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www.peakscoachinggroup.com and also is available for talks to cycling teams, team 
coaching weekends, one on one coaching weekends or rides.  

On the forefront of coaching athletes with power meters, he has analyzed over 3000 
power meter files and has gotten it down to an artful science. Hunter knew that 
something had to be done to improve the status of the current software in the Power 
meter market. He set out to try and bring about CyclingPeaks Software from the 
viewpoint of bringing an athlete and coach closer, and also bringing a simple program to 
beginning power meter users. His goal has always been to teach the athletes he 
coaches how to analyze their own power meter data using the latest tools. This goes 
hand in hand with his power meter training philosophy, that a power meter is a tool for 
an athlete to help discover their true weaknesses, quantitatively assess training 
improvements and refine the focus of their training.  

Hunter has been a featured presenter/teacher for USA Cycling for over 2 years in 
teaching USA Cycling licensed coaches about training with power. In December of 2005, 
he and Dr. Coggan taught the first official certification course to become certified in 
coaching with a power meter for USA licensed Coaches. In January 2006, he and Dr. 
Coggan authored their first book together, “How to Train and Race with a Power Meter”, 
which is published by Velo Press and it is fast becoming the reference book for training 
with a power meter.  

Hunter resides in Bedford, Virginia with his wife Kate, and their kids, Thomas, Jack and 
Susannah. If in the area, watch out for the rider with 3-4 power meters attached to his 
bike, as for sure he’s surely doing testing going up and down the local mountain, The 
Peaks of Otter.  

Andrew R. Coggan, Ph.D., is an internationally-respected exercise physiologist who 
has published numerous scientific articles on diverse topics such as the effects of 
carbohydrate feedings on cycling performance, the physiological adaptations to 
endurance training, and the effects of aging on muscle metabolism during exercise. A 
national-caliber masters cyclist, he is also widely recognized as one of the leading 
experts on the use of power meters in training. He was a featured presenter at the first 
ever power-based cycling training seminar held in the United States, and has written the 
chapter on power-based training for USA Cycling©s Expert Coaches Manual. His prolific 
posts to the "wattage" mailing list hosted on topica.com have also enlightened many 
about the physiology of exercise and training in general, and the use of power meters in 
particular. Normalized power, intensity factor, and training stress score, which are 
featured in the CyclingPeaks software, as well as the concept of "Power Profiling" to 
identify a rider©s relative strengths and weaknesses, are ideas that he developed 
specifically as a result of his interactions with, and to meet the needs of coaches such 
as, Hunter Allen. Andy was also responsible for assuring the physiological validity of 
other aspects of the CyclingPeaks software, such as the default parameters for used in 
the graphs and charts. 
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Power Based Training:  Where to begin?  
 
The ability to effectively use your power meter is absolutely critical in taking advantage 
of cycling’s latest tool. For too many riders that have thought about purchasing a power 
meter or currently have a power meter, this is the one ‘sticking’ place that prevents them 
from either taking the plunge in training with power or in sticking with it.  Training with a 
power meter is not difficult, and certainly anyone can just slap one on their bike, but 
actually using it in the way that it was intended will take some work on your part.  One of 
the most common questions that an athlete asks, “How do I use this thing?”, and with 
any new tool, it will take time for each rider to learn the intricacies of it and what are the 
steps for achieving success. A similar analogy can be found in the owner of a new 
Ferrari sports car.  Do you have to go take lessons at the local race car driving school to 
enjoy it?  No, of course not, but that certainly can enhance the experience.    
 
The true reason of the development of the power meter is to further help the athlete 
reach their goals and improve to their utmost potential, and we have to keep this clearly 
in our mind.  Surely the scientist in all of us, wants to experiment with new toys and gear, 
and that same scientist recognizes that this is quite possibly one of the best ways to get 
to know ourselves at an even deeper level.  The power meter really has brought a very 
complex and complicated tool to the layperson and this complicated tool has created 
much confusion and reservation by the user.  Since these tools have been traditionally 
reserved for the exercise scientist in the lab that has been studying the bio-mechanics 
and human physiological limits to the nth degree, not much ‘common’ knowledge has 
been available for new users of the power meter.  The first SRM was available in the 
early 90’s and here we are almost twenty-five years later and this is the first book on 
how to use a power meter! So, let’s not get too caught up in the ‘Gee-whiz’ factor of a 
power meter and remind ourselves that its most likely the cyclist’s ultimate training tool 
and a tool is only as good as the user’s ability to use it!  This guide is the first step in how 
to train and race with your power meter and hopefully after reading this guide you will 
have a defined step by step process of ‘what to do next’!     

 

Step 1: Data Collection and determining functional threshold 
power 

The very first thing you will want to do to start riding with your power meter and just 
downloading the data to get a sense of what  300watts means in relation to my heart 
rate, my cadence, my speed, etc.  The first step is really just for you to begin to 
understand what does this wattage number mean in the real world, and then begin to 
associate those numbers with your ride.  A downloaded power meter file is quite literally 
a ‘second by second’ graphical re-creation or diary of your ride. You will begin to see 
that area of riding in the cross-wind, that long climb, those short butt-kicking hills, the 
time you stopped for a drink at the convenience store and all those associations will help 
you to better understand your cycling. Let©s take each of those items and break them 
down so that you can get the biggest bang for your ©training© buck so to speak. 
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Once you have some rides under your belt, and have a sense of how to operate the 
computer on your bike itself, you should schedule your first testing session in order to 
begin to determine your training zones and thus allow you to give the correct focus to 
your efforts. The very first test you should do is a test in which you just start to find out 
how many watts you can produce at your functional threshold power(FTP) and establish 
your ©fitness baseline©. I call this test your "threshold test", and it would be good to do this 
once a month in order to track changes in your fitness, make an assessment of your 
current fitness and then decide whether or not to make changes to your training program 
based on the results of the test. A couple of important things to remember before and 
during your test is that you should always test on the same stretch of road or do the test 
on an indoor trainer and at similar times during the day and with similar weather 
conditions. It is important that you minimize any external influences on your test, so that 
you can be confident in comparing 2 different tests to each other.   

How To Determine Functional Threshold Power 

So, how do you go about determining your functional threshold power? Obviously, one 
way is via laboratory testing with invasive blood sampling, but few people have access to 
such testing on a regular basis. In addition, power at LT as determined in this manner is 
often significantly below what athletes and coaches tend to think of as a "threshold". A 
more convenient and possibly more accurate way of determining your functional 
threshold power is therefore to simply rely on data collected using your power meter in 
the field. There are a number of different ways of doing so, each of which has its 
advantages and disadvantages, but all of which provide very similar estimates of 
threshold power. In order of increasing complexity, these are: 

1. A good estimate of your functional threshold power can often be obtained by 
simply uploading all of your training data into your power meter software, and 
then examining the power frequency distribution chart. Because exercising above 
threshold power is quite strenuous and there is a limit to how long you can do so, 
there will often be a rather noticeable drop-off above this point in this graph. (This 
same approach works even better for identifying an individual©s spontaneously-
achieved maximal heart rate - thus reducing or even eliminating the need for 
formal testing!) 
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Of course, this method works best if the time period being examined includes some 
high intensity training and/or racing, which serves to make the distinction between 
sub-threshold and supra-threshold efforts more distinct. Also, sometimes the drop-off 
in time spent above threshold power is more apparent when the width of each power 
"bin" is reduced from the default of 20 W to a smaller value, e.g., 5, 10 or 15W. 

2. Another way of estimating your threshold power without performing any formal 
testing is to simply evaluate the steady power that you can routinely produce in 
training during longer hard efforts, e.g., intervals or repeats aimed at raising LT, 
or during longer climbs. In most power meter software, perhaps the easiest way 
of doing this is to add a horizontal grid line to a "stacked" graph of an 
appropriately-chosen workout (or race), and looking for places where your power 
is quasi-constant for some minutes at a time. You can then adjust the gridline up 
or down as needed to hone in on the best estimate of your functional threshold 
power.   
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3. Perhaps an even more precise way of determining your threshold power, yet one 
which still doesn©t require any formal testing, is to examine your normalized 
power(we will explain this concept in greater detail in chapter 7) during hard ~1 
hour mass start races, using ErgoRacer Software. Since ErgoRacer Software 
automatically calculates normalized power even if you haven©t yet entered a 
value for your threshold power, using the program to first analyze several race 
files may be the quickest way to deriving a good estimate of your threshold 
power.  

4. Since by definition the best measure of performance is performance itself, the 
most direct estimate of your functional (threshold) power will be obtained by 
simply doing a ~1 hour time trial or by using the 20 minute one above and 
adjusting downward by 5%.  By examining the horizontal graph of the data from 
such a time trial in your power meter software (perhaps with a little smoothing 
applied), you will be able to quickly tell whether your effort was well-paced, or if 
perhaps you started out too hard and then later faded, resulting in the average 
power somewhat underestimating your true threshold power.  

