Metody v klimatologii
ITI. Vyuziti R v klimatologii

Uvod do R

https://cran.r-project.org/

Interaktivni ,vypocetni prostredi”
Volné Siritelny pod GNU GPL

Nezdvisly na platformé

pro statistické vypolty a grafiku

Rddkovy interpret, objektové orientovany

Umozriuje jednoduché skriptovani

Snadno rozsiritelny (> 2000 rozsirfujicich knihoven na WWW)
Nepreberné mnozstvi vyukovych materidli

Poldtelni investice do ovlddani jazyka R

Nutnost ¢asto upgradovat R i nékteré knihovny




Uvod do R

R RGui (32-bit)
File Edit Packages Windows Help

QR Console =1

> # zkontrolovatci(modell, method = "proflik", xramge = c(50, 120), verbose = Ti

o~ |

G R Graphics: Device 2 (ACTIVE) =]

Histogram of mtcars$mpg
myhist <- hist (mtcarsSmpg)
- myhist$counts / myhistidensicy
<- density(mtcars$mpg)

mydensity$y * multiplier[l]

plot (myhist)
lines (mydensity)

q cviceniihist_a_dens.R

myx <- seq(min(m{ ¥ YKTEsli nistogram a frekvendnl funkcl normalnino rozdEleni

mymean <- mean(m{ . /|
Rysd <- =d(mecac] MYBiST <- hist(mtcazstmpg) 7‘
multiplier <- myhistScounts / myhistSdensity
mydensity <- density(mccazsSmpg)

mydensitySy <- mydensitySy * multiplier[1]

normal <- dnorm(
lines (myx, norma

/

plot (mynist)

sd_x <- seq(myme,
B lines (mydensity)

<- dnorm(x

myx <- Seq(min(mccars$mpy), max(mtcarsSmpg), length.outs= 100) T T T
mymean <- mean (mtcars$mpg)
mysd <- sd(mtcarsimpg) 15 20 25 30 35

segments (0 = sd
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normal <- dnorm(x = myx, mean = mymean, sd = mysd) mtcars$mpg
lines (myx, normal * multiplier[l], col = "blue", lwd = 2)

sd_x <- seq(mymean - 3 * mysd, mymean + 3 * mysd, by = mysd)
sd_y <- dnorm(x = sd_x, mean = mymean, sd = mysd) * multiplier[1]

Uvod do R

Grafické uzivatelské rozhrani - R studio, Remd

File Edit Code View Project Workspace Plots Tooks Help

LG SN EE N & Project: (Nonel
&) dismondPricng.R* % | (0] formatPlotR x || dlamonds x 7| Workspace | History =
i [Msourceonsave @ /- 4| 5% 4Source = ||| oFload~ | [ Saver | Import Dataset~ | & Clear Al &
1 Tibrary(ggplot2) i - Data
g source("plots/formatrlot.R") diamonds 53940 obs. of 10 variables i)
4 view(diamonds) Values
5 summary(diamonds) avesize 0.7979 |
6
7 summary(diamondsSprice) clarity character [8] |
8 avesize - round(mean(diamondsicarat), 4) P gaplot(s]
9 clarity < levels(diamondsiclarity)
10 Functions.
11 p < gplot(carat, price, format.plot(plot, size)
12 data-diamonds, color-clarity,
13 xlab-"Carat”, ylab="Price",
14 main-"piamond Pricing")
15 Fies  Plots  Packages  Help
& # z200m  Feworr Q) f Clearal
- Diamond Pricing
- ) 3
. Clanty
. : "
1st qu. X
Median L
mean . o
3rd qu. S
v A0, ax. . . a2
> summary(diamondsSprice) 1} . v
min. 1st qu. an  mean 3rd qu. Max.
326 950 2401 3933 5324 18820 . . wsz
avesize <- round(mean(diamondsScarat), 4) i

clarfty <- Tevels(dianondssclarity)
p <- gplot(carat, price,

data=diamonds, color=clarity,
xlab="carat", 'ylab="price",
maine"piamond Pricing”) o

format.plot(p, size=24)
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R v klimatologii
1) Specidlni knihovny (libraries)

dplR, treeclim - dendroklimatologie
ncdf4 - analyza poli ve formdatu NetCDF
climatol

