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1. Uvod

podékovani: GAAV (projekt IAA300420806, ,Pravdépodobnostni scénare
klimatu pro Ceskou republiku®)

+ impaktové studie v Cesku:

— vzestup zajmu o zménu klimatu a mozné dopady diky Country Studies (1995)
— od té doby i moje spolupréce s lidmi z MZLU (Zalud, Trnka, a spol.)

* pozadavky na meteo data pro zemédélské impaktové studie

(*rastové modely, *pudni model, *model $kudct, *model pro agroklim. indexy):
— Fady reprezentujici sou¢asné i budouci klima pro rlstové (a jiné zemédélské) modely:
+ jednostani¢ni denni fady
* prvky: SRAD, TMAX, TMIN, PREC, VAPO, WIND
— Meteo fady by mély mit “vérohodnou” stochastickou strukturu!
— zohlednény nejistoty konstrukce klimatickych scénafil (emisni scénaf, klimaticka
citlivost, rozdily mezi GCM modely, vnitfni variabilita GCM

« tento prispévek:
— metodika - konstrukce &asovych fad
- konstrukce scénafi zmény klimatu

— analyza nejistot
— soucasny stav - analyza databaze IPCC-AR4

- projekt PraSce
— scénare pro CR v riiznych fazich vyvoje databaze IPCC-DDC (bonus ¢&.1)
— ukézka impaktové studie (bonus ¢.2)

2. metodika

¢ konstrukce ¢asovych rad
— pfima modifikace
— stochasticky meteorologicky generator (WG)
« porovnani vysledku ziskanych obéma metodami
« validace WG

* metoda konstrukce scénarti z GCM simulaci
— pattern scaling

analyza dopadti zmény klimatu

meteo data pro para}metry ) meteo data pro
soucasné klima| | studovaného systému | |zménéné klima
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vystupni charakteristiky
pro soucasné klima

vystupni charakteristiky
pro zménéné klima

” analyza dopadu H

pozn: mnohaleté simulace dovoluji vyhodnotit PDF analyzované charakteristiky)

2 approaches to multi-year simulations

1) Direct Modification approach:
- present climate weather series: observed weather series
- changed climate: observed series directly modified according to the climate
change scenario.

2) Weather Generator approach:
- present climate: arbitrarily long synthetic weather series is created by the
stochastic weather generator; parameters of the generator are derived from the
observed series
- changed climate: parameters of the generator are modified in accordance
with climate change scenario to generate series representing changed climate

preparing daily weather series for changed climate
a) direct modification of observed series:

l— observation — modified series ‘

X(t) = x(t)odt)

x'(t)

x(t)




preparing daily weather series for changed climate
b) stochastic weather generator

—— observation — E(observation)
—— modified mean — synthetic series
xX(t)
4

x(t) D2

stochastic weather generator Met&Roll

*model for 4+2 daily variables:
PREC: - occurrence ~ Markov chain (order: 1-3; parameters: trans.prob.)
- amount ~ Gamma distribution (parameters: a, 8 /~ shape, scale/)

SRAD, TMAX, TMIN: standardised deviations from their mean annual cycle
are modelled using AR(1) model (parameters: A, B, avg(X;), std(X:),)

- all parameters are assumed to vary during the year

- daily WG is linked to monthly weather generator, which is based on AR(1)
model and improves interannual variability

additional variables (VAPO, WIND): nearest neighbours resampling

*WG validation should precede its application:
- direct validation
- indirect validation