5. Finally, those who are more mathematically inclined may wish to perform formal 
testing to determine their "critical power" as described in the scientific literature. 
Briefly, this approach consists of plotting the total work performed (in joules) 
during a series of relatively short (i.e., between 3 and perhaps 30 min), all-out 
efforts against their duration (in seconds), then fitting a straight line to the data 
points. The slope of this line is critical power, which corresponds quite closely 
with functional threshold power determined using any of the previously-described 
methods.  

 

With all these different ways to test your FTP, which one should you do?  Well, we 
believe that the best way to initially test is to just go out and do a ride specifically 
designed to find your threshold.  This is without a doubt the first big step in your new 
adventure in training with power.   

The Threshold Test:  The purpose of this initial test is that you average the highest 
watts that you can for that entire time period. When you get to the effort, make sure to 
pace yourself so that you do not ‘blow up’ prematurely. Start out with a 20minute warm-
up, which is just riding along at a moderate pace, about 65% of your max heart rate(HR) 
or what would be called your endurance pace. Again, be sure to do the same warm-up 
and intensity in your warm-up each time you do the test. Then do (3) fast pedaling efforts 
at 100rpm for one minute each with one minute of easy recovery pedaling between 
each, in order to further prepare the muscles for the effort. After these, then ride easy for 
5 minutes easy at 65% of Max HR. Then the true test begins:  
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·  5minutes all out. Punch it and hold it! Make sure that you start at a high pace, 
but not soo high that you die at the end. You should have a little in reserve to kick 
it to the finish line in the last minute.The goal of this first one is two-fold, one to 
‘open’ up the legs for the next efforts and two, to get a glimpse at your ability to 
produce watts in what is called Vo2 Max power or level 5, which we’ll discuss a 
bit later in this chapter. By doing this initial 5 minute effort, it helps to get rid of 
your initial ‘freshness’ at the beginning of your ride and then when you do your 
next effort, you are able to produce what is more likely to be truly representative 
of your FTP.    

·  Then 10minutes easy at endurance pace-65% of Max HR.  
·  Then do a 20 minute time trial. Try to do this on a road that is fairly flat and 

allows you to put out a strong steady effort for the entire 20minutes.  Do not start 
out too hard!   That’s a common mistake, so make sure that you get up to speed 
and then try to hold that speed as best you can.  If you have never done one of 
these efforts before, I would suggest trying this on a steady climb or into a slight 
headwind, where you are forced to do it at a maximum effort for the entire 20 
minutes. 

·  Pedal easy for about 10-15minutes at your endurance pace or 65% of Max 
HR.  

·  Finish the Ride and cool down for an additional 10-15 minutes. 

Again to reiterate, your goal in the 20 minute test is to produce the most average watts 
over the entire 20 minute period. It©s not a good test, if you go out too hard and then just 
explode and then not be able to produce a your true ‘maximal steady state’ power.  It is 
always better to start out in the first 2 minutes a little under what you believe to be your 
FTP and then build up along the way and then really be riding at your maximum in the 
last 3 minutes.  

Once this test is over and you have downloaded the data, you will need to figure out 
what your average power was for the entire 20minute effort. Then you will take this 
number and subtract 5% from it, and the resultant number will be your functional 
threshold wattage value(hold onto this number as we will come back to it later in this 
chapter).  So, for example, if you average 300watts for the 20 minute time trial, then 
300x .05= 15, and 300-15=285watts which is your functional threshold power(FTP).   
The reason that we are subtracting 5% of the watts from your 20 minute test is that FTP 
is defined as the highest average wattage or power that you can maintain for 60 
minutes.  Because most athletes have a hard time focusing for 60minutes on a maximal 
effort and those that can, learn very quickly that a 60 minutes time trial is not that much 
fun, we have decided that testing at 20 minutes is more realistic in terms of getting 
athletes to do more regular and higher quality tests. Since 20 minutes is a shorter time 
period, it incorporates more of what is called the anaerobic capacity system and this 
‘skews’ the wattage data about 5% higher than what you will probably be able to do for 
60minutes. 

Since one goal of any training program is to increase power at threshold(FTP), how 
often threshold power will change significantly will depend in part on an individual©s 
training history and habits - for example, someone who is just beginning in and/or 
returning to cycling may see large and rapid changes in their threshold power, whereas 
an experienced rider who has been training for many years and/or an athlete who 
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maintains a high level of conditioning year round will probably experience much less 
variation. In general, however, assessing functional threshold power at least 4 times per 
year (e.g., near the start of training as a baseline, partway through the pre-competition 
period to track improvement, and during the season to determine peak fitness achieved, 
and finally after your peak fitness is over to determine how far you have ‘fallen’) is 
probably sufficient. 
 
 
Step 2: Power Based Training Levels and determining your 
levels 

With more and more cyclists using power meters, the need has clearly developed for 
power-based training programs akin to those used with heart rate monitors. To help 
meet this demand, Dr. Andrew Coggan, developed a series of power-based training 
levels, or zones. These training levels were developed by drawing upon fundamental 
principles of exercise physiology as well as approximately two decades of experience 
with power-based training in both laboratory and field settings. Some of the logic behind 
the development of this classification scheme is described below. 

Table 1 - Power Based Training Levels 

Level Name Average 
Power 

Average 
HR 

Perceived 
Exertion 

Description 

1 Active 
Recovery 

<55% <68 <2 "Easy spinning" or "light pedal 
pressure", i.e., very low level 
exercise, too low in and of itself 
to induce significant 
physiological adaptations. 
Minimal sensation of leg 
effort/fatigue. Requires no 
concentration to maintain pace, 
and continuous conversation 
possible. Typically used for 
active recovery after strenuous 
training days (or races), 
between interval efforts, or for 
socializing. 

2 Endurance 56-75% 69-83% 2-3 "All day" pace, or classic long 
slow distance (LSD) training. 
Sensation of leg effort/fatigue 
generally low, but may rise 
periodically to higher levels 
(e.g., when climbing). 
Concentration generally 
required to maintain effort only 
at highest end of range and/or 
during longer training sessions. 
Breathing is more regular than 
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at level 1, but continuous 
conversation still possible. 
Frequent (daily) training 
sessions of moderate duration 
(e.g., 2 h) at level 2 possible 
(provided dietary carbohydrate 
intake is adequate), but 
complete recovery from very 
long workouts may take more 
than 24 hs. 

3 Tempo 76-90% 84-94% 3-4 Typical intensity of fartlek 
workout, ©spirited© group ride, or 
briskly moving paceline. More 
frequent/greater sensation of 
leg effort/fatigue than at level 2. 
Requires concentration to 
maintain alone, especially at 
upper end of range, to prevent 
effort from falling back to level 
2. Breathing deeper and more 
rhythmic than level 2, such that 
any conversation must be 
somewhat halting, but not as 
difficult as at level 4. Recovery 
from level 3 training sessions 
more difficult than after level 2 
workouts, but consecutive days 
of level 3 training still possible if 
duration is not excessive and 
dietary carbohydrate intake is 
adequate. 

4 Lactate 
Threshold 

91-
105% 

95-
105%(may 

not be 
achieved 

during 
initial 

phases of 
effort(s)) 

4-5 Just below to just above TT 
effort, taking into account 
duration, current fitness, 
environmental conditions, etc. 
Essentially continuous 
sensation of moderate or even 
greater leg effort/fatigue. 
Continuous conversation 
difficult at best, due to 
depth/frequency of breathing. 
Effort sufficiently high that 
sustained exercise at this level 
is mentally very taxing - 
therefore typically performed in 
training as multiple ©repeats©, 
©modules©, or ©blocks© of 10-30 
min duration. Consecutive days 
of training at level 4 possible, 
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but such workouts generally 
only performed when sufficiently 
rested/recovered from prior 
training so as to be able to 
maintain intensity. 

5 VO2 Max 106-
120% 

>106% 6-7 Typical intensity of longer (3-8 
min) intervals intended to 
increase VO2max. Strong to 
severe sensations of leg 
effort/fatigue, such that 
completion of more than 30-40 
min total training time is difficult 
at best. Conversation not 
possible due to often ©ragged© 
breathing. Should generally be 
attempted only when 
adequately recovered from prior 
training - consecutive days of 
level 5 work not necessarily 
desirable even if possible.  

Note: At this level, the average 
heart rate may not be due to 
slowness of heart rate response 
and/or ceiling imposed by 
maximum heart rate) 

6 Anaerobic 
Capacity 

>121% N/A >7 Short (30 s to 3 min), high 
intensity intervals designed to 
increase anaerobic capacity. 
Heart rate generally not useful 
as guide to intensity due to non-
steady-state nature of effort. 
Severe sensation of leg 
effort/fatigue, and conversation 
impossible. Consecutive days of 
extended level 6 training usually 
not attempted. 

