity.
2006: Q.6- Explain the causes of climatic forcing.
 

The Earth’s climate changes when the amount of energy stored by the climate system is varied. The most significant changes occur when the global energy balance between incoming energy from the Sun and outgoing heat from the Earth is upset. While there are a number of natural mechanisms that can upset the energy balance, in recent times it has been discovered that it is in fact a result of man-made pollution that the energy balance has been altered and thus has forced the climate to change. Scientists call this climate forcing.

Human activity over recent years is increasing the concentration of greenhouse gases in the atmosphere. This is thought to be interfering with earth surface radiation, trapping energy as heat in the troposphere. Carbon dioxide levels are rising year by year along with Methane, CFC’s and other greenhouse gases. As a result of this there has been a steady increase in global temperature with predicted increases of 1.5 – 5.00+ o C in the next century. A disruption to rainfall is predicted also and we may even end up in a Mediterranean type climate or frozen! If we look at the graph below we can see the increase in global mean temperature over the last century (ref, geoscience book, pg 16 “observed global mean temp changes”).

Natural greenhouse gases include water vapour or moisture, carbon dioxide, methane, nitrous oxide and even ozone. The amounts of all these gases in the atmosphere are now being increased as a result of man-made processes, such as fossil fuel burning and deforestation. The atmospheric concentration of carbon dioxide, for example, has increased by 30% since the 18th century, whilst levels of methane have more than doubled. In addition to the man-made increase of naturally occurring greenhouse gases, mankind has released some completely new chemicals into the atmosphere, including the CFCs or chlorofluorocarbons. Although these have now been banned in an attempt to save the ozone layer, they will remain in the atmosphere for at least another 50 years. Although their abundance in the atmosphere is very low, molecule for molecule they can be thousands of times better at absorbing heat than carbon dioxide, and consequently contribute significantly to the enhanced greenhouse effect.

The presence of these man-made pollutants are causing a depletion of the ozone layer and thus causing the Earth to heat up. While the ozone is slowly recovering from the effects of human activity, there is a natural process of the ozone breaking down at the North Pole. This ozone depletion may be one of the reasons we have seen an increase in global temperature of 0.6 o C in 100 years. Data from the Antarctica show that CO2 and temperatures are highly correlated over the past 160,000 years. On this geological time scale (ref, pg 15 geoscience book, fig 2.3)  the CO2, and temperature changes since pre-industrial times appear as sharp pikes relative to the slower rates of natural change inferred from ice-core data near the south pole. 

The effects of this climate change may not be alarming to us at present but if we continue to be careless and repeatedly pollute our atmosphere with poisonous gases we could witness more extreme events in the future. storms, floods, droughts, extremes of heat and cold.

Key Points:
     Climate change occurs when there is an energy imbalance. This is because of natural processes but in recent times man-made. Man-made pollutants causing climate change hence why it’s called climate forcing.

     Human activity increasing concentration of greenhouse gases, interfering with earth surface radiation, trapping heat in troposphere. Resulted increase in global temp.

     Natural greenhouse gases increased by man from fossil fuel burning, deforestation, etc.. Presence of CFC’s, trapping heat, banned now but will remain in atmosphere for fifty years.

     Presence of these pollutants causing ozone depletion. May be responsible for global temp increase. Data shows relationship between CO2 presence and temperature increase over past years.

Section 3: Groundwater
Q 2007 Q 10
Identify and explain three important causes of pollution of Irish ground water. 
(answer could discuss; 1. landfills 2.industrial/ military groundwater pollution sources) 
 

Q 2008 Q 
Explain ways in which a poorly engineered landfill may pollute groundwater. 
 

Ground water pollutants; 

 

Causes of poor ground water quality; 

 

1.     Natural
The following are produced naturally in groundwater;

iron, manganese, hydrogen sulphide and hardness. Hardness is only a problem within large aquifers. 

 

2.     Human
·        faecal bacteria, ammonia, nitrate, potassium, chloride, iron and manganese

·        point sources (septic tanks, farmyards) also contribute

Local point pollution of groundwater is often close to wells. In some areas 50% of wells are polluted to some degree.

·        In Ireland, point sources are thought to be most important.      

