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Introduction

ggplot2 is a system for declaratively creating graphics, based on The Grammar of Graphics. You
provide the data, tell ggplot2 how to map variables to aesthetics, what graphical primitives to

use, and it takes care of the details.

AT

The tidyverse is an opinionated collection of R
packages designed for data science. All
packages share an underlying design
philosophy, grammar, and data structures.
ggplot2 2 tidyverse B—&B5 , BFRIHFK{ 1L tidyverse
f9EHE , ggplot2 e TR,

Installation

install.packages("tidyverse") # Install tidyverse
library(tidyverse) # Load tidyverse

Transform \

Model

g

ggplot2 B—MNETEMEZFRACIZEFENALR, BREKIE , 5iF ggplot2 IMTFEEMGRIXE , ERMTLBEFNN , exXE

Import / Visualise \
= / ggplot2 || ggmap

Communicate

£

rmarkdown

Source: The Tidyverse - Teach Data Science. (2024, January 18). Retrieved from

https://teachdatascience.com/tidyverse



What is a Plot?

0?9 Question: XZKAERFNE ML 551+ B ?

BITXMCES , (&M, XTEREHE—

(ARRHY , XESHUERE x Ty RER ,

BEH class REH,

ggplot(data = mpg,
mapping = aes(x = displ,
y = hwy,

colour = class)) +

geom_point()

[19 Question: X

- Data(FUES)
- Aesthetics(ZEZ5T)
- Geometry(JL{EI¥H &)
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Source: Create Elegant Data Visualisations Using the Grammar of Graphics. (2023,

December 18). Retrieved from https://ggplot2.tidyverse.org



The Grammar of Graphics

library(ggplot2)
ggplot(data = mpg,
mapping = aes(x = displ,

y = hwy,
colour = class)) +
geom_point()+
coord equal(ratio = 1/5)+
facet wrap(.~cyl,nrow = 1)+
scale color viridis d()+
theme bw()+
theme(panel.grid.major = element blank(),
plot.title = element text(size = 16),
axis.line = element line(size = 1),

panel.background = element rect(fill = 'transpar

plot.margin = margin(5,5, 5,5))+
labs(title = 'A',
colour = 'Class of car')
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displ

ggplot (data= @QIND) +

'| required

<GEOM_FUNCTION> (B -] <MAPPINGS> §

stat =GB, position =L HNIID) +
| <COORDINATE_FUNCTION>

| <FACET_FUNCTION> &

[ <SCALE_FUNCTION> &

<THEME_FUNCTION>

Not
required,
sensible
defaults
supplied




- theme(Eﬁ) theme_bW() Describes all the non-data ink

Plotting space for the data

= Space(Z[d]): coord _cartesian()

Statistical models & summaries

= Statistical models(4itT#k): stat smooth() Rows and columns of sub-plots
- FacetS(ﬁE): facet Wrap() Shapes used to represent the data

- Scales onto which data is mapped
u Geometry(ﬂ,ﬁﬂ‘]’ﬁ) geom_pOint() The actual variables to be plotted

= Aesthetics(ZEX¥MEY): x, y, color
= Data(##EE): mpg

Data visualization with ggplot2 : : cHeaT SHEET

T vasABLES

Theme
Coordinates
Statistics
Facets
Geometries
Aesthetics
Data

Source: Data Visualization Cheatsheet - RStudio. (2024, January 18). Retrieved from https://rstudio.com/resources/cheatsheets/




Data
$IESSHERNRL , EEZ5—EBEIRERIE,

K= BB
MK TE 18 MK
1 X 1 1
1 y 2 2
2 X 3
2 y 4

1?2 Question: KB IL 2 FTEUE ?