A) 4-variate —> 6-variate: |learning sample:
@DATE SRAD TMAX TMIN RAIN VAPO WIND
4-Variate series: xx001 1.6 1.3 -1.5 3.3 0.63 1.0
@DATE SRAD TMAX TMIN RAIN xx002 1.6 -0.8 -3.8 0.3 0.53 1.7
. xx003 3.9 -2.3 -9.9 0.0 0.23 2.0
95001 1.9 -2.7 -6.3 0.3 *xx004 4.5 -2.3 -11.4 0.0 0.38 1.0
99002 2.1 -3.6 -3.7 0.7 *xx005 1.6 -6.1 -12.9 0.0 0.33 1.3
99003 1.5 0.1 -1.3 2.4 *xx006 1.6 -1.8 -12.4 1.1 0.23 3.3
99004 2.4 03 2.7 0.6 *xx007 3.8 1.2 -2.3 0.0 0.52 4.7
99005 1.4 -1.4 -5.1 0.1 xx008 1.7 -0.1 -4.3 0.0 0.39 1.3
xx009 1.7 -1.8 -6.7 0.4 0.42 4.0
xx010 1.7 -3.8 -8.0 1.0 0.36 2.0
xx011 1.7 0.0 -3.9 8.3 0.46 2.0
xx012 2.9 .7 -0.3 2.8 0.57 1.7
xx013 1.8 2.6 -0.8 1.0 0.62 2.0
. . xx014 4.0 2.9 -3.3 0.0 0.45 2.7
6-variate series: xx015 4.0 2.4 -5.9 0.0 0.37 1.3
@DATE SRAD TMAX TMIN RAIN VAPO WIND e
[oso01 179207 6.3 0. 0.34_ 3.0] & / /
99002 2.1 3.6 _-3.7_ 0. 28 3.
— i
99003 1. 1 -1, 4 0.6l 3.0
99004 2. 32 . 57 30| & .
Sees T T T o1 o 5 <—| — hearest neighbours
resampling

aplikace stochastického generatoru

¢ vyhody
— libovolné dlouha fada
— moznosti modifikace vybranych parametrdi
« vramci citlivostni analyzy
* vramci scénarové studie
— moZnost pouziti interpolovaného generatoru (tedy i pro
stanice bez meteorologickych pozorovani)

« predpoklad:
— syntetické fady jsou statisticky podobné s realnymi fadami

— vystupy z impaktového modelu ziskané s pomoci synt.fad
jsou statisticky podobné s vystupy ziskanymi s pomoci
realnych fad

indirect validation of Met&Roll using crop model -
AVGs and STDs of wheat yields (17 stations x 3 versions of WG)
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crop model = CERES-Wheat; 30-y simulations for 17 Czech stations;
WG-BAS: “basic” WG; WG-A3: improved WG; WG-A3M: “best” WG

application of interpolated weather generator
Mean model [STICS] wheat yields [soil = Chernozem (CZ_01)]

(Dubrovsky et al, 2004, Climatic Change

interpolation
— 0 of yields T
r—)’V =)

¢) synthetic weather produced by site-specific WG d) synthetic weather produce by interpolated WG
(site-calibrated Met&Roll + VAPO and WIND added by GeNNeR) (interpolated Met8Roll + VAPO, WIND added by GeNNeR




konstrukce regionalnich scénaria ZK
(z vystupti z modeltt GCM)

v o

konstrukce regionalnich scénaru
- kaskada nejistot

¢ GCM: pfimy vystup je nepouzitelny (jak ro¢ni
chody, tak ¢asové fady), nutny “post-processing”
vystupu z GCM:
» porovnani pfizemnich charakteristik pro budouci (napfr.
(2070-2099) vs. (1961-1990). teploty: rozdily, srazky: podily
« produkt: scénaf zmény klimatu, ktery se
— pricte k sou¢asnym kfivkam,
— ksoug. pozorovanym fadam, nebo k modifikaci WG
> statisticky downscaling (> R.Huth)
« produkt: €asové fady, z nich Ize odvodit sc.zmény klimatu

» dynamicky downscaling (RCM) ( > projekt Cecilia):
« produkt: €asové fady, z nich Ize odvodit sc.zmény klimatu

(modely GCM jsou jen jednim ¢ldnkem fetézce vedouciho k regiondlnimu scéndii)

& carbon cycle & chemistry model =

2. concentration of GHG and aerosols >> radiation forcing

(oow

3. large-scale patterns of climatic characteristics

& regionalizace / downscaling =

4, (" -specific climate scenario)

=) chceme-li pravdépodobnostni odhad impakti, pak
optimalnim feSenim by bylo:

[ vice emisnich scénari X mnoho GCM simulaci }

(GCM: riizné pocatecni podminky, riizna nastaveni, ...)

