
Introduction 

nder the influence of the successful
Australian and New Zealand schools
of distance running, coaches around

the world generally increased the training
volumes of their marathon runners through-

out the 1950s, 1960s and 1970s. Given the
favourable situation that the number of avail-
able competitions was lower and the races
that existed were not as aggressively com-
mercialised as they are today, it was possible
to develop high volume training programmes
that included enough time for recuperation. 

From the 1980s onwards, the numbers of
marathon and other road races and the num-
ber of participating athletes have steadily
increased.  There have also been develop-
ments in sport science, especially in the areas
of training methodology and biomedicine. We
have seen substantial improvement to the
world best performance in the men’s
marathon, particularly since the late 1990s
(Table 1), and the number of top-level ath-
letes has increased.  The 2:06:50 mark of da
Costa (BRA), which remained as the world’s
best time for 10 years (1988-1998), was
improved three times in five years and has so
far been exceeded 35 times by 25 athletes. 
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The world’s best performance for
the men’s marathon has regularly
stood for long periods but in recent
years, it has been regularly
improved. At the same time, the
focus of training methodology for
long-distance runners has shifted
from high volume workloads to
workloads of less volume combined
with higher intensity. In an effort to
understand the changes, the
authors examined training method-
ologies employed by the coaches of
top-level male marathoners. Using
a combination of face-to-face
interviews and analysis of published
training programmes, the authors
studied twelve coaches from five
countries (3 Brazilians, 2 Spaniards,
2 Italians, 1 Mexican and 4 Por-
tuguese) whose athletes have
achieved excellent results in inter-
national competitions.  They con-
clude that there is no straightfor-
ward relationship between the
training methodology of less vol-
ume with high intensity and better
results, given that 50% of the
coaches studied use high weekly
volume workloads and high intensi-
ty and 50% of the coaches use a
lower volume and high intensity. 
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The evolution of marathon training:
A comparative analysis of elite runners’ training programmes
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Although there are still coaches whose main
concern is the quantity of training (since they
consider a high number of weekly kilometres
as the main factor for competitive success) a
clear shift towards lower training volumes
associated with higher intensities can be
noted.  Importantly, there are examples of ath-
letes who train in this way achieving very
good results.  We believe that this trend in
training methodology needs to be better
understood.  Therefore, the aim of this study is
to compare the training methods that some of
the coaches of the world’s leading male
marathon runners apply. Its objectives are:
• To describe and analyse the marathon

training methodologies of top coaches in
terms of volume and intensity;

• To identify the number of coaches who
use a training methodology with an
emphasis in higher volume and those who
give priority to intensity;

• To contrast the results in terms of the
countries under analysis;

• To compare the best results of the athletes
in order to find out if they correspond to a
training methodology that favours lower
volume and higher intensity.

Review of the literature 

For decades, the Australian and the New
Zealand middle and long distance running
schools had a strong influence on coaches all
over the world.  The two schools shared certain
characteristics including training in nature,
high volume loads, a dynamic progression of
the workload, the exploration of the psycholog-

ical resistance of the athletes during long runs,
and a reduced number of competitions. Table 2
recalls some of the main characteristics of
Arthur Lydiard’s New Zealand school, which
was considered highly innovative at the time.

From the 1980s, the discussion of the impor-
tance of volume, and in due course of intensi-
ty, in the training of elite long-distance run-
ners, including marathoners, has intensified.
KARIKOSK (1985) emphasised, although with
no specific reference to the marathon, that the
best results by long-distance runners have
been achieved with varying volumes of
km/week. However, the author called attention
to the fact that athletes who accomplish high-
er volume workloads usually have a greater
number of injuries during the year. An increase
in training volume, therefore, does not neces-
sarily guarantee better results. In the same line,
COSTIL (1986), in a study on two marathon
runners who had interrupted their training
programmes for six months, observed that the
athletes achieved their highest values of oxy-
gen consumption with a workload of between
80 and 120km per week. NOAKES (1986) con-
cluded that athletes who train with an average
of between 150-200km/week achieved the
best results in long-distance competitions,
including the marathon. KLEM (1989) affirmed
that elite 10,000m runners should train at a
medium weekly workload of 150-200km but
said that elite marathon runners require a
higher workload of about 200-250km/week.

