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Abstract
Climate change refers to the regional or global changes in the climate patterns. It is primarily caused by the increased levels of carbon dioxide in the atmosphere. Eutrophication is a growing problem as a result of the phosphorous loading in lake systems. Future projections suggest climatic changes may increase the phosphorous loading as global temperatures and occurrence of extreme weather increases. Lake systems have undergone major environmentally-driven and human-induced changes in nutrient availability. Nutrients are critical in the research of agricultural practice, changes in the usage of land, water treatment, and production.  The purpose of this research paper is thus to highlight the effect of climate change on phosphorus dynamics in the lake system and how it may be prevented. 











Introduction
	Phosphorus is an extremely important essential element of life. As stated by Downing, “every living thing uses phosphorus in the form of adenosine triphosphate (ATP)”.  From living things to biological systems, phosphorus plays a vital role in some fashion. Phosphorus can be found in nature in the soil, water, and sediments, but is most commonly tied up in rock formations. In lake systems, the most common and noteworthy form of phosphorus is orthophosphate. Orthophosphate is also known as PO43- and is the soluble inorganic segment of phosphorus.  The phosphorus cycle displays this movement of phosphorus through the lithosphere, biosphere, and hydrosphere.
Phosphorus’ role in aquatic systems such as lakes is a cultivating matter, especially in the light of climate change. No other element in fresh waters has been studied as intensively as phosphorus. (Wetzel 2015).  One reason that it is studied with such a great magnitude is that, in comparison to the natural supply of other elements such as hydrogen, nitrogen, carbon, sulfur, and oxygen, its quantities are limited. In fact, phosphorus is frequently “the first element to limit biological productivity” (Wetzel 2015). Any small fluctuation can change dynamics greatly. The exchange of phosphorus from land to aquatic systems is exemplary of the way that atmospheric conditions can impact aquatic environments.  Many climatic factors work together in order to control the exchange of phosphorus and its impact on lakes. For example, the occurrence of extreme weather patterns has a marked impact on phosphorus levels. Pierson and colleges spell out how “storm runoff on the export of phosphorus can be very sensitive to levels of soil saturation and soil moisture, which are in turn influenced by the past history of precipitation...” (Pierson, et al., 2010). 
[bookmark: _GoBack]  Phosphorus also runs “as the key element in governing production at primary level[s] in most of the water bodies…” (Kuldeep et al.).  This applies to why phosphorus dynamics in lakes is significant and what effect climatic changes can have on the dynamics of a lake and its biota. Changes in phosphorus dynamics in lakes are concerning as past and current research reveal the harmful consequences such as eutrophication and algal blooms that can stem from these instabilities.
Background
	Erosion is one of the main contributors to phosphorus levels in lakes and is known to sediment abundantly at the bottom of lakes. Phosphorus also actively acts as an indicator of activity in lakes. When rainfall amounts increase in response to climate change, erosion levels in turn increase which ultimately tampers with phosphorus levels in lakes. Increased levels of phosphorus have proven to be the causative agent of lake eutrophication. Eutrophication in lakes occurs in the presence of excess amounts of nutrients and plant life. This excess then leads to deficient amounts of oxygen which ultimately causes animals in the lake system to die. In 2011, Lake Erie experienced a “record-breaking algal bloom… primarily due to eutrophication caused by… extreme precipitation events” (Wang et al). In addition, the earth’s surface temperatures have been on the rise for the last 100 years with the greatest increases being seen over the past 30 years. Alluding that eminent changes worldwide are before us this century. This is a concern as prospective “climate change will impact P fate not only directly but also indirectly through effects on the hydrology” (Schoumans et al, 2014).  Studies all show that increases in temperatures directly correlate to phosphorus levels along with its retention (Søndergaard, 2007).
 Lake Eutrophication is directly correlated to changing phosphorus levels. Eutrophication has led to the creation of foul-smelling and noxious phytoplankton that harm the water quality. It has also resulted in algal blooms which have limited the penetration of light in the lakes and reduced growth thus adversely affecting the aquatic life. The algal blooms have also lowered the success of the predators that need light to catch their prey. The higher rates of photosynthesis in the lakes also deplete the dissolved inorganic carbon which raises the pH level to the extreme compositions during the day. The increased pH can impair the chemosensory abilities of the aquatic life and other animals that depend on them for survival. When dense algal blooms die, the microbial decomposition depletes the dissolved oxygen thus creating am anoxic or hypoxic zone. This means that the lake system will lack sufficient oxygen to support the aquatic life. This explains why we have dead zones in many freshwater lakes like the Laurentian Great Lakes. This phenomenon is common during summer. Anoxia and hypoxia are caused by eutrophication that keeps threatening recreational and lucrative commercial fishing globally. 
Furthermore, the amount of phosphorous that is transported to lake systems is a result of various factors. Namely, leaching from the soil, atmospheric deposition, source emissions, and various biochemical processes. All of these factors except source emissions are strongly influenced by climatic conditions. Hydrological studies have revealed that climatic changes will alter water balance due to changes in mineral levels such as phosphorous. The interesting aspect as to why phosphorus levels in lakes are of strong importance is the fact that they are unequivocally constrained by phosphorus accessibility. 
Simulated changes in the phosphorous load show a huge variation which often leads to different conclusions on the catchments. The differences in conclusions are as a result of the regional and site-specific changes in the weather patterns. This means that the effect of climate change on the phosphorous load is not uniform as it differs from one lake system to another. 
