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This document is copyright Dr.Colin D. MacLeod/GIS In Ecology. It should only be made available through the GIS In Ecology website (www.GISinEcology.com) and should not be posted on any websites or fourms, or re-distributed to any third parties without written permission.

This document contains the R code required to run a basic Generalised Additive Model (GAM) for a species distribution model (SDM) and then make a spatial visualisation based on this GAM. It has been created to accompany exercises three to five of An Introduction To Using GIS In Marine Biology: Supplementary Workbook Three Integrating GIS And Species Distribution Modelling (SDM) by Colin D. MacLeod. This code is provided on an ‘as is’ basis and is provided for training purposes only. If it is used for any other purpose, it is the responsibility of the end user to ensure this code is accurate and appropriate for the specific purpose for which it is to be used. Neither the author or the publisher will be held responsible for any errors within this code. It has only been tested with R version 2.9.1 and there are no guarantees it will work with other versions of R. 

In this document, the R code for each comman has been colour-coded to help you see what each part does. In this colour-coding, red is always used for a file name, blue for the name of an item which has been created in the R workspace (such as a data set or a specific model), green for the R commands themselves and orange for names of any ecological variables (such as measures of species occurrence or environmental variables) referred to in within the commands and black for the settings used for run the commands. This should help if you wish to try to adapt this coding for your own data.

1. Code Modelling Harbour Porpoise Presence-Absence (Main Exercises)

COMMAND 1 (this command loads the MAPTOOLS library which allows you to import a .dbf file into R):

library(maptools)
library(foreign)

COMMAND 2 (this command loads a .dbf file into your R workspace and creates a R object from it):

MODEL_DATA<-read.dbf("C:/GIS_EXERCISES_3/model_data.dbf", as.is=FALSE)

COMMAND 3 (this command displays the field names in a table in R):

names(MODEL_DATA)

The commands continue on the next page.
COMMAND 4 (this command creates a matrix of pair plots to allow you to investigate co-variance between your environmental variables):

panel.cor <- function(x, y, digits=2, prefix="", cex.cor, ...)

{

usr <- par("usr"); on.exit(par(usr))

par(usr = c(0, 1, 0, 1))

r <- abs(cor(x, y))

txt <- format(c(r, 0.123456789), digits=digits)[1]

txt <- paste(prefix, txt, sep="")

if(missing(cex.cor)) cex.cor <- 0.8/strwidth(txt)

text(0.5, 0.5, txt, cex = cex.cor * r)

}

pairs(~DEPTH_MASK+SLOPE+SD_SLOPE_2+DIST_COAST, data=MODEL_DATA,

lower.panel=panel.smooth, upper.panel=panel.cor,

pch=20, main="Environmental Variables Pair Plot Matrix")
COMMAND 5 (this loads the MGCV library with all the tools needed to create your GAM into your workspace):

library(mgcv)

COMMAND 6 (this creates your initial GAM, called GAM1, within your workspace):
GAM1<-gam(PA_RASTER~+s(DEPTH_MASK,fx=F,k=4)+s(SLOPE,fx=F,k=4)+s(SD_SLOPE_2,fx=F,k=4)+s(DIST_COAST,fx=F,k=4), family=binomial,data=MODEL_DATA)

COMMAND 7 (this plots diagnostic graphs for your GAM):
gam.check(GAM1)
COMMAND 8 (this plots the residual graph vs predictor variables for your GAM):
par(mfrow=c(2,2))
plot(MODEL_DATA$DEPTH_MASK,resid(GAM1))
plot(MODEL_DATA$SLOPE,resid(GAM1))
plot(MODEL_DATA$SD_SLOPE_2,resid(GAM1))
plot(MODEL_DATA$DIST_COAST,resid(GAM1))
COMMAND 9 (this provides you with the summary information for your GAM):
summary (GAM1)
COMMAND 10 (this plots the smoothers for your relationships from your GAM):

plot(GAM1, pages=1)
COMMAND 11 (this plots the diagnostic graphs for GAM1)

gam.check(GAM1)
COMMAND 12 (this provides you with the summary information for GAM1)

par(mfrow=c(2,2))

plot(MODEL_DATA$DEPTH_MASK,resid(GAM1))

plot(MODEL_DATA$SLOPE,resid(GAM1))

plot(MODEL_DATA$SD_SLOPE_2,resid(GAM1))

plot(MODEL_DATA$DIST_COAST,resid(GAM1))

COMMAND 13 (this provides you with the summary information for GAM1):
summary (GAM1)
COMMAND 14 (this plots the smoothers for your relationships from GAM4):

plot(GAM1, pages=1)