Some years later, WILMORE and COSTIL
(1994) questioned the conviction of many
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The evolution of marathon training

Date Athlete City Time

06.12.1981 Rob de Castella (AUS) Fukuoka 2:08:18
25.10.1981 Alberto Salazar (USA) New York 2:08:13
21.10.1984 Steve Jones (GBR) Chicago 2:08:05
20.04.1985 Carlos Lopes (POR) Rotterdam 2:07:12
17.04.1988 Belayneh Dinsamo (ETH) Rotterdam 2:06:50
20.09.1998 Ronaldo da Costa (BRA) Berlin 2:06:05
24.10.1999 Khalid Khannouchi (MOR) Chicago 2:05:42
14.04.2002 Khalid Khannouchi (USA) London 2:05:38
28.09.2003 Paul Tergat (KEN) Berlin 2:04:55

Table 1: The evolution of the men’s world best performance in the marathon since 1981



coaches who believe that improvements in
aerobic resistance are proportional to the
training volume. According to the researchers,
high volume should not be considered the
most important stimulation factor for better
muscle adaptation. Other studies confirmed
these doubts about high volume training. At
the end of the 1990s, the critique became
general. SMIRNOV (1998), for example, illus-
trated the exaggerated training volumes used
by Russian athletes, who sometimes trained
at double the number of kilometres per week
of the most successful athletes of the time. 

In the late 1990s, researchers also started
to engage with the question of volume in a
more complex way. SKAH (1997) and EVERT-
SEN (1998), for instance, analysed runners
from Morocco and Kenya, who are well
known for the high quality of their aerobic
training, and came to the conclusion that
they train at a medium volume of 160-
200km/week. BENSON (1998) pointed out
that many Kenyan athletes can count on an
enormous background (up to 52,000km)
accumulated from their infancy to adoles-
cence, which in its majority is attained in
informal training. Therefore, these athletes
have a very well developed aerobic capacity
at the beginning of their sports careers.
According to the author, this finding should
influence coaches to employ a progressive

increase in volume for young athletes in gen-
eral. BUENO (1999) stressed the problem of
the growing commercialisation of marathon
and other long-distance races and the result-
ant high level of prize money. The author
found that the financial incentives have cre-
ated a temptation to over-race and over-
train, both of which increase the stress on
the athletes and the possibility of injury.
TJELTA and ENOKSEN’s (2001) research,
based on three elite runners who obtained
excellent results in international competi-
tions including the marathon, showed that
all three trained at a medium volume of
about 155-160 km/week and that their train-
ing could be characterised as being of high
quality. 

However, there are authors who remain in
favour of high volume training. STEFFNEY
(2001) relates the increase of training volume
to the improvement of the athlete’s perform-
ance and recommends that elite marathon
runners use a weekly volume of 200-250km,
but with fewer competitions.

Sample

This study analyses the relation between
volume and intensity in training programmes
for elite male marathon athletes of twelve
coaches from five countries: Brazil (3), Spain
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Characteristics
• Achieve results in the

long run
• 3 sessions on 7 days a

week
• Training twice a day
• Equilibrium between

resistance and velocity
• Alternation of running

rhythms, daily volume,
track and ground pro-
files

• Influence of other
schools

Periodisation
• Division of the sea-

son into 5 periods:
16 weeks (Cross
Country)
8 weeks (Road)
10 weeks
(Marathon)
6 weeks (Hills)
12 weeks (Track)
52 weeks total

Means and Methods
• Duration methods

(Continuous running,
Progressive Run-
ning), Fartlek

• Interval training
• Hill training
• Velocity training
• Repetition

Volume
320 km/wk
(160 km/wk in the
morning and 160 km/
week in the evening)

Intensities
• Duration method,

rhythm per mile:
4:00 – 4:15
4:06 – 4:20
4:11 – 4:26
4:16 – 4:32
over 4:38;

• Interval training,
400m:
55- 61 sec.
57-63 sec.
59- 65 sec.
61- 67 sec.
63- 69 sec.

