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EARTH SCIENCES EXAM

1. Explain the ocean circulation currents and describe their impact(s) on global climate.         									          (50 marks)    	Comment by Elanor Alun: 43/50

Excellent essay with god case studies, explaining the environmental mechanisms well. References are good, but more citations were needed throughout the text. All content was factual and clearly well-researched, however.
[bookmark: _GoBack] The world’s oceans flow in more ways than just tidal, thanks to a mechanism known as the ocean conveyor. There are two types of ocean current, surface currents and deep ocean currents, with different factors affecting each type differently. To begin, surface currents along shorelines are affected primarily by wind and tides, moving back and forth as sea level rises and falls, while out in the open ocean, wind is the main driver. Water is pulled by the wind blowing over the top of it, which drags layers of water beneath it in turn, meaning the wind can affect water in depths up to 400m. The wind generally moves from areas of low pressure to high pressure and vice versa, but the earth’s rotation means that in the northern hemisphere, air moving to the north pole is deflected to the east, and air moving towards the equator is deflected westwards, with a mirror image occurring in the southern hemisphere. This is known as the Coriolis effect, which gives rise to other phenomena known as gyres, certain areas of ocean where the water is moved in loops, clockwise in the northern hemisphere and anti-clockwise in the southern hemisphere). These gyres are generally pockets of heat as water’s heat capacity is higher than that of air, so currents that move around these gyres circulate this heat with them.	Comment by Elanor Alun: Could do with some citations, but excellent overview
Deep ocean currents on the other hand, are driven mainly by changes in water density, of which the two main drivers are salinity (the degree of salt in the water) and heat. When water moves towards the poles, the temperature naturally decreases, so will naturally sink due to convection. Simultaneously, as ice forms, salt is released into the water in a process known as brine rejection, making water around ice masses especially dense, so this cold, salty water sinks, and warmer water beneath rises to take its place, in a process known as thermohaline circulation. When ice melts, it decreases the salinity of the water as there is a release of freshwater, which naturally means the circulation is slower.	Comment by Elanor Alun: By what mechanism? I.e. the heat is drawn out into the surrounding atmosphere, thus making the water colder.	Comment by Elanor Alun: Very good	Comment by Elanor Alun: Very good
The relationship between wind and thermohaline circulation across the two broad layers of ocean water forms a wide, looping current across the world, the largest current on the planet, which is known as the ocean conveyor belt. Warm currents loop around parts of the world, from warmer water rising at the poles as well as from passing warm gyres, can warm up land it runs near, as occurs near the United Kingdom, as the current passes right by the island, across the Atlantic to the Americas (Ted-ed, 2019). This current is relatively slow, moving only a few centimetres a second, but the nutrient rich waters of the deep ocean move upwards with the water, which nourish microorganism populations, the base of many marine food chains. 	Comment by Elanor Alun: Excellent
The path of the ocean conveyor has been made clear thanks to an accident at sea- a shipping container travelling from Hong Kong to America, filled with 28,000 bath toys was lost at sea and these toys were swept up by oceanic currents. By tracking the rubber ducks’ path through the oceans, including where they’ve washed ashore, scientists have been able to see more clearly how the oceans flow, and identified specific gyres. Some 2000 yellow rubber ducks still circulate around the North Pacific Gyre, a vortex of currents sitting in the Pacific Ocean, near Japan and southeast Alaska, and their journey has allowed scientists to discover how long it takes for a circuit of this gyre to be completed- about three years (Nelson, 2011). 	Comment by Elanor Alun: Excellent!
