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Impact of high and low seasonal temperatures on selected motor
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Abstract
. _________________________________________________|
Introduction: Players’ motor performance relies on different internal and external factors. Sea-

sonal temperature is one of the major external factors influence motor performance of the
cricketers.

Objective: Study aimed to assess the role of high and low seasonal temperatures on selected
motor components of cricketers.

Methodology: A repeated measure design was adopted. 100 cricketers were randomly selected.
Data were collected on selected motor components in two seasonal temperature ranges: 39.7°C
- 42.3°C and 6.9°C - 9.5°C. Cooper's 12-minute run test, Illinois agility test, sit-ups, medicine
ball throw test, and reaction ball exercise tests were used as data collection tools for measuring
predicted maximal oxygen consumption (predicted VO2), agility, abdominal strength, upper
body strength, and hand-eye coordination respectively. Post normality check suggested to use
Wilcoxon Signed-Rank test.

Results: Findings showed significant difference on predicted VO, agility, upper body strength,
and hand-eye coordination p<0.01, while insignificant difference was observed on abdominal
strength p>0.05.

Discussion: Findings of the study contrasted with Gamage et al., (2016) for VO2, Gatterer et al.
(2021) for upper body strength, Unal (2002) and Racinais & Oksa (2010) for hand-eye coordi-
nation.

Conclusions: High temperature positively affects the predicted VO2 and agility of cricketers
whereas upper body strength and hand-eye coordination were found enhanced during low
temperature. Recorded difference on abdominal strength may be due to some random chance
rather than a true underlying effect.

Keywords
Cricketers; high temperature; low temperature; motor performance; temperature effect
Resumen

|
Introduccion: El rendimiento motor de los jugadores depende de diferentes factores internos y
externos. La temperatura estacional es uno de los principales factores externos que influyen en
el rendimiento motor de los jugadores de criquet.

Objetivo: El estudio tuvo como objetivo evaluar el papel de las temperaturas estacionales altas
y bajas en componentes motores seleccionados de los jugadores de criquet.

Metodologia: Se adoptd un disefio de medidas repetidas. Se seleccionaron aleatoriamente 100
jugadores de criquet. Se recopilaron datos sobre componentes motores seleccionados en dos
rangos de temperatura estacionales: 39,7 °C - 42,3 °Cy 6,9 °C - 9,5 °C. Se utilizaron la prueba de
carrera de 12 minutos de Cooper, la prueba de agilidad de Illinois, abdominales, la prueba de
lanzamiento de balén medicinal y las pruebas de ejercicio con balén de reaccién como herra-
mientas de recopilacién de datos para medir el consumo maximo de oxigeno previsto (VO2 pre-
visto), la agilidad, la fuerza abdominal, la fuerza del tren superior y la coordinacién ojo-mano,
respectivamente. Tras la comprobacién de normalidad, se sugiri6 utilizar la prueba de rangos
con signo de Wilcoxon.

Resultados: Los resultados mostraron una diferencia significativa en el VO2 previsto, la agili-
dad, la fuerza de la parte superior del cuerpo y la coordinacién mano-ojo p<0,01, mientras que
se observé una diferencia insignificante en la fuerza abdominal p>0,05.

Discusion: Los hallazgos del estudio contrastaron con los de Gamage et al. (2016) para el VO2,
Gatterer et al. (2021) para la fuerza del tren superior, y Unal (2002) y Racinais y Oksa (2010)
para la coordinacién mano-ojo.

Conclusiones: Las altas temperaturas afectan positivamente el VO2 predicho y la agilidad de los
jugadores de criquet, mientras que la fuerza del tren superior y la coordinacién mano-ojo me-
joraron con bajas temperaturas. La diferencia registrada en la fuerza abdominal podria deberse
a la casualidad, mas que a un efecto subyacente real.

Palabras clave

Jugadores de criquet; temperatura alta; temperatura baja; rendimiento motor; efecto de la tem-
peratura.
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Introduction
___________________________________________________________________________________________________________________________|
Cricketers are known for their exceptional athleticism and skills, essential for success in the highly com-
petitive world of cricket (Seymour et al., 2019).While various factors contribute to a cricketer's perfor-
mance, one often overlooked aspect is the impact of hot and cold temperatures on motor performance
(Gamage et al.,, 2016; Cakir et al., 2016). A ‘Game Changer report’ published in 2018 mentioned that
among all pitch sports, cricket will face the hardest impact of climate change (The Climate Coalition,
2018). External factors, including temperature, air, humidity, etc., influence performance more than
internal factors (Gamage et al., 2016). Cricket is played in diverse geographical locations worldwide,
subjecting cricketers to various seasonal temperatures (Seymour et al,, 2019). High and low tempera-
tures can significantly affect a player's physical and mental capabilities, potentially influencing the out-
come of matches and tournaments (Galloway et al., 1997; Gatterer et al., 2021; Cakir, 2016; Nugroho et
al,, 2024). Temperatures above 22°C raise the risk of hyperthermia, while temperatures below 22°C do
not present a heat stress concern (Grantham et al., 2010; Marek et al., 2014; Alcantara et al., 2024). With
bare hands exposure to 50C temperature, people felt reduction in their hand skills (Muller et al., 2014).
High and low temperatures impact psychological and physiological reactions to exercise, lead to limit
athletes' physical performance (Murrey and Kenney, 2020; Seymour et al., 2019; Ramadan et al., 2024).
These different temperatures alter the body's capacity to safeguard strength, maximal oxygen consump-
tion (VO2 max), agility, power, etc. Simply put, performance in hot conditions frequently outperforms
than in cold temperatures (Cakir, 2019; Erdogan, 2015).