7 Neuromuscular 
Power 

N/A N/A *  
(Maximal) 

Very short, very high intensity 
efforts (e.g., jumps, standing 
starts, short sprints) that 
generally place greater stress 
on musculoskeletal rather than 
metabolic systems. Power 
useful as guide, but only in 
reference to prior similar efforts, 
not TT pace. 
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Table 2 - Expected physiological/performance adaptations resulting from training 
at levels 1-7: 

  1 2 3 4 5 6 7 
Increased 
plasma volume 

         

Increased 
muscle 
mitochondrial 
enzymes 

         

Increased 
lactate 
threshold 

         

Increased 
muscle 
glycogen 
storage 

         

Hypertrophy of 
slow twitch 
muscle fibers 

         

Increased 
muscle 
capillarization 

         

Interconversion 
of fast twitch 
muscle fibers 
(type IIb -> type 
IIa) 

         

Increased 
stroke 
volume/maximal 
cardiac output 

         

Increased VO2 
Max 

         

Increased 
muscle high 
engergy 
phosphate 
(ATP/PCr) 
Stores 

            

Increased 
anaerobic 
capacity 
("lactate 
tolerance") 

           

Hypertrophy of             
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fast twitch fibers 
Increased 
neuromuscular 
power 

            

 

Table 3 - Borg's 10 point category-ratio scale of perceived exertion: 

Perceived 
Exertion 

Description 

0 Nothing at all 
0.5 Extremely weak 
1 Very weak 
2 Weak (light) 
3 Moderate 
4 Somewhat Strong 
5 Strong (Heavy) 
6   
7 Very Strong 
8   
9  
10 Extremely Strong 
* Maximal 

 

STEP 3: Power Profiling or Determining your strengths and 
weaknesses 
 
The issue: One of the best uses of a power meter is to figure out exactly in what areas 
you need to make improvements.  On rides all across the country, you’ll hear riders 
saying, “oh, I am a bad climber…” or “I have no snap or sprint.” And many times these 
riders will have correctly assessed their relative weakness, but often times they have 
not.  By using your power meter data that you have collected in races, in training rides, 
in the previous tests you just completed, it’s possible to create a ‘profile’ of your 
strengths and weaknesses.  We call this your ‘Power Profile’.    

It is simply human nature to wonder how one compares with others for any 
measurement, and cycling power output is certainly no exception to this rule. 
Consequently, there have been numerous calls for, and some attempts at, generating 
guidelines or benchmarks for power output based on racer category (i.e., cat. 1, cat. 2, 
etc.). Aside from satisfying people©s natural curiosity, though, such category-based 
values would seem to have limited practical use - after all, the best measure of a rider©s 
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competitive ability relative to that of others is their actual race performance, not their 
power output. If, however, valid standards were available for power across different 
durations that represented different physiological characteristics or abilities, then it would 
be possible to identify a particular individual©s relative strengths and weaknesses based 
on their "power profile". In such an analysis, the primary comparison would therefore be 
the rider against themselves, and not (directly) against others. That is the true value of 
the “Power Profiling” charts and such information could be then used to help plan an 
appropriate training program, evaluate the effectiveness thereof, and to possibly even 
identify events where an individual might be expected to achieve the greatest success. 
Our goal was therefore to develop rationale guidelines that could be used for this 
purpose.  

Choice of target durations: 

Index efforts of 5 seconds, 1 min, 5 min, and at functional threshold power were chosen 
as those best reflecting neuromuscular power, anaerobic capacity, maximal oxygen 
uptake (VO2max), and lactate threshold (LT), respectively. This should NOT be taken to 
imply that, e.g., a 1 min all-out effort is completely anaerobic (in fact, roughly 40-45% of 
the energy during such exercise is derived aerobically) or fully utilizes anaerobic 
capacity (which generally requires 1.5-2.5 min to deplete), or, e.g., that a 5 min all-out 
effort entails exercising at precisely 100% of VO2max (most athletes can sustain a 
power that would elicit 105-110% of their VO2max for this duration). Rather, power 
output over these target durations would simply be expected to correlate well with more 
direct measurements of these different physiological abilities. Secondarily, the index 
efforts were chosen in an attempt to increase reproducibility (e.g., use of 5 second vs. 1 
second power as an indicator of neuromuscular power), and for convenience. 

Application and interpretation: 

The Power Profiling Test!  

If you don’t have enough data yet to pull out what you believe to be your best efforts in 
those time periods, then just perform this simple test below and then plot out the info on 
your chart.  

Do 500kj to warm-up, then let the testing begin. In warm-up, do (2) 5minute all out efforts 
and (2) 1minute all out efforts. Rest for 3-5minutes between. Otherwise, just ride steady, 
nothing too hard..a steady 500kj. 
 DO this test in area that we can repeat it again in 4 weeks. Do the route, and your 
warm-up, so that you can do the exact same protocol again in 4 weeks.  Don’t worry 
about cadence, Hr or anything, just do the work and what happens, happens.  Record 
your efforts as intervals.  When doing these intervals, make sure to put your ergomo 
computer in the mode that allows you to view average power and actual power at the 
same time. This will help you pace during your test. 
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(1) 5 minute effort all out as hard as you can go for 10minutes. Do it so you get the 
highest average power, meaning the last 2minutes are harder than the first. Hold 
back just a touch in the first two minutes, so you can burn it out in the last two.  

(2) REST for 10 minutes. 
(3) 5 minutes all out !!! Same thing here, Really hammer it in the last 45seconds ! 
(4) Rest for 10minutes. 
(5) 2minutes all out – Again average power mode and GO HARD !!! 
(6) REST for 5minutes. 
(7) 2minutes ALL OUT—Again avg power- SUPER INTENSE !!! 
(8) rest for 5minutes. 
(9) 1minute ALL OUT –  
(10) rest for 5minutes. 
(11)  1minutes all out—avg power !!! HAMMER ! 
(12) rest for 5minutes. 
(13)  30 seconds HARD AS YOU CAN !!! 
(14) REST for 5minutes. 
(15)  30 seconds  SUPER INTENSE !!! 
(16)  rest for 2minutes. 
(17)   12 seconds SPRINT !!! 
(18)  rest for 2minutes 
(19)  12 seconds sprint !!!! 
 

We have printed the tables below. These are also available online at the 
www.CyclingPeaksSoftware.com  website.  
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To use these tables, simply locate and highlight (or circle, if using a printed copy) the 
peak or maximum power that you can generate for 5 s, 1 min, 5 min, and at functional 
threshold power, and then connect (either visually, or using a pen or pencil on a hard 
copy) the values horizontally to derive your "Power Profile". If  your performance falls 
between tabled values, which will often be the case, assign them to the nearest ranking. 
It is critical that the values used in this analysis be truly reflective of your very best effort 
over that duration - otherwise, the resultant profile may be distorted, leading to 
inappropriate conclusions and actions. While each individual is likely to have a 
somewhat unique pattern that may change slightly over time, some typical patterns and 
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general guidelines for interpretation are given below. In considering the following, 
however, keep in mind that performance at each duration is being evaluated in 
comparison to the world best - thus, in comparison to match sprinters, road cyclists will 
tend to appear relatively weak in 5 s and, to a somewhat lesser extent, 1 min power, 
whereas non-endurance track racers will likely have relatively low 5 min and functional 
threshold power relative to their abilities at the shorter durations. (The possibility of 
developing road and track-specific tables was considered but rejected, in part because 
many riders compete in both disciplines.) Also keep in mind that, based on physiological 
considerations, an inverse relationship might be expected between the anaerobic and 
aerobic efforts, whereas a positive association might be expected between each pair. 
(The scientific literature is in fact split on whether there actually is an inverse relationship 
between short-term and long-term power - however, there is clearly a positive 
association within each category.)  

What next? 

Now that you have created your own Power Profile, you can easily see the areas in your 
own cycling that need to be addressed.  Some of these areas might be very difficult to 
see improvements and this could just be a ‘genetic limiter’ for you.  However, use these 
tables to encourage you to make improvements and also to better race or ride to your 
strengths. If you are a world class sprinter, then it might be futile to try and break the Mt. 
Evans hill climb record.   It’s also important that you create one of these charts on a 
regular (every 4-6 weeks) basis in order to note any improvements from your previous 
training block. This is an excellent way to make certain that all your hard work is going in 
the right places.  

 

Step 4: Create your workouts using wattage. 
Sample workouts based on power. 
 
 Now, that you know your threshold power, power levels, and your ‘Power Profile’ you 
can begin to change your training to better address your weaknesses and also further 
track your fitness increases.  By developing specific workouts based on wattage, you will 
be able to monitor your efforts in training more accurately, and make better decisions on 
when you should stop an interval, when you should take a rest day, or when you know 
you can handle more. 
 
Training Opportunities in which to train using your ergomo power meter. 
 
