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PART I


WHAT IS A POWER METER, AND HOW CAN IT HELP ME?







1


Why Use a Power Meter?

WHY DO YOU TRAIN? Before you answer that question, I want to make sure we’re talking about the same thing. You will come across the words “train” and “training” often in this book. They are common in an athlete’s vocabulary. What I mean when using them here is working out with a purpose. That purpose is to improve performance. In this book, performance has to do with a bike-related event, such as a triathlon, road race, time trial, mountain bike race, or century ride.

Let’s drill down a little deeper. By “performance,” I’m talking about riding competitively—preparing to become fitter and therefore faster in order to improve on your previous results in similar events or to finish high in your event category. Some athletes compete with others, while some compete only with themselves by trying to improve on previous performances. Either is fine. Both require purposeful workouts to produce greater fitness.

If the workout purpose is not bike performance—if, for example, it’s losing weight or improving health, both of which are worthy goals—then it’s exercise, not training, to my way of thinking. Power meters can be useful for any of these desired results. But the purpose we’ll be examining in great detail here is training—purposeful workouts intended to produce better event performance.

The power meter is a powerful tool for training, one that can potentially make you fitter and faster than any other piece of equipment you could get for your bike. Even if you have been in the sport for a long time and achieved all the fitness you think is possible, I guarantee that you have room for improvement. I’ve coached athletes who have gone from years of middle-of-the-pack finishes to the podium within one season after starting to train with a power meter. I’m certain you can, also. The upper limit of potential for performance in sport is remarkably high and largely untapped by almost all athletes. This is where a power meter can make a difference.

You may know of someone who has a power meter but has never really seen any significant improvement in performance because of it. That’s common. Power meters are not magic. You don’t just put one on your bike and all of a sudden become faster. When you begin using one for the first time, it looks simple enough—just a number on your handlebars that changes as you go harder or easier. And you might find yourself thinking, “What’s the big deal?” I’ve heard that from new power meter owners a lot. “The numbers are interesting, but so what?” It’s not until you begin to look at the downloaded data with your computer software that the magic happens—if you know what all the numbers mean. If you’ve looked at the data after a ride, then you know what I’m talking about. It can be a bit overwhelming. That ever-changing flow of numbers you saw on your handlebars during the ride has somehow morphed into graphs, tables, and charts. What does it all mean? How is it going to make you fitter and faster?

For now you’re just going to have to take my word that it will. But after reading and applying the basic concepts in this book, you’ll see change. Your new power meter will help you become a better rider. We’ll get into the details of how to do that in subsequent chapters. First, let’s look at what the power meter can do to improve your performance and why it’s better than any other training tool.



WHY POWER?

To become fitter and faster, you need to make physical and perhaps even mental changes as you prepare for an event. Your power meter can help you do both. Here are five performance-enhancing ways that a power meter can improve your training once you know how to use it.

Make Training Precisely Match the Demands of the Race

This is undoubtedly the most important reason for using a power meter. Effective training demands precision for you to become more fit. The obvious question is “Fit for what?” Every high-performance event, whether it’s a 6-hour Ironman® triathlon ride or a 45-minute criterium, demands a specific type of fitness. This comes down to getting the duration and intensity of the key workouts right. Duration is easy. A stopwatch or an odometer will do. But intensity is a different story and raises some very important issues for your training.

The first intensity issue has to do with the specific demands of the goal event. How intense—in other words, how hard—will it be? Some events, the 6-hour Ironman ride, for example, require you to put out a steady but relatively low intensity for a long time. In contrast, the 45-minute criterium race fluctuates between extremely high and low intensities. Training with the same intensity for both of these events simply won’t work. Your key workouts must reflect the exact levels of intensity demanded by the event in order for you to become fit for it.

