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Abstract

Introduction The influence of socioeconomic factors in the achievement of sport success is still a matter of debate. Due to
the popularity and low-cost practice, analyses of the Athletics World Ranking (AWR) may provide valuable information.
Therefore, we investigated the frequency of different socioeconomic status in the AWR for two events (100 m and 10 k) in
three categories: Junior, Elite Professionals and Masters.

Method Data of 5,011 athletes from 99 nationalities were obtained from the official websites of International Association
of Athletics Federations, and World Masters Rankings in the years of 2006-2016. The Human Development Index (HDI)
for each nationality was used as a marker of socioeconomic status.

Results An HDI x age group association was observed (y*=0.001, p=0.001, C=0.322), where the analysis of frequency
rate demonstrated a high prevalence of very elevated and elevated HDI in the AWR for the 100 m. For the endurance 10 k
race analysis, the HDI X age group association was also observed, with a high prevalence of moderate and low HDI in Junior
and Professionals. Regarding the Masters, the prevalence of moderate and low HDI is almost zero. In addition, multiple linear
regressions indicate that the HDI, gross domestic product per capita (GDP/capita) and population can predict the frequency
of a country in athletics ranking.

Conclusions There is a high prevalence of elevated and very elevated HDI nationalities in the AWR in sprint races in all
age groups. For endurance races, Junior and Professionals had a great prevalence of low/moderate HDI, and Masters are
dominated by very elevated HDI. A nation’s frequency in the World Masters Ranking could be indicative of HDI, since an
association was found among them.
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Introduction

The Human Development Index (HDI) is a marker of socio-
economic status and quality of life, determined by life expec-
tancy, years of schooling and money income “per capita”
[1]. Developed by the United Nations Development Pro-
gramme, this HDI might be the strongest variable to influ-
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ence, together with cultural features, a favorable environ-
ment for sportive development [2]. However, the financial
support to provide minimal conditions for any kind of sports
practice are far from a priority in most nations, especially in
middle- and low-income countries [3].

To become a professional athlete, high standards of tacti-
cal, technical, physical, cognitive and morphological aspects
should be fulfilled [2, 4, 5]. Furthermore, social-environment
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influences in childhood may lead to different processes and
outcomes in athletic formation and sports professionaliza-
tion [3, 6, 7].

For instance, an elegant systematic review reported an
association between performance index and income inequal-
ity in children [8], being that physical activity and income
inequality are the strongest structural determinants of health
in children and youth. From another perspective, Co6té et al.
[7] demonstrated that children have a higher chance of spor-
tive success when they are born in smaller cities. On one
hand, big cities may provide more possibilities for sports
practice in a structured and sophisticated environment, as
well as being provided with apparatus and qualified coaches
[7]. On the other hand, smaller cities provide more security
and space for unsupervised physical activity, which might
be a fundamental aspect for child development and sport
formation [2, 9].

However, the impacts of socioeconomic factors to achieve
sport success at any age are still scarce in literature. In that
regard, due to the popularity and low-cost practice, athlet-
ics might be a good sport modality to evaluate the possible
influence of socioeconomic parameters over the final goal of
any aspirant and professional athlete, a successful position
at the World Ranking. Furthermore, a prevalence analysis
and view of different socioeconomic status over the Athlet-
ics World Ranking (AWR) could clarify and raise questions
about sports formation, professionalization and late competi-
tion (Master age groups) that go beyond morphological and
physiological aspects. For example, some socio-cultural and
environmental factors that influence Africans to perform bet-
ter in middle and long-distance races have been pointed out.
Some tribes live in high altitudes, that is, with some level of
hypoxia, which in turn stimulates erythropoiesis, leading to
an increase in hemoglobin, favoring a greater transportation
and consumption of oxygen and, therefore, a better aerobic
performance. In addition, the habits of some African people,
such as walking or even running long distances to school,
or some cultural practices, such as cattle expeditions, which
often involve distances of up to 160 kilometers, can contrib-
ute to the adaptation to aerobic exercises [10]. These socio-
cultural aspects may also have an interaction with biological
ones, as demonstrated previously in studies conducted in an
animal model [11, 12], possibly due to epigenetics leading
to favorable transgenerational adaptations.