COMMAND 15  (this imports your visualisation data into R):

VISUALISATION_DATA<-read.dbf("C:/GIS_EXERCISES_3/visualisation_data.dbf", as.is=FALSE)

COMMAND 16 (this will check that the visualisation data has loaded properly):

names(VISUALISATION_DATA)

COMMAND 17 (this creates your visualisation from your final GAM):

MODEL_VISUALISATION<-predict.gam(GAM1, VISUALISATION_DATA, type="response")

COMMAND 18 (this exports your data from R in a GIS-compatible format):

write.table(MODEL_VISUALISATION, file="c:/GIS_EXERCISES_3/MODEL_VISUALISATION.CSV", sep=",",dec=".")

COMMAND 19 (this imports your validation data into R):

MODEL_DATA<-read.dbf("C:/GIS_EXERCISES_3/validation_test.dbf", as.is=FALSE)

COMMAND 20 (this creates your GAM to test the relationship between predicted occurrence and the data from the validation survey):

GAM1<-gam(PA_VAL~+s(MODEL_PRED,fx=F,k=4),family=binomial, data=MODEL_DATA)

COMMAND 21 (this plots the residual graph vs predictor variable for your GAM):

plot(MODEL_DATA$MODEL_PRED,resid(GAM1))

 2. Codes For Creating Individual GAMS During Model Selection For Main Exercises
GAM1 (this is the code to generate your model called GAM1 which contains all the variables, and it will also generate an AIC value which you can use for model selection):

GAM1<-gam(PA_RASTER~+s(DEPTH_MASK,fx=F,k=4)+s(SLOPE,fx=F,k=4) +s(SD_SLOPE_2,fx=F,k=4)+s(DIST_COAST,fx=F,k=4), family=binomial,data=MODEL_DATA)
AIC(GAM1)

GAM2:

GAM2<-gam(PA_RASTER~+s(SLOPE,fx=F,k=4)+s(SD_SLOPE_2,fx=F,k=4)+s(DIST_COAST,fx=F,k=4), family=binomial,data=MODEL_DATA)
AIC(GAM2)

GAM3:

GAM3<-gam(PA_RASTER~+s(DEPTH_MASK,fx=F,k=4)+s(SD_SLOPE_2,fx=F,k=4)+s(DIST_COAST,fx=F,k=4), family=binomial,data=MODEL_DATA)
AIC(GAM3)

GAM4:
GAM4<-gam(PA_RASTER~+s(DEPTH_MASK,fx=F,k=4)+s(SLOPE,fx=F,k=4) +s(DIST_COAST,fx=F,k=4), family=binomial,data=MODEL_DATA)
AIC(GAM4)

GAM5:
GAM5<-gam(PA_RASTER~+s(DEPTH_MASK,fx=F,k=4)+s(SLOPE,fx=F,k=4) +s(SD_SLOPE_2,fx=F,k=4), family=binomial,data=MODEL_DATA)
AIC(GAM5)

GAM6:
GAM6<-gam(PA_RASTER~+s(SD_SLOPE_2,fx=F,k=4)+s(DIST_COAST,fx=F, k=4), family=binomial,data=MODEL_DATA)
AIC(GAM6)

GAM7:

GAM7<-gam(PA_RASTER~+s(SLOPE,fx=F,k=4)+s(DIST_COAST,fx=F,k=4), family=binomial,data=MODEL_DATA)
AIC(GAM7)

GAM8:

GAM8<-gam(PA_RASTER~+s(SLOPE,fx=F,k=4)+s(SD_SLOPE_2,fx=F,k=4), family=binomial,data=MODEL_DATA)
AIC(GAM8)

GAM9:

GAM9<-gam(PA_RASTER~+s(DEPTH_MASK,fx=F,k=4)+s(DIST_COAST,fx=F,k=4), family=binomial,data=MODEL_DATA)
AIC(GAM9)

GAM10:

GAM10<-gam(PA_RASTER~+s(DEPTH_MASK,fx=F,k=4)+s(SD_SLOPE_2,fx=F,k=4), family=binomial,data=MODEL_DATA)
AIC(GAM10)

GAM11:

GAM11<-gam(PA_RASTER~+s(DEPTH_MASK,fx=F,k=4)+s(SLOPE,fx=F, k=4), family=binomial,data=MODEL_DATA)
AIC(GAM11)

GAM12:

GAM12<-gam(PA_RASTER~+s(DEPTH_MASK,fx=F,k=4),family=binomial, data=MODEL_DATA)
AIC(GAM12)

GAM13:

GAM13<-gam(PA_RASTER~+s(SLOPE,fx=F,k=4), family=binomial, data=MODEL_DATA)
AIC(GAM13)

GAM14:

GAM14<-gam(PA_RASTER~+s(SD_SLOPE_2,fx=F,k=4), family=binomial, data=MODEL_DATA)
AIC(GAM14)

GAM15:

GAM15<-gam(PA_RASTER~+s(DIST_COAST,fx=F,k=4), family=binomial, data=MODEL_DATA)
AIC(GAM15)

3. Code Modelling Minke Whale Presence-Absence (Optional Extras)

COMMAND 1 (this command loads up the MAPTOOLS library which allows you to import a .dbf file into R):

library(maptools)
library(foreign)

COMMAND 2 (this command loads a .dbf file into your R workspace and creates a R object from it):

MODEL_DATA_MW<-read.dbf("C:/GIS_EXERCISES_3/model_data_mw.dbf", as.is=FALSE)

COMMAND 3 (this command displays the field names in a table in R):

names(MODEL_DATA_MW)

COMMAND 4 (this command creates a matrix of pair plots to allow you to investigate co-variance between your environmental variables):

panel.cor <- function(x, y, digits=2, prefix="", cex.cor, ...)

{

usr <- par("usr"); on.exit(par(usr))

par(usr = c(0, 1, 0, 1))

r <- abs(cor(x, y))

txt <- format(c(r, 0.123456789), digits=digits)[1]

txt <- paste(prefix, txt, sep="")

if(missing(cex.cor)) cex.cor <- 0.8/strwidth(txt)

text(0.5, 0.5, txt, cex = cex.cor * r)

}

pairs(~DEPTH_MASK+SLOPE+SD_SLOPE_2+DIST_COAST, data=MODEL_DATA_MW,

lower.panel=panel.smooth, upper.panel=panel.cor,

pch=20, main="Environmental Variables Pair Plot Matrix")
COMMAND 5 (this loads the MGCV library with all the tools needed to create your GAM into your workspace):

library(mgcv)

COMMAND 6 (this creates your initial GAM, called GAM1MW, within your workspace):
GAM1MW<-gam(MW_PA_RAST~+s(DEPTH_MASK,fx=F,k=4)+s(SLOPE,fx=F,k=4)+s(SD_SLOPE_2,fx=F,k=4)+s(DIST_COAST,fx=F,k=4), family=binomial,data=MODEL_DATA_MW)

COMMAND 7 (this plots diagnostic graphs for your GAM):
gam.check(GAM1MW)
COMMAND 8 (this plots the residual graph vs predictor variables for your GAM):
par(mfrow=c(2,2))
plot(MODEL_DATA_MW$DEPTH_MASK,resid(GAM1MW))
plot(MODEL_DATA_MW$SLOPE,resid(GAM1MW))
plot(MODEL_DATA_MW$SD_SLOPE_2,resid(GAM1MW))
plot(MODEL_DATA_MW$DIST_COAST,resid(GAM1MW))
COMMAND 9 (this provides you with the summary information for your GAM)

summary(GAM1MW)

COMMAND 10 (this plots the smoothers for your relationships from your GAM):

plot(GAM1MW, pages=1)

COMMAND 11 (this plots the diagnostic graphs for GAM6MW)

gam.check(GAM6MW)
COMMAND 12 (this provides you with the summary information for GAM6MW)

par(mfrow=c(2,2))

plot(MODEL_DATA_MW$DEPTH_MASK,resid(GAM6MW))

plot(MODEL_DATA_MW$SLOPE,resid(GAM6MW))

plot(MODEL_DATA_MW$SD_SLOPE_2,resid(GAM6MW))

plot(MODEL_DATA_MW$DIST_COAST,resid(GAM6MW))

COMMAND 13 (this provides you with the summary information for GAM6MW):
summary (GAM6MW)
COMMAND 14 (this plots the smoothers for your relationships from GAM6MW):

plot(GAM6MW, pages=1)

COMMAND 15 (this imports your visualisation data into R):

VISUALISATION_DATA<-read.dbf("C:/GIS_EXERCISES_3/visualidation_data.dbf", as.is=FALSE)

COMMAND 16 (this will check that the visualisation data has loaded properly):

names(VISUALISATION_DATA)

COMMAND 17 (this creates your visualisation from your final GAM):

MODEL_VISUALISATION_MW<-predict.gam(GAM6MW, VISUALISATION_DATA, type="response")