Comments
• 7 World Records;
• 7 Medals (Rome 1960 and Mexi-

co 1968, 4 Gold medals and 2
medals in Marathon)

• Lydiard noted that he did not
reach the possible limit in terms
of training quantity and quality

• The World Records of middle and
long distances were broken in the
following 10 years, given that
coaches and athletes learned to
use more balanced but also more
intensive training programmes

• “Miles make the champions”

Table 2: Characteristics of Arthur Lydiard’s New Zealand School (See Lydiard, 1985 and Nett, 1966)



(2), Italy (2), Mexico (1) and Portugal (4). From
Table 3 we can see that the athletes of the
coaches studied may be considered the best
marathon runners of their countries. In the
case of the Brazil, we selected those coaches
whose athletes had achieved the standard of
2:12:00 demanded by the CBAT (Brazilian
Athletics Confederation) for participation in
the 1999 Pan-American Games in Winnipeg,
Canada. For the Portuguese coaches we used
the standard demanded by the FPA (Por-

tuguese Athletics Federation) for participa-
tion in the 1998 European Athletics’ Champi-
onship in Budapest, Hungary. The selection of
the other coaches in the study was made
according to the following criteria: (1) coach-
es whose athletes were successful interna-
tionally (in terms of titles and records); (2) the
accessibility of the coaches’ published train-
ing programmes; (3) an interest in the train-
ing methods of famous Latin schools (Spain,
Italy, Mexico, and Portugal).
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Country Coach Best Athlete Best Time Best athlete’s Titles/Records

Brazil Carlos A. Cavalheiro Ronaldo da Costa 2:06:05 World Best Marathon Performance (1998)
Ibero-American Marathon Record

Ricardo D’Angelo Vanderlei C. de Lima 2:08:31 Gold Medal, Pan-American Games (1999
and 2003)
Bronze Medal, Olympic Games (2004)

Henrique Viana Luiz A. dos Santos 2.08.55 Bronze Medal, World Championships in
Athletics (1995)
1st Chicago Marathon (1993 and 1994)

Spain Dionísio Alonso Alberto Juzdado 2:08:01 1st Tokyo Marathon (1998 and 2000)
Guillermo Ferrero Fabian Roncero 2:07:23 1st Rotterdam Marathon (1998)

Spanish Records at 10.000m,
Half Marathon and Marathon

Italy Luciano Gigliotti Stefano Baldini 2:07:29 Gold Medal, European Athletics
Championships (1998)
Bronze Medal, World Championships
in Athletics  (2001 and 2003)
Gold Medal, Olympic Games (2004)

Gian Paolo Lenzi Orlando Pizzolato 2:10:23 1st New York Marathon (1984 and 85)
Silver Medal, European Athletics
Championships (1986)

Mexico Rodolfo Gomez Germán Silva 2:08:56 1st New York Marathon (1994 and 1995)

Portugal João Campos Luís Novo 2:09:41 4th World Championships in
Athletics (1999)
1st Vienna Marathon (2001)

Rafael Marques Domingos Castro 2:07:51 1st Paris Marathon (1995)
1st Rotterdam Marathon (1997)

Alfredo Pinheiro António Pinto 2:06:36 1st Berlin Marathon (1994) 
1st London Marathon (1992, 1995, 1997,
and 2000)
European Record

Moniz Pereira Carlos Lopez 2:07:12 Gold Medal, Olympic Games (1984)
World Cross Country Champion
(1976, 1984, 1985)
World Best Marathon Performance (1985)

Table 2: The coaches studied and their best athletes, best times, titles and records (adapted from Ferreira, 2002)



Concerning the Brazilian and Portuguese
coaches, the information about their training
methods was obtained through face-to-face
interviews during the year 2001. The training
methodologies of the other six coaches were
analysed from their published training pro-
grammes.