Simply said, you can use your power meter on every ride, but there are some very 
specific times in which it will be more useful.  These include: 
• Indoor Trainer- On your trainer indoors, it’s easy to regulate your wattage as there are 
no external influences, and you can easily hold to a specific wattage range. 
• Flat Roads- This also is an excellent place in which you can utilize a specific wattage 
protocol, as the variations in terrain allow for a steady wattage.    
•Time Trials – Using your power meter to help you pace right at your lactate threshold is 
one of the greatest ways to utilize your power meter in a race. You can stick to your goal 
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power like glue and also select the best cadence.  Using your power meter to prevent 
from   breaking the cardinal rule of time trialing is also important… “Don’t start too hard, 
don’t start too hard, don’t start too hard!”. 
• Hill Climbs- When climbing a gradual grade, you can fairly easily stay within a small 
range of power and also use your watts to help pace you optimally.  A great way to help 
determine your optimal climbing cadence is to do multiple repeats on a climb and select 
different cadences each time and see which produces the most watts for the lowest 
heart rate.  
• Specific Intervals and training protocols- Using your power meter to do a 5 minute 
interval at 295-305 watts is a perfect example of being able to really dial in your training.  
Using heart rate to do the same 5 minute interval will probably cause you to go too hard 
in the beginning, thus reaching a higher power level than you want and overshooting 
your goal for the effort. 
• "Race Winning Intervals" and other wattage based workouts- You will begin to put 
together your own favorite workouts using wattage and that will help to motivate you to 
achieve even more success.  By using the ‘interval’ or ‘set’ function to mark an interval, 
you can watch your average wattage while executing the interval and this can become a 
great ‘carrot’ for you to really push harder than before. 
 
I have created these workouts for my fictitious athlete, named Joe Athlete. Joe is a 
Category 3 racer and his function lactate threshold wattage is 290w, his HR LT is 
175bpm, with a Max HR of 200. Joe weighs in at 160lbs., and his watts per kilogram 
ratio at threshold is about 4.0 w/kg, Joe is a very good sprinter and has a very good 
anaerobic capacity as well.  His “Power Profile is “\” (downward sloping to the right.)  
 
In these workouts, we are assuming the best of conditions, from weather to road surface 
to a strong and healthy Joe.  Joe also is pedaling at what his normal ‘self-selected’ 
cadence is, unless the workout description says otherwise.  
 
 
Level 1- Active recovery 
 
The purpose of working out in this level is to help facilitate active recovery after a hard 
workout the day before or at the end of a hard workout in order to cool-down.  This is an 
embarrassingly slow pace, and too many elite racers do not do enough riding at this 
pace.  When you are going out for a recovery ride, then it should really be slow and all 
about recovery.  If you go above the upper wattage percentage of this level, then you are 
riding too hard to recover properly and not hard enough to train.   
Reminder: It is o.k. if your watts go above the 62% level a few times during the ride.  
When you get back from your ride though and you download your data, the average 
power should be under this 62% though!   Go slow! 
–Total time 1.5 hours- warm-up for 15minutes with watts under 150(48- 51%), then ride 
for next 1hour with watts under 180 (62%), and keeping cadence nice and smooth, 90-
95 rpm. Cool-down for 15 minutes watts under 140(48%). 
Or 
–Total time 1.0hour- warm-up for 10minutes with watts under 140 (45- 48%) , then 
keeping cadence about 5-8rpm higher than normal self-selected for the next 40 minutes, 
maintain watts at 165-185 (58- 63%). Cool-down normal cadence watts under 140 
(48%).  
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Level 2- Endurance 
 
Level 2 rides are designed for you to build a base of endurance and enhance your  
aerobic fitness.  Training in this range will lead to the development of a stronger heart 
muscle, increase in mitochondrial levels in the cells, more capillarization in the muscles 
and an overall increase in your stamina.  
It is very important that you do enough of these longer rides in order to prep your body 
for the harder levels.  The longer you can ride, the better.  The workouts below are a 
little on the short side, but you can still receive benefits with riding in this Endurance 
level for the time. 
 
•2.5hours total time- warm up 15minutes watts at under 170, then just ride with watts at 
200-220 (69- 75%) for 2.0 hours. Cadence normal. Cool-down for 15 minutes, watts 
under 150.  
OR 
•3.5 hours total time – warm up 15minutes watts at under 190, then just ride with watts at 
200-220 (69-75%) for 2.0hours and doing little bursts (8 seconds, seated, taking rpm to 
130, and watts to 300)  every 10 minutes. Rest of ride is normal cadence(self-selected).  
Cool-down for 15minutes, watts under 150. 
 
 
Level 3- TEMPO 
 
The ‘meat and potatoes’ of every cyclist!  Level 3 is probably the level that more cyclists 
ride in than any other.   A tempo ride is a pace at which feels fast to you and also takes 
some work!  Do not underestimate the amount of work that training in this level requires. 
However, it’s also on of the most beneficial for you!  Riding in level 3 causes some of the 
greatest adaptations to your training stress. It’s the ‘best bang for the buck’ so to speak.   
There are a variety of ways to effectively train in level 3 and while a couple are described 
here, again I would like to re-iterate the importance of seeing the big picture.  Do not 
worry if your watts  go above 90% of your threshold(upper limit of level 3) on a few hills 
or in a short headwind section. That’s o.k., it’s really the average watts or normalized 
watts that you average for the entire ride or time period you are focused on that’s 
important.  
 
This level has been referred to by many coaches as the ‘no-man’s land’ and I both agree 
and disagree with this stance.  Level 3 training will not make you a better sprinter, or a 
better hill climber up a steep one minute hill and if you spend too much time here, you 
just get very good at riding at level 3 and not much else. So, it’s wise not to get caught in 
the trap of constantly spending all your training time in this level.  If you want to improve 
your power at Vo2 max, then you are going to have to train at Vo2 max power, tempo 
power just won’t cut it.  
 
Now, on the other hand, if you have limited time or if you are really trying to increase 
your muscular endurance, then this level is just what the doctor called for.  If all you have 
is 3 hours a week to ride, then drill it in the upper range of level 3 and get in a great 
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workout, or if you are getting prepped for a long 100 mile race, then being able to ride in 
this zone for up to two and half to three hours will pay off with a possible podium finish. 
 
•2.5hours- Warm-up with watts under 200 for 15minutes then nail it between 76-90% of 
your Threshold, about 220 to 260watts. Try your best to hold in this range over hills, on 
flats, and even downhills. Make your emphasis on spending more time in the 240-
260(82-90%) range. Keep cadence at your “self-selected”, and ‘meter’ your efforts on 
hills. If you have to go over 260, that’s fine, just not sprinting up any hills. Do not 
underestimate the strong effort this ride takes! 
•OR 
•2.5 hours- Warm-up with watts under 200 for 15minutes then nail it between 76-90% of 
your Threshold, about 220 to 260watts, however this time, do some specific cadence 
work.  2 x 20 minutes, the first one is at a lower cadence (15rpm lower than self-
selected) emphasizing strength endurance, and the second one is higher 
cadence(15rpm higher than self-selected), emphasizing leg speed and muscle 
endurance.  Again, steady and smooth, metering your effort on hills.  
 
An alternative approach to the above workouts is to treat this level 3 ride as a fartlek 
workout, i.e., to deliberately vary the power using the terrain, etc., to try to replicate the 
"stochasticity" of mass start racing. While this may or may not be necessarily better, but 
training in this manner will tend to be highly specific to the demands of racing. Since 
mass start racing is not inclusive to one specific level of training, applying a fartlek type 
philosophy will definitely help you improve. The duration you can/should perform will be 
less than for steady tempo, since you will be creating more training stress than just a 
nice solid steady tempo ride.  
 
 
Lower Level 4- Sub Threshold or the “ sweet spot” . 
 

To me, training in this level is what I call the sub-threshold zone, or about 89-94% of 
your (FTP) Functional Threshold Power.  It©s an excellent place to begin building your 
FTP and pushing that higher.  So, for the athletes I work with, they train heavily in this 
area at the beginning of the racing season, before moving into training right at their 
FTP(94-105%).    Also, we re-visit this area, right around the middle of June, if an athlete 
has achieved a peak of fitness and is trying to have a 2nd peak in the fall.  If that is not 
the case, then I©ll have them in this level at least 1-2x every 14 days and incorporated 
into their long ride day.   

Riding in this range certainly does not help significantly with your sprint, or your power at 
Vo2max, or your Anaerobic capacity. So, you still need to train those systems as well.   I 
think that training in this ©sweet spot© is an excellent place to train in order for you to get 
the most ©bang for your training buck©.  It©s not going to train you to be the best criterium 
racer, but at the same time if all you did was train in this area, at least you probably 
wouldn©t get dropped.  So, all in all, it’s one of the most beneficial places for you to spend 
your time training in.  Just make sure that you are also training the other systems. 
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•2-2.5hours- Warm-up well for 15 minutes below 200 watts, then do (1) 5 minute ‘blow-
out’ effort at 290watts or 100% of Threshold power.  This is to just get the body ready for 
some solid work , then do 2 x 20 minutes with watts from 260-272w approx. 89-94% of 
Threshold power.  It is critical that you stay in this range as best you can. Rest for 15 
minutes between each effort. Use a gear that allows you to keep your  cadence in your 
self-selected range or challenge yourself to pedal just a touch faster than you would 
normally.  Finish the workout with 1 minute fast pedaling efforts with cadence high-over 
105rpm, holding watts under 280. Rest for 2 minutes between each. The goal is not to 
go super hard, but to spin a high cadence at Sub Threshold power. Try for 8-10 of these, 
and then cool-down. 
•OPTIONS: 
–Start with 3 x 12 minutes, and build to 4 x 12 minutes, then start over at 3 x 15minutes, 
build to 4 x 15 minutes and then move to 2 x 20 minutes.  A Cat 3 should not really need 
to do more than 2 x 20, but higher categories should strive to build to 4 x 20.  
–Do at least 6-8 of these workouts before moving to specific Threshold work. This is 
your base upon which to build your Threshold work, so be sure to make this base wide 
and strong.  If you move to Threshold and above work too soon, you will compromise the 
solidity of your base.  
–Don’t hammer over hills, keep your pedaling pressure steady, so you can just continue 
to motor over the crest of the hill.  
 
