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Supplementary Methods

We used ICSU-ISSC (2015)* which highlights the linkages (identified by 40 experts in the natural and
social sciences) between Goals through targets, to develop a graphical model (i.e. a network) of the
SDGs. A network consists of nodes (also known as vertices or points) connected by links (known as
arcs, edges or lines). Each Goal was considered a node in the network linked by targets. Link weight
was determined by summing the number of targets that linked two Goals. The SDGs represent a
highly connected network with simple geometry and as such we were able to adopt a traditional
approach to understanding node importance via centrality indicators (Table 1)>3. The network was
drawn as a directed graph in the igraph package® of the R programme®.

Network metrics

Centrality is a key concept in network analysis, it provides some indication of which nodes are the
most “important” in the set. There are a large number of centrality metrics available® all of which
seek to quantify the position of the node in the network and infer importance from that position.
Broadly, centrality metrics can be defined as distance-based, degree-based, eigen-based,
neighbourhood-based or path-based’. The choice of which metric to use can be dependent on the
network structure® but there is currently little consensus about which metrics should be preferred’.
In the light of this uncertainty we use a variety of centrality measures to assess the importance of
Goals in the SDGs network.

Network level metrics

A “connected” graph is one where all nodes can be reached from all other nodes®.The most simple
way to measure this connectivity is:

L/(N+(N —1))

where L=Links and N=Nodes. This yields a score between 0 and 1 where a totally unconnected
network scores 0 and a fully connected network 1. Reciprocity is defined as the proportion of
mutual connections (where the opposite counterpart of a directed link is also included in the graph).
This is calculated as:

(0 J, (Ax A)ij) / X(1, ), Aj)

where A.*A' is the element-wise product of matrix A and its transpose. The score is a probability
between 0 (no reciprocal links) and 1 (all possible reciprocal links).

Node level metrics

Degree is measured as the number of links going in to or out of a node. The more links a node has
the more central it will be to a network. It is calculated as

Cp(vy) = Zj agj

Where degree centrality (Cp) of each node (vj) is the sum of the i-th row and j-th column in the
adjacency matrix. In Supplementary Figure 1a the central node (node 3) has a degree of 4 compared
to a degree of 1 for the other four nodes.

Strength is an extension of degree which incorporates the “weight” of a node’s connected links
combined with that of its nearest neighbours. It is calculated as



Cs(vy) = Z ajWij

J

Where the strength centrality (C) is the degree centrality with the weight (w) of i-th row and j-th
column in the adjacency matrix taken in to account. In Supplementary Figure 1b node 7 has the
highest degree (5) but when the weight of the links (as indicated by the thickness of the link) is
accounted for node 2 is more central. The weight of the links for the SDGs network was determined
by the number of targets between the focal Goals.

Closeness calculates the distance from a node to all other nodes in the network. A shorter distance
indicates a more central node.

N 1!
caop <[

Closeness centrality (C.) is the sum of the shortest paths (d) from the focal node (vi) to all other
nodes (vj) . Inthe top graph in Supplementary Figure 1c all nodes have equal closeness (i.e. the
distance between each node and all other nodes is equal). In Supplementary Figure 1d node 1 has
the shortest distance to reach all other nodes and hence the highest closeness score.

Betweenness is the number of shortest paths from all nodes to all others that pass through the focal
node. It is calculated as:

Cp (v) = Zgjk W)/ gjk

Jj*k

Betweenness centrality (C,) of each node (v;) calculates the shortest path (g) between nodes j and k
divided by the total number of shortest paths. In the bottom panel of Supplementary Figure 1 the
shortest paths between nodes 2 and 5 (Supplementary Figure 1e), 3 and 5 (Supplementary Figure
1f), and 4 and 5 (Supplementary Figure 1g) are highlighted by a thicker white line. Supplementary
Figure 1h shows the nodes weighted by their betweenness score. Node 3 has the highest
betweenness score because it sits on the shortest pathways between nodes 2 and 5, 3 and 5, 4 and
5, and between 2 and 4. Node 3 also sits between node 2 and 4.



Supplementary Figure 1. Simplified examples of node level centrality measures (see the text for
more details). a) Node degree centrality; b) Strength centrality; c) Closeness centrality-circle
geometry; d) Closeness centrality-star geometry; e) Betweenness centrality 5-1-2 path; f)
Betweenness centrality 5-1-3 path; g) Betweenness centrality 5-1-4 path, h) Betweenness centrality
score.



Below is all the R code for generating the data, analysis and figures as presented.

##make sure that the global environment is clear

rm(list=1s())

options(warn=-1)

#Load the required Libraries####

list.of.packages <- c("igraph", "ggplot2","png", "tidyverse", "RColorBrewe
r", "plotly", "reshape2")

new.packages <- list.of.packages[!(list.of.packages %in% installed.package
s()[,"Package"])]

if(length(new.packages)) install.packages(new.packages)

library(igraph)

#H#
## Attaching package: 'igraph’

## The following objects are masked from 'package:stats':
##
#it decompose, spectrum

## The following object is masked from 'package:base’:
H#H#
#it union

library(ggplot2)
library(png)
library(tidyverse)

## -- Attaching packages ----------------c--coooomooo tidyverse 1.2.
1 --

## v tibble 1.
## v tidyr 0.
## v readr 1.
## v tibble 1.

AR o0 D
NEFPERELRDN

drid == [CEMILIELES ====s===s=so===c=s=c==o===c====s=s=== tidyverse_conflicts(
) --

## x dplyr::as_data_frame() masks tibble::as_data_frame(), igraph::as_data
_frame()

## Xx purrr::compose() masks igraph::compose()
## x tidyr::crossing() masks igraph::crossing()
## x dplyr::filter() masks stats::filter()

## x dplyr::groups() masks igraph::groups()
## x dplyr::lag() masks stats::lag()

## x purrr::simplify() masks igraph::simplify()
library(RColorBrewer)

library(plotly)

