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A brief introduction to plotting geographical data.

This month’s article reviews some of the ways which a datdyahaan plot geographical data in R
using a two very handy packages. The two packages used leeiggarap’ (Kahle & Wickham, 2013)
and ‘ggplot2’ (Wickham, 2009). The package ‘ggmap’ regsiitee ‘ggplot2’ package. There are a
variety of functions for using these two packages to ploiggaphical data using several types of maps.
The examples below use topographical (i.e. terrain) mapduymed by Google(TM). The examples
below also utilize data from Wikipedia(TM). The data usedha examples below contains the highest
250 mountain peaks in the United States (Wikipedia, 2016).

First, import the data, which is available as a comma sepdnatlues (.csv) file on the R&SS server,
and take a look at what is included.

'R R Console (64-bit) o= B (S
File Edit Misc Packages Windows Help
> df.1 <- read.csv({"http://www.unt.edu/rss/class/Jon/ExampleData/Top250_US.csv",
+ header = TRUE)
> head (df.1)
Rank Mountain.Peak State Mountain.Range Elevation_ ft Prominence ft
1 1 Denali (Mount McRinley) Zlaska Alaska Range 20310 201486
2 2 Mount Saint Elias Alaska Saint Elias Mountains 18009 11250
3 3 Mount Foraker Alaska Alaska Range 17400 7250
4 4 Mount Bona Zlaska Saint Elias Mountains 16550 6900
5 5 Mount Blackburn Alaska Wrangell Mountains 16350 11640
3] (3] Mount Sanford Rlaska Wrangell Mountains 16237 7687
Isclation mi Latitude Longitude
1 4629.00 63.07 -151.01
2 25.60 60.29 -140.%3
3 14,27 62.596 —-151.40
4 49.70 61.39 ~141.75
5 60.70 61.73 -143.40
[ 40.30 62.21 =144 .13
> nrow{df.1i)
[1] 250
> ncol (df.1)
[1] @
> summary (df.1)
Rank Mountain.Peak State Mountain.Range
Min. I O Castle Peak 3 Colorado :102 Saint Elias Mountains: 26
ist: Qa.o &§3.25 Wheeler Peak 2 Alaska : 54 Sierra Nevada R0 ]
Median :125.50 Ebajo Peak : I Califeornia: 29 Zlaska Range o B
Mean :125.50 Enthracite Peak: 1 Wyoming 2 kB Sawatch Range 2]
3rd QusddF.75 Antora Peak = ¢ Utah = T Front Range = T4
Max. :250.00 Arc Dome I Nevada : 10 San Juan Mountains 214
(Other) 241 {Other) : 29 (Other) ;142
Elevation ft Prominence_ ft Isolation mi Latitude Longitude
Min. 11035 Mimn. : 1645 Min. z 2.250 Min. :19.48 Min. z=155.6
ist Qu.:12011 st gass 2106 1sE Qacs 6.305 1st gQu.:=37.84 1st Qu.:-119.3
Median :12666 Median : 2744 Median : 13.680 Median :39.19 Median :-105.6
Mean 12895 Mean : 3768 Mean = 70.142 Mean :43.87 Mean S=TT
3rd Qu.:13733 3rd Qu.: 4760 3rd Qu.:z 34.575 3rd Qu.:44.84 3rd: Q. :=106.6
Max. 20310 Max. 20146 Max. :4629.000 Max. :63.64 Max. s=10429
> |

Next, select only the mountain peaks contained in the cental United States (i.e. exclude Alaska &
Hawaii).

IR R Console (64-bit) (E=ARen >
File Edit Misc Packages Windows Help
> out.a <- which(df.1[,3] == "Alaska")
> out.h <- which(df.1[,3] == "Hawaii"™)
> out <- c(out.a,ocut.h); rml{out.a,out.h)
> df.2 <- df.1[-ocut,]; rm{out)
> summary (dEf.2[,3]1)
Zlaska Arizona California Colorado Hawaili Idaho Montana Nevada New Mexico
0 2 25 102 ] 5] 5} 10 10
Oregon Utah Washington Wyoming
1 11 2 15
> |




Next, load the libraries ‘ggmap’, which requires ‘ggplot2’

"R R Console (54-bit) =l
File Edit Misc Packages Windows Help
> library (ggmap)
Loading reguired package: ggplot2
Google Maps API Terms of Service: http://developers.google.com/maps/terms.

