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Data

Introduction

We live in a world in which we interact with data con-

stantly.

On the right you see an image from satellite of the western

part of Lake Erie in early spring.

There are areas of left over ice (white arrow).

And areas of an alien looking green associated with what is

called the spring algae bloom.

But algae, shown in a microscope smiley face arrangement

are tiny!

So what are we looking at in the satellite image?

Well, a satellite as a rule has to be a simple machine, usually

something that detects light or some other part of the elec-

tromagnetic spectrum.

Satellite is beamed back to Earth and post-processed by a

computer.

Mathematics is a very old subject (the version of the Pythagorean

Theorem on the right is from the 9th century AD).

Even modern mathematics, or what you might call deductive

mathematics is a few hundred years old.
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But dealing with data is a much younger, and in some sense much wilder

science.

Data science or data mathematics has three components.

First you have to get the data and understand how flawed that process

is.

Second you have to be able to quantify the data using mathematical

techniques that other scientists respect.

Third you need to be able to present (often in pictures) what you found.

Data Example 1: The Waterloo Weather Station

This is an example of about the cleanest data you can imagine.

Air Temperature is a quantity we all relate to, and the UW weather station is a reasonably reliable

source.

The raw data is plotted in black. Other quantities are plotted in red and green. Are they easy to

understand?

How would you compare 2015 and 2016 based on these graphs?

The bottom left tells you two ways, namely the

average daily high and average daily low. Both

were much higher this year.

Now compare the January 2015 record and the

one from August of the same year.

Obviously summer is warmer than winter, but

there is a lot more to it. First of all the winter

time temperature swings are larger.

Second of all the daily cycle is much more evident

in the summer.
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Things get a lot less tidy when we look at a variable we might care about even more, namely

precipitation.

The graphs themselves are easy enough to interpret (though it is odd at first that they are presented

as cumulative precipitation).

But the hardest thing to interpret is how snow and rain were compared.

Lets go back to the nice contrast result and add some actual mathematics to the story.

The independent variable here is time, and the dependent variable here is air temperature.

Notice that temperature is a numerical value by virtue of the machine used to measure it. This is

imperative for us to be able to do mathematics and can be a big challenge for social scientists (for

example how do we define poverty line).

The patterns are visually quite different. This is both useful and mathematically challenging since

quantifying the difference is not easy (a standard technique that is well beyond the high school level

is to write the data in terms of sines and cosines).

An easier to understand approach is to define quantitative descriptors of the data in the aggregate

(notice all the big words; math is much simpler).

The mean is just the average value for all the measurements and the variance is the average of the

difference from the mean squared.
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fi = (5, 7, 3, 10) < f >= 6.25 var(f) = 8.9167

You can see right away that computing the variance is time consuming by hand, and indeed computers

are much better at handling data.

• If you are paying attention you might note that the variance is very different from the mean

• This is partially due to the numbers I chose for the example, but partially due to the definition

in terms of squares (incidentally, why did we square the difference from the mean?)

• Usually people report what is called the standard deviation, which is just the square root

of the variance

• The weather station reports the mean, which is clearly different for the two months (though

how to quantify different is a more complex question)

• However the variance and standard deviation are not reported and in fact quantities that are

more specific to meteorology are (the average daily high and the average daily low)

• This is an example of how context influences the choice of mathematics. Incidentally, what to

do you think N is for the weather station data?
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Data Example 2: The Vostok Ice Core

https://en.wikipedia.org/wiki/Ice_core

A much bigger challenge: learning about

past climate from ice
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With a lot of care (both scientific and mathematical) it is possible to recreate the coming and going

of the ice ages from the little bubbles trapped in the ice core. This ice core is from a place called

Vostok in Antarctica.

• Contrast the ice core data with the humble weather station. Both give similar looking graphs

but you probably feel much more confident that you understand the weather data.

• This is because the ice core data has more actual uncertainty (is the Vostok site somehow

“special”) and your own knowledge of the topic is probably not as firm.

• This is part of the reason for having general mathematical definitions and techniques (these

days software with a broad user group as well).

• But mathematics cannot replace individual experience.
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Data Example 3:

Measurements in the Cenotes of the Yucatan
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