#it

## Attaching package: 'plotly'’



## The following object is masked from 'package:ggplot2':
#it

Hit last_plot

## The following object is masked from 'package:igraph’:
#it

## groups

## The following object is masked from 'package:stats':
H#H#

#it filter

## The following object is masked from 'package:graphics’:
H##

#it layout
library(reshape2)
H#H#

## Attaching package: 'reshape2'’

## The following object is masked from 'package:tidyr':
H##
## smiths

##Get the data####
##set working directoryi##
setwd("~/Current_files/Manuscripts/SDGs")# change to your computer
##lWe have included the data directly inside the code to reduce the need fo
r extra files##
nodes <- data.frame("id"=c("Go1","GO2", "GO3", "Go4",
"Gos", "Gee", "GO7", "GOs",
"Ge9", "Gle", "G11", "Gi2",
"G13", "G14", "G15", "G16"), "label"=c("Goall",
"Goal2","Goal3","Goal4d",

"Goal5",
"Goal6", "Goal7", "Goal8",

"Goal9",
"Goalle", "Goalll", "Goall2",

"Goall3"

,"Goall4", "Goall5", "Goalle"))
links<-data.frame("from"=c("G02","GO3", "GO4", "GO5", "GO6", "GO7", "GO8",
"Geo", "Gie", "Gi2", "Gi3", "Gi4",
"G15", "Gle6", "GO1", "GO3", "GO4", "GO5", "Goe6"
, Go7", "Go8","Ge9","G12","G13","G14","G15","GO1","GO2","GO4","GO5",
"Ge6e","Go7","G10","G12","G13","G14","G15", "GO1"
,"Ge2","Ge3","Ges5","Ge6", "Go7", "GO8","GO9", "G10", "G12", "G15","G16",
"Gol1","Ge2","GO3","Go4","GO6","GO7","GO8", "G10"
,'G12","G15","G16","GO1","GO2", "GO3","GO4","GO5","GO7","GO8", "GO9",
"Gle","G12","G13","G14","G15","GO1", "GO2", "GO3"
,'Go4","GO5","Go6","GO8","GA9", "G10","G12","G13","G14","G15", "G16",
"Gol1","Ge2","GO3","Go4","GO6", "GO7","GO9", "G10"
,"G12","G13","G14","G15","Ge2","GO3","GO4" ,"GO5","GO6" , "GO7", "GO8",
"Gle","G12","G13","G14","G15","G16","GO1", "GO2"
,'Go3","Ge4","Goe5","Go6", "Go7", "GO8","GO9", "G12","G13","G15", "GO1",



llGezll s "663", "G@4", "G@S", "G@6", "607", "668", llGegll

B "612", "G13", IIG14II-’ "G15", "GQZII, "663", "604", IIGQSIIJ "696", "697", "G@S",

llGegn B "613", llGl4ll, "615", IlGelll, "G@Z", IIGQBII, ||Ge4||

B "G@S", "606", “697", "698", "669", "Gl@", "612"_, "614", "615", "G@Z", "603",

"G@4", ”G96"J "697", "698", "612"_, "613"_, "615"’ llGezll

B IIG@3II, IlGe4ll, "GQGHJ llGe7ll, "668", IlGlzll, "613", IIGl4II, llGelll, IlGezll, "663",

B "614",

"G15")_’

IIG@4II B "665", IIGQGII, IlGe7ll, llGegll, "Gl@", IIGlzll, "613"

Iltoll=c(llGelll, IlGelll, ||G@1n, "Gelu, llGelll, IlGelll, IlGelll, "G@l", n
G@l", llGelll, "G@l", llGeln s "G@l", "G@l", IlGezll, llGezll, ||G@2n, "G@Z", llGezll,

"G@Z", "G@Z", "G@Z", "G@Z", "G@Z", "G@Z", "G@Z", "693"_’ n

663", "603", IIG@3II, "693" 5 "GQBHJ IIGQBII, "693", "663", "663", "663", IIG@4II,

llGe4ll, llGe4ll, "664", "G@4", llGe4ll, IIGG4II, "604", "604", n

Ge4ll" "694", "694", "G@S", "G@S", "695", "G@S", "GGSHJ "G@S", "G@S", "695",

"665", "Gesu, "GGSH, IIG@6II, "G@6", IlGe6ll, "666", "666", n

696", "G66", "606", IIG@6H s "666"_, IIGQGII, IlGe6ll, "606", "G@7", "G@7", llGe7ll,

"697", "G@7", "607", "697", "697", "G@7", "G@7", "607", n

G@7", llGe7ll, IIG@7II, IIGQSII 5 ||GeguJ llGesll, "698", IlGesll, "668", "668", IIG@8II,

"G68", llGegll, "668", "668", llGegll, IlGegll, "609", "609", n

Gegll" "699", "699", IlGegll s "699", "699", "699", "699", "699", ”Gl@"_, "Gl@",

llGlell, IlGlell, "Glen, "Gleu, llGlell, IlGlell, "Gle", "G].@", n

Gl@", llGlell, "Glln_, llGlln s "Gllu_, llGllll, IlGllll, llGllll, "Glln, "611", llGllll,

"Glln, "Gllu_, "611"_, ”Gll“_, "GlZ", "612", “G12“_’ "612"_’ n

612", "612", llGlzll, "612", ||Gl2||J llGlzll, IlGlzll, "613", "613", "613", "613",

IIG13lI, "613", "613", "613", l|613||, IlGl3ll, "613", "613", n

613"" "Gl4", "614", "G14", “614"_’ "614", “614", "614“_, "614"_, ”614"_, "615",

"615", "615", "615", IIGl5II, llGl5ll, "615", "615", "615", n

616", llGl6ll, "G16", "G16", "616", "616", IIG16II, "616", "616", "616", llGlGII,