Current Research
Research commonly suggests that Phosphorus loads are predicted to increase in the future. Specifically, studies in Northern Europe have pinpointed this escalation. Schoumans and colleges studied the effects of phosphorus losses to surface waters as a way to assess the abiding effects on water quality. They explain in their writing that “Europe will experience a significant rise in temperature…extreme climatic events will become more frequent, including heavy precipitation events, heatwaves, extended low-flow periods and droughts.” These changes will have a direct effect on the hydrological states of “most European catchments and will affect the dilution and concertation of phosphorus in surface water” (Schoumans et al, 2015).  Assessments of risks ultimately suggested that climatic changes are destined to situate phosphorus in excess depleting water quality. These findings are evidence that climate change is taking a direct toll on phosphorus content and in turn impacting the immediate environment it is in humans, and other animals. This study also reveals the effects of climate change ahead of time, allowing for preparation and initiatives to begin finding a solution prior to adversity.
In 2016, Saad et al. conducted a study of simulated impacts of climate change on phosphorus loading in Lake Michigan. Lake Michigan is a part of the Laurentian Great lakes which is the largest freshwater system in the world. Considering that, the Great lakes inheritably receive a large input of nutrients from many sources causing eutrophication to become an issue. This study accentuates the relationship between the harm of climate change and phosphorus levels. In order to development how climatic changes may potentially impact phosphorus loading in Lake Michigan, the HydroSPARROW approach was used. This method “is a spatially explicit model that estimates nutrient loading from a series of hydrologically linked catchments" (Saad et al, 2016).  Results of this study suggested that phosphorus loading could increase by at least 10% as we approach the mid-century mark. Variability among results was found among this study due to varying projections of precipitation, suggesting that initiatives consider a full range of possible stream flows and phosphorus loading in the Great Lakes (Saad et al, 2016). Ultimately the researchers stress that "only by maintaining phosphorus loads below target levels can potential eutrophication problems” be controlled (Saad et al, 2016). 
W. F. Vincent takes into the account the role of photosynthetic communities and their relation to climate change and nutrients. He discusses how "Changes in light and nutrient availability that accompany climate change will also have a qualitative effect on species composition and diversity at the primary producer level, which in turn may impact on higher trophic level.” (Vincent 2017).  According to paleolimnological studies, diatom composition of periphyton and phytoplankton has changed over the past 150 years in the circumpolar Arctic in response to decreased ice cover and increased nutrients (Vincent, 2017). These warmer climates in all lead to increased anoxia and internal phosphorus loading. As a result of increased phosphorus, algal blooms which have the potential to be toxic to water supply arise. This information touches on the sensitivity of aquatic systems such as lakes and how one variable can essentially have a domino effect on a community with one variable rolling into the next. Research such as those presented in this writing exists that spell out how atmospheric changes in turn change phosphorus dynamics are continuing to become more prevalent.

Future Research
	The conducted studies have successfully demonstrated the correlation between climate change and its effects on phosphorus dynamics of lake systems exemplifying the importance of this matter and the looming damage that may be done as a result. In order to control fluctuating levels phosphorus, it is imperative that lakes and other aquatic systems are kept under surveillance and nutrient loads are decreased. This could be achieved by conducting further research and improving anthropogenic practices. 
 Proper follow-up solutions to lake systems whose phosphorus levels are changing in the face of climate change would begin by reducing the effect that humans have on the changing climate. It is no secret that humans are the largest contributor to changes in climate and a number of studies have been done which support this. “Phosphorus release from sediments is influenced by many factors and processes that depend on the characteristics of the sediments and water column” (Bormans 2016). Human activity can trigger this release prematurely. Activity such as mining, transportation in fertilizers, and agricultural increase the amount of accumulated phosphorus in soil (Bennett et al, 2001). From these activities, phosphorus then ends up in runoff deposited in lakes. Bennett and collogues suggest that “There are two basic approaches to decreasing the impact of soil phosphorus accretion on aquatic ecosystems. We can attempt to bring the phosphorus budget into balance by reducing phosphorus inputs to the soil (controlling sources), and we can try to reduce the transport of P from soils to aquatic ecosystems (increasing sinks)." Decreasing run-off is a pivotal step toward restoring nutrient balances. Farming practices attribute the most to phosphorus levels in runoff. By changing habits, and instilling practices such as manure management plans and reducing summer fallowing, water resources will be better protected. 
 Furthermore, Urban/ Suburban development speed up the erosion process, placing certain areas at higher risks for rapid sediment delivery rates and eutrophication (Bennett et al, 2001). Studies done in developed countries show that it is possible for the rate of phosphorus accumulation to decrease as crop yields increase (Bennett et al, 2001). A result of urbanization is increased demand in food, therefore agricultural techniques that reduce phosphorus are imperative. Bennett and collogues writings suggest that “sewage P might be recycled more efficiently, fertilizer might be targeted to meet plant needs at specific times in the crop cycle, and changes in animal production systems might be made.
Eutrophication in lakes is also driven by an excess of nutrients and the key role in controlling blooms is to control nutrient levels. Extreme weather events increase runoff which as discussed increases nutrient levels and blooms. Human-induced climate change increases the occurrence of extreme weather. Practices such as energy conservation, recycling, and reduction of fossil fuels can aid in slowing/ reversing changes in climate. Initiatives should be taken globally and areas, where phosphorus levels are controlled, should be used as a model system. Research should be performed on preventative factors that exist in those areas and in turn utilized in lake systems where the effects of climate change on phosphorus dynamics continues to be an issue. Overall, it is well supported that phosphorus levels in lake systems driven by climate change is on the rise and is projected to increase in the coming future. As the damage has already been done in a number of areas, preventative measures are being instilled to prevent further damage.
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