COMMAND 18 (this exports your data from R in a GIS-compatible format):

write.table(MODEL_VISUALISATION_MW, file="c:/GIS_EXERCISES_3/MODEL_VISUALISATION_MW.CSV", sep=",",dec=".")
4. Code For Creating Individual GAMs During Model Selection For Optional Extras
GAM1MW (this is the code to generate your model called GAM1 which contains all the variables, and it will also generate an AIC value which you can use for model selection):

GAM1MW<-gam(MW_PA_RAST~+s(DEPTH_MASK,fx=F,k=4) +s(SLOPE,fx=F,k=4)+s(SD_SLOPE_2,fx=F,k=4)+s(DIST_COAST,fx=F,k=4),family=binomial,data=MODEL_DATA_MW)
AIC(GAM1MW)

GAM2MW:

GAM2MW<-gam(MW_PA_RAST~+s(SLOPE,fx=F,k=4)+s(SD_SLOPE_2,fx=F,k=4)+s(DIST_COAST,fx=F,k=4), family=binomial,data=MODEL_DATA_MW)
AIC(GAM2MW)

GAM3MW:

GAM3MW<-gam(MW_PA_RAST ~+s(DEPTH_MASK,fx=F,k=4)+s(SD_SLOPE_2,fx=F,k=4)+s(DIST_COAST,fx=F,k=4), family=binomial,data=MODEL_DATA_MW)
AIC(GAM3MW)

GAM4MW:
GAM4MW<-gam(MW_PA_RAST ~+s(DEPTH_MASK,fx=F,k=4)+s(SLOPE,fx=F,k=4) +s(DIST_COAST,fx=F,k=4), family=binomial,data=MODEL_DATA_MW)
AIC(GAM4MW)

GAM5MW:
GAM5MW<-gam(MW_PA_RAST ~+s(DEPTH_MASK,fx=F,k=4)+s(SLOPE,fx=F,k=4) +s(SD_SLOPE_2,fx=F,k=4), family=binomial,data=MODEL_DATA_MW)
AIC(GAM5MW)

GAM6MW:

GAM6MW<-gam(MW_PA_RAST ~+s(SD_SLOPE_2,fx=F,k=4)+s(DIST_COAST,fx=F, k=4), family=binomial,data=MODEL_DATA_MW)
AIC(GAM6MW)

GAM7MW:

GAM7MW<-gam(MW_PA_RAST ~+s(SLOPE,fx=F,k=4)+s(DIST_COAST,fx=F,k=4), family=binomial,data=MODEL_DATA_MW)
AIC(GAM7MW)

GAM8MW:

GAM8MW<-gam(MW_PA_RAST ~+s(SLOPE,fx=F,k=4)+s(SD_SLOPE_2,fx=F,k=4), family=binomial,data=MODEL_DATA_MW)
AIC(GAM8MW)

GAM9MW:

GAM9MW<-gam(MW_PA_RAST ~+s(DEPTH_MASK,fx=F,k=4)+s(DIST_COAST,fx=F,k=4), family=binomial,data=MODEL_DATA_MW)
AIC(GAM9MW)

GAM10MW:

GAM10MW<-gam(MW_PA_RAST ~+s(DEPTH_MASK,fx=F,k=4)+s(SD_SLOPE_2,fx=F,k=4), family=binomial,data=MODEL_DATA_MW)
AIC(GAM10MW)

GAM11MW:

GAM11MW<-gam(MW_PA_RAST~+s(DEPTH_MASK,fx=F,k=4)+s(SLOPE,fx=F, k=4), family=binomial,data=MODEL_DATA_MW)
AIC(GAM11MW)

GAM12MW:

GAM12MW<-gam(MW_PA_RAST ~+s(DEPTH_MASK,fx=F,k=4),family=binomial, data=MODEL_DATA_MW)
AIC(GAM12MW)

GAM13MW:

GAM13MW<-gam(MW_PA_RAST~+s(SLOPE,fx=F,k=4), family=binomial, data=MODEL_DATA_MW)
AIC(GAM13MW)

GAM14MW:

GAM14MW<-gam(MW_PA_RAST~+s(SD_SLOPE_2,fx=F,k=4), family=binomial, data=MODEL_DATA_MW)
AIC(GAM14MW)

GAM15MW:

GAM15MW<-gam(MW_PA_RAST~+s(DIST_COAST,fx=F,k=4), family=binomial, data=MODEL_DATA_MW)
AIC(GAM15MW)
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