"G16","G16"), "weight"=c(1,7,3,8,3,2,3,2,4,3,4,2,2

J2J1)8J2)4)3J2)3J2)5)2J4)3J1)7)3)9)3)1.‘2)3)3)1)1)1)6)

10,19,3,3,3,2,3,1,1,2,1,6

,9,3,3,1,3,3,2,1,6,2,1,8,3,3,4,3,2,1,5,4,3,2,1,15,15,1, 3,

3,4,5,6,14,5,14,1,4,3,2,5

J3)3J4)5)2J5)3J5)1)5J7)4J2)3)5)3)2)4)2)3)1)1)2)8)1912)4)

3,1,3,2,1,2,1,2,3,10,3,5,

3,4,3,6,4,5,8,4,9,11,2,4,3,5,3,6,6,7,2,2,3,5,3,3,3,3,3,

1,3,2,3,2,7,10,3,3,4,3,2,

2,2,9,12,3,3,3,3,5,7,9,1,10,12,1,7,3,5,3,5,3,1,4,2))

##Get SDG image files##

setwd("F:/SDGs/SDG images")# change to your computer - image files are pub
Lically available from SDG website

## Get
imgl =
img2 =
img3 =
imgd =
img5 =
img6 =
img7 =
img8 =
img9 =

images##

readPNG("Goall.
readPNG("Goal2.
readPNG("Goal3.
readPNG("Goal4.
readPNG("Goals.
readPNG("Goalé6.
readPNG("Goal7.
readPNG("Goals.
readPNG("Goal9.

png")
png")
png")
png")
png")
png")
png")
png")
png")

imgl® = readPNG("Goall®@.png")



imgll = readPNG("Goalll.png")
imgl2 = readPNG("Goall2.png")
imgl3 = readPNG("Goall3.png")
imgl4 = readPNG("Goall4.png")
imgl5 = readPNG("Goall5.png")
imglé = readPNG("Goall6.png")

# create SDGs custom colour palette

SDGcoll <- rgb(229/255, 36/255, 59/255, 1)
SDGcol2 <- rgb(221/255, 166/255, 58/255, 1)
SDGcol3 <- rgb(76/255, 159/255, 56/255, 1)
SDGcol4 <- rgb(197/255, 25/255, 45/255, 1)
SDGcol5<- rgb(255/255, 58/255, 33/255, 1)
SDGcol6<- rgb(38/255, 189/255, 226/255, 1)
SDGcol7<- rgb(252/255, 195/255, 11/255, 1)
SDGcol8<- rgb(162/255, 25/255, 66/255, 1)
SDGcol9<- rgb(253/255, 105/255, 37/255, 1)
SDGcolle<- rgb(221/255, 19/255, 103/255, 1)
SDGcoll1l<- rgb(253/255, 157/255, 36/255, 1)
SDGcol12<- rgb(191/255, 139/255, 46/255, 1)
SDGcoll13<- rgb(63/255, 126/255, 68/255, 1)
SDGcoll4<- rgb(10/255, 151/255, 217/255, 1)
SDGcol15<- rgb(86/255, 192/255, 43/255, 1)
SDGcoll6<- rgb(@/255, 104/255, 157/255, 1)
SDGcoll7<- rgb(25/255, 72/255, 106/255, 1)

SDG_pal=c(SDGcoll,SDGcol2,SDGcol3,SDGcol4,SDGecol5,SDGecol6,SDGecol7,SDGcols,
SDGcol9,SDGcol10,
SDGcol11l,SDGcol12,SDGcol13,SDGcoll4,SDGecoll5,SDGcoll6,SDGcoll7)

#test the colours
#pie(rep(1, Length(SDG pal)), col = SDG pal)

#it#tRemove goal 17 (the admin goal)##

#it##tgoals only

#HHHHHH

# Examine the data:

#head(nodes)

#head(Links)

net <- graph_from_data_frame(d=1links, vertices=nodes, directed=T)
# Examine the resulting object:

#class(net)

#net

# Removing lLoops from the graph:
net <- simplify(net)
#V(net)#Nodes

#E(net)#Links

##Network level metrics#it#
##connectence L/(N*(N-1)) where L is links, and N is nodes
N<-nrow(nodes); length(unique(nodes$id))



## [1] 16

L<-nrow(links); nrow(unique(links[,c("from", "to")]))
## [1] 192

(connectance<-L/(N*(N-1)))

## [1] 0.8

# Reciprocity of the graph
reciprocity(net)

## [1] 0.7916667

#Node Level metrics

# Compute degree

simpNet.degree <- degree(net)
simpNet.degreeIN<-degree(net,mode="1in")
simpNet.degreeOUT<-degree(net,mode="out")
# Compute strength

simpNet.strength <- strength(net)

# Weighted closeness

simpNet.closeness <- closeness(net)

# Weighted betweenness

simpNet.betweenness <- betweenness(net)
#table
#tab<-rbind(simpNet.degree, simpNet.degreeIN, simpNet.degreeOUT, simpNet.stre
ngth, simpNet.closeness, simpNet.betweenness)
#tab

Figure 1

##Figure 1####

layout(matrix(c(1,2,3,4), 2, 2, byrow = TRUE))

simpNetl <- set.graph.attribute(net, "layout", layout.circle)
V(simpNetl)$raster = replicate(vcount(simpNetl), imgl, simplify=FALSE)
V(simpNetl)$raster[[2]] = img2