Please cite ggmap if you use it: see citation('ggmap') for details.
> |

Next, get and plot the initial map. It is centered near Sakd €ity, UT. Keep in mind, the ‘zoom’
argument refers to: “...an integer from 3 (continent) to Bailfling), default value 10 (city)” (Kahle
& Wickham, 2013). We use the longitude (x-axis) and latitygexis) to locate the mountain peaks
Notice we are also using the size of the points to represergldvation of the mountain peaks.

.
R R Console (64-bit)

= | 5 || |
File Edit Misc Packages Windows Help
> gterrain <- get_googlemap (center = c(lon = -113, lat = 41), zcocom = 5,
+ maptype = "terrain"ﬂ
Map from URL :

http://maps.googleapis.com/maps/api/staticmap?center=41,-113&zoom=5&s51ze=640x640&s5cs
> ggmap (gterrain) +

gecom_point (aes(x = Longitude, v = Latitude, size = Elevaticon_ ft),
+ data = df.2, coclour = "red", alpha = .5)
> |
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Unfortunately, the larger points are simply obscuring timalier ones. So, we need to make the points
hollow (rather than solid). This is due to two things, firek points are solid and second, the ‘alpha’ sets
the transparency. If we lower the transparency furtherpthiets would disappear into the map. So, we

increase the transparency, but, use hollow points ratlaerdblid (pch = 1).

IR R Console (64-bit).

=B

File Edit Misc Packages Windows Help

> ggmap (gterrain) +
geom_point {aes({x = Longitude, ¥ = Latitude, size = Elevation_£ft),
data = df.2, colour = "red", alpha = .8, pch = 1)

Vo
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We can also change the points to any of the 25 available orgioge a particular character by simply
inserting the character we want inside quotation markstferypch’ argument.

> ggmap (gterrain) +

+ geom point (aes (x = Longitude, ¥y = Latitude, size = Elevation ft),
+ data = df.2, colcur = "red", alpha = .8, pch = "m")

> |
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What if we had a grouping variable we wanted to include in treplFor example, we can create 2

(arbitrary) groups based on prominence by dividing the pagkh prominence greater than or equal to
6000 feet or less than 6000 feet.

es Windows Help

il > nrow{df_2)

[1] 194
> hi <- which(df.2[,6] »= 6000); length(hi}
[1] 18
> lo <- which(df.2[,6] < 6000); length(lc)
[11 176

> |




We are also going to need a better indicator of elevation —rdieioto better differentiate between the
mountains. So, we create a sequential vector which runseleet\8 and 1 with an equal number of se-
guential values as the number of mountains.

IR R Console (64-bit) = olE)
File Edit Misc Packages Windows Help

> elev.size <— seg(8, 1, length.out = nrow(df.2))
> summary (elev.size)
Min. 15t Qu. Median Mean 3rd Qu. Max.
1.00 2.75 4.50 4.50 6.25 8.00

b3

Next, we can combine the two groups into one map with red (sighoints represent the peaks greater
than or equal to 13000 feet and blue (blueish) points reptgssaks less than 13000 feet. We need to
tune the legend using the ‘scadeze area’ function since we are using a different vector to repnéthe
elevations. Notice in the plot below, we also changed thatpdd the character “A’ by passing “A’ to
the ‘pch’ argument.

rR R Console (64-bit) =B
File Edit Misc Packages Windows Help
> ggmap (gterrain, extent = "device”, legend = “"topright") +
+ geom_point {aes({x = Longitude, ¥ = Latitude, size = elev.sizelhi])
+ data = df.2[hi,], coleur = "red", alpha = .9, pch = "aA",
+ show.legend = TRUE) +
+ scale size area(breaks = c{2,4,6,8), labels = c(11000,12000,13000,14000),
+ name = "Size = Elevation & Celor = Prominence™) +
+ geom point(aes(x = Longitude, y = Latitude, size = elev.size[lo]),
+ data = df.2[10,], colour = "blue"™, alpha = .6, pch = "aA",
+ show.legend = TRUE)
2
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So, there we have a gentle introduction to the productiomat$ fior representing geographical or geospa-
tial data. There are other packages which can produce siphits, the ‘ggmap’ and ‘ggplot2’ packages
were used here simply because the author has an intereing Innountains and Google(TM) allows
access to topographical (i.e. terrain) maps. As previoiides of Research Matters have stated, graph-
ing data is as important as computation. A version of the Psased in this article can be found on the
R&SS Do-It-Yourself Introduction to[Rin the Module 12 section.

Until next time; be wary of thenis—measuref human attributes3.

Iht tp: /77 www. unt . edu/ r ss/ cl ass/ Jon/ R SCU
2A perhaps too subtle nod to a book | recently read and recomnidre Mismeasure of Man
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