Thus, it is important to study the factors that influence the
achievement of good positions in the AWR, because high
levels of performance in the world ranking can reciprocally
influence the nation’s motivation on sport. From a practi-
cal perspective, such knowledge would be of great impor-
tance for track-and-field athletes and professionals working
with them considering the optimization of athlete’s train-
ing. Therefore, we aimed to investigate and analyze the fre-
quency rate of nationalities from different socioeconomic
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status in the AWR from two distinct race categories: sprint
(100 meters’ dash) and endurance (10000 meters); in three
age groups: Junior, Elite Professionals and Master.

Methods

The procedures used in this study were approved by the
Institutional Board of the local university, with the waiver
of the requirement for informed consent of the participants
given the fact that the study involved the analysis of publicly
available data. The study used a cross-sectional design in
which all data were derived from the International Asso-
ciation of Athletics Federations (IAAF), World Masters
Athletics and World Masters Rankings of official competi-
tions in the years 2006 to 2016. All data are available in the
websites: http://www.iaaf.org/results, http://www.mastersran
kings.com/rankings/ and http://www.world-masters-athle
tics.org/.

Nationality and age were extracted from the 20 best
male athletes of each race (100 m and 10000 m), from each
age group (Junior, Elite professionals and Masters) in the
years of analysis (2006-2016). Further, we added popula-
tion, number of Olympic medals, gross domestic product
per capita GDP/capita and HDI values for each individual
corresponding to their nationality from the last report of the
United Nations Development Programme [13] and Olympics
Official Website (https://www.olympic.org/olympic-results).
Individuals for whom there was no information about their
country of birth in the official reports were excluded. A total
of 5,011 athletes were included for the final analyses.

A multiple linear regression analysis was performed to
verify if GDP/capita, population and HDI are able to predict
the frequency of countries in the rankings. Furthermore, all
samples were stratified according to the HDI classification
suggested by UNDP [13]: very elevated, elevated, moderate
and low. Due to the elevated and possibly heterogeneous
number of Master athletes, we divided this category into
three age groups: 30-49 years old (Master 50); 50-69 years
old (Master 70) or higher than 70 years old (Master 110).
Junior age group encompasses athletes of 18 and 19 years
old; Elite Professionals do not have age limits.

Normality and homogeneity of data were assessed by
Shapiro—Wilk and Levene’s test, respectively. Relative fre-
quency rate (%) of different HDI were analyzed in all three
age groups: Junior (n=2380), Elite Professionals (n=400)
and Master (n=4.231). Master athletes have a dispropor-
tional number of athletes due to age groups from 30 to
100 years old. Due to the small amount of countries of low
and moderate HDI classification, these two stratums were
pooled in a single category. We examined the association
of HDI and age group using Chi square (y°) and Cramer’s
phi (¢() to evaluate the magnitude of association. Further,
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Spearman’s correlation coefficient () was used to test for
association between all variables of interest. Alpha level was
set at 0.05. All statistical analyses were performed by the
statistical package IBM SPSS v.20.0 (SPSS, Chicago, USA).

Results

Data from 5.011 athletes from 99 different countries between
the years of 2006 and 2016 were analyzed. Tables 1 and 2
show the top three best medalist countries in 100 m (Table 1)
and 10000 meters (Table 2), their respective HDI and num-
ber of medals.

Multiple linear regression resulted in a statistically sig-
nificant model [F(3.2734)=801.858; p <0.001; R>=0.468].
It was verified that GDP/capita (f=0.314; p <0.001),
population (f=—-0.160; p<0.001) and HDI (8=-0.893;
p<0.001) are predictors of frequency of countries. A
HDI x race distance association was observed, where fre-
quency rate analysis demonstrated a high prevalence of
very elevated and elevated HDI in the World Ranking in
the 100 m, with a relative rate of more than 50% in all race
categories. We further identified a small prevalence (< 30%)
of moderate and low HDI in Master age groups for this same
race (Fig. 1a).

For the endurance race analysis, the same HDI X age
group association was observed, with a high prevalence of
moderate and low HDI in groups of Junior and Elite Pro-
fessionals for the 10 k (80% and more than 85%, respec-
tively in the world rankings). Regarding Masters age groups,
the prevalence of moderate and low HDI is almost zero
(Fig. 1b).