—MRIERERKWE , B RKBEETHLE,



Data transformation
HBIEAVK EEEE IR

library(tidyverse)
data <- tibble(

x = 1:4,

y = 1:4,

z = 1:4

data |>
pivot longer(cols = everything())

A WN R

N o o WN e
X N < X N X< X

z

<int> <int> <int>

x y
1 1
2 2
3 3
4 4

name value

<chr> <int>
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data |> X name value

pivot longer(cols = c(y, z), <int> <chr> <int>
names _to = 'name’, 1 ly 1

values to = 'value') 2 1z 1

3 2y 2

4 2 z 2

5 3y 3

EEXRERBEWIE? ERXNMERBPISHEES , (RPJLAEIL ?pivot longer BEE,



Aesthetics
EFMRERRGHIEEFTNETEMRFINELNALEMEL |, tLEE, IR, KRINE,
= X

=y

« fill

= color

= shape

= linetype

= Size

= alpha

= group

XEFRZEEN , Re]UBECSEX.
MRFERETEMSREF L, FEME aes() FEX,

WFZIFREFIRET , aJLAEIE ?aes’ 3#E ?geom xxxx BE,



library(ggplot2)
ggplot(data = mpg) +
geom_point(mapping = aes(x = displ,
y = hwy,
colour = class))+
coord equal(ratio = 1/5)+
facet wrap(.~cyl,nrow = 1)+
scale color viridis d()+
theme bw()+
theme(panel.grid.major = element blank(),
plot.title = element text(size = 16),
axis.line = element line(size = 1),
panel.background = element rect(fill = 'transparent', colour = 'black'),
plot.margin = margin(5,5, 5,5))+
labs(title = 'A',
colour = 'Class of car')

[? Question: LT SHIRGTEI TEF £ ?

displ, hwy, class



Geometry

TN REEEREAER , thil=. 4. B,

ik R HBINBEED geon xoox () REXERMMRK , MESE, FEE, HRES,
09 Question: BT —LLAi+FIR , REAEWLER ? EMR3ERTHAZE?
M BMRE ANELH/EETE

RIMERHT RS B%

= EMTE , . FHF5.
- BFEMETE , NFH,
= EFEMTE , ttsl,

= EELTE  UFR. BEF.
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c + geom_area(stat = "bin")
X, Y, alpha, color, fill, linetype, size

c + geom_density(kernel = "gaussian")
X, Y, alpha, color, fill, group, linetype, size, weight

c + geom_dotplot()
X, Y, alpha, color, fill

c + geom_freqpoly()
X, Y, alpha, color, group, linetype, size

c + geom_histogram(binwidth = 5)
X, ¥, alpha, color, fill, linetype, size, weight

EMTE

d + geom_bar()
x, alpha, color, fill, linetype, size, weight



B E

ggplot(data = mpg) +

geom_histogram(mapping = aes(x = displ))

30-

20-

count

10 -

displ



t > 4
SR [E]

ggplot(data = mpg) +
geom_freqgpoly(mapping = aes(x = displ))

count

30-
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displ
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ggplot(data = mpg) +
geom_density(mapping = aes(x = displ))
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Two variables

TE+TE
1a) e + geom_label(aes(label = cty), nudge_x=1, .
Blc) pudgey=1) X, label aipha, angle, color ‘ oy atpha, color, i, inetype, sze
family, fontface, hjust, lineheight, size, vjust ¥, alpha, 2 T P€;

. i + geom_line()
e+ geom_point() /‘j/\ X, Y, alpha, color, group, linetype, size

x, ¥, alpha, color, fill, shape, size, stroke
. i + geom_step(direction="hv")
e + geom_quantile() J”-'FJ-LL X, Y, alpha, color, group, linetype, size

X, Y, alpha, color, group, linetype, size, weight

e + geom_rug(sides =“bl")
X, Yy, alpha, color, linetype, size

e + geom_smooth(method = m)
X, Y, alpha, color, fill, group, linetype, size, weight

e + geom_text(aes(label =cty), nudge_x=1,
nudge_y=1) - x,y, label, alpha, angle, color,
family, fontface, hjust, lineheight, size, vjust

