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Example II - full spatial data

Raw data : WorldClim data
19 bioclimatic variables, averages for 1970-2000
10 minutes spatial resolution (' 340 km2)

Available at http://worldclim.org/version2 or directly from
within R (package raster)
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Data content}
BIO1 Annual Mean Temperature
BIO2 Mean Diurnal Range (Mean of monthly (max temp - min temp))
BIO3 Isothermality (BIO2/BIO7) (* 100)
BIO4 Temperature Seasonality (standard deviation *100)
BIO5 Max Temperature of Warmest Month
BIO6 Min Temperature of Coldest Month
BIO7 Temperature Annual Range (BIO5-BIO6)
BIO8 Mean Temperature of Wettest Quarter
BIO9 Mean Temperature of Driest Quarter

BIO10 Mean Temperature of Warmest Quarter
BIO11 Mean Temperature of Coldest Quarter
BIO12 Annual Precipitation
BIO13 Precipitation of Wettest Month
BIO14 Precipitation of Driest Month
BIO15 Precipitation Seasonality (Coefficient of Variation)
BIO16 Precipitation of Wettest Quarter
BIO17 Precipitation of Driest Quarter
BIO18 Precipitation of Warmest Quarter
BIO19 Precipitation of Coldest Quarter
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Outline

Extract the multivariate data from spatial data
Interpret PCA analysis and components
Add the spatial components back
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Get needed data

# get worldwide bioclimatic data
library(raster)
wclim <- getData('worldclim', res=10, var='bio',

path="../../")

# loading countries borders
library(maptools)
data(wrld_simpl) # simplified world contries borders
# selection of west european region
eur_simpl <- wrld_simpl[wrld_simpl@data$SUBREGION==155,]
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Select only western europe

# check crs
crs(wclim);crs(wrld_simpl)

# crop climatic data for western europe
climEur <- crop(wclim, bbox(eur_simpl))
climEur <- mask(climEur, eur_simpl)

plot(climEur)
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Bioclimatic data
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Preparing for PCA

# extract data for PCA analysis
climdat <- getValues(climEur)
climdat <- na.omit(as.data.frame(climdat))

# index of deleted NA values
nai <- as.vector(attr(na.omit(climdat), "na.action"))

# basic descriptive statistics
summary(climdat)

# correlation matrix
cor(climdat)
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Preparing for PCA

# basic descriptive statistics
summary(climdat)

## bio1 bio2 bio3 bio4
## Min. :-29.00 Min. : 49.00 Min. :23.00 Min. :3561
## 1st Qu.: 82.00 1st Qu.: 78.00 1st Qu.:31.00 1st Qu.:5507
## Median : 92.00 Median : 85.00 Median :33.00 Median :5879
## Mean : 91.39 Mean : 84.56 Mean :33.71 Mean :5933
## 3rd Qu.:106.00 3rd Qu.: 92.00 3rd Qu.:36.00 3rd Qu.:6393
## Max. :156.00 Max. :109.00 Max. :43.00 Max. :7687
## bio5 bio6 bio7 bio8
## Min. : 75.0 Min. :-126.0 Min. :160.0 Min. :-72.0
## 1st Qu.:215.0 1st Qu.: -36.0 1st Qu.:233.0 1st Qu.: 70.0
## Median :228.0 Median : -19.0 Median :249.0 Median :149.0
## Mean :226.7 Mean : -20.9 Mean :247.6 Mean :121.9
## 3rd Qu.:242.0 3rd Qu.: 0.0 3rd Qu.:263.0 3rd Qu.:165.0
## Max. :292.0 Max. : 70.0 Max. :319.0 Max. :195.0
## bio9 bio10 bio11 bio12
## Min. :-87.00 Min. : 37.0 Min. :-90.00 Min. : 483.0
## 1st Qu.: 18.00 1st Qu.:161.0 1st Qu.: -1.00 1st Qu.: 689.0
## Median : 48.00 Median :168.0 Median : 15.00 Median : 777.0
## Mean : 65.06 Mean :166.7 Mean : 14.96 Mean : 822.2
## 3rd Qu.: 73.00 3rd Qu.:178.0 3rd Qu.: 34.00 3rd Qu.: 892.0
## Max. :227.00 Max. :227.0 Max. : 99.00 Max. :2121.0
## bio13 bio14 bio15 bio16
## Min. : 58.00 Min. : 7.00 Min. : 7.0 Min. :167.0
## 1st Qu.: 75.00 1st Qu.: 42.00 1st Qu.:13.0 1st Qu.:210.0
## Median : 83.00 Median : 47.00 Median :17.0 Median :232.0
## Mean : 91.17 Mean : 49.19 Mean :18.7 Mean :255.7
## 3rd Qu.: 99.00 3rd Qu.: 54.00 3rd Qu.:23.0 3rd Qu.:277.0
## Max. :200.00 Max. :153.00 Max. :51.0 Max. :580.0
## bio17 bio18 bio19
## Min. : 41.0 Min. : 63.0 Min. : 80.0
## 1st Qu.:138.0 1st Qu.:182.0 1st Qu.:158.5
## Median :154.0 Median :213.0 Median :186.0
## Mean :163.2 Mean :229.5 Mean :194.9
## 3rd Qu.:181.0 3rd Qu.:242.0 3rd Qu.:220.0
## Max. :474.0 Max. :563.0 Max. :541.0
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Preparing for PCA