V(simpNetl)$raster[[3]] = img3

V(simpNetl)$raster[[4]] = img4

V(simpNetl)$raster[[5]] = img5

V(simpNetl)$raster[[6]] = img6

V(simpNetl)$raster[[7]] = img7

V(simpNetl)$raster[[8]] = img8

V(simpNetl)$raster[[9]] = img9

V(simpNetl)$raster[[10]] = imgle

V(simpNetl)$raster[[11]] = imgll

V(simpNetl)$raster[[12]] = imgl2

V(simpNetl)$raster[[13]] = imgl3

V(simpNetl)$raster[[14]] = imgld

V(simpNetl)$raster[[15]] = imgl5

V(simpNetl)$raster[[16]] = imgl6

HHIHFRIFHRIIERIRERIEIERERERRESR

3

plot(simpNetl, vertex.shape="raster", vertex.label=NA, edge.arrow.size=.
01, edge.width=0.1, edge.color="black")
#



plot(simpNetl, vertex.label=NA, vertex.color=SDG pal, main="Degree",
vertex.size=(30*simpNet.degree)/max(simpNet.degree),
edge.arrow.size=.01,
edge.width=6.1,
edge.color="black")

plot(simpNetl, vertex.label=NA, vertex.color=SDG_pal,main="Strength",
vertex.size=(30*simpNet.strength)/max(simpNet.strength),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="black")

plot(simpNetl, vertex.label=NA, vertex.color=SDG pal, main="Closeness",
vertex.size=(30*simpNet.closeness)/max(simpNet.closeness),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="black")

plot(simpNetl, vertex.label=NA, vertex.color=SDG pal, main="Betweenness'

HHHFHRBHRIPIERIIRIRRERIRERREHR
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# vertex.size=(30*simpNet.betweenness)/max(simpNet.betweenness),
# edge.arrow.size=.01,

# edge.width=0.1,

# edge.color="black")

#

# dev.off()##

# ##label by number white background##

# radian.rescale <- function(x, start=0, direction=1) {

# c.rotate <- function(x) (x + start) %% (2 * pi) * direction
# c.rotate(scales::rescale(x, c(0, 2 * pi), range(x)))

# }

# n=16

# Llab.locs <- radian.rescale(x=1:n, direction=-1, start=0)
# par(mfrow=c(2,2), mai = c(0.5,0.5,0.5,0.5),oma = c(.2, .2, 0.2, 0.2))
# plot(simpNetl, vertex.label=V(simpNetl),vertex.label.dist=4,vertex. label
.degree=Lab. Locs,vertex.color=SDG_pal, main="Degree",
vertex.size=(30*simpNet.degree)/max(simpNet.degree),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="black")
# plot(simpNetl, vertex.label=V(simpNetl),vertex.label.dist=3,vertex. label
.degree=Lab. locs, vertex.color=SDG_pal,main="Strength",
vertex.size=(30*simpNet.strength)/max(simpNet.strength),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="black")
plot(simpNetl, vertex.label=V(simpNetl), vertex.label.dist=3,vertex.labe
.degree=Lab. Llocs,vertex.color=SDG_pal, main="Closeness",
vertex.size=(30*simpNet.closeness)/max(simpNet.closeness),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="black")

H oW R R

plot(simpNetl, vertex.label=V(simpNetl), vertex.label.dist=3,vertex.labe
.degree=Lab. locs,vertex.color=SDG _pal, main="Betweenness",
vertex.size=(30*simpNet.betweenness)/max(simpNet.betweenness),

B B B R H R RHRRF R KRR



# edge.arrow.size=.01,

# edge.width=6.1,
# edge.color="black")
#tdev.off()

##label by number black background#i
#png("Figurel.png")
# or tiff("Figurel.tiff")
#pdf(file = "Figurel.pdf", 7, 7,"landscape”, pointsize=7)
par(bg="black", mar=c(0,0,0,0))
radian.rescale <- function(x, start=0, direction=1) {
c.rotate <- function(x) (x + start) %% (2 * pi) * direction
c.rotate(scales::rescale(x, c(@, 2 * pi), range(x)))
}
n=16
lab.locs <- radian.rescale(x=1:n, direction=-1, start=0)
par(mfrow=c(2,2), mai = c(0.5,0.5,0.5,0.5),oma = c(.2, .2, 0.2, 0.2))
plot(simpNetl, vertex.label=V(simpNetl),vertex.label.dist=4,vertex.label.d
egree=1ab.locs,vertex.label.color="white",vertex.color=SDG_pal, main="Degr
ee",
vertex.size=(30*simpNet.degree)/max(simpNet.degree),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="white")
title("Degree",cex.main=1.3,col.main="white", line=1.5)
plot(simpNetl, vertex.label=V(simpNetl),vertex.label.dist=3,vertex.label.d
egree=1lab.locs, vertex.label.color="white", vertex.color=SDG_pal,main="Str
ength",
vertex.size=(30*simpNet.strength)/max(simpNet.strength),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="white")
title("Strength",cex.main=1.3,col.main="white", line=1.2)
plot(simpNetl, vertex.label=V(simpNetl), vertex.label.dist=3,vertex.label.
degree=lab.locs,vertex.label.color="white",vertex.color=SDG_pal, main="Clo
seness",
vertex.size=(30*simpNet.closeness)/max(simpNet.closeness),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="white")
title("Closeness",cex.main=1.3,col.main="white", line=1.2)
plot(simpNetl, vertex.label=V(simpNetl), vertex.label.dist=3,vertex.label.
degree=1lab.locs,vertex.label.color="white",vertex.color=SDG_pal, main="Bet
weenness",
vertex.size=(30*simpNet.betweenness)/max(simpNet.betweenness),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="white")
title("Betweenness",cex.main=1.3,col.main="white", line=1.2)

# ##Label by SDG colour and numbers black background

#pdf(file = "Figurel.pdf", 10, 7,"landscape”)



#png("Figurel.png",width=180, height=125, units="mm", res=500)

# # or tiff("Figurel.tiff")

par(bg="black")

Layout(matrix(c(2,3,1,4,5,1), nrow = 2, ncol = 3, byrow = TRUE))
simpNetl <- set.graph.attribute(net, "layout", Llayout.circle)
V(simpNetl)$raster = replicate(vcount(simpNetl), imgl, simplify=FALSE)
V(simpNetl)$raster[[2]] = img2

