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Learning objectives for Session 4

You are able to

— name the main spatial data types in R
— import spatial data from different sources
— turn data with coordinates to spatial data (sp and sf)

— create maps with leaflet and ggplot
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Before we start...

We need the data collected in class

stats geo8l2 <- read.csv(file = "data/stats geo8l2.csv",

header = T, sep=",")
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Basic spatial data types

Which spatial data types do you know?

- Q
Vector Q

Points Lines Polygon
Raster B Guess what?
. 2 Raster They all exist in R!
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Packages to analyze spatial data

sp — classes and methods for spatial data
sf —yet other classes and methods for spatial data
leaflet -—interactive maps

(rgdal - for projection/transformation operation)

Load and attach packages:
library (sp)
library(sf)
library(leaflet)

library (rgdal)
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spand st

SP
- traditional package for spatial analysis in R

- loads of GIS functions

- but not always compatible with mainstream R packages and data structures

st
- fairly new package
- compatible with mainstream R (especially the tidyverse!)

- but many, many GIS functions still rely on sp

sf is meant to replace sp
in the meantime = one should know both.
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sp and sf: similarities and differences

Both packages are designed to represent spatial features, that is objects with a

- spatial geometry o °*

- and attributes ® B

but

sp and sf store information about geometry and attributes differently

sp has a separate class for each spatial data type

s f uses data frames that also contain spatial data
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In sp: one class per spatial data type

With attributes

Without attributes

SpatialPointsDataFrame SpatialPoints
Vector SpatiallLinesDataFrame Spatiallines

SpatialPolygonsDataFrame SpatialPolygons
Raster SpatialGridDataFrame SpatialGrid
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Andin sf?

A data frame where

- rows are simple features

- columns are attributes

- one column is a simple geometry column (sfc)
consisting of simple feature geometries (sfg)

location geometry simple feature geometry (sfg)
Medulin POTNT (13.935 44 8227 |

Larnaca POINT (33.63405 34.9231) |+

Ber1in |  POINT (13.4114 52.5234) | \/\ .
Ramallah | POINT (35.20427 31.89804) -
Cartagena |POINT (-75.51444 10.39972)
Lausanne | POINT (6.633597 46.51996)

London |POINT (-0.076132 51.50853) Q

Kuopio | POINT (27.68306 62.89972)

Montpellier POINT (3.87723 43.61092)
Reykjavik |POINT (-21.82777 64.12829)

o

simple feature
geometry column (sfc)
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Turn data frame into sp

columns with coordinates

stats geo8l2 sp <- SpatialPointsDataFrame ( ///
data = stats geo812,
coords = stats geo8l2[, c("holidays lon", "holidays lat")],
proj4string = CRS("+proj=longlat +datum=WGS84 +no defs"))

attribute data

CRS () turns a string into a proj4 string.

Q: What is a proj4 string?
A: https://www.earthdatascience.org/courses/earth-analytics/spatial-data-
r/understand-epsg-wkt-and-other-crs-definition-file-types/
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Turn a data frameinto st

input data frame

v

stats geo8l2 sf <- st as sf(stats geo8lZz,
coords = c("holidays lon", "holidays lat"),

crs = 4326) \

columns with coordinates

Q: 43267
A: https://www.earthdatascience.org/courses/earth-analytics/spatial-data-
r/understand-epsg-wkt-and-other-crs-definition-file-types/
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Convert from sp to sf and back

From spto sf Piece &
st as sf(stats geo812 sp) of Cake!
One-bow, no-fuss, from-saratch cakes

s

From sf to sp N
as (stats geo812 sf, Class="Spatial") X wl

And now... let's make some maps!
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Get some map datal

Country borders of the world

countries url <- "https://raw.githubusercontent.com/johan/world.geo.json/master/countries.geo.json"

®
TRAPPERS

LAND OF

Read country borders and turn into sf '

countries <- st read(countries url)

ANGA
& mns:_‘?o

We can use name for selecting countries Atiews
index ch <- countriesSname == "Switzerland"

switzerland <- countries[index ch, ]

Remove Antarctica (might mess up the map)
index ant <- countries$name != "Antarctica"

countries <- countries[index ant, ]
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Making maps

Offline map without interaction
= For reports, scientific publications, journals

- For sf

Online web mapping with a lot of bling bling

—> For interactive maps

- For spand st
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The (reduced) layered grammar of graphics in ggplot

ggplot (data = <DATA>) +
<GEOM_FUNCTION> (
mapping = aes (<KMAPPINGS>)) +

<COORDINATE FUNCTION>

<DATA> What do you plot?