# correlation matrix
cor(climdat)

## bio1 bio2 bio3 bio4 bio5
## bio1 1.00000000 0.36077195 0.62936050 -0.38869852 0.87202364
## bio2 0.36077195 1.00000000 0.65128722 0.21464899 0.66658743
## bio3 0.62936050 0.65128722 1.00000000 -0.57868983 0.53421843
## bio4 -0.38869852 0.21464899 -0.57868983 1.00000000 0.05321799
## bio5 0.87202364 0.66658743 0.53421843 0.05321799 1.00000000
## bio6 0.91580086 0.05928900 0.60738004 -0.68325669 0.61615119
## bio7 -0.16254745 0.64279415 -0.15505606 0.87490188 0.33319350
## bio8 -0.02130125 0.03734866 -0.35810075 0.56436773 0.17813401
## bio9 0.71482889 0.26566040 0.66156100 -0.60511944 0.51953607
## bio10 0.94014183 0.46856791 0.46620765 -0.05422684 0.96615758
## bio11 0.94953835 0.20846450 0.69523807 -0.65478139 0.69455377
## bio12 -0.56131165 -0.04939058 -0.06213942 -0.07607415 -0.55906488
## bio13 -0.55037411 -0.01973373 -0.11893486 0.04274221 -0.50801500
## bio14 -0.54605942 -0.04121212 -0.01288058 -0.09817923 -0.54536492
## bio15 -0.13916142 -0.06917211 -0.31888500 0.33816967 -0.04145541
## bio16 -0.58782417 -0.06440838 -0.16949186 0.06736689 -0.54678338
## bio17 -0.47735269 0.01989820 0.05644721 -0.14401443 -0.48045393
## bio18 -0.79584082 -0.07483005 -0.41303926 0.40660701 -0.62410271
## bio19 -0.16738095 -0.08645624 0.23519616 -0.47749207 -0.34709831
## bio6 bio7 bio8 bio9 bio10
## bio1 0.91580086 -0.16254745 -0.02130125 0.71482889 0.94014183
## bio2 0.05928900 0.64279415 0.03734866 0.26566040 0.46856791
## bio3 0.60738004 -0.15505606 -0.35810075 0.66156100 0.46620765
## bio4 -0.68325669 0.87490188 0.56436773 -0.60511944 -0.05422684
## bio5 0.61615119 0.33319350 0.17813401 0.51953607 0.96615758
## bio6 1.00000000 -0.53732407 -0.18895898 0.73829463 0.74214035
## bio7 -0.53732407 1.00000000 0.41694243 -0.32749368 0.14613584
## bio8 -0.18895898 0.41694243 1.00000000 -0.47287088 0.18305675
## bio9 0.73829463 -0.32749368 -0.47287088 1.00000000 0.55934636
## bio10 0.74214035 0.14613584 0.18305675 0.55934636 1.00000000
## bio11 0.98321019 -0.43327334 -0.20398886 0.79201913 0.78951310
## bio12 -0.48749794 -0.01505820 -0.41491319 -0.09657024 -0.63670805
## bio13 -0.53258391 0.09357675 -0.24427217 -0.16199058 -0.58030476
## bio14 -0.43951622 -0.05782683 -0.44817022 -0.15435561 -0.63258941
## bio15 -0.25368950 0.25929858 0.34842001 -0.20693597 -0.02096645
## bio16 -0.56355426 0.08913855 -0.24148974 -0.19468474 -0.61268763
## bio17 -0.38619984 -0.05214576 -0.51599221 -0.01965378 -0.57193640
## bio18 -0.82432579 0.31851257 0.06163218 -0.60638069 -0.71987160