#

#

#

#

#

#

# V(simpNetl)$raster[[3]] = img3

# V(simpNetl)$raster[[4]] = img4

# V(simpNetl)$raster[[5]] = img5

# V(simpNetl)$raster[[6]] = img6
# V(simpNetl)$raster[[7]] = img7
# V(simpNetl)$raster[[8]] = img8
# V(simpNetl)$raster[[9]] = img9
# V(simpNetl)$raster[[10]] = imglo
# V(simpNetl)$raster[[11]] = imgll
# V(simpNetl)$raster[[12]] = imgl2
# V(simpNetl)$raster[[13]] = imgl3
# V(simpNetl)$raster[[14]] = imgl4
# V(simpNetl)$raster[[15]] = imgl5
# V(simpNetl)$raster[[16]] = imgl6
#

#

plot(simpNetl, vertex.shape="raster", vertex.label=NA, edge.arrow.size=.
01, edge.width=0.1, edge.color="white")

H

# radian.rescale <- function(x, start=0, direction=1) {

# c.rotate <- function(x) (x + start) %% (2 * pi) * direction

# c.rotate(scales::rescale(x, c(9, 2 * pi), range(x)))

# }

# n=16

# Llab.locs <- radian.rescale(x=1:n, direction=-1, start=0)

# plot(simpNetl, vertex.label=V(simpNetl),vertex.label.dist=4,vertex. label
.degree=Lab. Locs,vertex. Label.color="white", vertex.color=SDG_pal, main="De

gree"”,

# vertex.size=(30*simpNet.degree)/max(simpNet.degree),
# edge.arrow.size=.01,

# edge.width=0.1,

# edge.color="white")

# title("Degree",cex.main=1.2,col.main="white", Line=1.2)

# plot(simpNetl, vertex.label=V(simpNetl),vertex.label.dist=3,vertex.label
.degree=Lab. locs, vertex.label.color="white", vertex.color=SDG_pal,main="S
trength”,

vertex.size=(30*simpNet.strength)/max(simpNet.strength),
edge.arrow.size=.01,

edge.width=0.1,

edge.color="white")

# title("Strength",cex.main=1.2,col.main="white", Lline=1.2)

# plot(simpNetl, vertex.label=V(simpNetl), vertex.label.dist=3,vertex.labe
L.degree=Lab. locs,vertex. label.color="white", vertex.color=SDG pal, main="C
Loseness”,

# vertex.size=(30*simpNet.closeness)/max(simpNet.closeness),

# edge.arrow.size=.01,

# edge.width=6.1,

#
#
#
#



# edge.color="white")

# title("Closeness",cex.main=1.2,col.main="white", Lline=1.2)

# plot(simpNetl, vertex.label=V(simpNetl), vertex.label.dist=3,vertex.labe
L.degree=Lab. locs,vertex. label.color="white", vertex.color=SDG _pal, main="B
etweenness"”,

# vertex.size=(30*simpNet.betweenness)/max(simpNet.betweenness),
# edge.arrow.size=.01,

# edge.width=6.1,

# edge.color="white")

# title("Betweenness",cex.main=1.2,col.main="white", Line=1.2)
# dev.off()

#

# ##lLabel by SDG colour black background

# dev.off()

# par(bg="black", mar=c(0,0,0,0))

# Layout(matrix(c(1,2,3,4), 2, 2, byrow = TRUE))

# simpNetl <- set.graph.attribute(net, "layout", Llayout.circle)
# # V(simpNetl)graster = replicate(vcount(simpNetl), imgl, simplify=FALSE)
# # V(simpNetl)$raster[[2]] = img2

# # V(simpNetl)$raster[[3]] = img3

# # V(simpNetl)$raster[[4]] = img4

# # V(simpNetl)$raster[[5]] = img5

# # V(simpNetl)$raster[[6]] = img6

# # V(simpNetl)graster[[7]] = img7

# # V(simpNetl)$raster[[8]] = img8

# # V(simpNetl)$raster[[9]] = img9

# # V(simpNetl)graster[[10]] = imglo

# # V(simpNetl)$raster[[11]] = imgll

# # V(simpNetl)$raster[[12]] = imgl2

# # V(simpNetl)graster[[13]] = imgl3

# # V(simpNetl)$raster[[14]] = imgl4

# # V(simpNetl)$raster[[15]] = imgl5

# # V(simpNetl)$raster[[16]] = imgl6

# #

# plot(simpNetl, vertex.shape="raster", vertex.label=NA, edge.arrow.size=.
01, edge.width=0.1, edge.color="white")
#
#
# plot(simpNetl, vertex.label=NA, vertex.color=SDG pal, vertex.size=(30*s1
mpNet.degree)/max(simpNet.degree),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="white")
title("Degree",cex.main=1.2,col.main="white", Lline=-1)
plot(simpNetl, vertex.label=NA, vertex.color=SDG pal,
vertex.size=(30*simpNet.strength)/max(simpNet.strength),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="white")
title("Strength”,cex.main=1.2,col.main="white", Line=-1)
plot(simpNetl, vertex.label=NA, vertex.color=SDG pal,
vertex.size=(30*simpNet.closeness)/max(simpNet.closeness),
edge.arrow.size=.01,
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edge.width=6.1,

edge.color="white")
title("Closeness",cex.main=1.2,col.main="white", Line=-1.5)
plot(simpNetl, vertex.label=NA, vertex.color=SDG pal,

vertex.size=(30*simpNet.betweenness)/max(simpNet.betweenness),

edge.arrow.size=.01,

edge.width=0.1,

edge.color="white")
title("Betweenness",cex.main=1.2,col.main="white", Line=-1.5)

HHEHRIFRRIERRHR

####White background

dev.off()

par(bg="white", mar=c(0,0,0,0))