Yet, as the globe warms, whether thanks to seasonal variations or anthropogenic impacts, the rate of polar icemelt increases, causing fluctuations in the thermohaline circulation system, and slowing the rate of the ocean conveyor. This would allow for less nutrient cycling in the oceans, which could cause potentially catastrophic effects for marine food chains, as micro-organisms will have less available food, so population size would decrease, which would cause a trophic cascade through the seas. The changes to the ocean conveyor would also have a large impact on climate of various areas, as the slowing of the system would affect the ability of the earth’s water to act as a heat and carbon sink, as typically heat is absorbed closer to the equator, along with absorption of carbon and oxygen around the poles (Ocean & Climate Platform, n.d.). If this effect is diminished, more carbon and heat would amass in the atmosphere, which could accelerate global warming, while exacerbating negative consequences from it. As land near oceans is warmed in winters and kept cool in summer by the heat properties of water, changes to the ocean conveyor would diminish these effects too, meaning island communities and coastal areas would experience large climactic changes as this reduces. 	Comment by Elanor Alun: Good	Comment by Elanor Alun: Good	Comment by Elanor Alun: Excellent	Comment by Elanor Alun: Good
There are natural events that come around as a result of natural fluctuations in water temperature, specifically El Nino and La Nina. El Nino refers to the warming of sea surface temperature, typically around central-east Pacific areas, that occurs every few years, declared when temperatures here rise 0.5 degrees Celsius above longterm average, felt strongly in areas of the pacific with warmer than normal weather. It also has knock-on effects on air pressure systems, so can usher in more dramatic weather variations in addition (Met Office, n.d.). La Niña is the name given to the mirror of this fluctuation, which causes episodes of cooler than average sea temperatures, with conditions for declaring this differing, temperatures typically falling 3-5 degrees Celsius below average, causing cooler, drier than average weather. Many of the communities in the tropical eastern Pacific, those that experience these events most dramatically, are often vulnerable and poorer than in other areas of the world, so recovery from such events can be difficult (Met Office, n.d.).	Comment by Elanor Alun: Excellent	Comment by Elanor Alun: Good	Comment by Elanor Alun: Excellent



1. In recent decades, the installation of large scale dams has become more common around the globe. What are the social and environmental impacts of these dams? Support your answer with case studies.         	Comment by Elanor Alun: 38/50

Excellent work – could have done with a little bit more on the ecological side of things, and another case study, but this was a well-researched and well-written piece of work.
Dams are built for a handful of functions: to create stores of water that may compensate for fluctuations in the water cycle or to raise water levels upstream so that water may be diverted into canals, or to increase the ‘hydraulic head’, that is to say the height difference between a reservoir and the rest of the river. They can allow electricity to be generated, as hydropower makes up almost a fifth of the world’s electricity (McCully, 2001), but also to function as a water supply for domestic, agricultural and industrial reasons. Large dams are often used where demand is high, whether for hydropower electricity or water to cities or agricultural irrigation, and with a push to renewable energy, more and more are being built.	Comment by Elanor Alun: Good	Comment by Elanor Alun: Good intro
A  dam is essentially a barrier in a body of water, stopping the water from flowing downstream, which can cause drought conditions down from the dam, along with many other effects, impacting both the people of an area and the environment. Upstream from the dam, water levels rise dramatically, which typically causes flooding, which can be so dramatic that entire towns have to be removed as they’d be submerged after the dam is installed. This was evidenced when the Chinese Three Gorges Dam was completed in 2006, a 2,335 metre long, 185 metre high concrete structure built on the Yangtze river to attempt to ameliorate flooding issues in the Yangtze basin (Encyclopaedia Brittanica, 2019). Vast swathes of land were submerged by the construction of this, with an estimated 1.3 million people being displaced for the dam’s construction, with some placing the figure as high as 1.9 million. Of these displaced persons, about 87.3% were mostly uneducated peasants, who lived in a more traditional Chinese way, off the banks of the river, and many worked on the 100,000 acres of fertile farmland that were inundated (O'Hara, 2005). Despite ‘lump sum’ compensation for the worth of individuals’ homes and land, the areas these people were relocated to weren’t as fertile lands, and many farms were already present, meaning only 125,000 farming families were given land, many of whom had to change from traditionally grown crops. Furthermore, embezzlement and corruption in the Chinese system means that in many cases, people received far meagre compensation, as low as $7 a month, an issue exacerbated by the high cost of living in the cities they were forced to move to (Campbell-Hyde, n.d.). 	Comment by Elanor Alun: Very good case study	Comment by Elanor Alun: Very good	Comment by Elanor Alun: Excellent