Without a power meter, you’re just guessing at how hard to make your key workouts. If you guess wrong—either too high or too low—you’ll have a poor performance. With a power meter, you’ll know exactly what the intensity demands of the event are so that you can replicate them in training. Then over the course of a few weeks, you can make your workouts increasingly like the goal event by training at the precise intensities needed. On race day there will be no surprises. Your body will be ready to meet the demands of the event.

Pace Steady-State Races

To be successful in steady-state events such as time trials and triathlons, you must expend your energy in a well-calculated manner. This is called “pacing.” It’s hard to get right, even for seasoned veterans of the sport. Most go out much too fast at the start and pay the price in the second half of the race by significantly slowing down. This is the most common mistake made in steady-state events. I see it happen in every race. It can be easily fixed with a power meter in a much more precise manner than with a heart rate monitor. In fact, your heart rate monitor is probably setting you up for poor race pacing. (You may be shaking your head at that idea, but it’s true. I’ll come back to it later in this chapter to explain why.)

Proper pacing goes well beyond the common problem of going out too fast at the start. It also has to do with energy expenditure on hills, including tiny ones; in headwinds and tailwinds; and over the entire course so that you finish strong. You will learn in Chapter 4 how your power meter makes this simple.


Know and Increase Your Limits

There is a similar problem, but with a twist, if you do variably paced races such as criteriums, road races, and mountain bike races. Here the challenge is that other riders often dictate your pacing strategy. There are brief episodes, such as breakaways, sprints, and aggressive hill climbs, in these types of races that often determine the outcome. They usually last less than two minutes but are critical moments. If for these episodes you are able to stay with the leaders, then you will make the “selection” and can place well, perhaps even win.

The key is knowing what to expect in regard to the intensity, duration, and frequency of these episodes. Armed with a typical race power profile from similar races, you will know exactly what you are currently capable of doing when they occur—and better yet, you can train to respond to them. You can even train to eventually become the rider who initiates them, putting the hurt on others. We’ll discuss these concepts in much greater detail in Chapter 4.

Organize Your Season

Planning your race season is called “periodization.” You’re probably familiar with the concept since it’s been around since the 1960s and is still used by nearly all elite athletes around the world. I wrote about it in some detail in my Training Bible book series. In a nutshell, periodization involves manipulating training volume and intensity to produce high levels of fitness at times in the season when you have important races—what I term “A-priority.” With a power meter, you can use something called “Training Stress Score”™ to organize your season around A-priority races. This method is much more precise than using weekly hours or miles and estimates of intensity. We’ll get into this in Chapter 7.


Measure Fitness Changes

There are two questions athletes want answered throughout the season. The first and most basic is “Am I becoming fitter and faster?” The second is “How do I compare with my competition?” The “competition” could be you from the same race the previous year, or it could be the other athletes whom you expect to show up. The answers give you insight into what to expect in a race. With your power meter, you can answer both. I’ll show you how in Chapter 6.

Other Power Meter Benefits

The five benefits I list above are just the beginning. There are many more that will be discussed throughout the book, including the following:


	Setting specific goals that relate directly to your desired race performances

	Using personal power zones to train effectively

	Measuring performance progress

	Peaking for races with a plan for coming into “form” at the right times

	Quantifying fatigue and understanding how to manage it

	Knowing how many calories you expend in a workout or race so that you can focus on nutritional recovery

	Improving your efficiency by comparing power and heart rate

	Communicating better with your coach regarding what you’ve done in workouts and races

	Motivating you to train harder (I sometimes have to hold back the athletes I coach who become overly excited about what they see happening when first using a power meter)

	Achieving peak race performances



The bottom line is that learning how to train with power will improve your training and your racing. But the benefits won’t come if you are unwilling to change the way you train. If you’ve been training by “feel” for a long time and are stuck in one way of doing it, you are unlikely to tap the many benefits of power-based training. There is no growth without change, and what you’re about to learn will certainly require you to change your training perceptions. If you are unwilling to do that, then a power meter is not going to do you any good.