Results

As can be observed in Table 4, in relation to
the periodisation developed by the coaches
studied (Alonso 1999; Canova 1998, 2000;
Ferreira 2002, Ferrero 1999; Gigliotti 1991,
Gomez 1996, Lenzi 1987, Pereira 1980, 1984)
it is possible to observe that the duration of
the different periods is quite varied, given
that many athletes compete in different cross
country, road and track races throughout the
year. The main differences occur in the com-
petition period, which can be between 4 and
13 weeks in the first cycle and 4 and 12
weeks in the second cycle.

Table 5 illustrates that when it comes to
means and methods, all the coaches apply
duration methods in the three periods. The
long extensive interval method is common to
all coaches in the pre-competitive and the
competitive period. The great majority of the
coaches studied employ running technique
and strength training in all periods. The medi-
um extensive interval method and velocity
training are only used in the pre-competitive
and the competitive periods.

With regard to weekly training volume,
striking differences can be seen in all periods
(Table 6). The lowest workload in the prepa-
ration period is 150km/week and the highest
is 220km/week. In the pre-competitive peri-
od the loads used vary between 190 and
240km/week and in the competitive period
the minimum weekly volume is 170km but
can go up to 265km. Thus, in the preparation
period there is a difference of 70km/week
between minimum and maximum workloads
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Macrocycle Periods

Duration Preparation Pre-competitive Competitive Transition

Cycle I Min. 12 weeks Min. 6 weeks Min. 4 weeks Min. 4 weeks Min. 2 weeks
Max. 24 weeks Max. 14 weeks Max. 10 weeks Max. 13 weeks Max. 3 weeks
Average of 18 Average of 10 Average of 7 Average of 8.5 Average of 2.5

Cycle II Min. 8 weeks Min. 4 weeks Min. 4 weeks Min. 4 weeks Min. 2 weeks
Max. 20 weeks Max. 12 weeks Max. 10 weeks Max. 12 weeks Max. 4 weeks
Average of 14 Average of 8 Average of 7 Average of 8 Average of 3

Table 4: Division and duration of the marathon season into two macro-cycles

Period

Training means and methods Preparation Pre-Competitive Competitive

Duration Methods (uniform & varied) 12 12 12
Long extensive interval 9 12 12
Medium extensive interval 6 8 10
Short intensive interval 0 0 0
Competition and control 0 8 8
Hills 6 8 10
Velocity training 0 8 10
Strength training 10 9 9
Running technique 11 10 11
Flexibility training 12 12 12

Table 5: Number of coaches in the study using the selected training means and methods 



used. In the pre-competitive period, the
range is less but it is still 50km/week. The
most remarkable difference can be found in
the competitive period where it is
95km/week. 

There is a consensus among authors (BEN-
SON 1998, EVERTSEN 1998, KARIKOSK 1985,
NOAKES 1986, SKAH 1997, TJELTA and
ENOSKSEN 2001, WILMORE and COSTIL
1994) that 160 to 200km/week can be con-
sidered is a medium volume for top athletes
and greater workloads are considered ele-
vated. Consequently, we can say that the
great majority of the studied coaches
employ medium volume (or lower in compar-
ison) in the preparation and pre-competitive
periods and high volume in the competitive
period. The data in Table 7 is only approxi-
mate, since the volumes of each period were
analysed in greater detail to be able to
achieve to this conclusion. 

With regard to intensity, we will discuss the
most important period, the competitive peri-
od. As can be seen in Table 8, the expressions
of intensity for the three different paces of
one of the duration methods (continuous run-
ning) vary remarkably between 30 and 45
seconds per kilometre, depending on the
coach. While pace three (fast) varies up to 30
seconds/km, pace two (moderate) varies up to
45 seconds/km and pace one (light) up to 40
seconds/km. 

We will now look at continuous running in
the competitive period. Unfortunately, one
coach (Pereira) did not supply any data for
this duration method. In order to evaluate the
intensity of the continuous running we use
the parameters established by LANDA (1998):
light pace (≤ 3:30 min/km), medium pace (≤
3:18 min/km) and strong pace ( 3:02 min/km).
We call those paces within the parameters
established by LANDA “medium”, those that
are slower we call “low” and those that are
faster we call “high”. It is possible to observe
that the majority of coaches (7 of 11) employ
levels of medium intensities for Pace 1 and 2
and almost the same number (6 of 11) use
high intensities for Pace 3.