Cricket is a sport that demands a combination of physical attributes such as speed, agility, strength, en-
durance, and hand-eye coordination, all of which are essential for batting, bowling, and fielding (Sey-
mour etal,, 2019). Leg strength and speed plays a vital role in cricketer's performance and also influence
the agility and coordination responsible for wicket keeping, fielding, and between the wickets running
(Bangsbo, 2008). These essential elements also help the bowlers to practice and monitor their absorp-
tion ability of leg-generated forces during delivery (Bangsbo, 2008). However, these attributes can be
compromised when cricketers are exposed to extreme temperatures. In hot climates, high temperatures
and humidity levels can lead to dehydration, heat stress, and decreased VO2 max, affecting a cricketer's
ability to perform at their peak (Gamage et al., 2016). On the other hand, low temperature can reduce
muscle flexibility and increase the risk of injuries while also challenging a player's mental concentration
due to discomfort (Racinais and Oksa, 2010; Unal, 2002). Although empirical research is increasing on
the physiological impacts of environmental stressors in sport activities, little empirical evidence has
been available on how seasonal changes in temperature conditions (i.e., high summer temperature and
low winter temperature conditions) influence the elements of motor system performance variables, e.g.,
V02 max., upper body strength, agility, and coordination among cricket players. Not a single research
has been found specifically targeting this area, specially in North India where cricket is the most played
sport and extreme seasonal temperature variations are recorded every year. The global studies (Garcia,
1991; Gatterer et al., 2021; Racinais and Oksa, 2010; Anibal et al.,, 2024 etc.) targeted the area with either
the different methodology or targetted different or single motor components with different subjects.
Thus, in Varanasi (a North-Indian city of Uttar Pradesh State), understanding how hot and cold temper-
atures influence the motor performance of cricketers is essential for optimizing their training and prep-
aration and devising strategies to excel in various playing conditions.

In light of the importance of different temperatures on motor performance in cricket, this research in-
vestigates the effects of hot and cold temperatures on cricketers. By conducting a comprehensive anal-
ysis of physiological responses, we seek to provide a holistic understanding of how hot and cold tem-
peratures impact motor performance in cricket. This research has implications for cricketers and
coaches in order to form their understanding about how different temperatures can influence the ath-
letic performance of the cricketers.
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Method
___________________________________________________________________________________]
The study aimed to investigate the impact of high and low seasonal temperatures on selected motor
fitness components of male cricket players. These components included the Predicted VO, agility, ab-
dominal strength, upper body strength, and hand-eye coordination. A repeated measures (within-sub-
jects) design was adopted to conduct the study. This approach allows controlling individual differences
as the same subjects were studied under different seasonal temperatures (Burin et al., 2019). Tests to
assess these motor fitness components were administered for two consecutive days i.e. 15t and 16t
day of June (summer) and December (winter) of 2023, in between 2 pm to 4 pm following a proper
warm-up session of 15 minutes. On the 15t day of both June and December, Illinois Agility Test (IAT),
and medicine ball throw tests were administered, while Cooper 12-Minute Run test (12MR), Sit-up test
and Reaction ball exercise tests were administered on the 16th day of June and December. RAMP proto-
col was used for the warming-up session. RAMP is a systematic and scientific approach used to elevate
body temperature gradually, switch over to activate the key muscles, mobilize the joints, and perform
some sport-specific activities (Jeffreys, 2018). The temperature recorded was 39.7°C - 42.3°C in June
and 6.9°C - 9.5°C in December.

Participants

The research included 100 healthy male cricket players of age group 16-19 year from Varanasi region
(refer to table 1 for anthropometric information). Subjects were the regular participants of the training
sessions from past one year. All the participants were selected through a random sampling method. A
proper informed consent was obtained from all the participants before administering the study tests.

Figure 1. Shows the flowchart of participants assessed for eligibility, randomized, and analyzed during the study
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Procedure

Below given is the procedure of various tests administered to assess the selected motor fitness compo-
nents under high and low seasonal temperatures. A prior demonstration was shown to the participants
for all the tests administered to assess their selected motor components. The ethical clearance was ob-
tained after presenting the study to the review board of Aligarh Muslim University, Aligarh, India.

[llinois Agility Test (1AT)

[llinois Agility Test (IAT), a valid and reliable change of direction test for team sport athletes (Hachana
etal, 2013) was conducted to measure the agility of the cricketers. The course had a 10mt length and a
5mt width. The start, finish line, and the two turning points were all marked with four cones. Four addi-
tional cones were placed in the center with equal space between them. The distance between each cone
in the center was 3.3 meters. Participants were instructed to lie down in pronation position with their
palms touching the ground by the side of their shoulders and heads towards the starting line. A start
command was given through whistle, subjects stand up as quickly as they can and sprinted forward,
took U-turn after crossing the cone placed 10mt away. As soon as they returned they continued to com-
plete the zigzag run (forming horizontal eight ‘c0’) marked by four cones placed in a single line at equal
distance of 3.3 meters. After crossing the last cone (technically first) of the mid-line they turned back
and ran to cross the cone placed 10 meters away and took final U-turn to cover 10 meters of uphill
running to complete the course. Stopwatch was used to measure the time they took from start till the
course completion. Time recorded up to 2 decimal points was considered as the score of the partici-
pants.

Medicine Ball Throw Test

In order to measure the strength and power of the cricketer’s upper body, a medicine ball throw test
was conducted. Medicine ball throw test is an excellently reliable test for measuring arm strength and
power (Stockbrugger & Haennel, 2001). A medicine ball of 2 pounds and a measuring tape were the
equipment used to collect the data from the participants in high and low temperatures. Subjects were
asked to stand with their feet shoulder-width apart and hold the medicine ball with both hands close to
their chests. Subjects were asked to throw the ball as far away as possible by bringing their arms back
facing the same direction and engaging their core muscles by hyper-extension of lower back, and throw
explosively by flexing their hip joint creating pressure at knees and ankles. The measurements were
taken in meters and up to two rounded-off decimal points from the standing point of the subjects to the
point where the ball first landed. This measurement was done with the help of a measuring tape.

Cooper 12-Minute Run Test (12ZMR)

VO; max refers to the maximum amount of O; consumed by someone during a maximal-intensity
workout and is expressed in milliliters of oxygen per kilogram of body weight per minute (Bassett et al.
2000). A Cooper 12-Minute Run (12MR) test was administered to check the impact of hot and cold tem-
peratures on the effectiveness of the cardio-respiratory system of cricketers. 12MR test is adequate to
predict the aerobic fitness of individuals of 18-35 year age group with excellent reliability (Penry et al.
2011). Participants were asked to run as far as they can in 12 minutes. The distance covered by the
participants was recorded in meters, and then the value was placed in Cooper's VO, max equation, i.e.

VO, Max (ml/kg/min) = (Distance covered in meters - 504.9) / 44.73.

After this calculation, the value we got was again divided by the individual’s body weight to obtain the
final VO, max reading.