In contrast, I’ve seen significant and at times astounding changes in performance in the many athletes whom I’ve coached over the past decade since I started requiring them to have power meters. All of them improved. Some went from finishing well behind the leaders to standing at podiums in a short time. This never happened before they got power meters installed on their bikes and started using them as I’ll describe in the following chapters. I’m sure doing so can make a big difference for you, also.



WHY NOT HEART RATE, SPEED, OR FEEL?

Why use a power meter? You’ve spent a wad of money to get one, and all you have to show for it so far are a fluctuating number on your handlebars and some software that looks pretty confusing. And, even worse, you apparently are going to have to change the way you train because of it. Why not just keep using heart rate, as you’ve been doing for years? You’ve come a long way in the sport by doing so. Or how about just using speed? What you’re after, obviously, is simply to go faster. Handlebar computers with speedometers are cheap in comparison to both power and heart rate devices. So why not just use one of those? Or perhaps you are really old school and don’t like anything on your bike displaying numbers. You just want to ride and race by feel. I know where you’re coming from, as I’ve answered these questions for years. Let’s take a brief look at why power is better if you want to perform at a higher level.

Heart Rate

Contrary to what most athletes believe, heart rate is reactive, not proactive. In other words, it responds to what the muscles are doing. It does not cause the muscles to work any harder. It’s not the “engine”—it’s simply the “fuel pump.” When the engine (muscles) works harder going up a hill, the heart responds by pumping more blood to help the muscles keep going. Training based only on heart rate is like using the fuel gauge on your car to determine how fast you’re driving. That can be done, but it’s “bass-ackwards.”

Now, don’t get me wrong. The fuel pump (your heart) is quite valuable to performance. The engine (your muscles) couldn’t work without it. How hard the pump is working is good information to know as it’s indirectly related to performance. If the engine is demanding lots of fuel, then something hard is probably happening. So the pump had better be capable of delivering. But no race-car driver would use the fuel pump as a way of determining performance. The engine is at the center of fast car racing. The fuel pump is of secondary importance at best.

In the same way, we as bike racers are better off looking at what the engine is producing rather than at how hard the pump is working. In fact, your training should be focused on building the engine—your muscles. Contrary to what athletes who use heart rate monitors believe, muscle is where nearly all fitness changes take place. Focusing only on the rate at which blood is pumped to the muscles is not the most effective way to train.

More than likely you have been using a heart rate monitor ever since you started in your sport. They’ve been around since the late 1970s, so athletes have become quite used to them. And they’ve measurably helped to improve performance for many. But other than the pump-engine relationship I described above, there are still significant limitations to heart rate–based training. Heart rate is affected by “outside” forces, such as diet, race-day excitement, and psychological stress. For example, caffeinated drinks and even a shot of sugar can cause heart rate to rise regardless of how hard you are pushing yourself. Simply being around other riders, especially in a race, will also result in an artificially high heart rate. And even the stuff that goes on between your ears—an argument with the boss, tax time, and other worries—has an effect on heart rate that is unrelated to your riding intensity. Furthermore, in training heart rate is slow to respond when you are doing intervals, so during the first few minutes of each interval you are forced to guess how hard to go. All of this sets you up for poor workout and race pacing. It could very well be the reason you’ve not done as well as you are capable of doing, especially in steady-paced racing such as time trials and triathlons.

Still, the greatest limitation is that heart rate doesn’t tell you anything about how you are performing. It only tells you, indirectly, how hard the engine is working based on the engine’s demand for fuel and oxygen. To be truly effective, heart rate must be compared with something else. I will show you in Chapter 6 how power and heart rate can be compared and how the benefits of this relationship can be useful for your training.