It must be noted that the analysis of inten-
sity in the interval training methods is rather
complicated because most coaches choose
very different distances for their training in
the various periods. What is more, the densi-
ty expressed in velocity divided by recovery is
not a straightforward way of analysis, given
that the recovery may be realised with a more
or less intensive pace. Therefore, we only give
one example for the long extensive interval
training. The speed used for 1000m varies
between 2:40 min/km and 2:55 min/km,
which means that there is a difference of 15
seconds, depending on the coach. In relation
to medium extensive interval training, the
speed difference for 400m is up to 8 seconds.
While the time of 1000m repetitions varies
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Preparation Pre-Competitive Competitive

Min. 150 Min. 190 Min. 170
Max. 220 Max. 240 Max. 265
Average 185 Average 215 Average 217.5

Table 6: Volume of weekly kilometres programmed for the different periods(minimum and maximum).

Volume Preparatory Period Pre-Competitive Competitive

Medium (up to 200km) 10 10 4
High (more than 200km) 2 2 8

Table 7: Number of coaches in the study who use medium volumes and high volumes of km/week in the different periods 



only between 10 and 15 seconds, the time
difference in 400m repetitions used for medi-
um extensive interval training is almost dou-
ble with 14 to 26 seconds, depending on the
coach. The density varies between 0.8 to 2.2
for 400m and 0.9 to 3.7 for 1000m, again
depending on the coach.

Starting from the most common values (not
the average value but the value with the
highest expression) of velocity and density,
we consider the values above them as high
intensity. In Table 11, it is possible to observe
that four coaches train with high velocities
(2:45 – 2:49 for 1000m) in long extensive
interval training and five with high densities
(2.8:1 – 3.7:1). For medium extensive interval
training, seven coaches use high velocities 
(60 – 64 sec for 400m) and three coaches use
high densities (1.2:1 – 2.2:1). We must note
that these are only two examples of interval
training methods used by all the coaches and

that the overall results obtained by this study
take into account all the different distances.

Discussion of the Results

In general terms, we were able to verify
that 50% of the studied coaches (6 of 12)
apply a methodology of a medium average
volume of km/week with high intensity. The
other 50% of the coaches use a methodology
of a higher average volume of km/week with
equally high intensity.

Examining the differences between coun-
tries, we can affirm that all Brazilian coaches
employ a training methodology for marathon
that is characterised by a medium volume of
km/week and high intensity. One of the Span-
ish coaches uses a higher volume and an even
higher intensity, whereas the second coach
makes use of a medium volume and high
intensity. Both Italian coaches use a high vol-
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Intensity Expression of intensity Levels of Intensity

Continuous Running >3:30 min/km – 4:10 min/km Pace 1 (light)
(Duration Method) 3:05 min/km – 3:50 min/km Pace 2 (moderate)

2:45 min/km – 3:14 min/km Pace 3 (fast)

Table 8: Intensity of continuous running in the competitive period 

Continuous running Pace 1 (light) Pace 2 (moderate) Pace 3 (fast)
(Levels of intensity) 3:30 min/km) 3:18 min/km) 3:02 min/km)

Low Intensity 3 2 2
Medium Intensity 7 7 3
High Intensity 1 2 6

Table 9: Number of coaches in the study who use low, medium and high levels of intensity for continuous running in
the competitive period

Interval training method Expression of intensity Number of Repetitions Density

Long extensive interval 2:40 min/km – 2: 55 min/km 10 – 15 0.9 – 3.7
Distance: 1000m

Medium extensive 60 sec (6.67m/s) – 68 sec (5.88m/s) 14 – 26 0.8 – 2.2
interval
Distance: 400m

Table 10: Intensity for interval training (long and medium extensive) in the competitive period.



ume of km/week and high intensity. The Mexi-
can coach, on the other hand, applies a lower
volume of km/week and a lower intensity when
compared to the other coaches. Three out of
four Portuguese coaches employ a training
methodology characterised by a higher volume
of km/week and high intensity, while one
coach uses less volume and less intensity when
compared to the other coaches.

