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Don’t hesitate to raise you hand 
during lectures if you have any 
questions.  

I’m also used to “read rooms” to see 
when students have questions.
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Statistics is the science of 
assisting in decision making 
with incomplete knowledge
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scientists are relatively small

We can’t measure everything:
statistics are based on samples!

Biologists are relatively small: we collect smaller
number of things to generalize to all things!

- From Chris Lortie
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Statistics are based on samples!

The most important goal of statistics is to 
infer an unknown quantity (e.g., average 
height of a species of plant) for an entire 
population of plants based on sample data 
(a subset of observations from the 
population)!

scientists are relatively smallBiologists are relatively small

e.g., = exemplī grātiā (for the sake 
of example!) 
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The most important goal of statistics is to infer an unknown 
quantity (e.g., height) of a population (species of tree in a 
forest) based on sample data!

Inspired by https://www.cliffsnotes.com/study-guides/statistics/sampling/populations-
samples-parameters-and-statistics

We want to know about a large 
number of trees

Population

Population mean height
(here the parameter of interest)

Selected (sampled) trees
to measure height

We have these trees
to work with

Sample

Sample mean height

Inference
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Source: https://marketbusinessnews.com/financial-glossary/jargon-definition/

Today is all about “definitions”: 
In most disciplines we learn “how to talk before walk"
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Some jargon is key to optimize communication & 
understand concepts more clearly

Jargon gets an unfair treatment but learning 
and working in most fields would be very 
difficult without it.

Jargon is a real time saver!

What is a population, a sample, an 
observation, a variable, a parameter? 

7

Statistics are based on samples!

The most important goal of statistics is to 
infer an unknown quantity (e.g., height) of 
a population (e.g., plants of a particular 
species in Montreal) based on sample data!

infer an unknown quantity = 
produce information about some chosen statistical 
POPULATION (e.g., number of trees, potation chip 
bags produced by a factory in a year) of interest!
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Statistical (important) definitions: POPULATION

Entire collection of individual units (or observation
units) that share a property or sets of properties from
which you want to generalize knowledge about
unknown quantities (observations) based on a sub-
set of individual units (sample).

Examples -

- Coffee drinkers in Quebec.
- Coffee drinkers in Canada.
- Coffee drinkers in Canada that run in the morning. 
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Statistical (important) definitions: POPULATION

What is the average height and average weight of coffee 
drinkers in Canada that run in the morning?
Individual unit (or observation unit) = someone living in Canada 
that drinks coffee and runs in the morning.

Entire collection of individual units that share a property or 
sets of properties from which you want to generalize 
knowledge about unknown quantities (observations) based on 
a sub-set of individual units (sample).
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Statistical (important) definitions: POPULATION

What is the average height and average weight of coffee 
drinkers in Canada that run in the morning?
Individual unit (or observation unit) = someone living in Canada 
that drinks coffee and runs in the morning.

Properties = Live in Canada, drink coffee and run in the morning.

Entire collection of individual units that share a property or 
sets of properties from which you want to generalize 
knowledge about unknown quantities (observations) based on 
a sub-set of individual units (sample).
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Statistical (important) definitions: POPULATION

What is the average height and average weight of coffee 
drinkers in Canada that run in the morning?
Individual unit (or observation unit) = someone living in Canada 
that drinks coffee and runs in the morning.

Properties = Live in Canada, drink coffee and run in the morning.

Observation (or data point) = set of one or more quantities 
(measurements) on a single observation unit; ex. the weight and 
height of someone living in Canada that drinks coffee and run in the 
morning.

Entire collection of individual units that share a property or 
sets of properties from which you want to generalize 
knowledge about unknown quantities (observations) based on 
a sub-set of individual units (sample).
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Statistical (important) definitions: POPULATION

What is the average height and average weight of coffee 
drinkers in Canada that run in the morning?
Individual unit (or observation unit) = someone living in Canada that drinks coffee 
and runs in the morning.

Properties = Live in Canada, drink coffee and run in the morning.

Observation (or data point) = set of one or more quantities (measurements) on a 
single observation unit; ex. the weight and height of someone living in Canada that 
drinks coffee and run in the morning.

Sample = subset of observation units form all possible observations 
in the population.

