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Scientific evidence confirms that extreme weather
events, such as heatwaves and cold spells, are becom-
ing more frequent due to climate change.” Football, as a
year-round outdoor sport with extended match durations,
is particularly vulnerable to these conditions. A notable
example is the United Kingdom'’s (UK) spring of 2018, which
saw extreme cold followed by sudden high temperatures,?
highlighting the unpredictable nature of modern weather
patterns. Such rapid climatic shifts can impair athletes’
physiological adaptation, affecting performance, recovery,
and safety.’ The need for flexible, evidence-based adap-
tation strategies is critical, especially in football, where
players are exposed to varying environmental conditions
throughout the season. Beyond performance, climate
variability influences injury risk, recovery protocols, and
tactical planning. This necessitates a scientific, proactive
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approach to training and competition design, integrating
physiological insights and environmental monitoring. This
article outlines evidence-based strategies to manage heat
and cold stress, ensuring safety and performance in football
under extreme weather conditions.

Football players’ exposure to high temperatures and
humidity presents serious challenges to both health and
performance. Prolonged exertion in such environments
can lead to dehydration, heat exhaustion, and even heat
stroke, conditions associated with increased cardiovascular
strain and diminished competitive capacity.* To assess and
mitigate risk, the wet-bulb globe temperature (WBGT) index
—factoring humidity, radiant heat, and air temperature— is
widely used.” To address heat stress effectively, scientifically
validated strategies are recommended. These include pre-
hydration 2-3 hours before competition and consistent
intake of fluids containing electrolytes during activity.®
Equally important is the use of lightweight, breathable
clothing and sun protection, along with the implementation
of cooling breaks, especially when ambient temperatures
exceed 30 °C, in accordance with FIFA guidelines.

Heat cramps, a frequent issue during intense effort
in hot conditions, result from fluid and electrolyte loss
—particularly sodium— through excessive sweating.’? They
typically affect overworked muscles such as the calves,
hamstrings, and abdominals, often occurring during or
shortly after prolonged physical activity. Prevention and
management involve regular electrolyte intake, gentle
stretching of affected muscles, and temporary cessation
of activity to allow for rehydration and recovery.

A key long-term intervention is heat acclimatization,
a process of gradually increasing exposure to elevated
temperatures over a 7 to 14-day period.” This adaptation
improves the body’s thermoregulatory efficiency, low-
ers physiological strain, and enhances tolerance to heat,
ultimately supporting sustained athletic performance in
hot environments.



PERFORMANCE IN A SHIFTING CLIMATE

Human physiology is not inherently adapted to cold
environments, making exposure to low temperatures
particularly demanding for both biological functions and
athletic performance. The body’s immediate response
to such conditions includes peripheral vasoconstriction,
aimed at reducing heat loss through the skin. As a result,
the temperature of the extremities decreases, rendering
them especially vulnerable to cold-induced strain.® During
prolonged exposure to cold, thermoregulatory mechanisms
are activated, such as shivering thermogenesis and non-
shivering thermogenesis, in order to maintain core tempera-
ture (Tc) at normal levels (approximately 37 °C). However,
in extremely cold environments where heat loss exceeds
the body’s ability to compensate, there is a gradual decline
in Tc, which may lead to cognitive impairment, metabolic
dysregulation, and, in extreme cases, multisystem failure.®
Managing the effects of cold on football players requires the
implementation of combined strategies. These include the
use of appropriate clothing (thermal underwear, insulated
socks, gloves), maintaining mobility during the match to
ensure circulation and thermal balance, providing heated
rest areas and warm beverages at halftime, as well as the
continuous monitoring of thermal indicators such as skin
and core temperature using specialized sensors.

Particularly important is the process of cold acclimation
through gradual exposure to cold environments. It has
been documented that such acclimatization reduces the
intensity of shivering and enhances the body’s ability to
generate heat without activating shivering mechanisms,’
providing direct benefits in terms of energy conservation
and maintenance of athletic performance. Cold acclimation,
achieved through gradual exposure over several weeks (un-
like heat acclimatization, which typically requires 7-14 days),
reduces shivering intensity and enhances non-shivering
thermogenesis.’ This adaptation conserves energy and helps
maintain athletic performance in cold environments. For
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athletes, this implies preseason cold exposure protocols should
begin weeks before competition in cold climates.

Adapting athletic activity to increasing climate variability
has become a critical factor in maintaining athletes’ health
and performance. Scientific evidence clearly indicates that
extreme weather events —whether heatwaves or cold spells—
are occurring with increasing frequency and intensity in
recent decades, significantly affecting the athletic calen-
dar, competition conditions, and the biological demands
on participants.” In this context, the need for a strategic
adaptation of the training process is more relevant than
ever, as it can substantially contribute to enhancing athletes’
resilience and reducing the risk of heat- or cold-related
strain.” A holistic approach includes educating coaches and
players on early signs of heat exhaustion, hypothermia,
and related disorders, thereby strengthening preventive
measures. Simultaneously, adjusting training duration
and intensity to the climatic conditions of each region
can enhance physiological tolerance and performance.
Emphasis is placed on technological tools —GPS systems,
thermal sensors, and microclimate logging— that enable
real-time assessment of environmental load and informed
decisions. Implementing individualized adaptation protocols
(e.g., heat or cold acclimation) based on scientific standards
may provide a significant advantage in high-stress environ-
ments. Adaptation to climate variability is not a one-off
solution but a continuous, dynamic process of prevention
and management requiring collaboration among sports
scientists, coaching staff, and administrators. In modern
football, where competitions occur year-round across
varying climates, integrating these practices is essential
to protect athletes and ensure competition continuity
under safe and effective conditions. Refer to table 1 for a
comparative overview of environmental strategies.

