Yroyyeio a6 TV r-project yio v eneéepyacio Ko
LOPTOYPAPN G — YOPLKT] KATAVOU] CTUELOKOV TAPOTPNCEMV

Avayvoon Asoopévev # READ DATA #

# gvromonog apyciov
filepath<-'c:/Users/user/Desktop/AT34_1993.dat’

# gm0y TUNROTOS 0PYEioV KOl KOO0PLIoPOS 6TNADV
gugus<-read.fwf(filepath,width=c(2,1,2,1,4,10,10))
gugus<-gugus[,c(1,3,5,6,7)]

# emke@orideg (header) etnrav 1, 3, 5, 6 ko 7
names(gugus)<-c(‘dd’,'mm‘,'yy',"hh*,"O3")

# dnrloon pn dwbioypov Tipdv (NA not available)
gugus[,5][gugus[,5]==-999.0] <- NA

# ownoTaoels apyeiov: aprlOpldg YPpOUUROV Kol GTHA®V
dim (gugus)

# nepidnyn opyeiov pe epeavion pécov 6pov, drupicov, EhayeTns Kot péyetns Tipng, 1°° ko
3" reTapTnropioV K.4. 6TOYEIOV TOV 6TNADOV
summary (gugus)

# voloyopdg pécov pnvweiov Tipd@v (monthly mean values)
gugusl<-aggregate(gugus,list(gugus$mm,gugus$yy),mean,na.rm=T)

# voloyiopdg dwapécov unviaiov Tipdv (monthly median values)
guguslmed<-aggregate(gugus,list(gugus$mm,gugus$yy),median,na.rm=T)

# vmoloylopog pécv oMk®v punvwiov Tipd@v (overall monthly mean values)
gugus2<-aggregate(gugus,list(gugus$mm),mean,na.rm=T)

# voloyiopog pécwv nuepneiov Tipav (daily mean values)
gugus3<-aggregate(gugus,list(gugus$dd,gugus$mm,gugus$yy),mean,na.rm=T)

# voloyiopog SIUEPGLOV KOKAOV, ONA. pécmV oOMKOV opraionv Tipdv (hourly mean values)
gugus4<-aggregate(gugus,list(gugus$hh),mean,na.rm=T)

# VTOAOYIGNOG HEGOV MPLOIOV TINAV avE pijva
gugus5<-aggregate(gugus,list(gugus$hh,gugus$mm),mean,na.rm=T)

# emoyn] LPOVIKIG TEPLOOOV (.. AVOIEN, ONA. pveg:MdapTiog, Ampiltiog ko Mdrog)
gugus6<-gugus[gugus$mm<=5 & gugus$mm>=3,]

# pio AN ekdoY, TT.Y. YEWUOVOS

gugus7<- gugus[gugus$mm==12|gugus$mm ==1|gugus$mm ==2,]

# eEayoyn apyeiov dedopivav o€ popen ascii
write.table(gugusb,'c:/Users/user/Desktop/diurnal.txt’)



Xaptne ywo apyeio pe otniec. Apyeio pro97 pe 89 ypappés ko 6 otiiec:

lat lon alt monthmax seasamp seascmax

oewyp. MNA&TOC uHxocq Ulog uAvoag peyiotou TA&GTOC €mOYX. KUKAOU néyLoto
47.7666 16.7666 117 6 28.49 44.08

46.6777 12.9722 1020 6 20.24 45.91

48.7211 15.9422 315 5 28.08 44.39

47.5291 9.9266 1020 6 22.46 51.88

# avaxinon Biprodnkov

>library(fields)

Loading required package: spam

Package 'spam’ is loaded. Spam version 0.23-0 (2010-09-01).
Type demo( spam) for some demos, help( Spam) for an overview
of this package.

Help for individual functions is optained by adding the

suffix ".spam’ to the function name, e.g. 'help(chol.spam)'.

