
Introduction

During preparation and actual match day, many factors can or will influence team performance and of course the final result. This article attempts to describe these various factors involved in determining soccer performance. Fig 1 below illustrates the main areas, which must be taken into account by both the coach and player.

	


Factors often beyond the Control of the Coach and the Player

Social Factors: Many factors such as pressure by family, friends, fans or the media can have a negative effect on players. Although family and friends can as well become role models, provide encouragement, or be companions during physical activity. Coping with social pressure is all-important in order to succeed. As well, combining work or school with soccer is not always easy and a happy medium must be found. 

Environmental factors: Evidence shows that playing at home generally offers an advantage to a team although home players are often more anxiety prone and this can affect game performance. A hostile crowd atmosphere can lead to teams making mistakes. Chances are great that a change in cultural or social environment may also affect performance especially when combined with jet lag. Jet lag comes about from travelling across different time zones and symptoms include fatigue and general tiredness, inability to sleep at night, loss of concentration, headaches and feeling sick and weak. The time of the day plays an important role in performance. Factors such as reaction time, isometric strength, coordination and agility depend on body temperature, which is closely linked to the time of the day. Some players may feel less comfortable playing in the morning. For a detailed review of the effects of jet lag and the time of the day read the special article.
It is well known that the environment plays an all-important part in determining performance levels. We know that altitude, the weather and significant changes in temperature and humidity will affect performance. High altitude (e.g. above 2000m) is detrimental to performance. As well as lowering aerobic capacity and increasing muscle lactic acid levels, altitude sickness often occurs and can prevent any activity. Acclimatization combined with an optimised diet can help reduce the adverse effects of altitude. For a detailed review of the effects of altitude read the special article.
Players may tire earlier on waterlogged pitches and skills become harder to perform. Wet soccer balls can increase the risk of head injury due to harder impacts especially in younger players. The soil quality and drainage system of a pitch and the number of games affect the quality of a playing surface. Artificial surfaces can also increase risk of injury due to increased resistance to movement rotation and balls often have different bouncing effects and can confuse unaccustomed players. The size of a pitch is important as teams used to large pitches may find themselves struggling to play their normal game on a smaller surface. 
Temperature has an important role to in match play. Both hot and cold conditions will adversely affect performance. Muscle performance deteriorates as muscle temperature falls. Evidence also shows that during hot & humid conditions players will run lesser distances and are more at risk of dehydration. For a detailed review of the effects of temperature read the special article.
Pollution adversely affects exercise performance. Research has found that carbon monoxide, a primary component of air pollution, affects the exercise performance of athletes by reducing their aerobic capacity. Ozone affects the physical capacity of players and levels are often high in the late afternoon on hot sunny days. Exercise increases the effects of ozone because more of it enters the lungs.

The effect of Temperature on Performance

Introduction

A human being can only tolerate a variation of around 4°C in internal body temperature without physical and mental performances being impaired. It is well known that soccer players like in many other sports are at some time or other subjected to extreme weather conditions. The temperature of the climate the game is played in is all-important and will affect body temperature and thus the ability to perform.

Temperature Regulation

The control of body temperatures depends on the balance between overcooling and overheating. The normal temperature of the body is 37°C. When playing football heat production is increased and has to be removed or else performance will be affected. Temperature must stay within a range of 37° C to 40° C. Body and the outside air temperature/humidity can be measured relatively accurately through the use of thermometers. 
Most of the heat is conducted in the blood stream to the skin where it is released into the environment in four different ways:
Conduction: excess heat is transferred through direct contact with an object (e.g. when swimming in cold water).
Convection: circulating air allows heat to be transferred to air passing over the skin (depends on the air temperature).
Radiation: Involves heat being lost from the body through radiation (e.g. loss of heat within a cold environment). 
Evaporation: excess heat is transferred to sweat which is then evaporated. Sweating is the most important means of dissipating heat when exercising under hot conditions. 