2) www strdnky
https://www.benjaminbell.co.uk/2018/01/getting-climate-data.html
https://rclimate.wordpress.com/

RC I i m ate Using R and Data fo Understand

Climate Change

Zaklady prace v R

S vyuZitim dodanych skriptl obsahujicich vybrané prikazy jazyka R a
datovych soubord si projdéte zdklady prdce v programovém prostredi
R a zopakujte si zdkladni dlohy popisné statistiky

Nainstalujte program R: https://cran.r-project.org/
Vytvorte si pracovni adresdr, napr. C:/data/MFGcviceni

Do tohoto adresdre si z ISu zkopirujte vSechny soubory, které
najdete ve sloZce R_cviceni

Spust'te program R a otevrete si Gvodni ukazkovy skript:
File -> Open script ...
scr_1_zaklad_2020.R
Na 4. radku upravte cestu k vasemu pracovnimu adresdri :
setwd("'C:/data/MFGcviceni")




Zaklady prace v R

R RGui (32-bit)
File Edit Packages Windows Help

] 0 [= =] =]

mean of x mean of y
0.85317204 0.03322581

# statisticke testy:
# t.test(nac_index[,2],

7y t-test (porovnani
ndex[,8], pair

dvou nezavislych souboru
= 7Y

# statisticke testy: f-test (

e vyznamne variabilita hodnot indexu NAQ v$

var.test(nao_index[.2], nao index[.S51)
= pesr { M CAdata\R_data\MFGeviceniser_1_zaklad_2020R - R Editor [ [ [mESm]
# Uvod do R; verze 2020/10 A
data: nao_inde{ #REREERIRRIRIIMRRMRHSHMIEMHRSHEGEERERREE

F = 1.2737, num| # nastaveni pracovniho adresaie
alternative hypd etwd (" REELEYEsEEERT gt e ")

95 percent conf{ eTWA() # vypi3e pracovni adresaf

0.9539535 1.70
sample escimate] # DATA, DATOVE STRUKTURY

ratio of varian
1.273] # vytvoii promEnnou a zapidie do ni hodnoty

x <- c(1,2,3,4,5,6,7,8
x
boxplot (nao ij Mean (%)

length(x)
# napovéda: ?mean()

is.vector (x)
# vektor je zdkladni datovou strukturou v R, konstanta je vektor delky 1
£ Aa1%§ Aarmwé srrnbrary ds2an nands Aara frame marriv  arraw  liar

Zaklady prace v R

+ Kliknéte na zacdtek prvniho rddku. Postupné tisknéte CTRL-R.
Program bude vykondvat jednotlivé prikazy kédu

- Sledujte vystupy prikazli na konzole a pozdéji také v grafickém
okné

- Prikazy miZete provddét opakované v zdvislosti, kde umistite
kurzor ¢&i jakou ¢dst kodu vyberete

- U jednotlivych prikazli miZete ménit nastaveni parametri Ci
doddvat parametry dal$i s pomoci helpu: ? nazev_funkce()

* Projdete-li vSechny

pFikazy, miZete vyzkouset
script scr_2_graf.R,
ktery vytvori prilozeny

Teplotni anomalie

Xz . ’ 0
graf. Cast jeho kédu ]
vyuzijete ve cviceni P L —
— chladné
T T T T T
1800 1850 1900 1950 2000

Roky




Analyza ¢asovych rad
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- Exploraéni (prizkumovd) analyza s cilem otestovat vlastnosti ¢asové Fady
(homogenizace, autokorelace, pritomnost odlehlych hodnot, normalita,
homoskedascita, ...)