A R%E geom_point, geom_line, geom_smooth, geom_area
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mpg) +

ggplot(data

= aes(x = displ

geom point(mapping

y = hwy
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ggplot(data = mpg

geom line(mapping

+

aes (X

y

displ

hwy

hwy

40 -

30 -

20-




RRC]:EE

ggplot(data = mpg) +
geom point(mapping = aes(x
y

ggplot(data = mpg) +
geom line(mapping = aes(x
y:

ggplot(data = mpg) +
geom_smooth(mapping = aes(x
y

ggplot(data = mpg) +
geom_area(mapping = aes(x

y:

displ
hwy

displ
hwy

displ,
hwy) )

displ
hwy

£ 25-
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40 -
30 -
=
2
20 -
ggplot(data = mpg) +
geom area(mapping = aes(x = displ,
= hwy))
10 -
['J_
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f+ geom_col()
X, ¥, alpha, color, fill, group, linetype, size

f+ geom_boxplot()

X, Y, lower, middle, upper, ymax, ymin, alpha,

color, fill, group, linetype, shape, size, weight

f+ geom_dotplot(binaxis ="y", stackdir = “center")
X, ¥, alpha, color, fill, group

f+ geom_violin(scale =“area")

X, Y, alpha, color, fill, group, linetype, size, weight

j + geom_crossbar(fatten = 2) - x, y, ymax,
ymin, alpha, color, fill, group, linetype, size

j + geom_errorbar() - x, ymax, ymin,
alpha, color, group, linetype, size, width
Also geom_errorbarh().

j + geom_linerange()
X, ymin, ymax, alpha, color, group, linetype, size

j+ geom_puinﬁange{] - X, ¥, ymin, ymax,
alpha, color, fill, group, linetype, shape, size



EVNE]

ggplot(data = mpg) +
geom _col(mapping = aes(x class,
y = cyl)) 4001

300 -

=
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200 -
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Z2seater compact midsize minivan  pickupsubcompact suv
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L ] L ]
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40 -
ggplot(data = mpg) + !
geom_boxplot(mapping = aes(x = class,
= hwy)) 1
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INRZE

40 -
30-
=
=
=
ggplot(data = mpg) + 20 -
geom _violin(mapping = aes(x = class,
= hwy))

Z2seater compact midsize minivan  pickup subcompact suv
class



Two variables

EME+E M FFIRIE A
® . g + geom_count() k + geom_map(aes(map_id = state), map = map)
X, ¥, alpha, color, fill, shape, size, stroke +expand_limits(x = mapS$long, y = map$lat)
map_id, alpha, color, fill, linetype, size
X, et genm_jitter{h:eight =2, w_idth =2)
it X, Yy, alpha, color, fill, shape, size =B st 1R geom sf

h + geom_bin2d(binwidth = c(0.25, 500))
f X, Y, alpha, color, fill, linetype, size, weight
h + geom_density_2d()
X, Y, alpha, color, group, linetype, size

h + geom_hex()
f X, Y, alpha, color, fill, size

HEMEZZETXEFRRNER , FTRBINREE - LESRAE



Three variables
= EM+EM+EME

» EM+EM+ES
» EM+TE

» EE+TE



https://weekly.chinacdc.cn/article/doi/10.46234/ccdcw2021.182

M EZE Test data

data <- data.frame(

x = rep(l:10, 10),
y = rep(1l:10, each = 10),
z = rnorm(100)

ggplot(data = data) +

geom_contour filled(mapping =

aes(x = X,
y =Y,
z =12))

10.0-
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50-

25-
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(0.0, 0.5]
(0.5, 1.0]
(1.0, 1.5]
(1.5, 2.0]
(2.0, 2.5]
(2.5, 3.0]


https://image-1300450300.cos.ap-nanjing.myqcloud.com/medimage/ggplot2_visual.csv
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ggplot(data = data) +

geom_tile(mapping = aes(x = X,
y =Y,
fill = z))
ggplot(data = data) +
geom_raster(mapping = aes(x = X,
y =Y,
fill =

))

10.0-

T5-

50-

25-

[}_Dﬂ 1 1 1 1
0.0 25 50 7.5 10.0

X

HIRERXfERgeom raster; $IBER/\geom tile



Three variables
« EE+EHE+TEM
- EH+EM+EER

THE+TEE+TE

Solution 2: 3D plot

Solution 3: Facet

Conductivity Mo cm™)

.
.
H D D -
.
.
200 ul -
.