 

3.     Organic wastes from farmyards;
A lot of pollution is caused by silage effluent, run off from yards and milking parlours, cattle holding pens and dungsteads. These types of pollutant can usually be avoided by careful planning and construction.  

 

4.     Land spreading of organic wastes
Soils and Subsoils are excellent medias for treating and attenuating organic contaminants, as long as spreading does not overload the soil either chemically or hydraulically. Soil and sub soil needs to be well drained with an adequate soil depth. This important so that soil does not saturate.  

 

5.     inorganic fertilizers
Levels of nitrate are increasing in some areas. This is a major problem in other EU        states, there is less in Ireland because;

A)    Leaching is less of a problem under grass and more of a problem under tillage.

B)     High rainfall has a diluting effect.

C)    Nitrate input is relatively low (but large increases recently) 

 

6.     Septic tank system
Together with farmyards, septic tank systems are a major source of pollution. This is because septic tanks are poorly designed (soakage instead of perlocation). They are built without reference to hydrogeology or well locations. Ground water protection schemes are now being put into place by county basis planning.

     In 1988 there were around 350 000 septic tanks in Ireland 

     Since then- there has been an annual increase of around 10 000 and 24 000 in 2003. 

     In 2000, 35-40% of housing stock were using ‘on site waste water treatment systems’ (septic tank systems) but in co. Monaghan 73% were using septic tanks 

     Septic tanks are the most widespread and most serious point source for pollution 

     Improvements in design and location are offset by the increasing number of septic tanks. 

     86% of water in rural areas is abstracted for public and private use of groundwater. 

     At least 28% of wells are contaminated with faecal coliform bacteria. 20%  of wells have high nitrate levels. 

     Septic tanks in Ireland in 2006; 

- 29% of houses are connected to septic tanks as on site waste water treatment.

- 418 000 septic tanks

- 2006 update on ground water pollution in Ireland but info is not clear.

- 780 private water schemes in Ireland (non municipal) 404 contaminated by E Coli= 52% 

·        Out of Mayo’s 108 schemes, 48% were contaminated

·        50% of Galway’s schemes were contaminated

·        This situation is not improving fast because the local authorities are not active enough and are not in compliance with EU directives.

·        The government assures that all will be fixed by 2006. But government authorities did not use all the money made available to them to fix the problem in 2005. Fixing= chlorination in most cases. 

(see diagram on landfill site in handwritten notes) 
 

7.     Landfill sites
-There are many poorly sited landfills in Ireland. Often now closed and still polluting. Some are already shown to cause groundwater pollution and many more would if boreholes were present to monitor leachate movement. (leachate= washed out heavily contaminated water. i.e. leached water)

- It is now recognized that leachates must be contained using non permeable bedrock sites or clay (bentoninite) liners or/and HDPE ( high density polyethylene) 

 

IMPACTS OF LANDFILL SITES ON GROUNDWATER; 

 

1.     Landfill gases;
- Landfill gases migrating in the unsaturated zone may be water soluble and trace organics in the gas are also water soluble. These are dissolved into infiltrating water and brought down to the ground water

- Methane

Methane is 50-60% of landfill gases. It finds its way into groundwater or may be produced within a pollution plume within groundwater. 

- Carbon dioxide

CO2 from landfill decomposition again may dissolve in infiltrating water and lower the Ph (carbonic acid)     

- Volatile organic compounds (VOC)     

Benzene, toluene, ethylbenzene and vinyl chloride are most likely to be present.       Toxic carcinogens also may end up in the ground water. 

 

2.     Leachates;
These are typically 97% water but contain four 

-         Organic matter;

This is expressed as chemical oxygen demand (COD) or total organic carbon (TOC) including volatile fatty acids and refractory compounds like fulvic acid and humic acids. 

-         Specific organic compounds;

From households or industry, such as aromatic hydro carbons, phenols and chlorinated aliphatic

-         Inorganic macrocomponents

e.g. calcium, magnesium, sodium, potassium, ammonium, iron, manganese, chloride, sulphate and hydrogen carbonate

-    Heavy metal

cadium, zinc, lead, nickel and chromium. Also; arsenate, selenate, barium, lithium, mercury and cobalt

-         Movement of groundwater

and reactions within ground water

-         In unsaturated zone

leachate undergoes attenuation (attenuation; gradual loss of intensity) in processes such as dilution, biological processes and physiochemical processes. 