Speed

Several years ago, I was invited to go for a long Saturday-morning ride with a couple of Ironman triathletes who were in their final stages of race preparation. They didn’t have power meters. We rolled out of the parking lot, and they immediately increased their speed to about 25 mph and held it there. There was no warm-up or conversation. We were immediately riding all out. After several minutes of this, I rode up next to one of them and asked what was going on. Why so fast? He told me that they wanted to average 22 mph and knew that because of hills and the possibility of wind, they had to get the average speed high when they were still fresh. After a couple of hours, the ride slowed to a death march as fatigue set in. They didn’t quite achieve their speed goal that day, which meant they’d have to go out faster at the start on the following weekend. What a strange way of training.

Speed on a bicycle is largely determined by wind and hills. If you’re riding uphill or into a strong headwind, you’re going slow. Downhill and with a tailwind, you’re riding fast. Whatever my riding companions’ average speed was at the end of the workout would have to be explained based on the environmental conditions, not their fitness. Was it a windy day? How hard was the wind blowing when they rode into or with it? Were they going uphill or downhill? How steep were the hills? How great would the wind speed be on race day? Would there be a tailwind or a headwind on the longest hill of the race? There is absolutely no way of estimating performance requirements and preparing to be ready for them if speed is the measure of intensity.

With a power meter, hills and wind are of no consequence. In a race, while others are guessing how fast to ride up hills and into the wind, the rider with a power meter is content simply holding the prescribed power. Power is a much easier and much more precise measure of intensity than speed.

Feel

I recently received a comment from a rider after I posted a blog entry called “Why You Need a Power Meter.” He told me he trained with an elite cyclist who didn’t use a power meter, a heart rate monitor, or even a handlebar computer with a speedometer. And his friend was really fit and fast. So he now believed that riding based strictly on how he feels is the proper way to train. Sport scientists call this method of training “perceived exertion.” They use scales to rate this, such as 0 to 10, with 10 being high. By assigning a number to how hard the effort feels, they create a subjective quantifying system known as “rating of perceived exertion” (RPE).

Actually, there’s a lot to be said for that way of thinking. If the battery on your power meter or whatever device you use dies on race day, you had better be able to continue on without it and still race effectively. Racing by feel, or RPE, is the way all riders did it in the early part of the previous century.

The elite rider mentioned above is undoubtedly what I call an “artist-athlete.” Elites usually fall into this category. Artist-athletes despise numbers because they “get in the way of real racing.” That’s the way artists think regardless of the medium. Their actions are totally subjective. They just seemed like the right thing to do at the time.

There are many nonelites who down deep are artist-athletes and would really like to race based strictly on feel. Some can do it successfully. But not all athletes are good at doing so, as riding by feel requires a calm, focused approach to the race. Most of us race based on emotions. We start too fast because we’re excited, and eventually we blow up. The same thing happens when we do training rides, such as tempo, intervals, hill repeats, or anything else requiring patience and precision: We start out too fast and then fade. We need a device of some sort—a power meter or even a heart rate monitor—to teach us what the proper intensity feels like. Once that knowledge of proper intensity is eventually drilled in, racing by feel becomes possible.

Another type of athlete is the “scientist-athlete.” These athletes train to improve performance by trying personal experiments and measuring outcomes so that they can find what works best for them. If you’re one of these, you’ll thrive with a power meter, as it’s probably the best tool there is for science experiments on cyclists.

Some people are a mix of artist and scientist. Lance Armstrong is an example. In his prime he liked to experiment and precisely measure everything in training, from calories consumed to wind drag over clothing to power with different bike designs. But when it came to racing, he was an artist who could fool competitors by acting fatigued or blowing them away on a climb after an angry glance.

You probably know by now which type of athlete you tend to be. Unless you have training and racing by feel totally figured out and are at the peak of your potential, which is doubtful, I feel certain that a power meter can help you. I’ve seen that happen with every athlete, regardless of type, whom I have ever coached with a power-based program.