Sit-up Test

The impact of high and low temperatures on the strength and endurance of the abdominal muscles was
tested through bent knee sit-ups. Bent knee sit-up test is an effective test to measure abdominal strength
and endurance (Garcia, 1992). The exercise mat and stopwatch were the equipment used along with the
partner who grabbed the legs of the performer for stability. Subjects were asked to lie down on their
back with their knees bent to a 90-degree angle and feet flat in touch with the floor. Hands were placed
at the back of their head without interlocking fingers, and elbows were pointed outward. A partner was
instructed to hold the performer's legs to avoid lifting his feet during sit-ups. Performers were asked to
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lift their upper body off the mat by flexing their abdominal muscles and keeping their lower body in
touch with it. The performer was asked to lift his body until his elbows reached past the knees, and
similarly, the scapula must touch the mat every time while going down. Measurement was done based
on the number of times a subject completed sit-ups in a minute. This correct execution was counted as
a one complete sit-up. The correctly executed sit-ups were summed up as the final score. No score was
given for incomplete sit-ups.

Reaction ball exercise

Reaction balls are small sized balls made up of either rubber or a silicon material. Its unique shape and
design allows unpredictable bouncing which ultimately assist players to improve hand-eye coordina-
tion, reaction time, and reflexes (Hadassah, 2023). A reaction ball exercise test may include a combina-
tion of exercises. These exercises typically require participants to react quickly and accurately to the
path or location of a ball. We included ball catching drills to measure hand-eye coordination of cricket-
ers. For this ‘wall throws’ technique was used. Participants were asked to stand facing a wall 3 meters
away in ready-to-catch position and reaction balls were thrown against the wall followed which they
were required to catch the unpredictably bounced balls. Consistency in different speeds, trajectories,
and angles were ensured by the same trained thrower to assess hand-eye coordination based on number
of successful catches. A 80 beat/min. Metronorm set was used to maintain unifrom speed for each par-
ticpant. The degree of difficulty of the catches was set based on hard, moderate, and easy bounce catches
depicted by 30°, 45°, and 60° angles (marked at the wall and floor) to provide the deflected trajectories.
Twelve, Eighteen, and twenty-four points were allotted to them accordingly. Only ten throws; 3 easy, 4
moderate and 3 difficult with 30°,45°, and 60° angles were allowed to be completed per subject. A final
score is prepared by adding up the points of successful catches.

Data analysis

The Shapiro-Wilk test was applied to assess the normality of the data distribution. It is particularly ef-
fective for small sample sizes. Using the Shapiro-Wilk test ensures that the assumptions of subsequent
analyses are valid, maintaining the integrity of the statistical conclusions (Shapiro & Wilk, 1965).
Shapiro-Wilk test showed the data distribution was not normal following which Wilcoxon Signed-Rank
test was used, as itis an appropriate test to perform in case of repeated measure design and non-normal
distribution (Wilcoxon, 1992; Pallant, 2010; Field, 2013). Additionally, its rank-based approach en-
hances robustness to outliers and skewed distributions, ensuring reliable results (Sheskin, 2003). This
choice supports the integrity and validity of the findings given the non-normal distribution of the data.
Researchers approached with a 0.05 level of significance.

Results
[

The present study revealed the following results

Table 1 depicts the age, height, weight, and BMI distributions of subjects; the mean age was 18.7 years
with a standard deviation (sd.) of 1.630. The noted minimum age was 16 years, while 18.11 years was
the maximum age. Similarly, mean height of participants was recorded as 169.2 cm, with a sd. of 4.056.
The recorded minimum and maximum heights were 157 cm, and 189 cm respectively. In terms of
weight, the mean weight of the participants was recorded as 64.08 kg, with a sd. of 4.524. The minimum
recorded weight was 55 kg, while 73.3 kg was the recorded maximum weight. Lastly, the table provides
information on BMI; the recorded mean BMI was 21.06 kg/mz, with standard deviation 1.174. The min-
imum and maximum BMI recorded were 16.12 kg/m?, and 24.15 kg/m? respectively. As per the average
age (18.7 years), the calculated average weight, height, and BMI of the subjects were, 64.08 kg, 169.2
cm, and 21.06 kg/ m2 respectively.

Table 1. Anthropometric information of subjects participated in the study.

Physical parameter Mean (%) Standard deviation (SD) Minimum Maximum
Age (years) 18.7 1.630 16.0 18.11
Height (cm) 169.2 4.056 157.0 189.0
SMe, i
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Weight (kg) 64.08 4.524 55.0 73.3
BMI (kg/m?) 21.06 1.174 16.12 24.15
BMI = Body Mass Index.

The results from the Shapiro-Wilk test for normality in table 2 indicates that all the selected motor com-
ponents under high and low seasonal temperature settings follow non-normal distributions. Specifically
for each variable, such as predicted VO, agility, upper body strength, hand-eye coordination, and ab-
dominal strength, the p-values recorded less than 0.05 in both seasons. This suggests that, variables do
not follow a normal distribution and thus reinforces the need to use non-parametric tests.

Table 2. Shapiro-Wilk normality test

Shapiro-Wilk
Statistic df Sig.
Predicted VO2z (Summer) .937 100 .000
Predicted VO2 (Winter) 941 100 .000
Agility (Summer) .887 100 .000
Agility (Winter) .899 100 .000
Upper body Strength (Summer) 917 100 .000
Upper body Strength (Winter) 932 100 .000
Hand-eye coordination (Summer) 937 100 .000
Hand-eye coordination (Winter) 955 100 .002
Abdominal strength (Summer) 917 100 .000
Abdominal strength (Winter) .928 100 .000

The results of the Wilcoxon signed-ranks test, as summarized in Table 3, provide insights into the dif-
ferences in selected motor components between high (mean temp. = 41.019C) and low (mean temp. =
8.20C) temperatures. For Predicted VO, the test revealed that cricketrs score higher in Summer with
mean value 56.59ml/kg/min., and more positive ranks (N = 64, Mean Rank = 54.85, Sum of Ranks =
3510.50) compared to Winter with mean value 53.20ml/kg/min., and negative ranks (N = 31, Mean
Rank = 33.85, Sum of Ranks = 1049.50), indicating an increase in Predicted VO, from winter to summer.
Similarly, for Agility, Summer with higher mean (14.04 sec.) and positive ranks (N = 62, Mean Rank =
41.30, Sum of Ranks = 2560.50) surpass the Winter (12.74 sec.) and negative ranks (N = 14, Mean Rank
=26.11, Sum of Ranks = 365.50), suggesting improved agility in Summer than in Winter. Conversely, in
Winter, the Upper Body Strength (UBS) demonstrated higher mean (15.50 mt) and more negative ranks
(N =59, Mean Rank = 47.87, Sum of Ranks = 2824.50) than in Summer (mean = 14.47 mt) with positive
ranks (N = 33, Mean Rank = 44.05, Sum of Ranks = 1453.50), indicating a decrease in UBS from winter
to summer. Hand-Eye Coordination (HEC) similarly exhibited higher mean (161.09) and more negative
ranks (N = 60, Mean Rank = 55.88, Sum of Ranks = 3352.50) in Winter compared to Summer with mean
value 151.42 and positive ranks (N = 39, Mean Rank = 40.96, Sum of Ranks = 1597.50), suggesting a
decrease in HEC during summer. In Summer, Abdominal Strength (AS) showed a marginal higher mean
(47.67) and number of positive ranks (N = 53, Mean Rank = 43.74, Sum of Ranks = 2318.00) compared
to Winter mean (46.83) and negative ranks (N = 34, Mean Rank = 44.41, Sum of Ranks = 1510.00), indi-
cating an increase in AS from winter to summer.