Layout(matrix(c(1,2,3,1,4,5), 2, 3, byrow = TRUE))

simpNetl <- set.graph.attribute(net, "layout", Llayout.circle)
V(simpNetl)$raster = replicate(vcount(simpNetl), imgl, simplify=FALSE)
V(simpNetl)$raster[[2]] = img2

#

#

#

#

#

#

#

# V(simpNetl)$raster[[3]] = img3

# V(simpNetl)$raster[[4]] = img4

# V(simpNetl)$raster[[5]] = img5
# V(simpNetl)$raster[[6]] = img6
# V(simpNetl)$raster[[7]] = img7
# V(simpNetl)$raster[[8]] = img8
# V(simpNetl)$raster[[9]] = img9
# V(simpNetl)graster[[10]] = imgl0
# V(simpNetl)$raster[[11]] = imgll
# V(simpNetl)$raster[[12]] = imgl2
# V(simpNetl)$raster[[13]] = imgl3
# V(simpNetl)$raster[[14]] = imgl4
# V(simpNetl)$raster[[15]] = imgl5
# V(simpNetl)$raster[[16]] = imgl6
#

#

plot(simpNetl, vertex.shape="raster", vertex.label=NA, edge.arrow.size=.
01, edge.width=0.1, edge.color="black")

#

#

# plot(simpNetl, vertex.label=NA, vertex.color=SDG pal, vertex.size=(30*s1
mpNet.degree)/max(simpNet.degree),
# edge.arrow.size=.01,

# edge.width=0.1,

# edge.color="black")

# title("Degree",cex.main=1.2,col.main="black", Lline=-1)

# plot(simpNetl, vertex.label=NA, vertex.color=SDG pal,

# vertex.size=(30*simpNet.strength)/max(simpNet.strength),
# edge.arrow.size=.01,

# edge.width=0.1,

# edge.color="black")

# title("Strength",cex.main=1.2,col.main="black", Line=-1)

# plot(simpNetl, vertex.label=NA, vertex.color=SDG _pal,

# vertex.size=(30*simpNet.closeness)/max(simpNet.closeness),
# edge.arrow.size=.01,

# edge.width=0.1,

# edge.color="black")

# title("Closeness",cex.main=1.2,col.main="black", Line=-1.5)



edge.arrow.size=.01,
edge.width=6.1,
edge.color="black")

dev.off()

V(simpNetl)$raster[[2]] =
V(simpNetl)$raster[[3]]
V(simpNetl)$raster[[4]]
V(simpNetl)$raster[[5]]
V(simpNetl)$raster[[6]]
V(simpNetl)$raster[[7]]
V(simpNetl)$raster[[8]]
V(simpNetl)$raster[[9]]
V(simpNetl)$raster[[10]]
V(simpNetl)$raster[[11]]
V(simpNetl)$raster[[12]]
V(simpNetl)$raster[[13]] =
V(simpNetl)$raster[[14]]
V(simpNetl)$raster[[15]]
V(simpNetl)$raster[[16]]

HFHFEHRIHRIFHRIFHRITEIEITEITEIHEETTEHEEET RS

par(bg="white", mar=c(0,0,0,0))
Layout(matrix(c(1,2,3,1,4,5), 2, 3, byrow = TRUE))

simpNetl <- set.graph.attribute(net, "layout", Llayout.circle)
V(simpNetl)$raster = replicate(vcount(simpNetl), imgl, simplify=FALSE)

img2
img3
img4
img5
imgé6
img7
img8
img9
imgle

= 1imgl1
= imgl2

imgl3

= imgl4

imgl5
imglé6

plot(simpNetl, vertex.label=NA, vertex.color=SDG pal,
vertex.size=(30*simpNet.betweenness)/max(simpNet.betweenness),

title("Betweenness",cex.main=1.2,col.main="black", Line=-1.5)

####White background change Llogo size

plot(simpNetl, vertex.shape="raster", vertex.size=25, vertex.label=NA, e

dge.arrow.size=.01,edge.width=0.1, edge.color="black")

#
#

# plot(simpNetl, vertex.label=NA, vertex.color=SDG pal, vertex.size=(30*s1i
mpNet.degree)/max(simpNet.degree),

edge.arrow.size=.01,
edge.width=0.1,
edge.color="black")

plot(simpNetl, vertex.labe

edge.arrow.size=.01,
edge.width=0.1,
edge.color="black")

edge.arrow.size=.01,
edge.width=0.1,
edge.color="black")

S I T T S S R R I N I

edge.arrow.size=.01,

L=NA,

title("Degree",cex.main=1.2,col.main="black", Lline=-1)

vertex.color=SDG pal,

vertex.size=(30*simpNet.strength)/max(simpNet.strength),

title("Strength",cex.main=1.2,col.main="black", Lline=-1)
plot(simpNetl, vertex.label=NA, vertex.color=SDG pal,
vertex.size=(30*simpNet.closeness)/max(simpNet.closeness),

title("Closeness",cex.main=1.2,col.main="black", Line=-1.5)
plot(simpNetl, vertex.label=NA, vertex.color=SDG pal,
vertex.size=(30*simpNet.betweenness)/max(simpNet.betweenness),



edge.width=6.1,
edge.color="black")
title("Betweenness",cex.main=1.2,col.main="black", Line=-1.5)

H B R

##Black background change logo size

dev.off()

par(bg="black", mar=c(0,0,0,0))

Layout(matrix(c(1,2,3,1,4,5), 2, 3, byrow = TRUE))

simpNetl <- set.graph.attribute(net, "layout", Llayout.circle)
V(simpNetl)$raster = replicate(vcount(simpNetl), imgl, simplify=FALSE)