Attaching package: 'spam'’

The following object(s) are masked from 'package:base":
backsolve, forwardsolve, norm

Use help(fields) for an overview of this library

library( fields, keep.source=TRUE) retains comments in the source code.
>library(clim.pact)
Loading required package: ncdf
Loading required package: akima
# evromopog Kot apyeiov
>pro97<-read.table('C:/ Users/user/Desktop/G1S/sample 1/pro97.txt', header=T)
Error in file(file, "rt") : cannot open the connection
In addition: Warning message:
In file(file, "rt") :

cannot open file 'C:/ Users/user/Desktop/GIS/sample 1/pro97.txt": No such file or directory
>pro97<-read.table('C:/Users/user/Desktop/GIS/samplel/pro97.txt',header=T)
# kaBopiopog Béong (Yeoypaptkov uiKovg Kot TAGTovg) and apyeio
>loc<- pro97 [,2:1]
# KaBoplopog peletdpevoL peyéhoug
>amp<- pro97 [,5]
# amewovion
>as.image(amp,loc,na.rm=T)->look
# oyedlaouog aptn pe kabopiopd opiwv# Tithog xaptn
>image.plot(look, xlab="lon", ylab="lat", xlim=c(-20,40), ylim=c(30,80), zlim=c(0 ,35),
+main="1997-2006 near surface ozone
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Attaching package: 'spam’

1997-2006 near surface ozone
The following object(s) are masked from 'package:base': seasonal cycle amp"tude

backsolve, forwardsolve, norm 8 N
Use help(fields) for an overview of this library
40
library( fields, keep.source=TRUE) retains comments in the source code. ,‘2 -

> library(clim.pact)

Loading required package: ncdf &
Loading required package: akima 30
> pro97<-read.table('C:/ Users/user/Desktop/GIS/sample 1/pro97.txt', header=T)
Error in file(file, "rt") : cannot open the connection

In addition: Warning message:

lat

In file(file, "rt") : (e | 4 20
cannot open file 'C:/ Users/user/Desktop/GIS/sample 1/pro97.txt': No such fil$ o | ey o

> pro97<-read.table('C:/Users/user/Desktop/GIS/samplel/pro97.txt’, header=T) w k

> loc<- pro97 [,2:1] £ Y

> amp<- pro97 [,S])

> as.image (amp, loc,na.rm=T)->lock & 10

> image.plot (look,xlab="1lon", ylab="lat",6 xlim=c(-20,40),ylim=c(30,80),zlim=c(0 ,$§ < 7 .

+ main="1997-2006 near surface ozone §

+ seascnal cycle amplitude") :

> | = 0
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YPAPNUATOV.
J ; 7 1997-2006 near surface ozone
# ELPAVIOT] YEQYPAPIKOV TEPTYPAULATOC seasonal cycle amplitude

>addland() -
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# n}\,g'yua 1997-2006 near surface ozone
> I’Id() seasonal cycle amplitude 0
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# dwadikacio mapepPoing Krige pe spoppoyn paploypappotog
>Krig(loc,Y=amp)->out

# otoyeia and mapepfoin

>summary(out)

CALL:



Krig(x = loc, Y = amp)

Number of Observations: 89
Number of unique points: 89
Number of parameters in the null space 3
Parameters for fixed spatial drift 3
Effective degrees of freedom: 45.9
Residual degrees of freedom: 43.1
MLE sigma 2.609

GCV sigma 2.563

MLE rho 8.065

Scale passed for covariance (rho)  <NA>
Scale passed for nugget (sigma”2) <NA>
Smoothing parameter lambda 0.8438

Residual Summary:
min 1stQ median 3rd Q max
-5.00300 -1.14500 0.01549 0.86980 5.86400

Covariance Model: stationary.cov
Covariance function is
Names of non-default covariance arguments:

DETAILS ON SMOOTHING PARAMETER:

Method used: GCV Cost: 1

lambda  trA GCV GCV.one GCV.model shat
0.8438 45.8745 13.5595 13.5595 NA 2.5633

Summary of all estimates found for lambda
lambda trA GCV shat REML
GCV 0.8438 45.87 13.56 2.563 235.6
GCV.model NA NA NA NA NA
GCV.one 0.843845.87 13.56 2.563 NA
RMSE NA NA NA NA NA
pureerror NA NA NA NA NA
REML  0.4669 57.50 13.68 2.200 235.4