Table 3. Wilcoxon Signed-ranks test shows the differences in selected motor components in High and Low temperature

N Mean Mean Mean Rank Sum of Ranks
Temperature
Negative . o
Ranks 31 53.20 ml/kg/min 8.20C 33.85 1049.50
Predicted VO2 (Winter) Positive . 0
Predicted VO, (Summer) Ranks 64 56.59 ml/kg/min 41.010C 54.85 3510.50
Ties 5
Total 100
Negative 12.74 sec 8.20C 2611 365.50
Ranks
Agility (Winter) Positive 0
Agility (Summer) Ranks 62 14.04 sec 41.010C 41.30 2560.50
Ties 24
Total 100
UBS (Winter) Negative 0
UBS (Summer) Ranks 59 15.50 meters 8.20C 47.87 2824.50
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Positive 55 14.47 meters 41.01°C 44.05 1453.50
Ranks
Ties 8
Total 100
Negative ¢, 161.09 8.20C 55.88 3352.50
Ranks
HEC (Winter) Positive 0
HEC (Summer) Ronke 39 151.42 41.01°C 40.96 1597.50
Ties 1
Total 100
Negative 5, 46.83 8.20C 44.41 1510.00
. Ranks
AS (Winter) Positive
AS (Summer) Ronke 53 47.67 41.01°C 43.74 2318.00
Ties 13
Total 100

UBS = Upper body strength
HEC = Hand-eye coordination
AS = Abdominal Strength

Figures 2 to 6: Indicating the bar graph comparison of mean values at a 95% confidence interval of selected motor variables viz. predicted VOz,

Agility, Upper Body Strngth, and Hand-Eye Coordination and Abdominal Strength in winter (December) and summer (June) respectively.
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The results of the Wilcoxon signed-ranks test, as depicted in Table 4, demonstrate significant seasonal
variations in selected motor components. Specifically, the predicted VO2 component (Z = -4.573b, p =
.000) and Agility (Z = -5.734b, p =.000) show highly significant differences between high and low tem-
perature conditions. Upper Body Strength (Z = -2.678¢, p = .007) and Hand-Eye Coordination (Z = -
3.063c, p =.002) also reveal significant seasonal differences, although at a slightly higher p-value. Con-
versely, Abdominal Strength (Z = -1.713b, p =.087) does not exhibit a statistically significant seasonal
variation, as indicated by the p-value exceeding the conventional threshold of .05. The asymptotic sig-
nificance values underscore the meaningful impact of seasonal conditions on most of the analyzed motor

components, excluding Abdominal Strength, which remains statistically unaffected.

Table 4. Shows test statistics for Wilcoxon signed-ranks test on selected motor components

Pred. VO (Winter)
Pred. VO (Summer)

Agility (Winter)

UBS (Winter)

HEC (Winter)

Agility (Summer)  UBS (Summer)  HEC (Summer)

(Winter)

AS (Summer)

Z
Asymp. Sig. (2-tailed)

-4.573

.000

-5.734
.000

-2.678
.007

-3.063
.002

-1.713

UBS = Upper body strength
HEC = Hand-eye coordination
AS = Abdominal Strength
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Discussion
___________________________________________________________________________________________________________________________|
Our study examined the changes in motor performance of cricketers at different seasonal temperatures
(high and low). The findings of our study provide valuable insights into the results of predicted VO,
agility, upper body strength and hand-eye coordination with significant differences (p < 0.01). Higher
performance was recorded in high temperature on predicted VO, and agility variables, while on upper
body strength and hand-eye coordination variable enhanced performance was noted in low tempera-
ture compared to high. Though, slightly higher performance was recorded in abdominal strength in high
temperature, p-value (0.087) suggests that the observed difference between the two groups could very
likely be due to random chance rather than a true underlying effect.

Study results revealed an increased performance of the cricketers on predicted VO in high tempera-
tures, similar to the prior studies (Jeffreys, 2018; Lindberg et al.,, 2012; Lorenzo et al., 2010). Predicted
VO, values in high temperatures indicated potentially better aerobic capacity in comparison to low tem-
peratures. This finding aligns with prior studies (Gilinay et al., 2006; Liang et al., 2013; Erdogan, 2015)
that have suggested improved cardiovascular endurance in high temperatures; consumption of oxygen
is higher while exercising in a high temperature hot environment compared to a low temperature cold
environment. Lindberg et al.,, (2012) also determined a significantly higher VO, at 20°C than in -12°C. In
their study, ten males were tested through maximal exercise period on a bicycle in above given different
temperatures. The observed results on VO, max in this study might be due to the elevated ambient tem-
perature which is a cause of enhancing muscle temperature, enzymatic reactions and muscle elasticity
ultimately resulting into the efficient use of oxygen and better movements (Nybo, 2008; Bishop, 2003).
Though, contradictory results were found by Gamage et al,, (2016), as they found reduced between-
wicket running performance due to dehydration, high temperature and heat stress. The improvement
in VO, max during high-temperature conditions suggests enhanced aerobic efficiency which is crucial
for running between wickets, and chasing balls in the outfield.

According to the results we obtained, high temperature positively affects agility. This finding of our re-
search regarding agility aligns with study findings of Ball et al. (1999), which stated that the 30 meter
sprinting speed run is better with the increase rather than decrease in the environment temperature. In
their study, strength of sprint produced at 30°C was noted greater than the same produced at 19°C in
different environmental temperatures after applying a thirty second sprint to 8 healthy males (Ball et
al,, 1999). The agility, speed, and coordinative ability increase with the increase in temperature value
from -5.50 C to 30° C (Cakir, 2019). Improved nueromuscular transmission and reduced joint stiffness
due to the warmer condition might be the possible causes of improved agility in summer season as also
reported by (Racinais & Oksa, 2010). The improvement in agility during high temperature conditions
suggests the efficiency in quick directional changes, which is crucial for reacting swiftly during fielding
specially for wicket keepers whose performance is dominantly influenced by agility component. En-
hanced agility may also benefit bowlers in their approach and follow-through phases and is equally im-
portant for the batsmen while taking doublé-tripple runs.