In conclusion, extreme temperatures pose significant
risks to football players’ performance and safety. Practical

Table 1. Comparative table of measures for football in extreme temperatures.

Category Cold environment strategies

Heat and humidity strategies

Warm-up and preparation Extended and intense warm-up

to raise core temperature’

Short-duration warm-up
to avoid early overheating’

Clothing

Hydration

Breaks and match management
Rest and recovery

Physiological adaptation

Technological support

Thermal underwear, gloves, insulated socks”

Warm fluid before and after the match’”
Maintain activity to prevent hypothermia’
Heated rest areas; warm drinks at halftime”

Cold acclimation through progressive exposure®

Temperature and shivering monitoring via sensors”

Lightweight, breathable clothing;
hats and sunscreen during warm-up*

Electrolyte-rich fluids before and during play®
Cooling breaks; reduce exertion during peak heat*
Shade, fans, or cooled environments at halftime”
Heat acclimatization over 7-14 days?

Core temp and sweat monitoring with wearable tech”




measures, such as hydration strategies, acclimatization
protocols, appropriate clothing, and wearable technologies
can mitigate heat and cold stress. Future directions should
focus on integrating real-time environmental monitoring
with individualized training adaptations. Interdisciplinary
and cross-disciplinary collaboration along with athlete
education, will be essential to enhance preparedness and
resilience in a changing climate. Continuous research is
needed to refine climate-smart strategies and ensure safe,
effective participation in football under variable weather
conditions.
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H kAipatikn aA\ayry El0AYEL ONUAVTIKEG KAl AUEAVOUEVEG
TIPOKANCELG Yia Ta uTTaiBpla aBARpaTa, ue To ToSOoEPALPO
va anotelei éva 1dlaitepa eVAAWTO MAPASELYHA, KABWG oL
AOANTEC eKTIOEVTAL CUCTNUATIKA OE AKPAIEC TIEPIBANNOVTIKEG
OLVONKEG. OLUYPNAEC KAl XOUNAEG BEPUOKPATIEG AEITOUPYOUV
WG oTPECOYOVOL TTEPIBANNOVTIKOI TTAPAYOVTEG, EVEPYOTIOL-
WVTAG VEUPOEVOOKPIVIKOUG KAl HETABOAIKOUG UNXAVICOUG
Siatpnong tTng opotdotaons. H mapatetapévn ékBeon os
BepuIKO opTio pumopei va Siatapd&el Tnv kapdloavanveu-
OTIKA Kal OgppoppubuioTikni Asttoupyia, emnpedlovtag ap-
vNTIKA TN dtadikacia amokatdotaong Kat av§avovTtag Tov
KIVOUVO HUOOKEAETIKWV TPAUUATIOMWYV. ZUYKEKPIUEVA, N
untepBepuia ouvdésTal pe apuOATWON, NAEKTPOAUTIKEG Si-
ATAPAXEG KAl HEIWMEVN AIMATWON TWV HUWYVY, EVW TO YPUXOG
emnpPedlel SUOPEVWG TOV VEUPOUUTKO CUVTOVIOUO, TN UN-
XAVIKR armodoon Kal TNV IS1I0SEKTIKOTNTA, auAvovTag €10l
TN oUXVOTNTA ATUXNHATWY KAl TPAUHATICHWY. AVTIOTABUL-
OTIKEG TTAPEUPAOEIC TTEPINABAVOULV TNV TIPOANTITIKK EVU-
Sdtwon, Ta TaKTIKA StaAgippata yia Spoctouod, Tn Xxprion
SlanmvedovTwy evOLPATWY, KABWE KAl TNV EPYOPUGCIONOYIKNA
TIPOCAPHOYH TWV ABANTWV OTIG EKACTOTE KAIMATIKEG CLVON-
KeG. ETTi TAé0V, N EVOWPATWON (pOPNTWV TEXVOAOYLWYV, OTIWG
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Bepuikoi aloONTNPEC, cuoTrpata GPS Kal HKPOKALUATIKO{
SEeIKTEG, EMTPEMEL TNV AKPLIPECTEPN KAl EEATOUIKEVUEVN
TTapakoAoVBNOoN TNG GUOIOAOYIKAG KATATIOVNONG KAl TNG
Bepuiknig emPBdpuvonc. Na tnv mpootacia TNG aBANTIKNAG
UYEiag Kal TNV evioxuon tng anodoong o€ €va TEPIBAAOV
HE S10pKWG METABAANOUEVO KAipa aTTalTETAL Ula OALOTIKN,
TIPOANTITIKA KAl SIETIIOTNUOVIKH TIPOCGEYYIO, TTOU VA EVOW-
HOATWVEL YVWOELG arto TNV ABANTIATPIKN, TO TTEPIBANOV Kal
TNV TEXVoAoyia.

Né&erg eupeTnpiou: ABANTIKA anmodoon, EkBeon oto kplo, OgpUIKO
@optio, Khipatikn alayn, Noddéopaipo
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