A

&

STo"
Source: Nature

HLE

Source: Nature

EenErER


https://weekly.chinacdc.cn/article/doi/10.46234/ccdcw2021.182
https://www.nature.com/articles/nature04232
https://www.nature.com/articles/s41591-023-02582-3

Facets

I t facet_grid(. ~ fl) . . ]
Facet into columns based on fl. —1MERDBBNTE , BN TFERRAEOEE,

— .
s t+ facet_grid(year ~.)
mmmm Facetintorows based on year.

HEEEE facet_grid(year ~ fl)

mmm Facet into both rows and columns.
[ | |

t + facet_wrap(-~fl)
Wrap facets into a rectangular layout.

Set scales to let axis limits vary across facets.

t + facet_grid(drv ~ fl, scales = ""free")
x and y axis limits adjust to individual facets:
"free_x" - x axis limits adjust
"free_y" -y axis limits adjust

Set labeller to adjust facet label:



Why facet?

ggplot(data = mpg) + ggplot(data = mpg) +
geom_point(mapping = aes(x = displ, geom_point(mapping = aes(x = displ,
= hwy)) = hwy))+
facet wrap(.~class,nrow = 2)
o 2seater compact midsize minivan
o 40-
40- 2
. 30- .ﬂé .'.f
: LI “:'1', . I
.e 20- o
o DI, _
? ..:..: o: . z pickup subcompact suv 2 3 4 5
= L s e -
dTfN sn T « 40- =
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20- . o4 * . .!-! * i
* : :o . - .o . Q * i $ e
L ] - & - & 5 & & L ] L] 20- © * e Ld & © *e -
ey » e ..:. . z.. - ;":.}!... L ]
. * * 2 3 4 5 6 7 2 3 4 5 6 7 2 3 4 5 h‘ 7
displ
2 3 4 5 & 7



facet grid

geom_point(mapping = aes(x

facet grid(cyl~.)

40 -
30-
20-

40 -
30-
20-

40 -
30-
20-

40-
30-

ggplot(data = mpg) + ggplot(data = mpg) +

geom_point(mapping = aes(x = displ,

y = hwy))+
facet grid(.~cyl)
4 5 6 8

aw0-"

20~ we =
T : o 2
= - L]

- ¢ i i,

displ

20-

displ,
hwy) )+



facet grid

ggplot(data = mpg) +

hwy

geom_point(mapping = aes(x
y = hwy))+

facet grid(cyl~.)

40 -

20-

40-
30-
20-

40 -

20-

40-

30-
20-

= displ,

ggplot(data = mpg) +
geom_point(mapping = aes(x

facet grid(cyl~.,

45 -

40 -

35-
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25-

20-
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28.50-
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facet wrap

ggplot(data = mpg) +
geom_point(mapping = aes(x = displ,

y = hwy))+

facet grid(cyl~.,

45~

40-

35-

30-

25-

20-

29.00-

28.75-

28.60-

28.25-

= i
= 28.00

25+

20-

scales = 'free')

ggplot(data =

mpg) +
geom_point(mapping = aes(x

facet wrap(cyl~.,

45 -

40 -

35-

30-

25-

20-

hwy

25-

20 -

1.75

displ,
hwy) )+

'free')
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summary
MRFZESHER , oJUAEA facet wrap() ., NMREZRBEANTEHN , sJUER facet_grid()
F facet wrap() , BJLAERA nrow 1 ncol RizHIFERIITEFITIEL,

FZEEPLAET ?facet wrap F ?facet grid &BE.



Three variables
= EM+EM+EM
» E+EM+ES
» E+EE+ES

» TE+EE+TESE

Solution 1: &3

’

Solution 2: 3D plot Solution 3: Facet Solution 4: Aesthetics:

- color, shape, size...
. Age> 40years = ; /su RN:::,;;E
3 ) e
R E ot
H g & . ]
H 2 ;
H 0 £ z &
2 S ] .
= w 2
2
3 S . e
Source: China CDC Weekly, :
Source: Nature

Source: Nature


https://weekly.chinacdc.cn/article/doi/10.46234/ccdcw2021.182
https://www.nature.com/articles/nature04232
https://www.nature.com/articles/s41591-023-02582-3
https://www.nature.com/articles/s41591-023-02372-x

Statistical models
HE WA FERRURELIET | BIEE,

A stat builds new variables to plot (e.g., count, prop).