# gpnedvion dwypappdtov o topdbopo — mivakao 2X2
>par(mfrow=c(2,2))
>plot(out)



lat

% T RTTE = T 2T o FMSC = 2,303 o
o4 —
&
=]
o =]
— — . o LI ®
ofe o O &
= =3 o
o e ° g@o-:ﬁ?f, &
o
(=)
O(b% o % %
& @
— @ o
s Q)
=]
C‘:l — =]
1 1
15 20 25
predicted values predicted values

GCV-points , solid- GCV model,

dashed- GCV one Histogram of std.residuals

[
“ 55! I
o —
= . ]
| [}
10 &
G
Fepg
1y o
< - -
L
' (=
o | | T | | T | | |
0 20 40 60 a0 -2 -1 0 1 2
Eff. number of parameters std_residuals

# epodvion dwypappdtov o mopddvpo — mivaka 1X1

>par(mfrow=c(1,1))

# eLPAVIOTN CLVEXOVG TTESTOV EKTILMUEVAOV TILAOV HEAETOUEVOL peYEDOLG LE yapacn 1oomAnbov
>surface.Krig(out,xlab="lon",ylab="lat",xlim=c(-20,40),ylim=c(30,80),zlim=c(0 ,35),
+main="1997-2006 near surface ozone

+seasonal cycle amplitude by kriging")

1997-2006 near surface ozone
seasonal cycle amplitude by Kriging
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* Inu.: Avti mng surface.Krig n evro predict.surface dev epeavilet icomindeig kopmdreg

predict.surface(nx=89, ny=89, out)->look1
image.plot(look1,xlab="lon",ylab="lat",xlim=c(-20,40),ylim=c(30,80),zlim=c(0 ,35),
+main="1997-2006 near surface ozone

+seasonal cycle amplitude by kriging interpolation™)

1997-2006 near surface ozone

addland() seaz;onal cycle amplitude by kriging interpolation

grid() Tk

# epedvion Béong oTabU®OV PHETPNoEDY = '.
>points(loc)
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Inu.: Av elyav cuvtoyBei ol eviorég wg eENG:

> predict.surface(nx=89, ny=89, out)->look1

> image.plot(look1)

> addland()

> grid()

To anotédespa Bo epeaviCoTay OT®S GTO OUTANVO ALY POLLLLEL, YOPIC
ETIKETEC GOVG AEOVEG Ko e EAeVLOEPT EMAOYY| GTN YPOUOTIKN

KAMpoKo ToV TGV TopeBoANS Tov givol TopamAovnTiko yio
oVLYKPLoN UE TO TEGIO TILMOV OO TAPOTNPTOELS.

* [IpoarpeTika:
> dim(pro97)

[1]189 6
> summary(pro97)
lat lon alt monthmax

Min. :35.50 Min. :-9.500 Min. : 0.0 Min. :3.000

1st Qu.:47.77 1st Qu.: 5.204 1st Qu.: 48.0 1st Qu.:4.000
Median :51.54 Median :12.733 Median : 240.0 Median :5.000
Mean :52.35 Mean :10.898 Mean :449.5 Mean :4.955
3rd Qu.:55.69 3rd Qu.:16.333 3rd Qu.: 540.0 3rd Qu.:5.000
Max. :78.90 Max. :29.402 Max. :3578.0 Max. :8.000
seasamp seascmax