Multisystem Training

From what you’ve just read, you may think I’m advising you to disregard your heart rate, speed, and RPE. I’m not. Each is important in its own way and should be monitored throughout a ride. It’s just that looking at the ride through the lens of power makes better sense of all that you are seeing and experiencing from the other three; it makes them more relevant. With power you see the world of training more completely than ever before. It’s like the difference between watching a movie in 3D and watching it only in 2D. In 3D, everything is clearer and more meaningful.

Figure 1.1 illustrates my point. It shows what happens in regard to heart rate, RPE, speed, and power while a rider is steadily climbing a hill, coasting down the other side, and then starting to pedal again on flat terrain.

[image: image]

Notice that heart rate and RPE rise as the hill is steadily climbed, while speed and power remain fairly constant. When the rider is coasting down the hill, speed increases as heart rate, RPE, and power decline. Note that heart rate is slow to respond as the rider starts up the hill, and heart rate continues to increase in the early part of the descent. This lag is common with heart rate. RPE increases on the climb as fatigue gradually sets in. RPE rather quickly decreases on the downhill side before rising again as pedaling is resumed on flat terrain. Speed remains constantly low on the uphill, increases on the descent, and eventually settles in at a steady rate with the return to flat terrain.

Now look at the power line. It reflects some of the changes taking place in the other three, but it does so rather quickly. Following a steady level on the climb, power almost immediately responds to the transition from climbing to coasting and from coasting to pedaling on the flat section. The power line presents the most useful picture of the athlete’s performance because it is a direct measurement of the rider’s output.

The higher the power is up the hill and on the flat terrain, the greater the rider’s performance is. The same can be said of speed. Only power and speed are directly related to performance. Heart rate and RPE tell us nothing about performance—they simply reflect what the rider is experiencing. When compared with power, however, heart rate and RPE also tell us something about the rider’s fitness. When power is high and heart rate and RPE are relatively low compared with previous rides on that same hill, we know that the athlete is fitter and faster.



OUTPUT AND INPUT

There’s an important point in the last paragraph that I want to make sure you got: “Only power and speed are directly related to performance. Heart rate and RPE tell us nothing about performance—they simply reflect what the rider is experiencing.”

What I’m describing here are output and input. Power and speed are measures of output. They tell us what is being accomplished during a ride. Heart rate and RPE are input. They tell us what the effort is to create the output.

This is an important distinction. Races give out awards based on output— who got to the finish line first. There are no awards for input—who worked the hardest to get there. In fact, if everyone in a category is trying to win a typical race, input will be much the same across the entire field. Everyone will be working hard. Input will be high. But despite that, only one person will come across the finish line first. That person will have had the highest output.

Both factors are important, but only one produces actual results. In Chapter 6 I’ll show you how the relationship between output and input is an important indicator for your training.



WARNING!

Power meters are not perfect. There are definite downsides to training with power. (Sounds odd in a book on power meters, huh? Let me explain.)

I’ve already touched on one in the earlier portion titled “Feel.” The “safety” bike (the successor to the “penny-farthing” bike with the huge front wheel) and bike racing, in whatever format, have been around since the late 19th century. Throughout most of that time, training and racing on a bike were almost entirely an art form. Athletes did whatever seemed right at the time based almost entirely on how they felt. They were magnificently in tune with their bodies. They had no choice.

Today, however, I’m afraid athletes may be losing their sense for the “art of racing.” Bike-related sports have most decidedly become more science and less art in the past 30 years. This is probably true across the board in all sports, but especially in cycle sports. The heart rate monitor started this trend, but the power meter has taken it to a whole new level. Bicycle road races still demand a great reliance on feel and art since such races are largely unstructured, and the race circumstances and demands on the body change frequently as the race progresses. One of the only ways to develop a sense of feel and art is through racing itself, as races give us the best chance to experience those changing conditions.

Nevertheless, training for road races has very definitely become a science. Steady-state bike races, such as time trials and triathlons, and even mountain bike racing to some extent, are very close to becoming all science all the time.