[l |cty] cyl]
(x| _count | I
—b H
—.. .
—_———n
data stat geom coordinate plot
X=X system
y = count

Visualize a stat by changing the default stat of a geom function,
geom_bar(stat="count") or by using a stat function,
stat_count(geom="bar"), which calls a default geom to make
a layer (equivalent to a geom function).

Use after_stat(name) syntax to map the stat variable name to
an aesthetic.

geom to use geommappings

i + stat_density_2d(aes(fill = after_stat(level)),

eom = "polygon"
& polygon”) variable created by stat



Space

Coordinate systems

r + coord_cartesian(xlim = c(0, 5)) - xlim, ylim
The default cartesian coordinate system.

r + coord_fixed(ratio = 1/2)
ratio, xlim, ylim - Cartesian coordinates with
fixed aspect ratio between x and y units.

r + coord_flip()
Flip cartesian coordinates by switching
x and y aesthetic mappings.

r + coord_polar(theta = "x", direction=1)
theta, start, direction - Polar coordinates.

r + coord_trans(y = “sqrt") - x, y, xlim, ylim
Transformed cartesian coordinates. Set xtrans
and ytrans to the name of a window function.

1 + coord_quickmap()

1 + coord_map(projection = "ortho", orientation

=c(41,-74,0)) - projection, xlim, ylim
Map projections from the mapproj package

(mercator (default), azequalarea, lagrange, etc.).

coord_cartesian: ATHHEBFEEERTEE , &
RATFHEF&E,

coord_flip: BT ERFE L FR3H,

coord_fixed: I TEEALIRFHELS , ERATLHIFR
E Fth [,

coord_polar #1 coord_quickmap : EB% L,



Theme
IRE S =N IREH

r +theme_bw() r + theme_classic()
1 White background ¢ + theme_light()

with grid lines.
I r + theme_gray() I r + theme_linedraw()
--ullll Greybackground -___lIfl r+theme_minimal()

(default theme). Minimal theme.
. r + theme_dark() II r + theme_void()
Dark for contrast. = ==mBE Fmpty theme.
r + theme() Customize aspects of the theme such
as axis, legend, panel, and facet properties.

r+ ggtitle(“Title”) + theme(plot.title.postion = “plot”)
r+theme(panel.background = element_rect(fill = “blue”))

0?9 Question: XH IR BER IFAELRK ?

theme(panel.grid.major = element blank(),

plot.title = element text(size = 16),

axis.line = element line(size = 1),

panel.background = element rect(fill =

plot.margin = margin(5,5, 5,5))+

FHER + THEENX

"transpare



What else?
Scales

ne<-d+ geuom_ba.riaeglgfill =fl))

I aesthetic repackaged scale-specific
M e R
n + scale_fill_manual(

I values =c("s blue"‘ “royalblue®, "blue", vr?' "),
I llmlts C 1Id1l i Ill Ii Il " I breaks _C(“d“ M pli ﬂrll}:
nime—ilfuellll leEIS {“D" HE“ “P“ “R“}]

title to use in | labels to use | breaks to usein

range of values legend/axis J in legend/axis legend/axis

to include in

GENERAL PURPOSE SCALES
Use with most aesthetics

scale_*_continuous() - Map cont’ values to visual ones.
scale_*_discrete() - Map discrete values to visual ones.
scale_*_binned() - Map continuous values to discrete bins.
scale_*_identity() - Use data values as visual ones.

scale_*_manual(values =c()) - Map discrete values to
manually chosen visual ones.
scale_*_date(date_labels = "%m/%d"),

date_breaks ="2 weeks") - Treat data values as dates.
scale_*_datetime() - Treat data values as date times.
Same as scale_"_date(). See ?strptime for label formats.