Min. :10.87 Min. :27.69

1st Qu.:15.70 1st Qu.:38.03

Median :19.49 Median :40.84

Mean :19.59 Mean :42.03

3rd Qu.:22.46 3rd Qu.:44.96

Max. :34.17 Max. :58.80




# extiumon tvmikov cedipartog (standard error)
> predict.se(out)

[1] 1.780904 1.831045 1.661358 1.890058 1.759015 1.884521 1.805510 1.736742
[9] 1.804098 1.717192 1.674204 1.744582 1.674865 1.610122 1.625566 1.776857
[17] 1.845499 1.789245 1.857989 1.828379 1.779303 1.803061 1.734754 1.790271
[25] 1.750790 1.913361 1.928559 1.777369 1.913991 1.893146 1.912236 1.889005
[33] 1.954527 1.925773 2.003428 1.931532 1.964744 1.998314 1.963507 1.860370
[41] 1.801463 1.836032 1.974972 1.875833 1.907717 1.943785 1.895116 1.832380
[49] 1.851160 1.844926 1.892424 1.821957 1.918514 1.926280 1.850000 1.849736
[57] 2.063882 1.949430 1.985598 1.964243 1.889857 1.897830 2.008348 1.925740
[65] 1.872760 1.933881 1.966974 1.956205 2.075458 1.938043 1.922786 1.998056
[73] 1.929539 1.942219 1.891895 1.937579 1.931655 2.014507 1.898614 1.936006
[81] 1.980826 1.931080 1.961331 1.816656 1.652134 1.715636 1.666432 1.937518
[89] 1.945901

* [Topotnproeic:

1. Epappolovpe to mpdtumo tov ['kaovoiavod Baploypdupatog Kot EAEYYOVE TNV EMTLYIO TOV UE
10 TI'evikevpévo IIpdtvmo (Movtého) Awactavpotikig Emkopwong (GCV model). Tlap® ot 1
KOTOVOUN TM®V TEWPAUATIKOV onueiov elvar avopoloyevig, 1 dadwkacio wapepBoing deiyvet vynin
ovoyéTion pHeta&y extymoswv kot mopatnprioemv (R=90%) ka1 oxetikd pikpn dcmopd Tng
TUTIKNG OTOKAONG TV TPOPAETOUEVOV EKTIUNCEMVY OO TIG LETPNOELS, Ol 0Toleg Ppickovtal oyedov
OAeg et -20 kot +26. H mapdpetpog eEopdivvong A=0.8438 emPBePardvet tnv vynAn motdtta
NG TPOGOPUOYNG KOl TO IGTOYPOUUUO TOV TUTIK®OV OTOKAMGEMV QPAVEPMVEL TNV TPOGEYYIGT GTNV
Kavovik] kotavour. Olo avtd ameikoviCovior pe meplektikd tpomo oty Ewdva ... . Emmiéov
emPefordveron Ko 1 BEATIOT povteAomoinon pe to eEldyioto ¢ cuvdptnong GCV.

H ) tov ovvteleot g Pabuporoyikng cvoyétiong p tov Spearman (Spearman’ s rank
correlation coefficient) deiyver 6t 1 mapepPorn kot n e€opudAvvon givar a&romioteg. Ouuilovpe 6Tt 0
OLVTEAEGTIG QWTOG cvoyetilel Tig Pabporoynuéveg doteTayréveg KAToVorES dVO HETAPANTAOV TTOV
pumopovv vo, cuvoefohv pe pia LovoTovn cuvey] GuvapPTNoT. AKOUN O GUVTEAEGTNG OVTOC Oivel TTo
axpPeic Tnég yuo delypato petpioewv mov Obétovy TOAD aKpaieg LETPNGES GE GYECM LE TO
ovvnOn cuvtedeoty cucyETiong Tov Pearson.

2. 2mv Ewova ... amodidetan e xpoUaTiKn KAILOKO 1) XOpTOYPAPNGT TOL €DPOVE LETAPOANG TOV
LEGOV EMOYIKOD KOKAOL TOV EMPAVELNKOD 0L0VTOG, OTMC TPosékvye omd TnVv teyvikn Kriging.
Awxpiveton modd kaBopd 1 dmapén Pabuidag pe avcavopeves Tinég amd fopeloduTiKd TPog
VOTIO0VOATOAMK(. AVTH 1 EIKOVA 0EV UITOPOVCE VO AVOOELDEL OO TNV KATOVOUT TOV UELOVOUEVOV
89 emyeiowv petpnocov (Ewdva ...). H acvvéyeia mov gppavifetor oty meployn Avotpiog kot
YAoPeviag dev amotelel opdipa g Te)vikng Kriging, aAAd opeidetat otic vynAéc TipéG Tov OLovTog
G€ GYE0T LLE AVTEG TOV EVPVTEPOL YELTOVIKOD YEMYPUPLKOV YDPOV.