The results of the medicine ball throw indicate enhanced upper body strength for the cricketers during
low temperature. This finding appears counterintuitive and also contradictory to previous review of
Gatterer etal. (2021), observed a decreased contraction force for maximal wrist flexion during low skin
temperature due to cold exposure at 50 C. Based on the increase in muscle heat an enhanced perfor-
mance in jump and speed was observed by a previous study (Bergh and Ekblom 1979). While shifting
from low temperature to high temperature, it was also observed that the vertical jump variable is af-
fected positively (Cakir, 2016). However, the study of Cheung et al. (2000) favoured the obtained results
on upper body strenth by stating that the low temperature minimizes the onset of central and peripheral
fatigue which ultimately assists in strength and fine motor based activities. Thus the noted results on
upper body strength might be due to the delayed peripheral fatigue in low temperature. The improved
upper body strength may contribute to the batsmens’ performance in low temperture in terms of taking
more powerful and controlled batting strokes. Bowlers specially medium pacers may also get the benefit
in terms of enhanced velocity and accuracy while delivering the ball.
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Study results of variable ‘reaction ball exercise’ recorded higher performance in low temperature rather
than high temperature. Reaction ball exercise outcomes are coinciding with the findings of Daanen et
al,, (2016), which stated, exercising in cold after acclimatization can benefit cognitive focus. This finding
counteracts a previous study (Unal, 2002) which indicated that exercising in cold temperatures in-
creases reaction time and deteriorates coordination and nerve conduction velocity. Racinais and Oksa
(2010) also showed an increase in muscular tonus, blood viscosity, the time of muscle contraction, and
the relaxation time of antagonist muscles ultimately resulting in delayed reflex action during cold tem-
peratures, thus contradicting our results on hand-eye coordination. Enhanced hand-eye coordination in
low temperature might be due to the improved agility which assisted the partcipants react better against
the bounce of the reaction ball. Other posible reasons might be the lower sweat rate in low temperature
specifically in the hands which might assist in higher hand grip and control over the reaction ball and
also the varied temperature of the wall used might be influenced the bouncing back ability of the reac-
tion ball. This enhanced hand-eye coordination may develop sharper reflexes for catching particularly
in wicket-keeper, slip and silly point fielders.

The study's results also showed no significant difference between abdominal strength in high and low
seasonal temperatures (P>0.05). This finding matches with a previous study of Kumar (2020) which
recorded insignificant difference in abdominal strength in high and low temperatures. Thus, the ob-
served difference between the two groups could very likely be due to random chance rather than a true
underlying effect.

In conclusion, the results showed a different performance landscape in terms of motor fitness measured
in high and low seasonal temperatures. Predicted VO, and agility, were recorded higher at a high tem-
perature as compared to a low temperature, while upper body strength and reaction ball exercise was
recorded higher at alow temperature compared to a high temperature. Changes measured in abdominal
strength may be recorded due to random occurrence as noted significance value of Wilcoxon signed-
ranked test recorded 0.087 i. e., more than the threshold (0.05). These results highlight the impact of
temperature variations on particular motor fitness components and the necessity of customized train-
ing plans to maximize performance in high and low seasonal temperature settings.

Our study had some limitations. We emphasized measuring participants' motor performance on se-
lected motor components in high and low temperatures without having any control over the training
pattern and training load given to them for a whole year, thus becomes a major limitation. Second, we
did not had any control over their lives beyond training sessions in terms of diet, sleep, lifestyle, and
other miscellaneous workloads they went through. Third, only male participants were included in our
study; thus, the outcomes of the study cannot be generalized on the female athletes as their thermoreg-
ulatory system works more efficiently than male counterparts due to the presence of more fat, thus ex-
ercising in cold may provide them a proportional edge over males. Moreover, presence of athletic triad
especially amenorrhea may limit the aerobic efficiency of females. Last, we investigated only adolescents
aged 16 to 19 years, different results may observe in males of different age groups. Despite these limi-
tations, our study provided insightful results backed by empirical evidences. Additionally suggested fu-
ture studies ought to work toward a greater control or observation of factors such as training load, nu-
trition, and sleep so that they can isolate any genuine effects of temperature on motor performance. The
sample should include women athletes and a wider age group to allow making more generalized con-
clusions as to the demographic groups.

Conclusions
___________________________________________________________________________________________________________________________|
In conclusion, the study showed increased motor performance on two motor components namely pre-
dicted VO, and agility in high temperature compared to low temperature, and an increased performance
in upper body strength and hand-eye coordination was observed in low temperature rather than high
temperature. Furthermore, no significant difference was recorded in abdominal strength. These strong
evidences provide an insight that coaches should design their training programs by keeping in mind the
varied seasonal temperatures. To explore the area effectively, further studies are required to be done
with different age groups, gender, and temperature settings and in a more controlled environment.

NV



2025 (Noviembre), Retos, 72, 537-548 ISSN: 1579-1726, eISSN: 1988-2041 https://revistaretos.org/index.php/retos

Acknowledgements

Authors are grateful to the Aligarh Muslim University, Aligarh, India (202001) and Saddam Hussain.

Financing

Authors received no financial support from any funding agency for publication of this research.

References

Alcantara Alves, W., Cesar Gomes Silva, ]., Fernandes Silva, K., Alcantara Alves, W., Gouveia Lacerda, W.,
Lidia Rodrigues, A., & Ricarte Batista, G. (2024). of Dehydration on Sports Performance in Athle-
tes: a Systematic Review. Retos, 60, 1304-1312. https://doi.org/10.47197/retos.v60.107340

Anibal Mamani-Ramaos, A., Froilan Damian-Nuiez, E., Alicia Yabar-Geldres, 1., Alber Quisocala-Ramos, J.,
Zavala-Bustios, R., Mireya Soria-Villanueva, L., ... & Ruben Rodriguez-Mamani, J. (2024). Correla-
tions between motor competence with the natural environment, physical activity, and satisfac-
tion with motor play in Peruvian children. Retos: Nuevas Perspectivas de Educacién Fisica, De-
portey Recreacién, 60. https://doi.org/10.47197 /retos.v60.108272