Typical Level 4 –Threshold workouts. 
 
These are meant to help focus directly on improving your FTP and are done right at your 
FTP.   They are incredibly strenuous and require a solid amount of recovery between 
each effort and also workouts.   Very similar to the previous level of Sub-Threshold, with 
only the intensity raised up a level, to hold you right on your ‘edge’.  These are important 
workouts to do, not just to get a handle on the intensity needed to maintain this effort, 
but also to continually improve your threshold power. 
 
• 2 to 2.5hours-  15 minute warm-up with watts under 200, then get in (1) blow out effort 
with watts at Threshold. Then 5 minutes easy <200watts, then do 2 x 20 minutes at 288-
315 watts (96%-105%), with about 10-15minutes rest in between.  Cruise for 15 minutes 
after the 2nd effort with watts <240.  
• Options from previous level apply here as well. 
• Plan on building up to at least one hour at this power level in order to become a strong 
Cat 3! 
 
Non-typical Level 4-Threshold workouts 
 
Here are some not so typical level 4 workouts that might give you a different way 
to think about training this important level.   
 
• 2.0 hours- 15 minute warm-up <200 watts. Then do a blow-out (1) x 5 minutes effort at 
threshold-300watts.  Then start out doing a 10 minute effort at 290-310watts, at the end 
of the 10minutes, bring up the intensity by 10watts in each successive minute until you 
blow.  See if you can improve the amount of minutes you can last as well as you ability 
to hold a constant load and pace.  Cool-down. 
Or 
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• 2.0 hours-  15 minute warm-up < 200watts.  Then do your blow-out effort at threshold 
for 5 minutes. Then cruise for 5 minutes<200watts. Start out with a 15 minute effort with 
watts at 330(110%), and hold this for 2 minutes, then with each remaining minute 
intentionally drop the wattage down 10 watts until you reach 290 watts(96%) in the 6th 
minute, then bring watts back up so that the 7th minute is 300, 8th is 310, and hold here 
for the remaining 7 minutes(try to pick it up to 330 in the last 45-60seconds if you can.  
Repeat this 2-3x and allow for good recovery between each.  
• The goal of this exercise is to start out too hard in order to load up the system, and 
then demand a steady output for a short period of time, then scaling back in order to 
prevent from exploding, and forcing you to hold just at your threshold power or a touch 
above. In the end you finally ramp back up in order to push in the very end. 
 
 
LEVEL 5- VO2 Max 
 
Designed to elicit improvements in your Vo2 Max or  the maximal volume of oxygen 
uptake, these efforts range from 3 minutes to 8 minutes, with the majority of work 
typically done in the 3-5 minute range.    
 
• 2.0hours- 15 minutes warm-up watts <200, then (1) 5 minute interval at 300 watts, then 
5 minutes easy. Then Do 6 x 3minutes, trying to average the 340(113%) watts in the 3 
minutes. REST for 3 minutes between each.  Then cruise easy for 10 minutes, and then 
do 4 x 2 minutes with 4 minutes rest between each.  These are hard 2 minute efforts and 
try to average between 320-340 watts (106%-113%). Cool-down! 
Or 
• 2.0 hours- 15 minutes warm-up watts <200, then (1) 5 minute interval at 300 watts , 
then 5 minutes easy. Then start out with 5 x 5 minutes with watts at 340(113%), do your 
best to hold this steady for the entire effort. In each successive effort try to extend this 
time by 30 seconds, So the 2nd effort should be 5:30, 3rd is 6 minutes, etc. If you cannot 
extend these an additional 30 seconds, then you need to reduce the intensity 10-
15watts(3-5%), so that you can do these.  Do not reduce these below 106% or 320watts. 
If you cannot increase the time, that’s o.k., it’s something to set a goal for.  Do 5-8 
minutes recovery between each.  Finish the workout with (2) hard 3 minutes all-out with 
watts over 330, and rest for 5 minutes between each. 
 

RACE Winning efforts-  
 
I discovered these when I started to see a pattern among many downloaded files of 
athletes that had won races.  I continued to see this pattern again and again.  In these 
files, I saw that the race winning move always contained an initial attack to create 
separation from the field or breakaway, then a continued high effort to establish the 
separation, followed by a relative settling in at threshold power and finishing with a short 
burst of speed.  This ‘Race Winning’ effort is considered a Vo2 max effort because of the 
time interval in which it takes to complete the effort and the average power in which it 
elicits over the course of the interval.  They are the perfect race winning simulation that 
could just as easily play out in any criterium, road race or even track points race.  Put 
these efforts inside a solid endurance paced workout, to create a super workout.  
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• Race winning efforts- Do (5 to 8).  Each begins with a 30 second sprint(15second out 
of the saddle) to begin with and you must average 600watts (200%) of your Threshold 
power in these first 30seconds with a peak of at least 900-1000watts(300%).  Then 
3minutes hammer at 300watts or 100% of your Threshold,  and then finish with 10 sec 
burst at the end trying to reach 600-700watts.  Rest for 5-6minutes.  Finish with (8) 
1minute FAST pedaling efforts. Cadence OVER 130. 
 
Level 6 – Anaerobic Capacity 
 
Anaerobic Capacity efforts are done at time intervals of usually 2minutes or less and are 
very intense short, hard efforts.  The intensity of these efforts is far beyond what can be 
maintained aerobically. It supra –maximal intensity, ie. it requires more than 100% of 
your Vo2 max.  They are much higher in intensity than level 5, and they are carried out 
long enough to stress the anaerobic capacity system, which means they hurt!  Training 
at this level can contain the most variety of efforts, and can take many forms. There is 
huge difference in the 30second effort and a 2 minute effort, although you are still 
training the AC system.  This variety makes it more exciting in creating lots of different 
intervals and workouts. The key to remember is that you must match the needed 
intensity of the effort in order to stress the anaerobic capacity, while the duration of the 
effort can change somewhat.  Usually done when you are relatively fresh in the week, be 
sure to add some work of this nature to your training diet. 
 
•  2.0hours- Standard warm-up, then set your power meter so you can see the average 
mode in ‘interval’ mode. Then do 8 x 2 minutes as hard as you can go, and using your 
average watts as a ‘carrot’ to push all the way to the end. The goal?  Average over 
390watts(130% of your threshold power). Reach for that. Stop when you can’t reach 355 
watts (118%) in your average. Recover for at least 2 minutes, more if needed. Finish 
with 5 x 1 minute efforts and try to average over 420 watts (140%) here.  Do all of them, 
unless you can’t even get over 390.  
 
•  2.0hours- Hill Repeats- Get in a 20  minute warm-up and then do 8-10 hard hills. Each 
should be at least 45seconds long but less than 1  minute 30 seconds long. Try to 
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average around 400watts(140%) for each effort and sprint in the last 25meters to 
explode at the top of each hill!  HAMMER!!!! Rest for 3-5 minutes between each.  Finish 
with a 20-30 minute cool-down at endurance pace. 
 
·  2.0 hours- 20 minutes warm-up, then do (3) x 2 minutes striving for 390watts (135%) 

with 1 minute rest between each, then 5 minutes easy pedaling. Then 3 x 1 minute, 
striving for 435watts (150%) with 1 minute rest, Then 5 minutes easy and finish with  
3x 30 seconds ALL out striving to reach over 580watts(200%) for each with 1 minute 
rest…..  Cool down for 15 minutes of easy spinning. SHOOT for 350%  of threshold 
watts as your max in the last 6 sprints. 

 
LEVEL 7 – Neuromuscular power 
 
These are super short, high intensity efforts usually lasting less than 10 seconds which 
place a larger load on the musculoskeletal system than in the metabolic systems.   In 
these short efforts, it’s tough to use power as guide for training, since the efforts 
themselves are so explosive and short, that you will have to focus more on handling the 
bike than on reading your power meter.   The one workout that has become very popular 
and is excellent to do on the indoor trainer is the Micro-burst workout below.  Since the 
efforts are 15seconds, and if you are on an indoor trainer, you can easily use your power 
meter for pacing, it makes these efforts highly controllable.   The micro-burst workout is 
designed to improve your ability to produce the explosive power that is needed for the 
initial ‘snap’ in a sprint, or the jump out of the saddle in a criterium, or a standing start in 
a track event.  When you view this workout and compare it to a criterium, the 
downloaded file is very similar in nature, thus showing the importance of specificity of 
training. 
 

 
Micro Bursts from a workout. 
 