Entire collection of individual units that share a property or 
sets of properties from which you want to generalize 
knowledge about unknown quantities (observations) based on 
a sub-set of individual units (sample).
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Individual unit (or observation unit) = a Canadian that drinks coffee and 
runs in the morning.

Individual Weight (kg) Height (cm)
1 75.5 172
2 55.3 152
3 61.2 164
4 50.3 148
5 99.4 192
6 66.2 171
7 75.3 169
8 74.6 182
9 60.5 162

10 93.5 184
11 73.6 169

Observation (or data point) = set of 
one or more quantities 
(measurements) on a single 
observation unit; ex. the weight and 
height of someone living in Canada 
that drinks coffee and run in the 
morning.

TWO different observations are in red 
squares.

A sample of 11 individuals from the target population (PROPERTIES: Canadians 
that drink coffee and run in the morning).
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Often the size of the population is unknown (i.e., we 
don’t know how many people living in Canada drink 
coffee and run in the morning). 

In many cases it can be so big that we consider the 
population as “infinite” for many purposes (more later on 
this during the semester).  

Populations are also dynamic in the sense that they 
change through time.

Statistical (important) definitions: POPULATION

15
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Source - https://www.independent.co.uk/environment/how-many-
trees-are-there-on-earth-10483553.html

ARTICLE
doi:10.1038/nature14967

Mapping tree density at a global scale
T. W. Crowther1, H. B. Glick1, K. R. Covey1, C. Bettigole1, D. S. Maynard1, S. M. Thomas2, J. R. Smith1, G. Hintler1, M. C. Duguid1,
G. Amatulli3, M.-N. Tuanmu3, W. Jetz1,3,4, C. Salas5, C. Stam6, D. Piotto7, R. Tavani8, S. Green9,10, G. Bruce9, S. J. Williams11,
S. K. Wiser12, M. O. Huber13, G. M. Hengeveld14, G.-J. Nabuurs14, E. Tikhonova15, P. Borchardt16, C.-F. Li17, L. W. Powrie18,
M. Fischer19,20, A. Hemp21, J. Homeier22, P. Cho23, A. C. Vibrans24, P. M. Umunay1, S. L. Piao25, C. W. Rowe1, M. S. Ashton1,
P. R. Crane1 & M. A. Bradford1

The global extent and distribution of forest trees is central to our understanding of the terrestrial biosphere. We provide
the first spatially continuous map of forest tree density at a global scale. This map reveals that the global number of trees is
approximately 3.04 trillion, an order of magnitude higher than the previous estimate. Of these trees, approximately
1.30 trillion exist in tropical and subtropical forests, with 0.74 trillion in boreal regions and 0.66 trillion in temperate
regions. Biome-level trends in tree density demonstrate the importance of climate and topography in controlling local
tree densities at finer scales, as well as the overwhelming effect of humans across most of the world. Based on our
projected tree densities, we estimate that over 15 billion trees are cut down each year, and the global number of trees has
fallen by approximately 46% since the start of human civilization.

Forest ecosystems harbour a large proportion of global biodiversity,
contribute extensively to biogeochemical cycles, and provide count-
less ecosystem services, including water quality control, timber
stocks and carbon sequestration1–4. Our current understanding of
the global forest extent has been generated using remote sensing
approaches that provide spatially explicit values relating to forest
area and canopy cover3,5,6. Used in a wide variety of global models,
these maps have enhanced our understanding of the Earth sys-
tem3,5,6, but they do not currently address population numbers,
densities or timber stocks. These variables are valuable for the mod-
elling of broad-scale biological and biogeochemical processes7–9

because tree density is a prominent component of ecosystem struc-
ture, governing elemental processing and retention rates7,9,10, as well
as competitive dynamics and habitat suitability for many plant and
animal species11–13.

The number of trees in a given area can also be a meaning-
ful metric to guide forest management practices and inform
decision-making in public and non-governmental sectors14,15. For
example, international afforestation efforts such as the ‘Billion
Trees Campaign’, and city-wide projects including the numerous
‘Million Tree’ initiatives around the world have motivated civil
society and political leaders to promote environmental stewardship
and sustainable land management by planting large numbers of
trees14,16,17. Establishing targets and evaluating the proportional
contribution of such projects requires a sound baseline understand-
ing of current and potential tree population numbers at regional
and global scales16,17.