 

The balance between these processes and the leachate load will determine the extent of pollution of the groundwater.

Once in the ground water a pollution plume will form. This is a complex mix of compounds, then a complex set of oxidation- reduction processes, forming a series of redox zones within the plume. Each zone with associated chemical compounds, environmental/health hazards

Monitoring, prediction, remediation all very complicated. 

 

 

 

INDUSTRIAL OR MILITARY GROUNDWATER POLLUTION SOURCES;
Acids and heavy metals from mining (mine shafts and chambers, spoil heaps and tailing ponds) 

-Mining and quarrying are very likely to cause problems because these penetrate geological media.
-Mining usually needs pumping out of groundwater to produce a water free cone around the mine. Re flooding often results in groundwater pollution, and the mine itself may produce waste water from operations such as toilets etc.

-Acid mine drainage (AMD) 
Oxidation of sulphides e.g. iron produces sulphuric acid especially. It also mobilizes metals e.g. lead, copper, cadium. Groundwater coming to the surface at Avoca Contains enough copper to be a source for metal reclamation. Avoca River downstream is biologically dead and the estuary is also badly affected. 

-Avoca, Glendalough, silvermines etc… these places abandoned mine sites. Tara mines experienced leakage from tailing ponds in last year. New mines have opened (Eia). Very careful planning conditions were put into play here but there are still dangers and threats. 

-Modern mining 

Chambers and shafts are refilled with waste and concrete. There are no exposed surfaces for oxidation. Waste and tailings are put on membranes or clay. Vegetation should be grown as quickly as possible to try to reduce acidity.  

 

 

 

Organics
Industrial Brownfield sites are often abandoned e.g. USA superfund sites. There is soil and groundwater pollution here. 

PBC’s, pesticides, dioxins, often in cocktails with solvents etc. the law is not clear as it is hard to know who has responsibility, the current owners or the past polluters? Superfund has established to clean up the worse sites after ‘the love canal incident’ in New York.  

 

Radioactive wastes
Especially in ex USSR states e.g. Latvia, Estonia, Lithuania and eastern European states e.g. Poland. In Military bases, there is poor storage or dumping of wastes creating major radioactive groundwater pollution plumes. 

 

Hydrocarbons
Diesel, petrol, oil…. 

Leaking underground pipes and storage tanks go straight into the groundwater. This is often undetected for years through poor or non existent monitoring. This is again a problem in old military sites.  

 

REMEDIATION;
It is very difficult to clean groundwater as it is inaccessible and slow to move large plumes. Also the direction of movement is unpredictable.

1.      Dilution; this is done through artificial  recharge (pumping in the water)

2.      Flushing; this is done using solvents, precipitation agents, reagents which render pollutant non bio available.

3.      Bio Remediation; (definition; the use of biological organisms, usually micro organisms, to remove contaminations, especially from polluted water) bacteria, some GMO’s (genetically modified organisms). Deep rock inhabiting species offer potentially useful possibilities. (3.5 km or more deep)

4.      Engineering; this is the construction of containing walls, emplacement of membranes, to contain polluted plume. The is very expensive, possible only in small, extreme cases where geology allows, in rich countries.  

 

Bio remediation is likely to be most important in the future.

(see diagram in written notes on a cross section of a mine) …. It has soil heaps, tailing ponds a dam, lead/zinc deposits) 
 

This will not represent a perfect engineering solution. Liners may not be spread perfectly, the site conditions may alter, nobody knows how long the liners will continue to function. All liners leak to some degree.

-         an optimal site; impermeable rock with clay rich deep till, in locations where surface drainage can be controlled. But is never risk free.  

 

(see pages 60 and 61 in handbook for groundwater vulnerability to pollution, low and high vulnerability factors and groundwater protection schemes) 
 

(see pages 20-23 for groundwater diagrams) 
 

KEY WORDS
CAUSES OF POOR GROUNDWATER QUALITY;

1.     Natural 

2.     human 

3.     organic wastes from farmyards 

4.     land spreading of organic wastes 

5.     inorganic fertilizers 

 

      6.   septic tanks systems
7.    landfill sites

(first letter of each of the above sentences; SOIL LHN) 

 

IMPACTS OF LANDFILL SITES ON GROUNDWATER;

1.     landfill gases;

-         Gases water, soluble, dissolve, methane, pollution plume, CO2, volatile organic compounds.