Analyza trendové slozky
- Analyza cyklického chovani

* Modelovdni ¢asovych rad (napt. ARTMA modely),
Analyza extrémnich hodnot (viz éast IV)

- Hleddni zmén v chovdni ¢asové Fady (change point detection) - nejen jako
souédst procesu homogenizace, ale téZ jako indikdtor zmény rezimu chovani
(structural changes)

Superposed Epoch Analysis, ...

Analyza trendu

Linearni trend - MNC

Smermnice: 0.26

20

#$Tx30
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\
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tt$rok
Histogram of ts.tt

«  Neméli bychom si zkontrolovat, zda je MNC
viibec pouZitelnd?

+ Vypocteny trend nevystihuje dobre kolisdni v
celé délce casové rady e

Frequency
0 5 10 15
Y T




Neparametricky odhad linearniho trendu

Mize existovat Fada diivodi, pro¢ je MNC k odhadu linedrniho trendu
nevhodnd

28~
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Year
Linear Model /| Theil Sen Mode! https:/ /www.researchgate.net/figure/Comparis

on-of-linear-and-Theil-Sen-regression-slopes-for-
a-pixel-in-the-Sahel_fig3_266705601

Hleddme metody, kterd je vyuzitelnd z hlediska vlastnosti
analyzovanych dat

+ Nezdvisi na rozdéleni hodnot
Neni ovlivnéna pritomnosti odlehlych hodnot,

Neparametricky odhad linedrniho trendu

- Nejprve testujeme, zda Fada obsahuje vyznamny trend
Mann- Kendallliv test

+ Ndsledné odhadujeme parametry primky -
Theill-Senova metoda odhadu parametri

M-K test je testem na pritomnost monotonniho trendu v ¢asové radé
+ Lze ho vyugit, pokud nejsou spinény podminky pro pouziti MNC
Neparametricky odhad - nevyZaduje spinéni predpokladu normality
+ Neni citlivy k odlehlym hodnotdm
Lze ho aplikovat i na ¢asovou Fadu s chybéjicimi hodnotami

- ® VyZaduje, aby hodnoty ¢lenii asové fady byly nekorelované




Neparametricky odhad linedrniho trendu

Mann-Kendalliiv test analyzuje rozdily ve znaménkdch mezi dFivéjéimi a
pozdéj$imi datovymi body. Pokud je v Fadé pritomen trend, hodnoty
znamének budou mit tendenci neustdle rlist resp. neustdle klesat.

The MK test tests whether to reject the null hypothesis (Hp) and accept the alternative hypothesis (H,), where
Hy: No monotonic trend
H,, : Monotonic trend is present
The initial assumption of the MK test is that the Hj is true and that the data must be convincing beyond a reasonable doubt before Hy is rejected and H,, is accepted
The MK test is conducted as follows (from Gilbert 1987, pp. 209-213) :
1. List the data in the order in which they were collected over time,q, 2, . . . , T, Which denote the measurements obtained at times 1, 2, .. . , n, respectively)
2. Determine the sign of all n{n — 1)/2 possible differences =; — xy, where j > k. These differences are
T3~ TA, T3 — Tly--y Tn — 1, T3 — T2, T4 — T2+, Tn — En-2,Tn — Tn—1
3 Let sgn(mj - :z:k] be an indicator function that takes on the values 1. 0. or -1 according to the sign of #; — @y, that is,
sgn{z;—ax)=1lifz; —z; > 0
=0ifz; — z; =0, or if the sign of w; — x; cannot be
determined due to non-detects
=-1ifw;—zp <0
4. Compute

5= Z“: sgn(zjf zp) 1)

which is the number of positive differences minus the number of negative differences. If is a positive number, observations obtained
later in time tend to be larger than observations made earlier. If is a negative number, then observations made later in time tend to be
smaller than observations made earlier.

