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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. The various types of eutrophication problems is as a result of the phosphorous loading in the lake systems. However, the future climatic changes may alter the phosphorous loading since the climatic models forecast changes in the future meteorological conditions. The lake system have undergone major environmentally-driven and human-induced variations in the nutrients that is available. The nutrients are critical as they are used in the research of agricultural practice, changes in the usage of land, and water treatment, and production.  The purpose of this research paper is thus to highlight the effect of climate change on phosphorous dynamics in the lake system. 
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Introduction
	Phosphorus is an extremely important essential element for 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 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).  One reason that it is studied with such a great magnitude is because 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.) Any small fluctuation can change dynamics greatly.  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 is 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 biggest contributors to phosphorus levels in lakes and is known to sediment abundantly at the bottom of lakes. In addition, phosphorus can act as an indicator for 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 been studied to be the causative agent of lake eutrophication. Eutrophication in lakes occurs when there is an excess amount 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). 
The amount of phosphorous that is transported to the lake system is typically as a result of various factors namely leaching from soil, atmospheric deposition, source emissions, and various biochemical processes. All these factors except source emissions are strongly influenced by climatic conditions like precipitation and weather. The hydrological studies have revealed that the climatic changes will alter the water balance because of minerals like phosphorous.  
To evaluate the possible effect of climate change on the phosphorous load in the lake system, the use of numerical methods is recommended. Data from the present and future climates are used in this case. Simulated changes in the phosphorous load shows 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. For the purpose of this study, we look at the effect of climate change on phosphorous load on two Swedish rivers.
We explore the Motala Strom River and the Rönneå River that are situated in different regions of Sweden. The selection of two regions have been carefully considered since one region is wet while the other one is dry. The two areas also differ in the distribution of elements like phosphorous and have different soil types. 
Research
Eutrophication is one of the leading causes of the impairment of the freshwater lake system in the world. It not only affects the freshwater system but also the marine ecosystem. Eutrophication is thus a global problem which should be immediately tackled as it possess danger to the aquatic life. It is often categorized by excessive algal and plant growth due to the availability of at least one limiting factor that is needed for photosynthesis. Eutrophication is designed to occur naturally as the lakes age. Various human activities have; however; sped the eutrophication process to the point that the non-point loading if limiting nutrients like phosphorous has been enhanced in the aquatic systems. Pond managers for instance add fertilizers to their ponds to enhance their productivity but in so doing increase the biomass and density of the economically and recreationally essential fish. 
Consequences of Eutrophication
Eutrophication has led to the creation of foul-smelling and noxious phytoplankton that harm the water quality. They have also resulted to 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 raise 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. The 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 keep threatening recreational and lucrative commercial fishing globally. 
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