2.     Leachates; 

-         organic matter

-         specific organic compounds

-         inorganic macro components

-         heavy metal 

-         movement of groundwater

-         in unsaturated zone 

 

INDUSTRIAL OR MILITARY GROUND WATER POLLUTION SOURCES 

 

Acids and heavy metals, mining and quarrying….penetrate geological media, mining needs pumping out of ground water, AMD, Avoca

-organics

-radio active wastes

-hydro carbons 

 

REMIDATION 

-dilution

-flushing

-bioremediation

-engineering

 

Part 2
Explain why some Irish aquifers are especially vulnerable to pollution, while others are less vulnerable? (Q7, 2008)
Explain why some Irish aquifers may be easily polluted, while others are less likely to be polluted? (Q9 2007)
An Aquifer is an area of drift or solid geology (water trapped in the ground in deep soils, sediments and solid rock) which acts as a reserve of water, 25% of Ireland’s water requirements comes from aquifers. Groundwater is an important but hidden source of water and in the future may be even more important if managed correctly.

There are different factors attributed to the groundwater vulnerability. These include:

     Type, permeability and thickness of soils and drifts

     Type of rock permeability 

     Depth of the water table 

     Type of recharge

Areas of Ireland with low vulnerability may have some of the following one or more of the following: 

     high clay or peat content in the subsoil

     low permeable subsoil’s i.e. high clay content 

     thick subsoil

     deep groundwater table

     intergranular flow

     recharge by percolation through soil

 

In contrast to these traits high vulnerability areas will be associated with the following:

     Low clay or peat content in the soil 

     High permeability subsoil e.g. sand or gravel

     Water table near the surface

     Fissure or Karstatic flow

     Recharge by sinking surface streams

An overall guideline for high levels of protection of aquifers is if there is the presence in excess of 10m of peat/clay drift, moderate protection by 5-10m of clayey till, more than 10m of sandy till and poor protection by 3-5m of clayey till or 3-10m of permeable till. Where there is a presence of less than 3m of subsoil aquifers are extremely susceptible to contamination.

 

 

General info on Aquifers 
The water in aquifers may stay there for a few days to many thousands of years (fossil water) and are recharged by precipitation peculating through from the surface or from losing/sinking rivers. The speed at which ground water travels speed depends on the gradient of the impermeable rock flooring, the saturated zone, and the type of sediment/rock. The impermeable rock usually follows surface topography.  There are three main types of aquifers in Ireland, porous aquifer, fractured aquifer and Karst aquifers.    

Porous aquifer are found in unconsolidated sediments like sand and gravel, water moves between particles, bigger the gaps faster the flow, this is the best type of aquifer in Ireland.

Fractured aquifers are found in rock types such as granite and shale. In these rock types there are lots of cracks which link up allowing water infilling cracks to flow examples of these can be found in Co. Antrim. 

Karst aquifers are found in carbonate rocks such as chalk and limestone whereby slightly acidic water has dissolved calcium carbonate to create tunnels and caves which create paths of groundwater flow. This underground water flow can move as fast rivers.   

Key points:
     25% of Ireland’s water requirements comes from aquifers

     Aquifers are waters trapped in the ground in deep soils, sediments and solid rock

     Porous aquifer are found in unconsolidated sediments like sand and gravel

     Fractured aquifers are found in rock types such as granite and shale

     Karst aquifers are found in carbonate rocks such as chalk and limestone

 

 

 

 

 

 

 

 

 

 

 

 

 

Section 4: Geographical Information Systems and Remote Sensing
Question: In relation to a case you have studied explain important ways in which use of Global Information Systems (GIS) methods may help us better understand environmental problems?
Example 1
GIS (Geographical Information System) and Remote Sensing in the Bay of Bengal-India
http://www.gisdevelopment.net/application/environment/overview/ma06_258abs.htm
 