Neparametricky odhad linedrniho trendu Mann-Kendalliv test

5.If n<10, follow the procedure described in Gilbert (1987, page 209, Section 16.4.1) by looking up S in a table of probabilities
(Gilbert 1987, Table A18, page 272) . If this probability is less than a (the probability of concluding a trend exists when there is
none), then reject the null hypothesis and conclude the trend exists. If n cannot be found in the table of probabilities (which can
happen if there are tied data values), the next value farther from zero in the table is used. For example, if § =12 and there is no
value for § = 12 in the table, it is handled the same as § = 13.

If n> 10, continue with steps 6 through 10 to determine whether a trend exists. This follows the procedure described in Gilbert
(1987, page 211, Section 16.4.2).

6. Compute the variance of S as follows:

VAR(S) = 11*3 [(n -~ 1)(2n +5) - i byl — 1)(26, +5)]

-1

where g is the number of tied groups and #p is the number of observations in the p th group.

7. Compute the MK test statistic, 2k . as follows:

—_ 81
.- = Vm(s}ﬁ' >0

=0if§=0

=2 ifg <o
VVAR(S)

A positive (negative) value of Zyri indicates that the data tend to increase
(decrease) with time.




Neparametricky odhad linedrniho trendu Mann-Kendalliv test

8. Suppose we want to test the null hypothesis
Hy: No monotonic trend

versus the alternative hypothesis

H, : Upward monotonic trend

at the Type I error rate cv , where 0 < o < 0.5. (Note that ev is the tolerable
probability that the MK test will falsely reject the null hypothesis ) Then Hy is
rejected and H, is accepted if Zyy = Z; . where Z; __ is the 100(1 — a)**
percentile of the standard normal distribution. These percentiles are provided in
many statistics book (for example Gilbert 1987. Table Al. page 254) and
statistical software packages.

9 To test Hy above versus

H, : Downward monotonic trend

at the Type I error rate o, Hy 1s rejected and H,, is accepted if Zyrpr < —Z7_ .
10. To test the Hy above versus

H a : Upward or downward monotonic trend

Zyx| 2 1o

at the Type I error rate oo, Hy 1s rejected and H, 1s accepted if’
where the vertical bars denote absolute value.

Pocitacové programy bézné poskytuji p-hodnoty prisludejici vypodtenému
testovacimu kritériu, pode které |ze vysledek testu jednoznaéné
interpretovat

Mann-Kendallliv test v R

# vyzaduje knihovnu
if (!require (Kendall)) {install.packages ("Kendall") }
library (Kendall)

MKD <- MannKendall (ttS$Tx30)
summary (MKD)

Score = 652 , Var(Score) = 24489.33
denominator = 1738.724
tau = 0.375, 2-sided pvalue =3.1829%e-05

V nasi v éasové Fadé se vyskytuje rostouci statisticky vyznamny
monoténni trend. Jeho parametry zjistime a trend vykreslime
Theil -Senovou metodou




Metoda odhadu parametri linedrniho trendu (Theil-Sen estimate)

Opét se jednd o neparametrickou metodu

Line Segments Connecting Pairs of Points

80

1) Spojime dseckami vSechny body Casové rady
2) Pro kazdou Uselku vypolteme jeji smérnici
3)
Jjednotlivych dsecek
4)
primky

Smérnici Easové rrady vypocéteme jako medidn viech smérnic

Stejnym zplisobem vypo&teme i absolutni ¢len jako druhy parametr

Rizné metody odhadu trendu

CASOVA RADA

LINERARNI TREND

Bézny zplsob odhadu linedrniho 2
trendu (LRM) miZe byt ovlivnén % |

vyskytem odlehlych hodnot. .
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splinovych funkci
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V programu R byl sestaven skript pro aplikaci riznych metod analyzy ¢asové
rady (scr_3_casove_rady.R), vstupni data obsahuje soubor brno_t.csv
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Priklady analyzy - cyklicka slozka (wavelet analysis)
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Priklady analyzy - cyklicka slozka (wavelet analysis)
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Priklady analyzy - cyklicka slozka (wavelet analysis)