The Spearman’s correlation coefficient analysis in 100
meters dash revealed positive and significant association

Table 1 Top 3 countries, number of medalists in the world rankings
from 2006 to 2016 and their respective HDI, and HDI stratum in the
race of 100 meters

Countries Medals HDI HDI stratum
Masters
United States of America 202 0.915 Very elevated
Japan 26 0.891 Very elevated
Great Britain 24 0.907 Very elevated
Overall
Jamaica 17 0.719 Elevated
United States of America 10 0.915 Very elevated
Bahamas 1 0.79 Very elevated
Junior
United States of America 14 0.915 Very elevated
France 0.888 Very elevated
Jamaica 0.719 Elevated

Table2 Top 3 countries, number of medalists in the world rankings
from 2006 to 2016 and their respective HDI, and HDI stratum in the
race of 10000 meters

Countries Medals HDI HDI stratum
Masters
Great Britain 33 0.907 Very elevated
Spain 31 0.876 Very elevated
Australia 29 0.935 Very elevated
Overall
Kenya 13 0.548 Moderate/low
Ethiopia 10 0.442 Moderate/low
Eritreia 2 0.391 Moderate/low
Junior
Kenya 16 0.548 Moderate/low
Ethiopia 11 0.442 Moderate/low
Uganda 2 0.483 Moderate/low

between the frequency rate in Master Athletics Ranking
and HDI (r = 0.44; p < 0.01). However, significant associa-
tions were not observed in Elite Professionals and Junior
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Fig. 1 Relative frequency rate analyses of countries from different
Human Development Index stratums (very elevated; elevated; and
moderate/low) of World Athletics Ranking from: Junior, Overall and
Masters categories. A 100 m dash; B 10000 meters
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(Table 3). Regarding 10.000 meters race analysis, Spear-
man’s correlation coefficient revealed a positive and sig-
nificant association between the frequency rate in Masters
Athletics Ranking and HDI (r = 0.62; p < 0.01). These same
associations were not observed in Elite Professionals. Junior
AWR presented a negative association with HDI (r = —0.36;
p < 0.01) (Table 3).

Discussion

The main findings of the present investigation were that
sprint AWR is dominated by countries of very elevated
socioeconomic status in all three age groups: Junior, Elite
Professionals and Masters. On the other hand, endurance
AWR has great prevalence of moderate/low HDI countries
in Junior and Elite Professionals, but is overruled by ele-
vated and very elevated HDI in Master age groups. Thus, at
least for the Masters’ category, the nation’s frequency in the
World Masters Ranking could be a strong indicator of HDI,
since an association was found among them.

It has already been demonstrated that recreational physi-
cal activity and sport performance are positively associated
with the socioeconomic status both in children [3, 14], and
adults [15, 16]. Similarly to the present study, Jayantha,
Ubayachandra [16] demonstrated that variables such as
size of population, GDP per capita, HDI, political system
(whether communist or not) and host country advantages
greatly influence the Olympic success (gold medals). How-
ever, sports practice is also determined by the culture sur-
rounding the society [17]. For example, most North Ameri-
can universities still maintain cultural values and practices
from their foundations, including short races in athletics [17,
18]. The prevalence of countries of very elevated HDI in
the 100 m dash rankings may be because sprint athletes,

Table 3 Spearman’s correlation coefficient analysis between Human
Development Index and absolute rate in World Athletics Ranking
of Junior, Elite Professionals and Masters for the 100 m dash and
10,000 m running

World Athletics Ranking () Human Development Index

Correlation (r) p value
100 m
Junior 0.10 0.39
Elite Professionals 0.10 0.38
Master 0.44 <0.01
10000 m
Junior —0.36 <0.01
Elite Professionals —-0.03 0.79
Master 0.62 <0.01