Ball, D., Burrows, C., & Sargeant, A.]. (1999). Human power output during repeated sprint cycle exercise:
The influence of thermal stress. European Journal of Applied Physiology and Occupational Physi-
ology, 79(4), 360-366. https://doi.org/10.1007/s004210050521

Bangsbo, J., [aia, F. M., & Krustrup, P. (2008). The Yo-Yo Intermittent Recovery Test. Sports Medicine,
38(1), 37-51. https://doi.org/10.2165/00007256-200838010-00004

Bassett, D. R.,, & Howley, E. T. (1999). Limiting factors for maximum oxygen uptake and determinants of
endurance performance. / Facteurs limitants de la consommation maximale d’oxygene et deter-
minants de la performance d’endurance. Medicine & Science in Sports & Exercise, 32(1), 70-84.
https://doi.org/10.1097/00005768-200001000-00012

BERGH, U., & EKBLOM, B. (1979). Influence of muscle temperature on maximal muscle strength and
power output in human skeletal muscles. Acta Physiologica Scandinavica, 107(1), 33-37.
https://doi.org/10.1111/j.1748-1716.1979.tb06439.x

Bishop, D. (2003). Warm up II: Performance changes following active warm up and how to structure the
warm up. Sports Medicine, 33(7), 483-498. https://doi.org/10.2165/00007256-200333070-
00002

Burin D, Kilteni K, Rabuffetti M, Slater M, Pia L. (2019). Body ownership increases the interference be-
tween observed and executed movements. PLoS ONE 14(1): e0209899.
https://doi.org/10.1371/journal.pone.0209899

Cakir, E. (2019). Investigation of female soccer players performance values based on ambient tempera-
ture. Universal Journal of Educational Research, 7(1), 239-243.
https://doi.org/10.13189/ujer.2019.070130

Cakir, E., Yiiksek, S., Asma, B., & Arslanoglu, E. (2016). Effects of different environment temperatures on
some motor characteristics and muscle strength. International Journal of Environmental and Sci-
ence Education, 11(10), 3985-3993. https://www.researchgate.net/publica-
tion/306321945_Effects_of_different_environment_temperatures_on_some_motor_characteris-
tics_and_muscle_strength

Cheung SS, McLellan TM, Tenaglia S. (2000). The thermophysiology of uncompensable heat stress. Phys-
iological manipulations and individual characteristics. Sports Medicine. 29(5), 329-59.
http://doi.org/10.2165/00007256-200029050-00004

Daanen, H. A. M., & Van Marken Lichtenbelt, W. D. (2016). Human whole body cold adaptation. Temper-
ature, 3(1), 104-118. https://doi.org/10.1080/23328940.2015.1135688

Erdogan, M. (2015). Soguk ortamda egzersiz ve fiziksel aktivite. Science Journal of Turkish Military Acad-
emy Haziran, 25(1), 63-72. https://www.researchgate.net/publication/357312498_Soguk_Or-
tamda_Egzersiz_ve_Fiziksel_Aktivite_Exercise_and_Physical_Activity_at_Cold_Environment

NV

LA

546



https://doi.org/10.47197/retos.v60.107340
https://doi.org/10.47197/retos.v60.108272
https://doi.org/10.1007/s004210050521
https://doi.org/10.2165/00007256-200838010-00004
https://doi.org/10.1097/00005768-200001000-00012
https://doi.org/10.1111/j.1748-1716.1979.tb06439.x
https://doi.org/10.2165/00007256-200333070-00002
https://doi.org/10.2165/00007256-200333070-00002
https://doi.org/10.1371/journal.pone.0209899
https://doi.org/10.13189/ujer.2019.070130
https://www.researchgate.net/publication/306321945_Effects_of_different_environment_temperatures_on_some_motor_characteristics_and_muscle_strength
https://www.researchgate.net/publication/306321945_Effects_of_different_environment_temperatures_on_some_motor_characteristics_and_muscle_strength
https://www.researchgate.net/publication/306321945_Effects_of_different_environment_temperatures_on_some_motor_characteristics_and_muscle_strength
http://doi.org/10.2165/00007256-200029050-00004
https://doi.org/10.1080/23328940.2015.1135688
https://www.researchgate.net/publication/357312498_Soguk_Ortamda_Egzersiz_ve_Fiziksel_Aktivite_Exercise_and_Physical_Activity_at_Cold_Environment
https://www.researchgate.net/publication/357312498_Soguk_Ortamda_Egzersiz_ve_Fiziksel_Aktivite_Exercise_and_Physical_Activity_at_Cold_Environment

2025 (Noviembre), Retos, 72, 537-548 ISSN: 1579-1726, eISSN: 1988-2041 https://revistaretos.org/index.php/retos

Field, A. (2013) Discovering Statistics Using IBM SPSS Statistics: And Sex and Drugs and Rock “N” Roll. (4t
ed.), Sage, Los Angeles, London, New Delhi. Available from: https://sadbhavnapublica-
tions.org/research-enrichment-material /2-Statistical-Books/Discovering-Statistics-Using-
IBM-SPSS-Statistics-4th-c2013-Andy-Field.pdf

Galloway, S. and Maughan, R.J. (1997) Effects of Ambient Temperature on the Capacity to Perform Pro-
longed Cycle Exercise in Man. Medicine and Science in Sports and Exercise, 29, 1240-1249.
https://doi.org/10.1097/00005768-199709000-00018

Gamage, J. P, De Silva, A. P., Nalliah, A. K,, & Galloway, S. D. R. (2016). Effects of dehydration on cricket
specific skill performance in hot and humid conditions. International Journal of Sport Nutrition
and Exercise Metabolism, 26(6), 531-541. https://doi.org/10.1123/ijsnem.2016-0015

Garcia, R. A. (1992). A COMPARATIVE ANALYSIS OF THE EFFECTS OF TWO ABDOMINAL EXERCISE
PROGRAMS ON ABDOMINAL STRENGTH AND ENDURANCE. Central State Missouri University.
https://www.proquest.com/openview/f2c00133939b449460b490cc5465b2de/17pq-
origsite=gscholar&cbl=18750&diss=y

Gatterer, H., Diinnwald, T., Turner, R., Csapo, R., Schobersberger, W., Burtscher, M., Faulhaber, M., & Ken-
nedy, M. D. (2021). Practicing sport in cold environments: Practical recommendations to im-
prove sport performance and reduce negative health outcomes. International Journal of Environ-
mental Research and Public Health, 18(18). https://doi.org/10.3390/ijerph18189700

Grantham, J., Cheung, S. S., Connes, P., Febbraio, M. A., Gaoua, N., Gonzalez-Alonso, ]., Hue, O., Johnson, .
M., Maughan, R. ], Meeusen, R., Nybo, L., Racinais, S., Shirreffs, S. M., & Dvorak, J. (2010). Current
knowledge on playing football in hot environments. Scandinavian Journal of Medicine and Science
in Sports, 20(SUPPL. 3), 161-167. https://doi.org/10.1111/j.1600-0838.2010.01216.x

Giinay, M., Cicioglu, H. 1., and Kara, E., (2006). Egzersize metabolik ve 1s1 adaptasyonu. Gazi Yayinevi.