.Materska" vinka provadi po ¢asové radé dva druhy pohybu:

+ posun
+ $kdlovani (roztazeni a smriténi)

1500 1600 1700 1800 1800 200

RWI

07 08 08 1o 11 12 13

4

https://www.youtube.com/watch?v=QX1-xGVFgmw

00000 00002 00014 00027 00046 00072 00107 00159 00242 00373  0.12%
Power’

Rada 3i¥ky letokruh@ dubu, ve které se v nékterych obdobich

objevuje statisticky vyznamny cyklus délky 16 rokii

Priklady analyzy - cyklicka slozka (wavelet analysis)
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Standardized cross-wavelet power spectrum
9.8e-04 3.1e-02 1.0e+00 3.2e+01 1.0e+03

.Cross-wavelet" spektrum mezi fadami teploty, srdzek a SPEI a Fadami
vysvétlujicich proménnych (slunecni aktivita a NAO index).

Sipky indikuji fdzovy posun mezi dvéma Fadami (ukazuje-li Sipka vpied,
jsou obé Fady ve fdzi)
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Priklady analyzy - ,regime shift detection™

. 8 Thirty Yrs” War WAS /7YW  Napoleanic Wars World War |
H N (1618-1648) (1740-48/1756-63) ({1803-1815)
N * . . . .

)
4

LR

o2

%2

Kold¥ et al. (2022)

P 8 Effects of social and

Ze z climatic factors on

) °  building activity in the

E : Czech lands between
?45(} 1500 1550 1600 1850 1700 1750 1800 1850 1900 1950‘5 1450 and 1950

Calendar Year (AD)

(A) Variability of standardized felling date indices in the period 1450-1950 completed with the model of regime shifts
indicating individual breakpoints using Sequential T-test Analysis of Regime Shifts (bold line) and Pettitt test (arrows). The
most serious wars, epidemics and famines are indicated. (B) Reconstruction of annual temperature (Dobrovolny et al. 2010)
and precipitation (Dobrovolny et al. 2015) anomalies (w.r.t. 1961-1990) smoothed by Gaussian low pass filter and Pearson’s
correlation coefficients between these climate parameters and standardized number of felling dates for the common period
1501-1950. (€) Number of recorded local windstorms with highlighted widespread windstorms (black dots) based on Brdzdil
et al. (2004). (D) Evolution of population and forest cover in the Czech lands (CSO). Note: WAS = War of the Austrian
Succession, 7YW = Seven Years' War.

Priklad analyzy prostorové informace

Jaky je rozdil mezi tlakovym polem v mésicich, kdy je ve stfedni Evropé vyrazné
sucho (obrdzek vlevo), v porovndni s normdlnimi podminkami (priimérné tlakové
pole daného mésice v obdobi 1961-1990 - obrdzek uprostred).

Vpravo je vysledek v podobé rozdilu (normdl - sucho). Vyznaéeny jsou gridové
body, ve kterych je rozdil statisticky vyznamny

May, mean SLP 1961-1990 mean SLP in 31 dry Mays since 1850 SLP anomaly (map2 - map1)

— B D= S— O = ? T

kveten, prumer 1951 1990 (WPa)

Ip—

kve\en.<31 suchim mesicu zind + spet. MSLP anomalies w.r.t. 195149{0 (hPa)

10083 ot Toler oo 09 om0 ’o g £ & 05

SLP at extremely dry Mays defined in the 1850-2010 period and SLP differences in extremely dry
months compared to MSLP of the 1961-1990 reference period; black points mark statistically significant
(a=0.05) SLP decrease/incerese w.r.t the 1961-1990 reference period

V programu R byl sestaven skript pro vizualizaci sestavenych poli
(scr_4_slp_mapy.R), vstupni data obsahuje soubor au_sucho.csv
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