The basic concept of GIS (Geographical Information Systems) is that they allow the user to create interactive queries, analyze spatial information and also to create and edit data, maps and then following this process present all of the information to the user. This technology then is of great importance and has many applications ranging from urban planning to check geographic history these two examples show how useful the system is, it can also be used to calculate the necessary emergency response times in the event of a natural disaster vital when lives are at stake. There are two main types of model of GIS these are the Raster and Vector systems. Raster systems use digital imagery represented in grids (Pixels) where as Vector systems use shapes to describe the area eg. a line for a river and a point for a well. The advantages to these systems are that the Raster is that it will store all points in a geographical area where as the vector system will only store specific points, another advantage of the Raster system is that it allows easy implementation of over-lays which are more difficult with vector systems. Vector systems can display vector graphics used on traditional maps where as Raster use images, vector images can also be easier to register, scale and re-project where as some Raster systems may have a blocky appearance.  Vector are also easier to maintain and their pictures aren’t large as that of the Raster system who’s pictures can take up a lot of space depend on the size it can be 10 to 100 times larger than that of the vector.
 

The case study that I have chosen to complete is the environment at the Bay of Bengal in India. Winds in the area undergo seasonal changes during winter from November to February where they follow a South-Easterly direction and a South-Westerly direction during summer monsoon. GIS then in this area is being used to investigate and gain an understanding of the seasonal variability of the Bay of Bengal’s environment. The present study focuses on the Sea Surface Temperature (SST), Sea Surface Height (SSH), Chlorophyll Concentration and Sea Surface Wind. All of these calculations come from different remote sensing devices and all are given in monthly mean figures such as, the monthly data for SST comes from Modis Aqua, chlorophyll pigment concentrations is gained from SeaWiFS, and sea surface winds come from Quiksca, finally the figures for SSH were gained from a seven day snap shot from Topex/Posidon and ERS-1/2 series of satellites. The special resulotion is 0.3 degrees in latitude and in longitude and this data was recorded over a three year period from December 2002 to December 2005, following this the Bay of Bengal’s   seasonal and inter-annual variability was calculated, both 2-D and 3-D maps were used to gain the data, which was seen that primarily results showed that SST and chlorophyll pigment concentrations were associated with cold SST and high chlorophyll levels, however it was also seen that in the Northern part of the Bay there was always a high concentration of chlorophyll it was later revelled that this was the cause of river discharge. Over-all however high chlorophyll were mainly associated with the coastal fringes of the Bay of Bengal and therefore these areas may become    biologically highy productive.

Key Words
     create interactive queries, analyze spatial information and also to create and edit data, maps

     There are two main types of model of GIS these are the Raster and Vector systems

     Raster systems use digital imagery represented in grids where as Vector systems use shapes to describe the area eg. a line for a river and a point for a well.

     Raster is that it will store all points in a geographical area

     Raster system is that it allows easy implementation of over-lays

     Vector systems can display vector graphics used on traditional maps

     Vector are also easier to maintain

     Raster system who’s pictures can take up a lot of space depend on the size it can be 10 to 100 times larger than that of the vector.

     

Bay of Bengal in India.

     of the seasonal variability of the Bay of Bengal’s environment

     focuses on the Sea Surface Temperature (SST), Sea Surface Height (SSH), Chlorophyll Concentration and Sea Surface Wind.

     monthly mean figures

     December 2002 to December 2005

     both 2-D and 3-D maps were used 

     chlorophyll pigment concentrations were associated with cold SST and high chlorophyll levels,

Northern part of the Bay there was always a high concentration of chlorophyll it was later revelled that this was the cause of river discharge

 

Example 2
Website: http://www.gisdevelopment.net/application/environment/overview/mi03168a.htm
I will begin this essay by defining what exactly GIS are and how its methods benefit us when trying to understand environmental problems. GIS is a system of hardware and software used for storage, retrieval, mapping, and analysis of geographic data. Spacial features are stored in a co-ordinate system which references a particular location on the earth’s surface. Spatial data and associated attributes in the same coordinate system can then be layered together for mapping and analysis. GIS can be used for scientific investigations, resource management, and development planning. Another property of a GIS database is that it has "topology," which defines the spatial relationships between features. In order to better understand environmental problems one has to look at the data gathered by the GIS systems analyse it and make assumptions accordingly. 