This lament may sound strange coming from me since I am probably one of the strongest proponents of the science of training. But I feel a bit of a loss as athletes change the way they prepare for and compete in their sports.

Having a sense for the art of training and racing is a worthy trait that leads to greater insight into what your body is experiencing. I’m afraid that we may be losing that ability to some extent. To stave off that loss, it may be good for your total development as an athlete to occasionally—perhaps once a week—not have any numbers to look at during a ride or a portion of it. For these times, you can remove the handlebar computer and put it in your back pocket if it is wireless. That way you can still collect the data for later analysis to see how your “feel” for riding a bike is coming along. If your device is not wireless, put a piece of tape over the computer display.

This leads to my next warning. For some riders—mostly the scientist-athletes among us—numbers are addictive and even highly motivating. For them, training is all about producing numbers, especially high numbers. That’s okay on days when training is meant to be challenging. But it’s not such a good thing for recovery days. Trying to keep the numbers high for these workouts is counterproductive. If you find yourself fixated on maintaining your “fitness,” even on easy days, then it’s best to put the computer in your pocket or put tape on it. Just ride easy on those days without having a number associated with it other than RPE.

When you first start riding with a power meter, the handlebar readout can be captivating. There are lots of numbers, and they are constantly changing. It’s easy to lose your focus on the road and the cars around you owing to your concentration on the display. Because of this, for your first few workouts with a power meter, ride where the traffic is light and there are few intersections. Once you get the hang of the meter, you can get back to your usual routes. But always ride with your focus primarily on what’s going on around you rather than on what your power meter is displaying.

Despite this appeal to set aside your power meter once in a while so that you can concentrate on how your body feels and responds as you train, I want to emphasize once more that using your new device for most of your time on the bike has the potential to make you fitter and faster than ever before. Once you have a solid understanding of the basics of the meter’s use, as I’ll describe in later chapters, your performance will be greatly enhanced. That’s the bottom line for why you should train with power. Now let’s move on to what power is.
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What Is Power?

I HOPE THAT CHAPTER 1 gave you a better understanding of why your power meter is such a valuable tool and why it is becoming so widely used by athletes in all bike-related sports. In this chapter I will explain what power is all about. I should warn you in advance that it will get a bit technical at times. But by the end of this chapter, you should be able to explain to your riding partners what your power meter is measuring and roughly how it does so. You should also be able to tell them how you’re using it to get fitter and faster.



THE BASICS OF POWER

Let’s start this discussion with the most common term used in power: the watt. On a power meter, we call the numbers displayed on the handlebar computer “watts.” Watts indicate how much energy you’re expending during the ride and, as you’ll see below, how fast you’re expending it. We’ll come back to this relationship of power and energy in Chapter 6.

The unit of power is named after James Watt (1736–1819), a Scottish inventor and mechanical engineer. He was a genius who is credited with discovering in 1765 how to make the steam engine more powerful and efficient (exactly what we are after for your bike performance), thus making the Industrial Revolution of the late 18th and early 19th centuries possible. He also developed the concept of horsepower and formulated the fundamental mathematics for power measurement.

Power in Physics

To help us get a broader understanding of power, let’s look at how physics describes it. After all, concepts about power arose in physics, and power— your individual power output, specifically—is the key to improving your cycling performance. Some of what follows may be a bit difficult to grasp on the first read, but hang in there with me as you think your way through this. In the end you’ll have a deeper appreciation for what’s going on when you ride your bike with a power meter. I’ll try to make my explanation as simple and painless as possible. Here we go.

The watt is a measure of power determined by calculating the rate (think “time”) at which work is done. By “work” I don’t mean your job but rather the physical act of moving something, such as standing up while doing a squat exercise with a heavy barbell on your shoulders in the weight room. That’s work. Work doesn’t care whether you stand up on the squat fast or slow; you moved the weight from here to there, so the amount of work remains the same no matter how long you take to do it.
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