Bold values indicate p < 0.05
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differently from middle- and long-distance runners, need
structured athletic teams to remain at the top level. Sprinters
depend on the support of coaches and specialized physical
trainers, specific implements (hurdles, starting blocks, spike
shoes, sleds, and elastic bands) besides synthetic track. In
addition, access to gyms is an important key for muscular
strength and power development, which is fundamental for
sprinters [19]. Moreover, these athletes need to accelerate
muscle recovery, and, as a strategy, they require a higher
protein intake [19, 20]. All of these resources, as well as
public policies for athletic training and continuity of prac-
tice, depend on financial investments. Thus, countries with
higher HDI tend to have better socioeconomic resources for
such support and, thus, the higher frequency of athletes in
world rankings. On the other hand, less developed coun-
tries, like many of the African continent, have mastery in
events of middle- and long-distance running, which can
be the result of a culture fed by decades [21]. Some socio-
cultural aspects, such as using walking or running as the
sole means of transport, the interbreeding of cattle between
tribes, besides food privation are arduous conditions faced
by the African people. This life of deprivation and the ability
to endure (mentally and physically) suffering lead the Afri-
can child in a good position to accept, resist and complete
high training volumes that is a prerequisite for medium- and
long-distance running. We also need to point out their moti-
vation for endurance training due to the possibility of social
ascension through sport [22, 23].

However, even in difficult living conditions, children liv-
ing in Africa (mainly in rural areas) live a life that focuses
predominantly on outdoor activities, such as typical games,
jumps, races and games associated with livestock. Lack
of financial resources, coupled with the coverage of long
distances on foot and (still) minimal Western influence,
provides for African children an environment favorable to
physical activity compared to children in developed coun-
tries. In addition, the accumulated years of running to school
were proposed as a factor that contributes significantly to the
development of Kenya and other East African runners [24,
25]. Furthermore, to achieve sport success which includes
frequent participation in World Championships and Olym-
pics in their respective modalities, both scientific and sport-
ing communities recognize that genetic factors contribute
to athletic performance [26]. Every sport has unique physi-
cal requirements, for instance, aerobic endurance (the abil-
ity to sustain aerobic effort over time) has a great demand
from central factors, such as cardiovascular and respiratory
systems. On the other hand, sprint races (100 m dash, for
example) depend on neural and musculoskeletal strength to
generate maximal power [20].

Further, another noticeable characteristic between ath-
letes of different specialties is body morphology, in which
specific body types may be naturally suited to specific



Sport Sciences for Health (2019) 15:393-398

397

modalities. In that regard, many important aspects of sports
performance can come from heritability [27], for instance,
about 80% of the variation to determine the height is due to
genetic factors [28], body type (mesomorphic, ectomorphic)
is also highly heritable [29], and both are classically associ-
ated with power or endurance success [30]. Therefore, good
gene combinations to better achieve endurance or strength
performance can be inherited from different parts of the
globe regardless of socioeconomic factors. Thus, a solid
and good socioeconomic basis is fundamental to stimulate
sports practice through adequate physical structure, identi-
fying young talents and leading them to their full potential.

Similarly, to continue sports practice in the second half
of life also depends on adequate structure. Master athletes
usually continue their training across decades, adhering to
training regimens of three to six sessions per week [31].
Nevertheless, a critical difference between Junior or Elite
Professionals and Master athletes is the financial support,
whereas professionals (or aspirants) have minimal financial
support to dedicate more time to training or travel to impor-
tant competitions, Master athletes usually have other profes-
sions and use master sports practice as a hobby to grow old
in a healthy manner [32]. Thus, the low prevalence of low/
moderate HDI in Master age groups may be a reflection of
poor sports practice during aging in these countries. None-
theless, it has already been demonstrated that the greater
the socioeconomic status, the lower the chances of having
sedentary-related diseases, such as obesity, type 2 diabetes
and hypertension [33, 34].

A limitation of the present study was that it analyzed only
male athletes. Considering the sex differences in participa-
tion and performance trends in running events [35, 36], cau-
tion would be needed to draw inferences for female athletes
based on our findings. However, to the best of our knowl-
edge, this is the first investigation to assess and analyze
socioeconomic status in the AWR of different age groups
and, therefore, the present analysis may be robust enough
to provide a general idea of this unexplored context. Pub-
lic policies should be directed towards mass participation
in sports, in all categories, including those old enough to
participate in Masters. This would be an important vehicle
for the promotion of health and quality of life during aging,
and therefore, disease prevention and mitigation of financial
expenses with medical treatment. Moreover, nationalities’
frequency in Masters’ AWR would be a possible indicator
of a country’s Human Development Index.