 
Micro Bursts from a Pro,1,2 Criterium. 
 
• 2.0 Hours-  Micro bursts!   Standard warm-up and then do (2) sets of 10 minutes each 
of micro- bursts. 15seconds ON and 15 seconds OFF.  Each block is 15seconds ON- go 
to 450watts(150%) ON, and 150 watts(50%) OFF- 15seconds is OFF period. Repeat 
continually for 10 minutes. Then 5 minutes= EASY spinning , and then next block.  
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Cruise for 15 minutes easy, and then do 10 x 10second sprints out of the saddle, with at 
least 2minutes between each. Try to reach 300-350% of threshold power as your max 
wattage. Cool-down for 15minutes afterward.  
Or 
• 2.0 hours- Do standard warm-up and then set a pace at lower level 3- approx. 225- 
240watts (76%-80%) and hold this pace for the next 1 hour.  Within this hour, do a 
10second out of the saddle burst every 3minutes trying to reach 450watts(150%) and 
hold there for the 10seconds. Make sure cadence stays high. No more than 1-2 gear 
changes if any at all.  Cruise the rest of the ride below 240watts(80%) and cool-down. 
 
I hope that these workouts will help you to get started in further using your power meter 
in training. They are by no means the only ones you can do!  There are hundreds of 
ways to design a workout using wattage, and I encourage you to create other workouts 
that will help you to achieve your goals.  When you do begin, just make sure you are 
aware of the different training levels that you will be training in and what impact that they 
will have on your goals for the given workout.  
 

Step 5- Interpretation of the information or  What does all this 
data mean and how do I use it to make changes in training ? 

Up to this point, you have been getting familiar with your new ergomo and have learned 
a lot with regards to training with it. You know your training levels, your power profile, 
your threshold power and also how to create workouts with wattage.   The next step in 
this learning curve is to understand what the downloaded data means, how best to 
interpret it, and then what actions(if any) you should take. The data alone won’t tell you 
much, but by reviewing it in a specific way with software, you’ll be able to read and 
understand it quickly and easily.   In some ways, analyzing the power meter data is the 
true ‘gem’ in training with a power meter.  It’s  the data that’s  important and while the 
visual feedback is great from a ‘on the bike’ training perspective, it’s the downloaded 
data that tells us what we really want to know.   Your interpretation of your data is key to 
understanding how your fitness is changing and how you might need to make changes 
to your upcoming training.    Each chart and graph has meaning, just as each ride has 
meaning in your overall  training program.  Your rest days are just as important as your 
hard training days and the same with your ergomo data.  All your data has significance 
and is important!  Record every ride, every race, every time you get on the bike, make 
sure to download that file.  It constantly amazes me when someone that comes to me 
who professes to be ‘training with power’ , but then come to find out that they have never 
even downloaded their data…ever!    Download your data!  It’s important.  Race with 
your power meter. It’s important!  Your best data will come from your races and you’ll 
learn the most from those files.  

It’s important that you work with your ergoRacer software and take some time to really 
analyze the information.  Only by downloading and correctly interpreting your own data 
will you be able to fully utilize your power meter and by taking these steps, you will have 
opened yourself up to a more successful world in training and racing. 
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What to look at in your Downloads. 

First some housekeeping in order to make sure that your data is the best it can be.  

Make sure to set your ergomo on the smallest sampling interval you can do in order to 
get the greatest accuracy in recording your ride. For your ergomo, this limits the total 
time that it can record your ride, so be sure to set the recording rate on a higher rate if 
you are doing a longer ride. When you have your wheel circumference measured, and 
make sure to measure it exactly with your weight on the bike and correct tire pressure in 
the tire, then you are ready to go training. Make sure that you calibrate and do the zero 
offset of your ergomo before doing your ride.  There is nothing more frustrating than 
coming home from a ride and then seeing that your ‘zero offset’ point was not at zero 
when you started and your data is not worth that much.    

 
Next, when you are viewing the ‘graph’ of your data, either look at this data without any 
smoothing or with just 5 seconds.   

We’ll start with looking at each individual file and then coming back to the larger 
perspective of your training over time in your ‘Athlete Home Page’.  

To begin with, these are some of the important questions that you need to answer and/or 
areas that you need to review when looking at the graph of your data: 

·  Periods of significant efforts. For example: A 15 minute interval that you did at 
Sub LT HR.  

·  MAX wattage, and average wattage for selected duration of interest. 
·  Significant fluctuations in power during the workout and count them. See ‘What is 

a Match’ later in this chapter.  
·  Cadence when you have time periods of high power output.  
·  How many kilojoules of energy did you output? 
·  What was your TSS(Training Stress Score) and IF(intensity factor for the ride?   
·  Heart Rate at significant time periods What is the relationship between total work 

done and time spent in varying intensity zones?  
·  Try to pinpoint areas of a race that have significance and determine the exact 

power demands of those areas, and compare them to your training data. 
·  What power was needed to stay with the front group when the winning split 

occurred.  
·  Look at the area of time that you got dropped and see what happened. Maybe 

your cadence was too low for 10 minutes before. Maybe your pedaling stroke 
became sloppy as you got more fatigued and your torque got too high compared 
to the power output.  

 
The first thing that you need to do is to gain insight into the ride itself. Let’s View the 
overall picture for the ride and get a ‘feel’ for how the athlete performed. We’ll ask 
ourselves, “How does this fit in with previous rides/races?” 
TA 
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Distribution of your training effort 

Power Distribution 

Let’s start out with opening a workout file and beginning to look at what’s called the 
“Journal” page of your workout.  First thing to do is to view your power distribution chart. 
If it is a race, then check out how much time you spent NOT pedaling. That is interesting 
because it is important to know if you pedaled TOO much in a race! The name of the 
game is saving energy!   

Power Distribution Chart 

 

Most race winning road racers will NOT pedal at least 15% of the time.  If the time you 
are NOT pedaling is smaller than 15%, then you need to think about where you are 
sitting in the peloton. The downloaded power distribution charts of road race winners 
usually have a typical distribution chart that looks like this chart above. Notice in the 
above chart, that the rider has spent lots of time spent under 60% of his Lactate 
Threshold watts (saving energy and resting) and then lots of time at his Lactate 
threshold. For this rider, lots of time under 175 watts and then lots of time over 275 
watts. So, that means the winners usually pedal the least, but when they pedal they 
pedal the hardest! 

Now if it is normal training ride, then time not spent pedaling is not as important. 
However what is important is how much time you spend in your power zones and also 
begin to look for the time drop-off around your LT. Notice in the graph above that there is 
a huge drop-off in this rider©s time spent from 275-300 watts, to the next bar (300-325 
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watts). This is a good estimate, ballpark guess, of this rider©s Lactate Threshold. This 
riders LT is probably somewhere on the upper end of the 275-300 bar, but doubtful it is 
over 300watts. How can we tell this? Well, an athlete can spend plenty of time at or just 
below LT, but limited time above it. So, it©s easy to make a case for a winning racer to 
spend loads of time just at their LT, but not much above it, as they know how to pace 
themselves well. Start to look for this trend in your Power meter download. 

Percentage of time in Power levels 

The next thing to consider is to understand which levels you trained in and did you 
spend the correct percentage of time in the level that will enhance the weakness you are 
working on? Look at your power distribution chart by levels. This will give you a quick 
and simple way to make sure you trained in the correct level to maximize your training 
time. One Note, it’s important that you set up your ‘Training Levels’ first with regards to 
your FTP in order to make sure that this calculation is correct.  To create this chart in 
ErgoRacer,  on the power distribution chart, choose  OPTIONS>CLONE THIS CHART. 
Then on the newly cloned chart, Choose OPTION>CUSTOMIZE THIS 
CHART>DETAILS TAB and then change the X AXIS BIN TYPE TO TRAINING ZONES.  
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Heart Rate Distribution 

Once you determined where your power output has been in relation to your ride, the next 
thing to start looking toward is your Heart Rate Distribution Chart. This can show you 
how much time you spent in your Heart rate zones and also the different ‘bins’. It’s also 
possible to estimate your Threshold Heart Rate by looking the largest ‘step down’  
between bins.  Make sure the you have the width of the bins set on 3-5 heart beats to 
more easily see this ‘step-down’. 

Cadence Distribution 

By examining the Cadence  chart, you can start to see how much time you spend in 
different cadence ranges.   This can be informative if you are actively trying to increase 
or decrease your cadence for a specific workout or for overall physiological change.  It 
also tells you something about yourself and a possible clue to your which type of muscle 
fiber(slow or fast twitch) you might have a larger percentage of.  The riders that pedal at 
a higher cadence(Greater than 95rpm) tend to have more slow twitch muscle fibers and 
lack that sheer muscular strength.  For example, a pure sprinter will naturally gravitate 
towards a slower cadence when he/she is just out training or in a the peloton of a race. 
Since pure sprinters have more fast twitch muscle fibers, they tend to pedal at a little 
slower rate(less than 90rpm).  Many factors are involved in muscle fiber type 
determination and this changes with time. So, this might not be applicable to an older 
rider, since as you age, your percentage of fast twitch muscle fibers decrease, and this 
can be observed anecdotally by examining the power files of riders over 60.  You will 
notice that they will spend more time below 90rpm than above.   