V(simpNetl)$raster[[2]] = img2
V(simpNetl)$raster[[3]] = img3
V(simpNetl)$raster[[4]] = img4
V(simpNetl)$raster[[5]] = img5
V(simpNetl)$raster[[6]] = img6
V(simpNetl)$raster[[7]] = img7
V(simpNetl)$raster[[8]] = img8
V(simpNetl)$raster[[9]] = img9
V(simpNetl)$raster[[10]] = imgle
V(simpNetl)$raster[[11]] = imgll
V(simpNetl)$raster[[12]] = imgl2
V(simpNetl)$raster[[13]] = imgl3

V(simpNetl)$raster[[14]] = imgl4
V(simpNetl)$raster[[15]] = imgl5
V(simpNetl)$raster[[16]] = imgl6

HHFEHFRIFIHRIFIFRIEFRERITEEIETEERREETEERRERESRS

plot(simpNetl, vertex.size=30,vertex.shape="raster", vertex.label=NA, ed
ge.arrow.size=.01,edge.width=0.1, edge.color="white")
#
#
# plot(simpNetl, vertex.label=NA, vertex.color=SDG pal, vertex.size=(30*s1
mpNet.degree)/max(simpNet.degree),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="white")
title("Degree",cex.main=1.2,col.main="white", Lline=-1)
plot(simpNetl, vertex.label=NA, vertex.color=SDG pal,
vertex.size=(30*simpNet.strength)/max(simpNet.strength),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="white")
title("Strength",cex.main=1.2,col.main="white", Lline=-1)
plot(simpNetl, vertex.label=NA, vertex.color=SDG pal,
vertex.size=(30*simpNet.closeness)/max(simpNet.closeness),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="white")
title("Closeness",cex.main=1.2,col.main="white", Lline=-1.5)
plot(simpNetl, vertex.label=NA, vertex.color=SDG pal,
vertex.size=(30*simpNet.betweenness)/max(simpNet.betweenness),
edge.arrow.size=.01,
edge.width=0.1,
edge.color="white")
title("Betweenness",cex.main=1.2,col.main="white", Lline=-1.5)

HH B HBHRBIRIRIIERITRIRIERIRIEIRERRERERRERS



Figure 2

##tFigure 2####

##get rank data
SDGS_ranks<-data.frame(

tion", "Production",

ry

Industry",
land","Cities",

ics","Inequalities"”,

IIGGBII, IIGO6II, llGegll ,
"698", IlG1@ll)llGl4ll)"
)

14, 9, 11, 13),

» 11))

#melt the data to rearr

SDGS_heat<-melt(SDGS_ra

er"))

names (SDGS_heat)<-c("Go
"va

#black & white

# ggplot(SDGS_heat, aes

#

#

# geom tile(aes(fill
# scale_fill_gradient
# ylab("Centrality me
# xlab("Goal") +

#  theme(legend.title
# Legend. text =
# plot.title =
# axis.title=el
# axis.text.x =
# Llabs(fill = "Rank")
# #Blues

#itHHH#
SDGS_heat$Goalnum<-past
d name) )

head (SDGS_heat)

"Goal (shortened name)"= c("Energy", "Hunger","Educa

"Poverty","Health", "Wate

"Climate","Biodiversity

non
I

, Econom

"Peace Gender

"Biodiversity water"),

"Goal number"=c("GO7", "GO2" ,"Ge4" ,"G12", "Ge1i",

I

lIGlBII, IlGlSll -’IIGllll ,lIG16|I ,IIG@SII ,
"Degree"=c(1,3,3,5,9,5,2,11,5,10,16,15,11,5,13,14),
"Strength"=c(2,3,8,4,15,1,7,12,10,11,16,13,5,8,14,6

"Closeness"=c(6,5,3,4,2,15, 8, 7, 11, 1, 16, 9,

"Betweenness"=c(8,9,2,14,1,14,5,3,4,12,14,6,13,10,7

ange for plotting with ggplot2
nks, id.vars c("Goal..shortened.name.

, "Goal.numb

al (shortened name)", "Goal number",
riable", "Rank")

(reorder (SDGS_heat$ Goal (shortened name) ",
Rank, sum,order TRUE),
reorder(variable, Rank, sum,order=TRUE))) +
= Rank), color = "white")+
(high="black", low="white", trans="reverse")+
asure") +

element_text(size = 10),
element_text(size = 10),

element text(size=12),
ement_text(size=12,face="bold"),
element_text(angle = 90, hjust = 1)) +

e(SDGS_heat$ Goal number’ ,SDGS_heat$ Goal (shortene



##  Goal (shortened name) Goal number variable Rank Goalnum

#it 1 Energy Go7 Degree 1 GO7 Energy
## 2 Hunger GO2 Degree 3 GO2 Hunger
#it 3 Education Go4  Degree 3 GO4 Education
##t 4 Production Gl12 Degree 5 G12 Production
## 5 Poverty GOl  Degree 9 GO1 Poverty
#i#t 6 Health GO3  Degree 5 GO3 Health

#####Figure 2 single colour
cols<-c("#f7fbff", "#deebf7", "#cb6dbef", "#9ecael", "#6baed6", "#4292c6", "#21
71b5", "#084594")#blues

# p <- plot Ly(

# x = SDGS_heat$Goalnum, y = SDGS_heat$variable,

# z = SDGS_heat$Rank, colors = cols,type = "heatmap",reversescale=F
# )

#p

#ordered by rank
# ggplot(SDGS_heat, aes(x =reorder(SDGS_heat$Goalnum,Rank, sum,order = TRU
E),
reorder(variable, Rank, sum,order=TRUE))) +
geom_tile(aes(fill = Rank)) + theme bw()+
scale fill _gradientn(colours =cols, trans="reverse")+
theme (axis.title.x=element_blank(),
axis.title.y=element blank(),
axis.text.x = element_text(angle = 45, hjust = 1),
Legend.title = element_text(size = 10),
Legend.text = element_text(size = 10),
axis.line = element blank(),
panel .border = element_blank())
#pdf(file = "Figure2.pdf", 7,7,pointsize=7)
#png("Figure2.png")
# or tiff("Figure2.tiff")