3. Oplo TIH®V GLUVTEAEGTI] GUGYETIONG Y10, TOV YOPOUKTNPIGHO TOV Pablod cuoyétiong

MéyeBog ovoyétiong I Xopaktnpiopds XvoyiTiong
0.90 — 1.00 [-0.90 — (-1.00)] TTold vynAf Betikn (apvntiky)
0.70 - 0.90 [-0.70 — (-0.90)] YynAn Oty (apvntikn)

0.50 — 0.70 [-0.50 — (-0.50)] Métpra Betikfy (apvnTicy)
0.30 — 0.50 [-0.30 — (-0.50)] XapnAy Oetikh (apvnTikn)
0.00-0.30 [0.00 - (-0.30)] Mikpn 1§ undevikn




4. Tlepuimtikd omoteléopata g uebddov mapepPornc Kriging kot a&loldynong pe 1o YEVIKEDUEVO HOVTELD
SUOTOVPOTIKNG ETKVPOONG TOV EPAPUOCTIKE OTIS TOPATNPNCIOKESG TIUEG TOV €0POVG UETAPOANG TOV LEGOV
EMOYIKOD KOKAOL TOV £mpavelakod 6{ovtoc otn Evpdmn ) dekaetio 1997-2006.

IMapepforn ota Ledyn (tomobeoia, €0pog petafoing) Krig(x = loc, Y = range)

ApOpods TopatnproEmV Number of Observations: 89

ApOuodc povadikdv onpeiov Number of unique points: 89

Ap1Oudg mapopETpmY GTO UNOEVIKO YDPO Y1 TOV KABOPIGUO TS TOAVOVUUIKNG GLVIGTMGAS TOV TPOTLTOV
kriging Number of parameters in the null space 3

[MopapeTpot KaBoPIGUEVNG YOPIKNAG LETATOTIONG
Parameters for fixed spatial drift 3

Evepyoi Babpoi erevbepiag Effective degrees of freedom: 45.9
Evanopeivovteg fabuoi ehevbepiog Residual degrees of freedom: 43.1
Méon EXdyiot extiunon yio tn dtaemopd 6 MLE sigma 2.609
Extiunon tov 'evikevpévov Movtéhov AlooTonp@TIKNG EMKVPMOOTG Y10 T S1UGTOPA &

GCV sigma 2.563
Méon ELdyiotn extipnon tov cuvieleotn fabuoroyiknig cuoyétiong p Tov Spearman

MLE p 8.065

K\ipoka yuo t ovvduakbpavon <Mn dabéowun> Scale passed for covariance p <NA>
KAipoka yuo 1o dhpa pmdevoc 6° Scale passed for nugget (sigma”™2) <NA>
Hopdpetpog Eopbivvong A=c"/p Smoothing parameter lambda 0.8438

[epiinym Ymoloinwv TV 6UAUATOV TOV TPOPAETOUEVOV Ol TIG TOPOUTNPOVIEVEG TIHEG Ue TN UEB0dO TmV
eEAOYIOTOV TETPOYDVOV Residual Summary:

min (eléyoto)  1st Q median (diapecoc)  3rd Q max (uéy1oto)

-5.00300 -1.14500 0.01549 0.86980 5.86400

Movtého cuvdlakduavons: Xtaoiun cvuvd. Covariance Model: stationary.cov
Covariance function is
Names of non-default covariance arguments:

AEITTOMEPEIEX I'TA THN ITAPAMETPO EEOMAAYNXZHX
DETAILS ON SMOOTHING PARAMETER:

Xpnotpomolodpuevn uébodog Method used: GCV Cost: 1
lambda (A)  trA(ixvog mivaxa A) GCV  GCV.one GCV.model shat (opoon)
0.8438 45.8745 13.5595 13.5595 NA 2.5633