Dramatic relocation of peoples for dam building also has further environmental ramifications, beyond previously dry land becoming riverbed. Often people will migrate to simply higher land, as some farmers in the Yangtze basin did, which only added to issues of topsoil erosion, which may contribute to landslides and such activity (Campbell-Hyde, n.d.) (O'Hara, 2005). High population density and dramatic changes in lifestyles also contribute to societal stress, which triggers social unrest, perhaps unsurprisingly for a country that now spends more on domestic security than its entire military budget. 	Comment by Elanor Alun: Good	Comment by Elanor Alun: Very good point	Comment by Elanor Alun: good
Environmentally, the main benefit of a large-scale dam is that renewable energy can be generated, meaning electricity doesn’t need to generated by more polluting methods of fossil fuel burning. In theory, it may also prevent flooding downstream as the water is cut off and create more fertile land upstream if the basin is relatively dry or prone to drought, but again in the case of the Yangtze, the flooding may have been exacerbated by the dam’s construction (Campbell-Hyde, n.d.). There is evidence that earthquakes can be induced by dams and reservoirs, with over 100 identified cases of this, including a 2008 Sichuan earthquake that killed an estimated 80,000 people, linked to the Zipingpu dam (International Rivers, 2009). The widely accepted explanation as to why dams cause earthquakes is that increases in water pressure within micro-cracks and fissures in the ground under and around reservoirs. As a result, faults that are prevented from slipping by friction between rocky surfaces are lubricated, reducing this friction and making seismic activity more likely (Campbell-Hyde, n.d.). Some water supply structure are also susceptible to earthquake motion, often vibrating which, on a slope weakened by water saturation can cause landslides into the reservoir, compromising water quality (Seismology Research Centre, n.d.).	Comment by Elanor Alun: Good	Comment by Elanor Alun: good	Comment by Elanor Alun: Horrifying but excellent point	Comment by Elanor Alun: Very good	Comment by Elanor Alun: Good
Biodiversity is also massively affected by dam installation, with many populations greatly threatened thanks to flooding certain habitats and water being diverted from others. It causes habitats to have unnatural barriers, fragmenting and separating certain populations, creating virtual islands, causing issues in ecosystem stability (Campbell-Hyde, n.d.). This means already vulnerable populations may be lost as a whole as reproduction patterns are also being disturbed, causing loss of resources that may remain untapped, such as medicinal plants. Downstream from dams, river systems are deeply affected, for example in the Yangtze, decreases in freshwater flow has caused saltwater to creep higher up the Yangtze, endangering freshwater fish populations, which are already at risk from overfishing and pollution (Campbell-Hyde, n.d.) (Hvistendahl, 2008). In China’s case, the Three Gorges Dam is a major source of power for the nation, which boasts the highest population of any country in the world, but it was build atop many fault lines, with impacts since its construction being reduction in rain along an increase in droughts (Hvistendahl, 2008).  	Comment by Elanor Alun: Good	Comment by Elanor Alun: Good	Comment by Elanor Alun: Very good	Comment by Elanor Alun: Excellent point
China is also but one case study, of the largest dam’s impacts, but there are many other examples of the drastic effects of building dams, such as in the Koyna-Warna region of India which experiences frequent earthquakes as a result of reservoir-induced seismicity (Bansal, et al., 2018) (Bolt, 2020), generally quietening skeptics of this theory.	Comment by Elanor Alun: Good
Overall it is clear that dams can have disastrous consequences for not only local ecosystems, but the geology of a wide area around reservoirs, without even acknowledging the social impacts created by these large dams. All signs in the scientific community point to seismic activity being potentially triggered by reservoirs, with soil erosion and landslides made more likely when soil becomes more heavily saturated with water in the sudden way it occurs when a dam has been constructed.	Comment by Elanor Alun: Good
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