However, even with the large heat loss through sweat evaporation, body temperature does rise during a match as not all of the heat produced can be released. Evidence also shows that due to the intermittent nature of soccer, the general increase in temperature is greater than for continuous exercise and also the higher the exercise intensity the greater the heat production.

Cold Weather

The balance between heat production and heat loss mediates the harmful effects of cold exposure. There is a close relationship between muscle performance and muscle temperature - as temperature decreases, so does performance. For example, muscle strength is impaired and slower reaction times have been shown under cold conditions. Vasoconstriction where the blood flow to muscles or the outer parts of the body is reduced takes place.
Under normal conditions, body fluid loss can be around 2 litres resulting in a negative effect on soccer performance (a loss of only 2% in body mass affects performance). Even in winter conditions, there is still a danger of dehydration if correct fluid replacement is not implemented. Studies under cold conditions have shown that if players do not drink sufficiently, then significant dehydration can still take place.
The risk of injury is also increased when exercising in the cold. Whether this is due to a poor playing surface or incorrect warm-up procedures, athletes should take the necessary precautions. For more information read our chapter on injury prevention.
To reduce the effects of cold weather, players should be correctly hydrated, undertake a good warm-up session and wear warm appropriate clothing. The coach must play a major part by making sure that players are correctly prepared and checking if the climatic conditions are suitable.

Hot Weather

When playing football in hot weather, the heat lost through convection and radiation is minimal thus requiring heat to be dissipated through the evaporation of sweat. In humid conditions the bodies ability to reduce its temperature is further reduced as sweat evaporation is inhibited. The active muscles and the skin are in direct competition for the limited blood supply as the muscles need blood to provide the necessary oxygen and the skin needs blood to facilitate heat loss. Thus, exercising in hot and humid conditions can be dangerous or at least lead to poor performance.
The distances run by players has been shown to be drastically reduced when playing in hot conditions. Evidence also shows that the loss in body water can be more than 3.5 litres (compared to 2 litres in normal conditions). As mentioned earlier a loss of 2% in body mass affects match performance and a 5% loss will decrease the ability to exercise by as much as 30%.
Players can help reduce the effects of a hot climate through:
Fluid intake: adequate fluid intake before, during and after the game/training will avoid dehydration. Players should be correctly re-hydrated before competition and take additional drinks when possible. Before exercise, the player's weight should be at its norm. Drink absorption is at its best when mixed to a weak solution of 2.5 % carbohydrate and rehydration drinks should contain sodium. Thirst is a poor indicator of hydration levels and probably indicates that the player is already dehydrated.
Judging their efforts: Many tournaments are played in hot and humid temperatures, which is likely to affect playing performance. Players should try to judge carefully their efforts over the whole match without exhausting themselves from too much high-intensity exercise too soon in the game.
Planning: The coach can judge or measure whether the temperature is too hot for training. Training should not take place in temperatures above 40°C and can be moved to cooler periods (morning/early evening). Plenty of drinks must be made available and exercise intensity levels adjusted accordingly. Training should as well include regular rest periods. Special attention to the conditions must be taken with children when training or playing matches. 
Acclimatisation: Players can be acclimatised to hot conditions by spending a defined period of time in the designated place beforehand (10-14 days is recommended as a good adaptation period). However, training sessions should be shorter and easier at the beginning in hot weather. It seems as well that the higher the training level of individuals, the quicker their adaptation to hot conditions with one of the reasons being a greater ability to sweat.
Clothing/Skin Protection: Clothing should be light coloured if possible and made of a lightweight, breathable material so that sweat can evaporate. Football kit soaked in sweat prevents heat loss so should be frequently changed. Sun-block can be used to prevent sunburn.