HHBFHBERHRHRRR

ggplot(SDGS_heat, aes(x =SDGS_heat$Goalnum,variable)) +
geom_tile(aes(fill = Rank)) + theme_bw()+
scale_fill_gradientn(colours =cols)+
theme(text = element_text(size=10),

axis.title.x=element_blank(),
axis.title.y=element_blank(),

axis.text.x = element_text(angle = 45, hjust = 1),
legend.title = element_text(size = 10),
legend.text = element_text(size = 10),

axis.line = element_blank(),

panel.border = element_blank())

#dev.off()

Supplementary Figure 1

##Supplementary Methods#it#

HHEH

#pdf(file = "FigureS1.pdf", 7,7,pointsize=7)



layout(matrix(c(1,2,3,4,5,6,7,8), 2, 4, byrow = TRUE))
#png("FigureS1.png")

par(bg="black")

col="white"

##tdegree

#ttcreate graph - star shape

el <- matrix( c(1, 3, 2, 3,5,3,4,3), nc = 2, byrow = TRUE)
gl<-graph_from_edgelist(el, directed = F)

plot(gl, vertex.color="red",vertex.size=30 ,edge.color=col, vertex.label.c
olor=col)

title("a",col.main="white",line=1)

box(lty = 1, col = 'white")

#dev.off()
degree(gl)

# [1] 11411

#strength

#set the seed to be repeatable

#png("FigureS2.png")

#par(bg="black", mar=c(0,0,0,0))

set.seed(10010)

g <- sample_gnm(n=14, m=15)

#plot(g,vertex.color="red",vertex.size=20 ,edge.color=col, vertex.label.co
Lor=col)

degree(g)

# [1] 23122250013234

#E(g)

E(g)$weight <- c(5,5,2,2,2,2,1,2,2,2,2,2,2,2,2)

plot(g, vertex.color="red",vertex.size=20 ,edge.color=col, vertex.label.co
lor=col, edge.width=E(g)$weight)

title("b",col.main="white",line=1)

box(lty = 1, col = 'white")

strength(g)
## [1] 712 2 7 4 4 9 0 © 2 5 4 6 8
degree(g)

# [1] 23122250013234

#dev.off()

#closeness

#example taken from http://igraph.org/r/doc/closeness.html)
#png("FigureS3.png")

# par(bg="black", mar=c(0,0,0,0))

# par(mfrow=c(2,1))

g <-make_ring(10)

plot(g,vertex.color="red",vertex.size=30 ,edge.color=col, vertex.label.col
or=col)

title("c",col.main="white",line=1)



box(lty = 1, col = 'white'")

g2 <-make_star(n=10)

plot(g2,vertex.color="red",vertex.size=30 ,edge.color=col, vertex.label.co
lor=col, edge.arrow.mode=0)

title("d",col.main="white",line=1)

box(lty = 1, col = 'white")

closeness(g)
#i# [1] 9.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
closeness(g2, mode="all")

## [1] 0.11111111 ©.05882353 0.05882353 0.05882353 0.05882353 0.05882353
## [7] 0.05882353 0.05882353 0.05882353 0.05882353

#dev.off()

#betweeness

#png( "FigureS4.png")

# par(bg="black", mar=c(0,0,0,0))

# Layout(matrix(c(1,2,3,4,4,4), 2, 3, byrow = TRUE))
# #layout(matrix(c(1,2,3,1,4,5), 2, 3, byrow = TRUE))
set.seed(1234)

el <- matrix( c(2, 1,2,3, 3, 1,3,4,4,1,1,5), nc = 2, byrow = TRUE)
#el

g <- graph_from_edgelist(el)

coords <- layout.davidson.harel(g)
shortest_paths(g,2,5)

## $vpath

## $vpath[[1]]

## + 3/5 vertices, from 8a896a6:
## [1] 215

#it

##

## $epath

## NULL

##

## $predecessors
## NULL

##

## $inbound_edges
## NULL

>

shortest_paths(g,3,5)

## $vpath

## $vpath[[1]]

## + 3/5 vertices, from 8a896a6:
## [1] 315

#it

#it

## $epath

## NULL

H*



#it

## $predecessors
## NULL

#it

## $inbound_edges
## NULL

shortest_paths(g,4,5)

## $vpath

## $vpath[[1]]

## + 3/5 vertices, from 8a896a6:
## [1]1 415

#it

#i#

## $epath

## NULL

#i#

## $predecessors
## NULL

#i#

## $inbound_edges
## NULL

#E(g)
#path from 2 to 5

E(g)$thickness<-c(5,1,1,1,1,5)

plot(g,layout = coords,vertex.color="red",vertex.size=30 ,edge.color=col,
edge.width= E(g)$thickness,vertex.label.color=col,edge.arrow.mode=0)
title("e",col.main="white",line=1)

box(lty = 1, col = 'white")

>

#path from 3 to 5

E(g)$thickness<-c(1,1,5,1,1,5)

#path from 4 to 5

plot(g,layout = coords,vertex.color="red",vertex.size=30 ,edge.color=col,
edge.width= E(g)$thickness,vertex.label.color=col,edge.arrow.mode=0)
title("f",col.main="white",line=1)

box(lty = 1, col = 'white")

E(g)$thickness<-c(1,1,1,1,5,5)

plot(g,layout = coords,vertex.color="red",vertex.size=30 ,edge.color=col,
edge.width= E(g)$thickness,vertex.label.color=col,edge.arrow.mode=0)
title("g",col.main="white",line=1)

box(lty = 1, col = 'white")

plot(g,layout = coords,vertex.color="red",vertex.size= 10*betweenness(g)+1
0 ,edge.color=col,vertex.label.color=col,edge.arrow.mode=0)
title("h",col.main="white",line=1)

box(lty = 1, col = 'white")

#tdev.off()
#rm(Llist=Ls())
#options(warn=0)
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