Which plotting function (geom) do you use?
<MAPPING> How are the data mapped to the aesthetics?
<COORDINATE FUNCTION> In which coordinate system are the geoms placed?
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Plot Switzerland (and the world) with ggplot

<DATA>
ggplot (countries) +

<MAPPING>

geom_ sf(aes(), fill = "grey", alpha = 0.2) +
<DATA> <MAPPING>

geom_sf (data = switzerland, aes(),fill = "red") +

<COORDINATE FUNCTION>
coord sf(crs = st crs(54012), datum = NA) +

theme void()

theme void()?
No background, no grid, no
nothing.
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That’s where | am from. According to you.
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This is where
| am actually from.
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A choropleth map in ggplot: merging the data

Count your guesses per country

country freq <- group by (stats geo8l2, 1 am from) 3%>%

o\

summarise (n = n()) %>

mutate (freg = n / sum(n))

Merge with countries (s £ object)

your guess <- merge (countries, country freq, by.x = "name",

by.y = "i am from", all.x = F)

merge ():by.x and by.y arethe corresponding entries

il in the two data frames (in our case the country names)
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A choropleth map in ggplot: mapping!

bounding box, defines the map extent

v

bbox <- st bbox (st transform(your guess, st crs(3785)))

ggplot (your guess) + background map
geom sf (data = countries, aes(), fill = "grey") +
geom sf (aes(fill = freq), alpha = 0.8) +
theme void () +
coord sf (xlim = bbox[c(1l,3)],

bounding box, defines the map extent
ylim = bbox[c(2,4)],/// & P

crs = st crs(3785),
datum = NA) +
legend
scale fill continuous (trans = "reverse", ///’
guide=guide colourbar (reverse = TRUE,
title = "Frequency"))
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Reprojecting spatial data

requires the rgdal package

What is the projection of my data?

For sp:

proj4string(stats geo8l2 sp)
For st:

st crs(stats geo8l2 sf)
Reprojecting spatial data

For sp: \

spTransform(stats geo8l2 sp, CRS("+proj=longlat +ellps=GRS80"))
For sf:

st transform(stats geo8l2 sf, CRS("+proj=longlat +ellps=GRS80"))
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The only GIS slide

Who of you has spent their holidays in Switzerland?

holidays in ch sf <- st join(stats geo81l2 sf,

switzerland, st within, left=F)
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Leaflets o
R w , /




What can we plot in a leaflet map?

— Abasemap &

— Markers and popups
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gdp_md_est

B 0% - 20%
20% — 40%
40% — 60%
60% — 80%

B 20% - 100%

Albany
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Add a basemap

addTiles () — addabasemap: default OpenStreetMap

addProviderTiles ("Stamen.Toner") —add Stamen Toner map
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Add markers with popups

For data frames with coordinates

Add a marker __—

addMarkers (~long, ~lat)

addMarkers () = — for spatial data types (sp)

Add markers with popup window

addMarkers (popup = "your popup text here")
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Set the map extent

— setview(): setsthe center of the map view and the zoom level
— fitBounds () : fits the map into the rectangle 1ng1, 1at1, 1ng2, lat2
Example:

map zh <- leaflet () %>%
addTiles () %>%
setView (lat = 47.4, 1Ing = 8.5, zoom = 10)

map zh
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An interactive map in leaflet (sp)

map <- leaflet(data = stats geo8l2 sp) 3>%
addTiles () %>%
addMarkers (popup = ~as.character (why here))
map

Summary:

1. Create a map widget by calling 1eaflet (data).
data: spatial data (from sp or data frame with coordinates)

2. Add features to the map

3. Print the map widget
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Exercise 7:

Where in Zurich do the students in GEO812 live?
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download the Stadtkreise of Zurich as a GeoJSON (https://data.stadt-
zuerich.ch/dataset/stadtkreise) or directly read the data into R

count students per Stadtkreis (stats_geo812Skreis)

combine the count data with the administrative data (merge)
plot your results in two different ways using:

— ggplot

— and leaflet

When using ggplot you might want to export your map. Use the function
ggsave ().

When using leaflet you might want to have a look at how coloring
choropleth maps works (https://rstudio.github.io/leaflet/colors.html)
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https://data.stadt-zuerich.ch/dataset/stadtkreise
https://rstudio.github.io/leaflet/colors.html

Learning objectives for Session 4

You are able to

— name the main spatial data types in R
— import spatial data from different sources
— turn data with coordinates to spatial data (sp and sf)

— create maps with leaflet and ggplot

Plus, you know where | am from.
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