The current estimate of global tree number is approximately
400.25 billion18. Generated using satellite imagery and scaled based
on global forest area, this estimate engaged policy makers and envir-
onmental practitioners worldwide by suggesting that the ratio of
trees-to-people is 61:1. This has, however, been thrown into doubt
by a recent broad-scale inventory that used 1,170 ground-truthed
measurements of tree density to estimate that there are 390 billion
trees in the Amazon basin alone19.

Mapping tree density
Here, we use 429,775 ground-sourced measurements of tree density
from every continent on Earth except Antarctica to generate a global
map of forest trees. Forested areas are found in most of Earth’s
biomes, even those as counterintuitive as desert, tundra, and grassland
(Fig. 1a, b). We generated predictive regression models for the
forested areas in each of the 14 biomes as defined by The Nature
Conservancy (http://www.nature.org). These models link tree density
to spatially explicit remote sensing and geographic information sys-
tems (GIS) layers of climate, topography, vegetation characteristics
and anthropogenic land use (see Extended Data Table 1). Following
almost all of the collected data sources, we define a tree as a plant with
woody stems larger than 10 cm diameter at breast height (DBH)19.

Incorporating plot-level measurements from more than 50 coun-
tries, the measured tree density values were inherently variable within
and among biomes (Figs 1 and 2). However, the large number of tree
density measurements ensured that the confidence in our mean (and
total) estimates is high (Fig. 3). Furthermore, the scale of these data

1Yale School of Forestry and Environmental Studies, Yale University, New Haven, Connecticut 06511, USA. 2Department of Environmental Sciences, University of Helsinki, Helsinki 00014, Finland.
3Department of Ecology and Evolutionary Biology, Yale University, New Haven, Connecticut 06511, USA. 4Department of Life Sciences, Silwood Park, Imperial College, London SL5 7PY, UK. 5Departamento
de Ciencias Forestales, Universidad de La Frontera, Temuco 4811230, Chile. 6RedCastle Resources, Salt Lake City, Utah 84103, USA. 7Universidade Federal do Sul da Bahia, Ferradas, Itabuna 45613-204,
Brazil. 8Forestry Department, Food and Agriculture Organization of the United Nations, Rome 00153, Italy. 9Operation Wallacea, Spilbsy, Lincolnshire PE23 4EX, UK. 10Durrell Institute of Conservation
and Ecology (DICE), School of Anthropology and Conservation (SAC), University of Kent, Canterbury ME4 4AG, UK. 11Molecular Imaging Research Center MIRCen/CEA, CNRS URA 2210, 91401 Orsay
Cedex, France. 12LandcareResearch, Lincoln7640, New Zealand. 13WSL, Swiss Federal Institute for Forest, Snowand LandscapeResearch, 8903Birmensdorf, Switzerland. 14Environmental ScienceGroup,
Wageningen University & Research Centre, 6708 PB, The Netherlands. 15Center for Forest Ecology and Productivity RAS, Moscow 117997, Russia. 16CEN Center for Earth System Research and
Sustainability, Institute of Geography, University of Hamburg, Hamburg 20146, Germany. 17Department of Botany and Zoology, Masaryk University, Brno 61137, Czech Republic. 18South African National
Biodiversity Institute, Kirstenbosch Research Centre, Claremont 7735, South Africa. 19Institute of Plant Sciences, Botanical Garden, and Oeschger Centre for Climate Change Research, University of Bern,
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Let’s think about this question:  

If the number of trees is much bigger 
than we thought, does that mean 
that past estimates of the average 
size of trees on the planet are
completely wrong?

17

In biology, a population is all the organisms 
of the same group or species living in a 
particular geographical area.

In statistics, a population is a set of similar 
items (living or not) which is of interest to 
tackle a question of interest. 