Conclusions

In conclusion, there was a high prevalence of elevated and
very elevated HDI countries in the AWR for sprint races
in all age groups. In endurance races, Junior and Elite

Professionals had a great prevalence of low/moderate HDI
nationalities, while Masters’ categories were dominated by
elevated and very elevated HDI nationalities. Once a socio-
economic status was associated with an elevated frequency
rate in the Masters’ rankings in both sprint and endurance,
the frequency in the World Masters Ranking could be indica-
tive of a nation’s Human Development Index.

Acknowledgements The authors are thankful to World Masters Rank-
ings and Mr. John Seto (main organizer), as well as the International
Athletics Federation (IAAF), the Coordenacdo de Aperfeicoamento
de Pessoal de Nivel Superior (CAPES - financial code 001), Conselho
Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPq) and
Fundagdo de Apoio a Pesquisa do Distrito Federal (FAP/DF).

Compliance with ethical standards

Conflict of interest No potential conflict of interest relevant to this ar-
ticle was reported.

Human and animal rights All procedures performed in this study
involving human participants were in accordance with the ethical
standards of the institutional research committee and with the 2012
Helsinki declaration.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. Sharma H, Sharma D (2015) Human development index—revis-
ited: integration of human values. J] Hum Values 21(1):23-36

2. CostaITD, Cardoso FDSL, Garganta JO (2013) indice de Desen-
volvimento Humano e a Data de Nascimento podem condicionar
a ascensao de jogadores de Futebol ao alto nivel de rendimento.
Motriz 19(1):34-35

3. Eime RM, Harvey J, Charity MJ, Casey M, Westerbeek H, Payne
WR (2017) The relationship of sport participation to provision of
sports facilities and socioeconomic status: a geographical analysis.
Aust NZ J Public Health 41(3):248-255

4. Zenha V, Resende R, Gomes AR (2009) Desporto de alto rendi-
mento e sucesso escolar: Andlise e estudo de factores influentes
no seu éxito. Editorial y Centro de Formacién Alto Rendimiento
978-84-613-1659-5

5. Starkes JL, Ericsson KA (2003) Expert performance in sports:
advances in research on sport expertise. Human Kinetics, pp
251-272

6. Bloom BS, Sosniak LA (1985) Developing talent in young people.
Ballantine Books, New York, pp 507-549

7. Coté J, Macdonald DJ, Baker J, Abernethy B (2006) When
“where” is more important than “when”: Birthplace and birth-
date effects on the achievement of sporting expertise. J Sports Sci
24(10):1065-1073

8. Lang JJ, Tremblay MS, Léger L, Olds T, Tomkinson GR (2018)
International variability in 20 m shuttle run performance in chil-
dren and youth: who are the fittest from a 50-country comparison?
A systematic literature review with pooling of aggregate results.
Br J Sports Med 52(4):276-276

9. Kyttd M (2002) Affordances of children’s environments in the
context of cities, small towns, suburbs and rural villages in Fin-
land and Belarus. J Environ Psychol 22(1-2):109-123

@ Springer



398

Sport Sciences for Health (2019) 15:393-398

10.

12.

13.
14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

Bale J, Sang J (2013) Kenyan running: Movement culture, geog-
raphy and global change. Routledge, Abingdon

. Noland RC, Thyfault JP, Henes ST, Whitfield BR, Woodlief TL,

Evans JR, Dohm GL (2007) Artificial selection for high-capacity
endurance running is protective against high-fat diet-induced insu-
lin resistance. Am J Physiol-Endocrinol Metab 293(1):E31-E41
Wislgff U, Najjar SM, Ellingsen @, Haram PM, Swoap S, Al-
Share Q, ... Britton SL (2005) Cardiovascular risk factors
emerge after artificial selection for low aerobic capacity. Science
307(5708):418-420

UNDP (2015) 2014 Human Development Report

Morin P, Lebel A, Robitaille E, Bisset S (2016) Socioeconomic
factors influence physical activity and sport in Quebec schools. J
Sch Health 86(11):841-851

Federico B, Falese L, Marandola D, Capelli G (2013) Socioeco-
nomic differences in sport and physical activity among Italian
adults. J Sports Sci 31(4):451-458