Hachana, Y., Chaabene, H., Nabli, A. M., Attia, A., Moualhi, ]., Farhat, N., Elloumi, M. (2013). TEST-RETEST
RELIABILITY,CRITERION-RELATED VALIDITY, AND MINIMAL DETECTABLE CHANGE OF THE
ILLINOIS AGILITY TEST IN MALE TEAM SPORT ATHLETES. Journal Of Strength and Conditioning
Research, 27(10), 2752-2759. https://doi.org/10.1519/JSC.0b013e3182890ac3

Hadassah (2023, November). What Are Reaction Balls and How Can They Improve Your Reflexes?
DHgate.com. https://www.dhgate.com/blog/what-are-reaction-balls-and-how-can-they-im-
prove-your-reflexes-c/?form=MGO0AV3

Jeffreys, 1. (2019). The warm-up: maximize performance and improve long-term athletic. Human Kinetics.
https://www.researchgate.net/publication/333173136_The_warm-Up_-_Maximise_Perfor-
mance_and_improve_Long-Term_Athletic_Development

Kumar, J. (2020). Effect of temperature on motor fitness component. Indian Journal of Physical Educa-
tion, Sports & Applied Sciences, 10(3), 22-25. http://sportscientistsviews.com/old/wp-con-
tent/uploads/2020/10/Vo0l.10-NO.-3-July-2020-22-25.pdf

Liang, M., Chen, T. I, Lee, J. N.-Y,, Lin, J.-H., & Tsai, P.-H. (2013). Effect of short-term heat acclimation on
endurance time and skin blood flow in trained athletes. Open Access Journal of Sports Medicine,
4(Dec), 161-170. https://doi.org/10.2147 /oajsm.s45024

Lindberg, A.-S., Malm, C., Hammarstrom, D., Oksa, ]., & Tonkonogi, M. (2012). Maximal work capacity and
performance depends warm-up procedure and environmental but not inspired air tempera-
tures. Journal of Exercise Physiology Online, 15(1), 26+.
https://link.gale.com/apps/doc/A361184637/A0ONE?u=anon~484aa8f3&sid=google-
Scholar&xid=d91680fe

Lorenzo, S., Halliwill, ]. R,, Sawka, M. N., & Minson, C. T. (2010). Heat acclimation improves exercise per-
formance. Journal of Applied Physiology, 109(4), 1140-1147. https://doi.org/10.1152 /jap-
plphysiol.00495.2010

Marek Konefal, Pawel Chmura, Marcin Andrzejewski, ]. chmura. (2014). Analysis of motor performance
of professional soccer players in different environmental conditions. Trends in Sports Sciences,
4(21), 221-227. https://www.researchgate.net/publication/273769652_Analysis_of_mo-
tor_performance_of_professional_soccer_players_in_different_environmental_conditions

Muller, M. D,, Seo, Y., Kim, C. H., Ryan, E. ]., Pollock, B. S., Burns, K. J., & Glickman, E. L. (2014). Cold habit-
uation does not improve manual dexterity during rest and exercise in 5 °C. International Journal
of Biometeorology, 58(3), 383-394. https://doi.org/10.1007/s00484-013-0633-3

NV

‘K%ﬁ'{i 547


https://sadbhavnapublications.org/research-enrichment-material/2-Statistical-Books/Discovering-Statistics-Using-IBM-SPSS-Statistics-4th-c2013-Andy-Field.pdf
https://sadbhavnapublications.org/research-enrichment-material/2-Statistical-Books/Discovering-Statistics-Using-IBM-SPSS-Statistics-4th-c2013-Andy-Field.pdf
https://sadbhavnapublications.org/research-enrichment-material/2-Statistical-Books/Discovering-Statistics-Using-IBM-SPSS-Statistics-4th-c2013-Andy-Field.pdf
https://doi.org/10.1097/00005768-199709000-00018
https://doi.org/10.1123/ijsnem.2016-0015
https://www.proquest.com/openview/f2c00133939b449460b490cc5465b2de/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/f2c00133939b449460b490cc5465b2de/1?pq-origsite=gscholar&cbl=18750&diss=y
https://doi.org/10.3390/ijerph18189700
https://doi.org/10.1111/j.1600-0838.2010.01216.x
https://doi.org/10.1519/JSC.0b013e3182890ac3
https://www.dhgate.com/blog/what-are-reaction-balls-and-how-can-they-improve-your-reflexes-c/?form=MG0AV3
https://www.dhgate.com/blog/what-are-reaction-balls-and-how-can-they-improve-your-reflexes-c/?form=MG0AV3
https://www.researchgate.net/publication/333173136_The_warm-Up_-_Maximise_Performance_and_improve_Long-Term_Athletic_Development
https://www.researchgate.net/publication/333173136_The_warm-Up_-_Maximise_Performance_and_improve_Long-Term_Athletic_Development
http://sportscientistsviews.com/old/wp-content/uploads/2020/10/Vol.10-N0.-3-July-2020-22-25.pdf
http://sportscientistsviews.com/old/wp-content/uploads/2020/10/Vol.10-N0.-3-July-2020-22-25.pdf
https://doi.org/10.2147/oajsm.s45024
https://link.gale.com/apps/doc/A361184637/AONE?u=anon~484aa8f3&sid=googleScholar&xid=d91680fe
https://link.gale.com/apps/doc/A361184637/AONE?u=anon~484aa8f3&sid=googleScholar&xid=d91680fe
https://doi.org/10.1152/japplphysiol.00495.2010
https://doi.org/10.1152/japplphysiol.00495.2010
https://www.researchgate.net/publication/273769652_Analysis_of_motor_performance_of_professional_soccer_players_in_different_environmental_conditions
https://www.researchgate.net/publication/273769652_Analysis_of_motor_performance_of_professional_soccer_players_in_different_environmental_conditions
https://doi.org/10.1007/s00484-013-0633-3