Statistical populations versus biological 
populations (let’s not mix the two)

18
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wake up

@cjlortie

Let’s take a break - 2 minutes

19

Statistics is the science of 
assisting in decision making with 
incomplete knowledge based on 
populations that too often have 
unknown sizes (i.e., number of 
individual units)

20

Statistical (important) definitions: POPULATION

Examples -

Stars in the sky (“infinite”)
Sand in a river (“infinite”)
Countries in Europe (finite)
Bags of potato chips in a factory (finite)

To avoid confusion we often use the term “statistical 
population” instead of just “population”

21
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- From David Heath, An Introduction To Experimental Design And Statistics For Biology

Statistical populationObservational unitQuestion

POPULATIONS AND SAMPLING UNITS

ofof

of the

Questions of interest influence the observational 
units and how the statistical population is defined

22

A parameter is a quantity describing a statistical 
population, whereas an estimate (or statistic) is 
the same quantity but calculated from a sample.

What is the average height of trees 
across all species in the world?

The parameter of interest (unknown) here is the 
average height all trees.

The estimate of interest (known) here are the 
average height of a smaller group of trees 
(sample).

23

The most important goal of statistics is to infer an unknown 
quantity (e.g., height) of a population based on sample data!

Inspired by https://www.cliffsnotes.com/study-guides/statistics/sampling/populations-
samples-parameters-and-statistics

We want to know about these trees 
(which we don’t even know how many 

are there in most cases)

Population

Population mean height
(here the parameter of interest)

Selected (sampled) trees
to measure height

We have these trees
to work with

Sample

Sample mean height

Inference

24
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Population

Sample

Inference about
the population

Selection of
individual units

(sampling design &
process) 

parameter

estimate

The most important goal of statistics is to infer an unknown 
quantity (e.g., height) of a population based on sample data!

25

- A variable is any characteristic, number, or quantity that can 
be measured or counted and varies among observation units.
Height, weight, age, gender, eye color,  are examples of 
variables.

- It is key to be able to recognized the type of variable because they 
often guide the type of statistical analyses!

Variables!

- Variables (e.g., height, biomass) differ among observation 
units (e.g., one individual tree).  

26

Individual unit (or observation unit) = a Canadian that drinks coffee and 
runs in the morning.

Individual Weight (kg) Height (cm)
1 75.5 172
2 55.3 152
3 61.2 164
4 50.3 148
5 99.4 192
6 66.2 171
7 75.3 169
8 74.6 182
9 60.5 162

10 93.5 184
11 73.6 169

An observation contains all the 
values for the variables of 
interest such as the height and 
weight of a Canadian that drinks 
coffee and runs in the morning.

TWO different observations.

A sample of 11 individuals from the target populations (PROPERTIES: Canadians 
that drink coffee and run in the morning).

VARIABLES

27
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Types of variables

CATEGORICAL VARIABLES - describe membership in a category
or group; characteristics of observations that do not have
magnitude on a numerical scale. They can be:

- Survival (alive or dead),
- Method of disease transmission (e.g., water, air, animal vector),
- Eye colors (amber, blue, brown, gray, green, hazel, or red),
- Breed of a dog (e.g., collie, shepherd, terrier).

- Life stage (e.g., egg, larva, juvenile, adult),
- Snake bite severity score (e.g., minimal, moderate, severe),
- Size class (e.g., small, medium, large).

Nominal (name)

or Ordinal (ordered)

28

Types of variables

NUMERICAL VARIABLES - characteristics of observations have 
magnitude on a numerical scale.

- Core body temperature (e.g., degrees Celcius, oC),
- Territory size of a bird (e.g., hectares),
- Size of fish (e.g., cm)

Continuous (can take any real-number value)

- Age at death (e.g., years),
- Number of amino acids in a protein,
- Number of eggs in a bird nest.

Discrete (only take indivisible units)

29

Types of variables

NUMERICAL VARIABLES - characteristics of observations have 
magnitude on a numerical scale.

- Core body temperature (e.g., degrees Celcius, oC),
- Territory size of a bird (e.g., hectares),
- Size of fish (e.g., cm)

Continuous (can take any real-number value)

- Age at death (e.g., years),
- Number of amino acids in a protein,
- Number of eggs in a bird nest.

Discrete (only take indivisible units)

- How many numbers between 2 continuous numbers?
- How many numbers between 2 discrete numbers?

30
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Statistical variables

Variables are not based on their measuring 
units (e.g., cm) but rather their types 
(e.g., height, length)

Arm length and leg length can be both measured 
in centimeters, but they are TWO different 
variables.

31

Source: https://marketbusinessnews.com/financial-glossary/jargon-definition/

Enjoy your definitions!
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