One other interesting item that chart will tell you is how much time you spend NOT 
pedaling more accurately than the Power distribution chart. Since the ‘bins’ are 
smaller(you should probably view this chart in ‘5’ bin increments) in the cadence chart, 
you will see the time spent between 0-5 rpm, which is more accurate than looking at 0-
20watt bin in the Power Distribution chart  
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Your Peaks! 

Mean Maximal Power or Critical Power Chart 

Now that you have viewed how the overall ride has been distributed, let’s look at just 
your PEAK power across the entire ride.   By plotting your peak power over every small 
slice of time in your ride, you can view a telling graph of your Mean Maximal Power or 
“Critical Power” as referred to by author of “The Cyclist’s Training Bible”, Joe Friel. This 
is quite literally a plot of your best average power for each second of the ride.  

The Mean Maximal Power Curve is important and revealing for a variety of reasons. In 
an individual workout, it gives you the ability to again confirm that you are working in the 
correct training level, while in an intense race file, it helps you to further pinpoint 
weaknesses and strengths.  The shape of the curve has much to do with your own 
personal set of abilities. Where you see distinctive changes in the slope of the curve may 
represent the change from percentage of reliance on one physiological system to the 
next. For example, the slope of your curve might be very consistent from 20seconds out 
to 2.5 minutes, and then it changes to a lower angle slope all the way out to 25minutes. 
This might tell you that  at 2.5 minutes your body shifts emphasis from a the anaerobic 
capacity system to the Vo2 max and Lactate systems.  Each rider is different and this is 
one reason it is an important graph to read regularly and interpret. Another example is 
that you may see a distinct ‘hump’ in the curve where you may have a very high output 
of power in relation to the rest of the curve. Or you may see a ‘plateau’ in the curve 
where you might have a weakness in your ability to produce power. It’s important to 
remember though, if you did a workout with 5-minute efforts, and then look at the watts 
you produced at 6 minutes, it will not be a valid comparison to a previous ride or to your 
overall ability, as compared to the time when you did specific 6 minute efforts. You must 
compare similar time periods together from workout to workout. Also be aware that if you 
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didn©t do any sprints or lactate threshold intervals, then your max power will not be 
representative of your true max when you do sprints, or your lactate threshold will not be 
a good representative of your true FTP. So, if you are looking to see the ‘big picture’ of 
this curve, then it’s important to create the Mean Maximal Power curve over a larger 
period of time, maybe an entire years worth of data in order to get that true picture.  

  

 

 

Graphs! Or a bunch of squiggly lines….  
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Stacked or horizontal? 

Now, let©s move onto the graph of your data or the actual data points plotted on a graph.  
There are many ways to view your ride and each can reveal more information about the 
rider and the workout.  The graph of your ride itself is one of the best places to learn 
about your ride.   Each software represents the data a little differently in graph mode, 
and each has it’s pluses and minuses. When we were creating ErgoRacer Software, we 
had a dilemma about how to show the graph and we decided that showing your data in a 
‘stacked’ graph was the ‘right’ way to view the data as this means that for each pixel on 
the screen there is a corresponding data point.  So this means that viewing the data in 
the stacked view, you get to see the ‘real’ data that is not interpolated, smoothed or 
‘smashed’ together.  However, there are most definitely times when you want to view the 
data all on one screen or ‘horizontally’.  For example, sometimes when viewing your 
data in the ‘stacked’ view, its tough to see a small decrease in power over a 60minute 
period of time or longer. So in these cases, it’s good to view the data all on one screen 
and you will more easily see the difference a small percentage decrease in power can 
have on your overall ride.  
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When you first open the graph, I recommend the horizontal view with no smoothing to 
start, as this will give you the initial ‘big picture’ view of the data. From this view you can 
easily determine the periods of effort and importance.  Many times I will even begin to 
‘mark up’ the file in this view, and then switch over to the ‘stacked’ view, in order to 
better define the exact start and end to each period of work.  If it is a road ride, then I 
prefer to view the watts, heart rate and speed lines. I like to view speed on the graph 
because it tells you if the work was being done on an uphill or on the flats. Now, if the 
workout had specific cadence goals in it, then I’ll take out the speed and add in the 
cadence in order to better understand the power to cadence relationship.  If it is a trainer 
ride, then I prefer to view watts, heart rate and cadence as speed is largely irrelevant on 
a trainer.  

Areas of interest 

Begin analyzing your data by scanning through your ride and finding areas of interest! 
Create a "range"(or mark an interval) around the specific area of interest so you can 
further gain insight into the numbers. Many times you will mark your own intervals while 
you are training, so these are very easy to find and view. However, if you didn’t mark a 
hard effort, maybe it was an intense Mt. Bike race, then let’s find that area now.  Let©s 
say you went over a 20-minute climb in your Mt. Bike race. This should be easy to view, 
as your Heart rate will be high, your speed low and your power fairly constant. It might 
look something like this. 

 

 

Notice how when the climb begins, the power (yellow) becomes smoother, the Speed 
(blue) is lower, and the Heart Rate (Red) goes right to the roof ! Even though this is a Mt. 
Bike file, the power is relatively smooth despite the undulations in the trail.  
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Training for specific demands of the course. 

Once you have created areas of interest you can then compare these to previous efforts, 
to efforts of others, or to look deeper into that specific area to maybe examine your 
cadence.  Training specifically for your discipline is very important. If you always train on 
the flats, but most of your rides are in the mountains, then your training will be lacking in 
specificity for the actual demands of the races.   Let’s look at an interval workout done by 
a Mt. Biker in preparation for an upcoming race that will have a significant portion of the 
race at threshold power, with bursts above for short periods of time in order to 
continually power up and over drainage ditches.  

 

“ Fast Find”  

Another way to help you in creating areas of interest is by using the "Fast Find" feature 
that’s exclusive to CyclingPeaks Software. Let©s say you did a bunch of 3-minute efforts, 
then 30-second efforts, and a 10 minute effort and then a bunch of one minute fast 
pedaling efforts. You can easy find these efforts automatically, by defining them based 
on the length of the interval and the watts that were held during that time.  

Your Graph might look like this when it©s all said and done! 
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 A few other things to look for: 

In race files:  

·  Use "Fast Find" to count the number of laps in a race that you did and define 
them.  

·  Look at your TSS score and IF for the ride and see how they fit into your entire 
season so far.  

·  Look for your "Peaks" and determine where they are in the file. This will help you 
to further gain insight into the hardest parts of your race.  

·  If you got dropped, find the time before it and begin to "walk backwards" to see 
what efforts at how many watts you had to do, and where your breaking point 
was. This is particularly useful to examine what exactly it takes for you to get 
dropped in a race. You can then use this information to tailor your training plan.  
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In Training Rides:  

·  How many kilojoules of energy did you use during your ride and did you re-fuel 
enough?  

·  What was your normalized power for the ride?  
·  At what point in the ride did your wattage begin to decrease? How many kJ of 

energy had you expended up to this point? 
·  Compare your intervals to each other.  How many repetitions were you able to do 

before there was a major drop off in power?  Did you do enough intervals? Or did 
you do too many? If your power dropped off by more than 10% and you 
continued doing intervals, then it’s possible you weren’t continuing to work 
intensely enough to produce the physiological adaptations.  

This will get you started on looking at your data in a more productive manner and help 
you to put perspective on the all the information that’s captured by your power meter. 
Every time you ride, your data will help to teach you something new about yourself and 
also further define your abilities as a cyclist.  Not every ride you will do, will need a full 
‘marking up’ of the file, but it will still be important to review each ride and make notes 
about that ride and how it fits into the big picture of your fitness goals.  The downloaded 
data from your races will provide important information to you about the specific 
demands of the event and from these demands, you will be able to create a training 
program with the correct specificity. Again, as I have mentioned before, it’s important 
that you race with your power meter and that data that you capture is priceless for 
helping you to become even more successful in the future and reaching your athletic 
potential. 

STEP 6: Tools for quantifying  “ What IS beyond average 
power?”  