Conclusion

This article has described the effects of temperature on playing performance. Both the coach and player must take the necessary measures to prevent problems arising when playing soccer in adverse weather conditions. Correct clothing, fluid intake, hydration levels, adaptation, planning and rest periods all play a part in maintaining playing performance. If temperature related illness is suspected, consult a qualified doctor.
The effects of Altitude

Two World Cups have been played at altitude (1970 & 1986 - both in Mexico). It is well established that exercising at high altitude affects playing performance, especially at a physiological level. Thus, the ability to perform the intense intermittent exercise required when playing soccer will be impaired. The altitude in Mexico City where the World Cup matches were played is 2.3 Km. Hypoxia (reduced oxygen availability) at this level will lead to:
- Maximum oxygen uptake (VO2 Max) being impaired by about 15% compared to at sea level due to the reduced arterial oxygen content (from lower oxygen pressure which makes it more difficult for oxygen to diffuse across the alveolar membranes in the lungs and into the blood). For every 305 metres ascent above sea level, VO2 Max will decrease by 1 percent.
- Decrease in running performance over a distance of 5km by about 8%. 
- Heart rates being much higher for the same bout of exercise at altitude as are the breathing rate. During recovery, heart rate also takes longer to return to normal.
- Blood lactate levels are generally greater for the same given exercise, as is the time for the lactate levels to reduce after exercise. The anaerobic system is generally called into play at a relatively lower work rate due to a deficit in oxygen uptake.
- When arriving, mountain sickness can occur meaning headaches, vomiting, physical and mental fatigue, sleep and digestive disorders. Onset of symptoms typically occurs within hours to three days after arrival at altitude. These symptoms tend to be resolved after several days but can sometimes persist for up to two weeks.
Generally, during match play, soccer players cannot work at the same rates than at sea level and will need to pace themselves better by working for shorter periods, at less intensive levels or increase the number of rest periods.

Acclimatisation

	Athletes are recommended to have an acclimatisation period of around 2-3 weeks. After a 1-month acclimatisation period, although improvements compared to the initial few days are seen, VO2 Max is still impaired by about 6% and the 5km running time still slightly reduced although individuals do often demonstrate different physical responses. 
These improvements are due in part to increased haemoglobin concentration/pulmonary ventilation, the development of greater blood capillary volumes, and better usage of body fats and sparing of muscle glycogen. Altitude training will also stimulate an increase in the concentration of 2,3-diphosphoglycerate (2,3 DPG) levels in red blood cells (rbc). This chemical allows oxygen, carried by rbc, to be released or dissociated from the cell more easily and to a greater extent. The increase in oxygen dissociation allows more oxygen to reach the working muscles.
There is a loss of water and sodium during the body's attempt to acclimatize to altitude. This places the individual at risk of dehydration, especially when high-intensity exercise is involved. Proper nutrition during this period is thus critical to facilitate optimal blood growth, maintain health, and to aid in maximal recovery. Particular attention to fluid intake at altitude is crucial. Drinking a greater volume of fluids than usual (as well as carbohydrate drinks) is recommended. Players also need adequate rest and sleep.. 

Iron supplements taken before and during ascent can be useful in preventing anaemia. Researchers have observed that athletes who arrive at altitude with deficient iron stores experience impaired adaptation responses and are at greater risk of anaemia.
Evidence shows that players can also prepare at sea level for altitude by wearing training equipment to simulate hypoxic conditions. The Danish National Team prepared in this way for the 1986 World Cup. Hypobaric chambers can also be used although this type of equipment may be expensive.
It seems from various scientific studies that performance capacity at sea level after prolonged exposure at altitude is not improved. Evidence shows that living at altitude and training at sea level may be more advantageous. Generally, training at altitude improves exercise performance at altitude but not at sea level. Below demonstrates a general example of a four week acclimatization period which can be adjusted by the fitness trainer for his own needs:
Week 1: Players should arrive at altitude in an optimum physical condition. They should be well rested and fed and understand the effects of altitude. If not, the atmospheric conditions may have a greater effect on performance in poorly prepared players. Volume and intensity should be low to medium, allowing them to adjust to the new environment.
Week 2: Volume and intensity should be increased to medium-high amounts. 
Week 3: High volume and intensity during this period. 
Week 4: Volume and intensity is lowered again to allow for recovery although the volume is increased by 10% from the first week. Special detail to tactical practice may be useful at this time. 