## bio19 -0.00881498 -0.36111348 -0.67067777 0.35109757 -0.35602927
## bio11 bio12 bio13 bio14 bio15
## bio1 0.94953835 -0.561311653 -0.55037411 -0.54605942 -0.139161425
## bio2 0.20846450 -0.049390579 -0.01973373 -0.04121212 -0.069172109
## bio3 0.69523807 -0.062139423 -0.11893486 -0.01288058 -0.318884997
## bio4 -0.65478139 -0.076074146 0.04274221 -0.09817923 0.338169669
## bio5 0.69455377 -0.559064881 -0.50801500 -0.54536492 -0.041455413
## bio6 0.98321019 -0.487497943 -0.53258391 -0.43951622 -0.253689500
## bio7 -0.43327334 -0.015058203 0.09357675 -0.05782683 0.259298582
## bio8 -0.20398886 -0.414913189 -0.24427217 -0.44817022 0.348420009
## bio9 0.79201913 -0.096570237 -0.16199058 -0.15435561 -0.206935968
## bio10 0.78951310 -0.636708051 -0.58030476 -0.63258941 -0.020966454
## bio11 1.00000000 -0.441013350 -0.47097138 -0.42587824 -0.220299825
## bio12 -0.44101335 1.000000000 0.91699484 0.88729804 0.006791009
## bio13 -0.47097138 0.916994837 1.00000000 0.67989478 0.373531362
## bio14 -0.42587824 0.887298042 0.67989478 1.00000000 -0.364512152
## bio15 -0.22029983 0.006791009 0.37353136 -0.36451215 1.000000000
## bio16 -0.51040110 0.918654916 0.99119383 0.68577491 0.373132682
## bio17 -0.35143022 0.919746582 0.71430686 0.97359198 -0.348205399
## bio18 -0.79870831 0.780778743 0.82559667 0.68081828 0.271310634
## bio19 0.01766189 0.822325624 0.65594318 0.76942742 -0.239958517
## bio16 bio17 bio18 bio19
## bio1 -0.58782417 -0.47735269 -0.79584082 -0.16738095
## bio2 -0.06440838 0.01989820 -0.07483005 -0.08645624
## bio3 -0.16949186 0.05644721 -0.41303926 0.23519616
## bio4 0.06736689 -0.14401443 0.40660701 -0.47749207
## bio5 -0.54678338 -0.48045393 -0.62410271 -0.34709831
## bio6 -0.56355426 -0.38619984 -0.82432579 -0.00881498
## bio7 0.08913855 -0.05214576 0.31851257 -0.36111348
## bio8 -0.24148974 -0.51599221 0.06163218 -0.67067777
## bio9 -0.19468474 -0.01965378 -0.60638069 0.35109757
## bio10 -0.61268763 -0.57193640 -0.71987160 -0.35602927
## bio11 -0.51040110 -0.35143022 -0.79870831 0.01766189
## bio12 0.91865492 0.91974658 0.78077874 0.82232562
## bio13 0.99119383 0.71430686 0.82559667 0.65594318
## bio14 0.68577491 0.97359198 0.68081828 0.76942742
## bio15 0.37313268 -0.34820540 0.27131063 -0.23995852
## bio16 1.00000000 0.71232256 0.85093261 0.64555215
## bio17 0.71232256 1.00000000 0.62978997 0.84267417
## bio18 0.85093261 0.62978997 1.00000000 0.32676200
## bio19 0.64555215 0.84267417 0.32676200 1.00000000
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PCA with package FactoMineR