X &Y LOCATION SCALES

Use with x or y aesthetics (x shown herg)

scale_x_logl0() - Plot x on logl0 scale.
scale_x_reverse() - Reverse the direction of the x axis.
scale_x_sqrt() - Plot x on square root scale.

COLOR AND FILL SCALES (DISCRETE)

n + scale_fill_brewer(palette = "Blues")
II For palette choices:

RColorBrewer:display.brewer.all()

n + scale_fill_grey(start=0.2,
.lI end = 0.8, na.value = "red")

COLOR AND FILL SCALES (CONTINUOUS)
0 <- ¢+ geom_dotplot(aes(fill =x))
I!II o + scale_fill_distiller(palette = “Blues™)
!L o +scale_fill_gradient(low="red", high="yellow")

o +scale_fill_gradient2({low = "rad", high = “blue”,
l ' mid = "white", midpoint = 25)
it

o + scale_fill_gradientn(colors = topo.colors(6))
' Also: rainbow(), heat.colors(), terrain.colors(),
-i ¢ cm.colors(), RColorBrewer::brewer.pal()



Scales of axis

RIET S XB IR E R4 (B x 50 79{)

Variable type

BT

[l
Bl

Gt
Bl

|L¢_; N

il

H HA /A 8]

R class
numeric/integer
factor/character

date/POSIXct

Scale function
scale_x_continuous()
scale_x_discrete()

scale_x_date()



ggplot(data = data) +

geom_tile(mapping = aes(x = X,

y =Y,

fill = z))+
scale x_continuous(expand = c(0,0))+
scale_ y continuous(expand = c(0,0))
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Scales of guides
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ggplot(data = data) +
geom_tile(mapping = aes(x = X,
y =Y,
fill = z))+
(0,0))+
(0,0))

scale x_continuous(expand = ¢
scale y continuous(expand = c(0,

scale fill distiller(palette = 'Blues', direction = 1)
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Labels and legends

t + labs(x ="New x axis label", y ="New y axis label",
title ="Add a title above the plot’,
subtitle = "Add a subtitle below title",
caption = "Add a caption below plot",
alt = "Add alt text to the plot",
= "New T3P legend title")

t + annotate(geom = "text", x =8,y =9, label = “A")
Places a geom with manually selected aesthetics.

p + guides(x = guide_axis(n.dodge = 2)) Avoid crowded
or overlapping labels with guide_axis(n.dodge or angle).

n + guides(fill= “none") Set legend type for each
aesthetic: colorbar, legend, or none (no legend).

h + theme(legend.position = "bottom")
Place legend at "bottom", "top", "left", or “right”.

n + scale_fill_discrete(name = "Title",
labels — C(”A”, HBH’ HCH, HDH’ HEH))
Set legend title and labels with a scale function.
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Zooming

Without clipping (preferred):

t + coord_cartesian(xlim = c(0, 100), ylim = c(10, 20))
With clipping (removes unseen data points):

t+ xlim(0, 100) + ylim(10, 20)

t + scale_x_continuous(limits = ¢(0, 100)) +
scale_y_continuous(limits =c(0, 100))



Save plot

# png

ggsave('plot.png', width = 10, height = 10, dpi = 300)

# pdf

ggsave('plot.pdf', width = 10, height = 10, device = cairo_pdf)
# pdf & X

ggsave('plot.pdf', width 10, height 10, device = cairo_pdf, family = 'GB1')



Using esquisse
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https://tools.ctmodelling.cn/app/esquisse

How to learn?
BIARNILEE+ RN LE=RENSRITER
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Source: Science Advances Source: Science Advances .



https://advances.sciencemag.org/content/7/3/eadh2132
https://advances.sciencemag.org/content/7/3/eadh2132
https://www.nature.com/articles/s41586-023-06872-1
https://www.nature.com/articles/s41591-023-02582-3

Learn More



http://localhost:12445/20240118_ggplot2_visualization/slidev-exported.pdf
https://github.com/xmusphlkg
https://kangguo.online/