Normalized Power����  

As stated before, riding, training and racing a bicycle is a highly variable or ‘stochastic’ 
exercise. There is wind, uphills, downhills, quick accelerations, long steady grinding, etc. 
in each of your rides that you take.  Because of this variability, average power just does 
not cut it in trying to understand the true metabolic demands of your ride.   To account 
for this variability, Dr. Coggan developed a special algorithm to calculate an adjusted or 
normalized power for each ride or segment of a ride (longer than 30 seconds) that you 
put want to analyze. This algorithm is somewhat complicated, 

Step 1-starting at 30seconds, calculate a 30 second rolling average for power 
Step 2-raise the values obtained in step 1 to the 4th power 
Step 3-take the average of all the values obtained in step 2 
Step 4-Take the 4th root of the number obtained in step 3- This is normalized power. 

but importantly it incorporates two key pieces of information: 1) the physiological 
responses to rapid changes in exercise intensity are not instantaneous, but follow a 
predictable time course, and 2) many critical physiological responses (e.g., glycogen 
utilization, lactate production, stress hormone levels) are curvilinearly, rather than 
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linearly, related to exercise intensity. By taking these factors into account, normalized 
power provides a better measure of the true physiological demands of a given training 
session - in essence, it is an estimate of the power that you could have maintained for 
the same physiological "cost" if your power output had been perfectly constant (e.g., as 
on a stationary cycle ergometer), rather than variable. Keeping track of normalized 
power is therefore a more accurate way of quantifying the actual intensity of training 
sessions, or even races. For example, it is common for average power to be lower 
during criteriums than during equally-difficult road races, simply because of the time 
spent soft-pedaling or coasting through sharp turns during a criterium. Assuming that 
they are about the same duration, however, the normalized power for both types of 
events will generally be very similar, reflecting their equivalent intensity. In fact, 
normalized power during a hard ~1 hour long criterium or road race will often be similar 
to what a rider can average when pedaling continuously during flat 40k time trial - the 
normalized power from mass start races can therefore often be used to provide an initial 
estimate of a rider©s threshold power. 

 

If you will notice that in the above graph, there is a difference between normalized power 
and average power.  The greater the difference, the more variable, and less 
continuously aerobic, the effort was. Charles Howe, editor/author of the Wattage FAQ, 
http://midweekclub.ca/powerFAQ.htm coined the term,  ‘Variability Index’.   This is simply 
taking the Normalized Power number and dividing it by the Average Power number.  The 
more variable your ride is, then the higher the ‘Variability Index’  

Intensity Factor����  

Although normalized power is a better measure of training intensity than average power, 
it does not take into account differences in fitness within or between individuals. 
Therefore, it’s important that you can quantify your intensity of effort.  The intensity of the 
effort tells you much about which training level you predominantly worked in for your ride 
duration and this helps you to confirm that you indeed are working specifically.   In order 
to quantify this intensity, Dr. Coggan came up with a metric called  “Intensity Factor”(IF).  
The  IF is simply the ratio of the normalized power as described above to your threshold 
power.(Intensity Factor= Normalized power/threshold power) For example, if your 
normalized power for a long training ride done early in the year is 210 W and your 
threshold power at the time is 280 W, then the IF for that workout would be 0.75. 
However, if you did that same exact ride later in the year, when you were fitter and now 
your threshold power has risen to 300 W, then the IF would be lower, i.e., 0.70. Intensity 
Factor, therefore provides a valid and convenient way of comparing the relative intensity 
of a training session or race either within or between riders, taking into account changes 
or differences in threshold power. 
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Typical IF values for various training sessions or races are as follows: 

·  Less than 0.75 recovery rides  
·  0.75-0.85 endurance-paced training rides  
·  0.85-0.95 tempo rides, aerobic and anaerobic interval workouts (work and rest 

periods combined), longer (>2.5 h) road races  
·  0.95-1.05 lactate threshold intervals (work period only), shorter (<2.5 h) road 

races, criteriums, circuit races, longer (e.g., 40 km) TTs  
·  1.05-1.15 shorter (e.g., 15 km) TTs, track points race   
·  Greater than 1.15 prologue TT, track pursuit, track miss-and-out  

Using Intensity Factor to recognize changes in fitness 

Note that one particularly useful application of IF is to check for changes in 
threshold power - specifically, an IF of more than 1.05 for a race that is 
approximately 1 hour in duration is often a sign that the rider's threshold power is 
actually greater than that presently entered into the ErgoRacer Software Program 
or your spreadsheet. Thus, by simply examining a rider©s IF for various events during 
the course of a season, increases or decreases in threshold power can often be 
revealed without the need for frequent formal testing. 
 
For example:  Joe Athlete has set his threshold power at 290 watts and has been 
training smart for the last 8 weeks, however hasn’t done any formal testing or races 
lately. Joe heads out to his local district criterium race and gets in a breakaway for about 
an hour.  
He comes home and downloads his power meter.  Looking at his graph, he creates a 
range around his time ‘spent off the front’, and sees that his TSS score is 121 and his 
intensity factor was 1.10, with his normalized watts at 310.  
Joe knows that this can’t be right because by definition an hour at threshold should 
equal 100 TSS points and an IF of 1.0.  So, Joe adjusts his threshold value up to 310, 
and lets the software re-calculate his TSS and IF, and sees that it’s now a TSS of 99 and 
an IF of .998. So, that’s confirms to Joe that his threshold power(FTP) has increased to 
310watts.  
 
Training Stress Score����  –Quantifying training load 
 
While exercise intensity is clearly an important factor in determining the type and 
magnitude of physiological adaptations to training, exercise frequency and duration - 
which together determine the overall training volume - are important factors as well. 
However, there is obviously an interaction between training intensity and volume, i.e., at 
some point as intensity goes up volume must come down, and vice-versa, or else an you 
will become overtrained. To quantify the overall training load and hopefully help avoid 
such a situation, Training Stress Score����  (TSS) developed. (TSS=[(duration(seconds) x 
normalized power (watts)) x IF] / threshold power x 3600 seconds) ) 
This can be calculated for every workout, and you can view a graphical summary of your 
recent TSS in an excel spreadsheet or in ergoRacer. The new ergomo Pro computer 
also has the ability to calculate and display this as you ride, which will prove to be a big 
help in modeling performance.  TSS, which is modeled after Dr. Eric Bannister©s heart 
rate-based training impulse (TRIMPS), takes into account both the intensity (i.e., IF) and 



 

38 

the duration of each training session, and might be best viewed as a predictor of the 
amount of glycogen utilized in each workout. Thus, a very high TSS resulting from a 
single race or training session can be used an indicator that one or more days of rest 
should be scheduled.  
 
1 Hour at (FTP) threshold power- The Gold Standard 
 
Training Stress Score is based on a 1 hour Time Trial at your threshold. For an athlete to 
do an hour at their FTP, then they would score 100 TSS points, and their IF would be 
1.0.  Most serious cyclists know what it feels like to do a time trial for an hour and also 
how much it takes to recover from this effort.  There are many 40kilometer time trials in 
the United States, and riding a 40k in an hour is and has been the goal of many an 
aspiring cyclist.  Since this was such a well known distance and event, Dr. Coggan 
decided that this would be the ‘gold standard’ of which almost all riders could compare 
and a perfect place to establish the ‘anchor’ of TSS.    From this knowledge, just about 
any rider can understand that a 200 TSS ride will produce the same metabolic stress as 
if they had ridden (2)  40k Time Trials.  In contrast, a 100 TSS ride could be a longer 2.0 
hour ride, but at a lower intensity factor(.50) and this would still produce the same 
metabolic stress as a 40k time trial at an intensity factor of 1.0. 
 
One of the exciting things to come about since TSS is calculated based on your 
functional threshold power(FTP), is that this means that a 300TSS ride for a beginning 
rider creates the same training stress as a 300TSS ride for Lance Armstrong.  So, what 
this means is that as long as you know the FTP of the athlete, no matter their category of 
rider, you can easily associate and understand the amount of training stress created by 
their efforts.  
 
What is different though, is the amount of training volume that individuals can tolerate.  
While Lance Armstrong can do 300-400 TSS at .85 IF for 21 days in a row and continue 
to get stronger,  just 2 days of that training might severely ‘over-reach’ a new beginning 
cyclist. Because of this difference, Dr. Coggan created the following scale to be used as 
an approximate guide: 
 
Recovery Guide to TSS 

·  Less than 150 - low (recovery generally complete by following day)  
·  150-300 - medium (some residual fatigue may be present the next day, but gone 

by 2nd day)  
·  300-450 - high (some residual fatigue may be present even after 2 days)  
·  Greater than 450 - very high (residual fatigue lasting several days likely) 

 

The Training Stress Score and Intensity Factor algorithms have been so good at defining 
the ride, that once you are able to do some riding, and associate your different rides with 
your scores, then you will easily be able to predict closely the type of ride that someone 
else did, just by hearing about their TSS and IF.   The chart below gives you some 
different types of rides and their corresponding scores for reference. 
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Summary and Additional information 
 
We hope that this guide will get you started in training with your ergomo. 
With some hard work and a little patience on your part, you’ll be training effectively with 
your new ergomo from the second ride! 
  
For more information on training with power, pick up a copy of our new book, “How to 
Train and Race with your Power Meter” from www.velogear.com  

 
 
 and also visit the POWER411 page on www.CyclingPeaksSoftware.com  

 
 
If you are looking for a Training Plan based on wattage, consider visiting 
www.TrainingPeaks.com/hunter , where many of Hunter’s wattage based training plans 
are hosted. 

 
 
 
To take it a step further The Peaks Coaching Group, www.PeaksCoachingGroup.com 
offers customized coaching with your coach developing a custom training plan for you, 
helping you along every step of the way and analyzing your power data.  Considered the 
leaders in training and coaching with power, the coaches at The Peaks Coaching Group 
will help you achieve your goals! 

  