¢ jenze...

¢« GCM simulace jsou velice naroéné na VT, provadi se
jen pro omezeny pocet emisnich scénarll (které jsou
vSak jednim z hlavnich zdrojli nejistoty).

¢ Chceme-li postihnout vySe uvedené nejistoty, nabizi se:

— metoda pattern scaling, kter& umoZziuje separovat nejistotu
globalni a “regionalni”

* a to tedy Mirek rozhodné chce!

pattern scaling technique

assumption: pattern (spatial and temporal /annual cycle/)
is constant, only magnitude changes proportionally
to the change in global mean temperature:

AX(t) = AXg x AT(1)

where AXg = standardised scenario ( = scenario related

to ATg=1°C)
a) AXg = AXjia g / AT aqm)

b) linear regression [x = ATg; y = AX] going through zero

AT = change in global mean temperature

! AT, may be estimated by other means than GCMs !!
(e.g. simple climate models /~ MAGICC/)

validity of the pattern scaling technique - TEMP

validity of the pattern scaling technique - PREC
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validity of the pattern scaling technique: TEMP

a) model = ECHAIM4 a) model = ECHAN4

Variance of grid-specific precipitation
changes explained by the pattern
scaling technique

#months in which the standardised
change of TAVG does not significantly
differ from zero at 0.01 level

validity of the pattern scaling technique: PREC

a) model = ECHAN4

a) model = ECHAM4.

#months in which the standardised
change of PREC does not significantly
differ from zero at 0.01 level

Variance of grid-specific
precipitation changes explained by
the pattern scaling technique

validity of pattern scaling

« predpoklad metody dobre plati pro teploty
« omezena platnost pro PREC, DTR, SRAD, VAPO, WIND

« statisticka nevyznamnost regresnich koeficientt

— neznamena, Ze Pattern Scaling nelze pouzit (nepouzitelnost by viak
vyplyvala ze statisticky vyznamné nelinearity vztahu)

— spiSe znamen4, Ze v €asovych fadach simulovanych modely GCM
dominuje “pfirozena” variabilita, kter4 se da vhodné simulovat
napriklad stochastickym generatorem.

« regresni vztahy neextrapolovat ! (... nebo jen velice opatmé)

analyza nejistot
ve scénarich ZK

a) nejistota odhadu standardizovaného scénare

b) nejistota odhadu DT

a) nejistota odhadu standardizovaného scénare

data ~ IPCC-AR2 database:

* 4 weather elements: TAVG, DTR, PREC, SRAD

* 7 AOGCMs (1961-2099, series of monthly means) from IPCC-DDC:
=> 1. inter-model uncertainty

CGCM1 (C) [1990-2100: 1% increase of compound CO2]

CCSRI/NIES (J) [1990 - 2099: 1S92a]

CSIRO-Mk2 (A) [1990-2100: 1S92a]

ECHAMA4/OPYC3 (E) [since 1990: IS92a]

GFDL-R15-a (G) [1958 - 2057: 1 % increase of compound CO2]

NCAR DOE-PCM (N) [bau (~IS92a) since 2000]

HADCMS3 (H; 4 runs!!!) [since 1990: 1% increase of compound CO2]

=> 2. internal GCM uncertainty (natural climatic
variability)
four exposure units - => 3. spatial uncertainty

4. uncertainty in determining standardised changes (~ std. errors in

e Qefficients

IPCC-AR2: gridova struktura GCM modelu
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