It is important to mention that it became
apparent during this study that the balance
between volume and intensity depends on the
level, experience and, most importantly, the
individual characteristics of the athlete. 

We also observed that some coaches do not
apply relatively new training methods (alti-
tude training, strength training etc.) because
they do not believe in their reliability or
because they are captivated by previous mod-
els of success and believe their use is the only
way to obtain excellent results. It is worth
noting that these models were created in a
specific time and context and usually have
not been adapted to contemporary reality. The
scientific advances that have occurred, main-
ly in the fields of biomedicine, biomechanics
and training methodology, offer modern
coaches the opportunity to amplify their
knowledge about internal effects of the work-
loads on their athletes. Hence, they create the
possibility to individualise the training
methodology in terms of volume and intensi-
ty. Nevertheless, few coaches make use of this

potential. Some say that they do not have
access to the necessary equipment or the
assistance of other professionals. 

Conclusions

1. Even though we only found a few studies
that could elucidate the relationship between
volume and intensity of workloads and serve
as a reference for this study, we can confirm,
with a certain precaution, that we encoun-
tered two training methodologies that are
employed by the 12 coaches under investiga-
tion. Furthermore, we can specify that there is
(a) one methodology characterised by a medi-
um volume and high intensity; and (b) one
methodology characterised by high volume
and equally high intensity;

2. The training methodology characterised
by a medium volume and high intensity is
used by 50% of the coaches (6 of 12) studied,
and the training methodology characterised
by a high volume and high intensity is used by
the other 50%;

3. We cannot verify that the majority of the
best results achieved by the coaches’ elite
marathon athletes are accomplished by a
training methodology with medium volume
and high intensity. Our study, on the other
hand, demonstrates that the training
methodology of medium volume and high
intensity can achieve excellent results and
lead to international titles and records;
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Interval Training High Intensity Intensity of High Intensity Intensity of
Method 2:45 – 2:49 min 2:50 – 3:00 min 2.8:1 – 3.7:1 0.9:1 – 2.7:1

(pace) (pace) (density) (density)

Long extensive interval 4 8 5 7
Distance: 1000m

Interval Training High Intensity Intensity of High Intensity Intensity of
Method 60 – 64 sec 65 – 70 sec 1.2:1 – 2.2:1 0.8:1 – 1.1:1

(pace) (pace) (density) (density)

Medium extensive interval 7 5 3 9
Distance: 400m

Table 11: Number of coaches in the study who use low, medium and high intensities for interval training (long and
medium extensive) in the competitive period



4. We can further observe that the training
methodology of high volume and high inten-
sity dominates among the European coaches
(1 Spaniard, 2 Italians and 3 Portuguese). In
contrast, the Latin-American coaches studied
favour a training methodology of medium
volume and high intensity (3 Brazilians and 1
Mexican).

We would like to close with a citation of
the legendary long distance runner Emil
Zatopek (quoted in JEANNOTAT, 1998) whose
observation on training methodology in terms
of volume and intensity seems to be still valid
at present: “Today, I realise that quality is
much more important than quantity, because
it offers the possibility to obtain a superior
level, and much faster. The athlete should be

able to run quickly and for a long period of
time and, thus, may achieve great results. In
contrast, the training that focuses on quality
is not easily accomplished by everyone. More-
over, there is another aspect to be remem-
bered: in order to endure a training directed
towards quality (intensity), it is necessary to
have a perfect physical condition, which
means to have an excellent endurance base.
This is only possible if you have run many
kilometres at a slow pace. In fact, the truth is
to be found in the middle, and this middle
varies from person to person.”

Please send all correspondence to:
Luiz Ferreira – luizferreira99@yahoo.com
Ramiro Rolim – rrolim@fcdef.pt
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