Jayantha K, Ubayachandra EG (2015) Going for gold med-
als: factors affecting Olympic performance. Int J Sci Res Publ
5(6):2250-3153

Beyer JM, Hannah DR (2000) The cultural significance of athlet-
ics in US higher education. J Sport Manag 14(2):105-132

. Chu D (1982) The American conception of higher education

and the formal incorporation of intercollegiate sport. Quest
34(1):53-71

Korhonen MT, Haverinen M, Degens H (2014) 16 Training and
nutritional needs. In: Nutrition and performance in masters ath-
letes. CRC Press, pp.291-322

Korhonen MT, Cristea A, Alén M, Hakkinen K, Sipila S, Mero
A, Suominen H (2006) Aging, muscle fiber type, and contractile
function in sprint-trained athletes. J Appl Physiol 101(3):906-917
Saltin B, Larsen H, Terrados N, Bangsbo J, Bak T, Kim CK, Rolf
CJ (1995) Aerobic exercise capacity at sea level and at altitude in
Kenyan boys, junior and senior runners compared with Scandina-
vian runners. Scand J Med Sci Sports 5(4):209-221

Pitsiladis YP, Onywera VO, Geogiades E, O’connell W, Boit MK
(2004) The dominance of Kenyans in distance running. Equine
Comp Exercise Physiol 1(4):285-291

Vancini RL, Pesquero JB, Fachina RJ, dos Santos Andrade M,
Borin JP, Montagner PC, de Lira CAB (2014) Genetic aspects
of athletic performance: the African runners phenomenon. Open
Access J Sports Med 5:123

Scott RA, Moran C, Wilson RH, Goodwin WH, Pitsiladis YP
(2004) Genetic influence on East African running success. Equine
Comp Exercise Physiol 1(4):273-280

@ Springer

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Onywera VO, Scott RA, Boit MK, Pitsiladis YP (2006) Demo-
graphic characteristics of elite Kenyan endurance runners. J Sports
Sci 24(4):415-422

Guth LM, Roth SM (2013) Genetic influence on athletic perfor-
mance. Curr Opin Pediatr 25(6):653

De Moor MH, Spector TD, Cherkas LF, Falchi M, Hottenga JJ,
Boomsma DI, De Geus EJ (2007) Genome-wide linkage scan
for athlete status in 700 British female DZ twin pairs. Twin Res
Human Genet 10(6):812-820

Silventoinen K, Magnusson PK, Tynelius P, Kaprio J, Rasmussen
F (2008) Heritability of body size and muscle strength in young
adulthood: a study of one million Swedish men. Genet Epidemiol
32(4):341-349

Peeters MW, Thomis MA, Loos RJF, Derom CA, Fagard R, Claes-
sens AL, Beunen GP (2007) Heritability of somatotype compo-
nents: a multivariate analysis. Int J Obesity 31(8):1295

Carter JL (1970) The somatotypes of athletes—a review. Hum
Biol 42(4):535-569

Conzelmann A (1993) Competitive sport in the second half of life
as exemplified by track and field master athletes. Sport und Buch
Straup, Koln, pp 128 (In German)

Kusy K, Zielinski J (2015) Sprinters versus long-distance runners:
how to grow old healthy. Exercise Sport Sci Rev 43(1):57-64
Moghani Lankarani M, Assari S (2017) Diabetes, hypertension,
obesity, and long-term risk of renal disease mortality: Racial and
socioeconomic differences. J Diabetes Investig 8(4):590-599
Hostinar CE, Ross KM, Chen E, Miller GE (2017) Early-life
socioeconomic disadvantage and metabolic health disparities.
Psychosom Med 79(5):514

Nikolaidis PT, Onywera VO, Knechtle B (2017) Running per-
formance, nationality, sex, and age in the 10-km, half-marathon,
marathon, and the 100-km ultramarathon TAAF 1999-2015.J
Strength Cond Res 31(8):2189-2207

Nikolaidis P, Zingg M, Knechtle B (2017) Performance trends
in age-group runners from 100 m to marathon—The World
Championships from 1975 to 2015. Scand J Med Sci sports
27(12):1588-1596

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Human Development Index and the frequency of nations in Athletics World Rankings
	Abstract
	Introduction 
	Method 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements 
	References