The case study I have analysed in order to better understand how to identify environmental problems using GIS systems is the Desertification vulnerability in Varamin Plain, Central of Iran. Desertification, as defined is the degradation of the land in arid, semi-arid and sub humid dry areas caused by climatic changes and human activities. It deals with the detioriation of the earth’s natural eco-systems as there is a reduction in the natural potential of the land. The main causes of desertification are overgrazing, felling of woodlands and poor cultivation practises. Land degradation is a slow process and different stages have different indicators. Thus it is necessary to identify the various indicators of desertification development using GIS systems. In order to do this the land is evaluated on a regional level by a defined ESA (Environmental Sensitive Area) Index. ESA’s system examines three main systems of indicators. Each indicator was weighted in relation to its influences on desertification process. Each of indicators is assigned a score ranging from 100 (best) to 200 (worst).

 – 1: Ground Water (water table etc)     -2: Land use indicator (Forestry, arable farming etc.)

-   3: Soil quality indicators. (Texture, organic matter etc.)    

When this data is mapped one can see clearly areas that will be prone to desertification in the future. The ground water maps give us an indication of where there are water shortages and we can also identify how low/high the water table is. This is vital to prevent soil erosion and land depletion. From the GIS system’s maps one can identify that the south and south Westerly parts of the Varamin Plain experience the lowest levels of ground water. In relation to soil cover it is this southerly region which has the highest cover of soil. The Northern part of the plain has a low soil cover. This high quality soil in the south however is prone to poor drainage and allot of salinization also occurs. To improve this and prevent further degradation of the land improvements must be made to nourish the soil. These include ploughing hard pans to give better drainage. Also salt removal techniques such as “flushing salt” and “leaching salt” may be used. This is an example of where preventative and curative measures can be taken for environmental preservation by simply using ESA indexes to identify a problem.

Also the land use gives us a good indication of where desertification may occur in the Varamin plain. The maps enable us to view where there is a high concentration of people. This is relevant to desertification because it allows us to identify agricultural areas that would be under severe pressure to provide for a population. In the Varamin plain there is a high concentration of people on the east. However it is the agricultural land of the south that is being exploited to feed this population. This results in poor management of soil and the growing of cash crops which drain the soil. Viewing land uses through GIS also helped me figure out why some areas woodland had been cleared. 

The map of ESA index shows that there is little to no risk of desertification in the central part of the plain or the North eastern part of the Plain. The most area at risk of desertification is the South and South West. The results of the ESA index show that about 7, 812 hectares are in the high class for land degradation. This is a significant portion of the total 58, 134 hectares of the entire Varamin Plain.

Ultimately what GIS does is record data and map it. Environmental problems can then be examined by studying changing trends in GIS maps over a period of time. Environmental protection schemes and Governments can examine the data recorded and with it carry out measures to save the environment. For instance in the Southerly region of the Vermaine Plain measures could be taken to prevent deforestation and poor farming practises. One preventative measure would be planting trees. These trees would help to bind the soil and they would also provide shelter from the wind which would blow away dry top soil. Restrictions could also be placed on herd numbers to prevent overgrazing. 

 

Key Points:

Paragraph 1:
-     GIS definition: System of hardware &software used for storage, retrieval, mapping & analysis of geographical data.

-     GIS purpose: Scientific investigations, resource management and development planning.

Paragraph 2: 
-     Name of case study: Desertification vulnerability in the Varmain Plain, Central of Iran.

-     Desertification definition: Degredatin of land in arid, semi arid and sub humid dry areas caused by climatic change and human activities.

-     How GIS helps: ESA index (Environmental sensitive area).

-     3main indexs: Ground water (water table etc), Land use indicator (Urban agricultural etc. Soil quality indicator (organic matter, acidity etc)

 

Paragraph 3:
-     How ESA works: Each indicator was weighted in relation to its influences on desertification process

-     Reference to Varmaine plain: South most favourable to desertification etc.

-     Results: Ground water index.

-     Results: Soil quality indicator

-     Results: Land use indicator

Paragraph 4:
-     How GIS helps us understand desertification. View causes etc.

Allows us to take preventative and curative measures.