[epiAnym ekTyunoemy yuo T A
Summary of all estimates found for lambda
lambda trA GCV shat REML
GCV 0.8438 45.87 13.56 2.563 305.1
GCV.model NA NA NA NA NA
GCV.one 0.843845.87 13.56 2.563 NA
RMSE NA NA NA NA NA
pureerror  NA NA NA NA NA
REML  0.4669 57.50 13.68 2.200 304.9




* [Tapapnua

predict.se.Krig {fields}

Standard errors of predictions for Krig spatial process estimate

Package: fields

Version: 6.8

Description

Finds the standard error ( or covariance) of prediction based on a linear combination of the observed
data. The linear combination is usually the "Best Linear Unbiased Estimate” (BLUE) found from the
Kriging equations. This statistical computation is done under the assumption that the covariance
function is known.

Usage

## S3 method for class 'Krig'":
predict.se((object, x = NULL, cov = FALSE, verbose = FALSE,...))

## S3 method for class 'mKrig'":
predict.se((object, xnew = NULL, Z = NULL, verbose = FALSE, drop.Z
= FALSE, ...))

Arguments

drop.Z

If FALSE find standard error without including the additional spatial covariates described by Z. If
TRUE find full standard error with spatial covariates if they are part of the model.

object

A Krig or mKrig object.

Xnew

Points to compute the predict standard error or the prediction cross covariance matrix.

X

Same as xnew -- points to compute the predict standard error or the prediction cross covariance
matrix.

cov

If TRUE the full covariance matrix for the predicted values is returned. Make sure this will not be
big if this option is used. ( e.g. 50X50 grid will return a matrix that is 2500X2500!) If FALSE just
the marginal standard deviations of the predicted values are returned. Default is FALSE -- of course.
verbose

If TRUE will print out various information for debugging.

These additional arguments passed to the predict.se function.

Z

Additional matrix of spatial covariates used for prediction. These are used to determine the
additional covariance contributed in teh fixed part of the model.

Details

The predictions are represented as a linear combination of the dependent variable, Y. Call this LY.
Based on this representation the conditional variance is the same as the expected value of (P(x) +
Z(X) - LY)**2. where P(x)+Z(x) is the value of the surface at x and LY is the linear combination
that estimates this point. Finding this expected value is straight forward given the unbiasedness of
LY for P(x) and the covariance for Zand Y.

In these calculations it is assumed that the covariance parameters are fixed. This is an approximation
since in most cases they have been estimated from the data. It should also be noted that if one



assumes a Gaussian field and known parameters in the covariance, the usual Kriging estimate is the
conditional mean of the field given the data. This function finds the conditional standard deviations
(or full covariance matrix) of the fields given the data.

There are two useful extensions supported by this function. Adding the variance to the estimate of
the spatial mean if this is a correlation model. (See help file for Krig) and calculating the variances
under covariance misspecification. The function predict.se.KrigA uses the smoother matrix (
A(lambda) ) to find the standard errors or covariances directly from the linear combination of the
spatial predictor. Currently this is also the calculation in predict.se.Krig although a shortcut is used
predict.se.mKrig for mKrig objects and this shortcut is planned for in a later version of fields
Values

A vector of standard errors for the predicted values of the Kriging fit.

See Also

Krig, predict.Krig, predict.surface.se

Examples

#

# Note: in these examples predict.se will default to predict.se.Krig using

# a Krig object

fit<- Krig(ozone$x,0zone$y,cov.function="Exp.cov", theta=10) # Krig fit
predict.se.Krig(fit)  # std errors of predictions at obs.

# make a grid of X's
xg<-make.surface.grid(
list(East.West=seq(-27,34,,20),North.South=seq(-20,35,,20)))
out<- predict.se.Krig(fit,xg) # std errors of predictions

#at the grid points out is a vector of length 400
#reshape the grid points into a 20X20 matrix etc.

out.p<-as.surface( xg, out)
surface( out.p, type="C")

# this is equivalent to the single step function

# (but default is not to extrapolation beyond data
# out<- predict.surface.se(fit)

# image.plot(out)


http://inside-r.org/r-doc/base/list
http://inside-r.org/r-doc/base/seq
http://inside-r.org/r-doc/base/seq