library(FactoMineR)

# PCA on standardized data (default)
climdat.pca <- PCA(climdat)

# available data in PCA object
climdat.pca
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PCA with package FactoMineR

## **Results for the Principal Component Analysis (PCA)**
## The analysis was performed on 4799 individuals, described by 19 variables
## *The results are available in the following objects:
##
## name description
## 1 "$eig" "eigenvalues"
## 2 "$var" "results for the variables"
## 3 "$var$coord" "coord. for the variables"
## 4 "$var$cor" "correlations variables - dimensions"
## 5 "$var$cos2" "cos2 for the variables"
## 6 "$var$contrib" "contributions of the variables"
## 7 "$ind" "results for the individuals"
## 8 "$ind$coord" "coord. for the individuals"
## 9 "$ind$cos2" "cos2 for the individuals"
## 10 "$ind$contrib" "contributions of the individuals"
## 11 "$call" "summary statistics"
## 12 "$call$centre" "mean of the variables"
## 13 "$call$ecart.type" "standard error of the variables"
## 14 "$call$row.w" "weights for the individuals"
## 15 "$call$col.w" "weights for the variables"
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Screeplot

# screeplot
plot(climdat.pca$eig[,1], type="h", lwd=2, ylab="Eigenvalue")
abline(h=1, lty="dashed")
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Interpreting the axes

# circle of correlation
plot(climdat.pca, choix="var")

# significant correlations with the axes
dimdesc(climdat.pca)
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Interpreting the axes
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Interpreting the axes

## $Dim.1
## $Dim.1$quanti
## correlation p.value
## bio18 0.9278900 0.000000e+00
## bio16 0.8360953 0.000000e+00
## bio12 0.8290807 0.000000e+00
## bio13 0.8086465 0.000000e+00
## bio14 0.7586011 0.000000e+00
## bio17 0.7191266 0.000000e+00
## bio19 0.4612173 1.825133e-251
## bio4 0.2819676 2.064254e-88
## bio15 0.1550844 3.221264e-27
## bio7 0.1396126 2.558462e-22
## bio8 -0.1239376 6.887554e-18
## bio2 -0.2711174 1.260948e-81
## bio3 -0.4931424 1.315090e-292
## bio9 -0.5659367 0.000000e+00
## bio5 -0.8168103 0.000000e+00
## bio6 -0.8472543 0.000000e+00
## bio11 -0.8492738 0.000000e+00
## bio10 -0.8906935 0.000000e+00
## bio1 -0.9158772 0.000000e+00
##
##
## $Dim.2
## $Dim.2$quanti
## correlation p.value
## bio19 0.83086046 0.000000e+00
## bio9 0.66168004 0.000000e+00
## bio3 0.60520181 0.000000e+00
## bio17 0.58502388 0.000000e+00
## bio14 0.50555489 8.033629e-310
## bio11 0.47967220 1.029493e-274
## bio12 0.47813784 1.001048e-272
## bio6 0.45817105 9.187328e-248
## bio13 0.28446939 5.082682e-90
## bio16 0.25949052 1.078306e-74
## bio1 0.25367546 2.344297e-71
## bio10 -0.02861031 4.749454e-02
## bio5 -0.05419999 1.723216e-04
## bio18 -0.11544447 1.039145e-15
## bio15 -0.44308959 5.567621e-230
## bio7 -0.60650647 0.000000e+00
## bio8 -0.78613828 0.000000e+00
## bio4 -0.82573735 0.000000e+00
##
##
## $Dim.3
## $Dim.3$quanti
## correlation p.value
## bio2 0.90230512 0.000000e+00
## bio7 0.74791315 0.000000e+00
## bio5 0.54537092 0.000000e+00
## bio3 0.42579580 1.145527e-210
## bio4 0.37821823 4.764927e-163
## bio10 0.35125344 2.235985e-139
## bio13 0.30021240 1.577386e-100
## bio16 0.26402122 2.359630e-77
## bio12 0.23302857 3.423065e-60
## bio18 0.22068322 5.119650e-54
## bio17 0.21641118 5.758374e-52
## bio1 0.19650111 5.592716e-43
## bio9 0.17913212 6.801012e-36
## bio14 0.14594674 2.922357e-24
## bio15 0.12716892 9.298881e-19
## bio19 0.09420591 6.195530e-11
## bio8 0.05404222 1.800155e-04
## bio6 -0.13695014 1.578067e-21
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Interpreting the axes

# highest correlations with the axes
subset(as.data.frame(dimdesc(climdat.pca)$Dim.1$quanti),

abs(correlation)>0.5)

## correlation p.value
## bio18 0.9278900 0
## bio16 0.8360953 0
## bio12 0.8290807 0
## bio13 0.8086465 0
## bio14 0.7586011 0
## bio17 0.7191266 0
## bio9 -0.5659367 0
## bio5 -0.8168103 0
## bio6 -0.8472543 0
## bio11 -0.8492738 0
## bio10 -0.8906935 0
## bio1 -0.9158772 0
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Trends and groups

plot(climdat.pca, choix="ind", label="none")

plot(climdat.pca, choix="ind", label="none",
col.ind=adjustcolor("black", alpha.f = 0.1))
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Trends and groups
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Trends and groups
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Back to spatial

df <- as.data.frame(climdat.pca$ind$coord)

# Spatial trend for component 1
climPCA1 <- raster(climEur)
values(climPCA1)[-nai] <- df[,1]
plot(climPCA1)

# Spatial trend for component 2
climPCA2 <- raster(climEur)
values(climPCA2)[-nai] <- df[,2]
plot(climPCA2)
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Back to spatial
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Back to spatial
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