2025 (Noviembre), Retos, 72, 537-548 ISSN: 1579-1726, eISSN: 1988-2041 https://revistaretos.org/index.php/retos

Murrey, B., Kenney L.W. (2021). Practical guide to exercise physiology: The science of exercise training
and performance nutrition. (2nd ed.) Human Kinetics. https://www.researchgate.net/publica-
tion/370746958_Practical_Guide_to_Exercise_Physiology_The_Science_of Exercise_Train-
ing_and_Performance_Nutrition

Nugroho, S., Suherman, W. S,, Thsan, F., & Hidayat, R. A. (2024). The effectiveness of cold temperature
and warm temperature therapy in overcoming badminton athlete fatigue. Retos: nuevas tenden-
cias en educacion fisica, deporte y recreacion, (59), 857-863. https://doi.org/10.47197 /re-
t0s.v59.107637

Nybo, L. (2008). Hyperthermia and fatigue. Journal of Applied Physiology, 104(3), 871-878.
https://doi.org/10.1152 /japplphysiol.00910.2007

Pallant, J. (2020). SPSS Survival Manual: A step by step guide to data analysis using IBM SPSS. (7th ed.).
Routledge. https://doi.org/10.4324 /9781003117452

Penry T. ].,, Wilcox, R. A, and Yun, ]. (2011). Validity and reliability analysis of cooper’s 12-minute run
and the multistage shuttle run in healthy adults. Journal Of Strength and Conditioning Research,
25(3), 597-605. https://doi.org/10.1519/JSC.0b013e3181cc2423

Racinais, S., & Oksa, ]. (2010). Temperature and neuromuscular function. Scandinavian Journal of Medi-
cine and Science in Sports, 20(SUPPL. 3), 1-18. https://doi.org/10.1111/j.1600-
0838.2010.01204 x

Ramadan, G., Samin, G., Haryanto, A. I, Kadir, S. S., & Okilanda, A. (2024). A cross-sectional study: the
impact of extreme weather, sleep quality, and physical activity. Retos, 60, 968-973.
https://doi.org/10.47197 /retos.v60.109307

Seymour, R, Tipton, M., Forster, P., Corbett, J., Chave, R., Sambrook, K., Goggins, D., Thelwell, R., & Mont-
gomery, H. (2019). Hit for six: The impact of climate change on cricket. BASIS. Retrieved from:
https://basis.org.uk/wp-content/uploads/2021/09/Hit-for-Six-The-Impact-of-Climate-
Change-on-Cr.pdf

Shapiro, S. S., & Wilk, M. B. (1965). An Analysis of Variance Test for Normality (Complete Samples). Bio-
metrika, 52(3/4), 591-611. https://doi.org/10.2307 /2333709

Sheskin, D.J. (2003). Handbook of Parametric and Nonparametric Statistical Procedures. (3rd ed.). Chap-
man and Hall/CRC. https://doi.org/10.1201/9781420036268

Stockbrugger, B. A., & Haennel, R. G. (2001). Validity and Reliability of a Medicine Ball Explosive Power
Test.  Journal of Strength and  Conditioning  Research,  15(4), 431-438.
https://doi.org/10.1519/1533-4287(2001)015<0431:VAROAM>2.0.CO;2

The Climate Coalition. (2018). Game changer: How climate change is impacting sports in the UK. Show
the Love. Retrieved from:
https://staticl.squarespace.com/static/58b40fe1be65940cc4889d33/t/5a79bac853450a749
5861454/1517927115822 /Game+Changer.pdf

Unal, M. (2011). SICAK ve SOGUK ORTAMDA EGZERSIZ (1). Journal of Istanbul Faculty of Medicine, 65(3).
Available from: https://dergipark.org.tr/en/download/article-file /98516

Wilcoxon, F. (1992). Individual Comparisons by Ranking Methods. In: Kotz, S., Johnson, N.L. (eds) Break-
throughs in Statistics. Springer Series in Statistics. Springer, New York, NY.
https://doi.org/10.1007/978-1-4612-4380-9_16

Authors' and translators' details:

Merajuddin Faridi merajuddinfaridi@yahoo.co.in Author
Rajnish Tripathi rajnishtripathi82@gmail.com Author
Adnan Khan adnan010khan@gmail.com Author
Md. Kamran Khan kamrankalam9638@gmail.com Author
Saddam Hussain saddamgi3577@gmail.com Translator
NV o |
548

LA


https://www.researchgate.net/publication/370746958_Practical_Guide_to_Exercise_Physiology_The_Science_of_Exercise_Training_and_Performance_Nutrition
https://www.researchgate.net/publication/370746958_Practical_Guide_to_Exercise_Physiology_The_Science_of_Exercise_Training_and_Performance_Nutrition
https://www.researchgate.net/publication/370746958_Practical_Guide_to_Exercise_Physiology_The_Science_of_Exercise_Training_and_Performance_Nutrition
https://doi.org/10.47197/retos.v59.107637
https://doi.org/10.47197/retos.v59.107637
https://doi.org/10.1152/japplphysiol.00910.2007
https://doi.org/10.4324/9781003117452
https://doi.org/10.1519/JSC.0b013e3181cc2423
https://doi.org/10.1111/j.1600-0838.2010.01204.x
https://doi.org/10.1111/j.1600-0838.2010.01204.x
https://doi.org/10.47197/retos.v60.109307
https://basis.org.uk/wp-content/uploads/2021/09/Hit-for-Six-The-Impact-of-Climate-Change-on-Cr.pdf
https://basis.org.uk/wp-content/uploads/2021/09/Hit-for-Six-The-Impact-of-Climate-Change-on-Cr.pdf
https://doi.org/10.2307/2333709
https://doi.org/10.1201/9781420036268
https://doi.org/10.1519/1533-4287(2001)015%3c0431:VAROAM%3e2.0.CO;2
https://static1.squarespace.com/static/58b40fe1be65940cc4889d33/t/5a79bac853450a7495861454/1517927115822/Game+Changer.pdf
https://static1.squarespace.com/static/58b40fe1be65940cc4889d33/t/5a79bac853450a7495861454/1517927115822/Game+Changer.pdf
https://dergipark.org.tr/en/download/article-file/98516
https://doi.org/10.1007/978-1-4612-4380-9_16
mailto:merajuddinfaridi@yahoo.co.in
mailto:rajnishtripathi82@gmail.com
mailto:adnan010khan@gmail.com
mailto:kamrankalam9638@gmail.com
mailto:saddamgi3577@gmail.com

