BBeneHuMe B KIMMATUYeCcKoe
moaenmnposaHume. CueHapumn
M3IMEeHeHNA KInmarTa.

KanawHunkosa O.1O.
Mo matepuanam KOnua Amposeua, AHactacmm JlobaHOBOWM
CeMnHapbl NOBbIWEHUA KBaANPUKALLUU
AnmaTbl, Ka3zaxcTaH



CoanepxaHue.

* MCTOpMFI KAMMAaTU4eCKOro moaennpoBaHUA.
e [nobanbHbie U permoHaszibHble MOo4de 1N.

e CueHapun nameHeHua kKnmmata CMIP5 (Coupled Model
Intercomparison Project 5).

e PaboTa c gaHHbIMK B dopmaTe netcdf .
* CueHapum RCP (RCP 2.6, RCP 4.5, RCP 8.5)



[maponornyeckoe moaeimpoBaHMe.
CueHapuu
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gy '.’ i R 02 g ]
Physical Processes in a l\i(.)'diln - —— EcoFobsedt
e H — EcoFmer
= H
0 5 10 XFREY g5 20 25 30
m,cor
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source: IPCC AR5 (2013)

Hydrologic Model System

Evapotranspiration

6 0440

Soil
Hydrologic
Model

*  Cumynsauum metogom ,AHcamonun’
* QueHka TpeHaoB — 30 et
* AOCONIOTHbIE U OTHOCUTESbHbIE 3HAYEHUS
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MoaenmpoBaHMe K1nMmaTa —
pa3pelleHne moaenen

source: IPCC AR4 (2007) source: IPCC AR5 (2013)



KammaTtmyeckme

MPOEKLMM

* CORDEX ba3sa [laHHbIX
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CORDEX-Domains:

CORDEX-WAS: South Asia (naming convention)
CORDEX-EAS: East Asia
CORDEX-CAS: Central Asia

Number of Simulations

River Basin historical rcp26  repdb5  rep85

Isfara 17 6 17 17
Chimbay 1T 6 17 17
Aspara 19 7 19 19

CORDEX 6a3a gaHHbIX KOTOpaa CoAEepPKUT PermoHann3npoBaHHblie cumynaumm CMIPS5,
which are freely available in Internet. CywectsyeT 16 someHOB, BKAtoYas LleHTpanbHyto

A310, KONNYECTBO CMMyI'IFILI,Mﬁ 3aBNCUT OT AOMEHa

* |SI-MIP CueHapwum

ISI-MIP copeput 5 MobanbHbix UnpkynaymoHHbix mogenen CMIP5 GCMs, koTopble
ObIIN MHTEPNONNPOBAHbI Ha CETKY € pa3peweHnem 0.5 rpagycoB, 0O4HOBPEMEHHO C

KopeeKkunen moaenbHoro otknoHeHns kK WATCH Erad0



RanmaTtmnyeckme npoekunmn. CpasHeHne ¢ WATCH

* |SI-MIP = oTKoppekTuposaHbl no WATCH

* CORDEX nokasanu cepbe3Hble OTK/IOHEHUA No
TemnepaTtype U ocagikam B rOpPHbIX pernoHax
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[naponornyeckoe moaenpoBaHme.
HeonpegeneHHOCTU

OTKyaa HeonpeaeneéHHoCTU B rmMAapo0rM4ecKom
MmoaenmpoBaHnn?

CTPYKTYpa moaenu

BXOAHble AaHHble
HabnoAEHHbIE AaHHble
napameTpbl U UX onpeaeneHue

N/IOC: HeonpeaenéHHOCTU B KAMMATUYECKOM MOAEeNNPOBAHUMU
— KaKkue?



[naponornyeckoe moaeimposaHme.
HeonpeaneneéHHoOCTU

NCTOYHUKM HeonpeaenéHHOCTN B MOAENMPOBAHUN TMAPONOrNYECKUX BO3AENCTBUN N3MEHEHUS
KnumaTta Ans pek Ha TPEX KOHTUHEHTaX.

Hurep XyaHxa

1.0

1.0

1.0

0.8 0.8 0.8

06 0.6 0.6

0.4 0.4 0.4

0.2 0.2 0.2

0.0 0.0

0.0
81 173 265 356 81 173 265 356 81 173 265 356

day of the year day of the year day of the year
m GCM @ GCM*RCP 0 GCM*RCP*HYD
@ RCP B GCM*HYD
| HYD @ RCP*HYD

T. Vetter, Sh. Huang, V. Aich, X. Wang, 2015, ESD, 6, 17-43



\/IernmpOBaHme BJIMAHUNA NSMEHEHNA

KIMMATa Ha T’MAPONOrMyeckme NpoLecehbl —
Heonpeae1eHHOCTH
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Vetter et al. 2017, Climatic Change



OueHKa BAMAHMA N3MEeHEeHMA KIMMaTa Ha
pacxoa p. Acnapsbl, cueHapum ISI-MIP

DMI
MMMMMMM

HadRM3Q16




M3ameHeHne knnmaTta — [1apHUKOBbIM 3QPEKT

Dlata: CDIAC/(_?CP/BP/USGIS

38 M Projection 2016
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I3MeHeHne KammaTta — rnobasibHble
MHULMNATUBDI

* MeXKnpaBUTENbCTBEHHAA rpynna 3KCNepToB No nameHeHuto knmmata (MIMUK)

* Tpu paboumx rpynnbi:
* ®dusmyeckasa Hay4yHaa OCHOBA
* [ocneactsua, agantauma U yasBMMOCTb
* [pepoTBpalleHne ganbHENLWEro U3MEeHEeHNS KAMmaTa

e [1ATbIM OUEHOYHbIN AOKNaa 6bin BbinyweH B 2013 — 2014 roay
e lllecTon oueHO4YHbIN AKONaa oxuaaetca K 2022 roay

e 21 COP Conference of Parties KoHdepeHumna (OOH) — MNapurKckoe cornatieHme
«MO AOCTUMKEHUIO LENN yAEpPKaHUA NPMPOCTa robanbHOU cpeagHen
TemnepaTypbl HAMHOTO HMXe 2 °C, oAHOBPEMEHHO Npuaaraa ycuauma no
OrpaHUYyeHunto pocta Temnepatypbl 4o 1,5 °C»

IDCC & @

TERGOVERNMENTAL PANEL ON ClimaTe chanee wHMo UNEP




N3meHeHne KnmmaTa — [lapuKcKoe

CornaweHue

Kaxxgasa ctpaHa-y4yacTHUK
oTnpasuna OKYMEHT C
nporHo3amu dyayLmnx
BbIBpPOCOB NapHNKOBbLIX
rasos

He poctaTtoyHoe
YMEHbLLUEHNE BbIOPOCOB
NapHMKOBLIX ra3os, YTOOLI
OrpaHNYnUTb NOTENSIEHNE
Knumara

The pledges and the 2°C target

However, the targets are not yet enough to limit warming to below 2°C.

Global greenhouse gas emissions

S

(GtCO,eq.)

“\

| F1.5-1.7°C

104 |
1900 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
(Years
. Trajectory based on current . Emissions range to keep - Emissions range to keep
emissions pledges warming below for 2° warming below 1.5°



M3meHeHne KnnmmaTa — HabatoaeHuma

Observed globally averaged combined land and ocean

(a) surface temperature anomaly 1850-2012
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Temperature anomaly (°C) relative to 1961-1990
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M3meHeHne KnnmmaTa — HabatoaeHuma

@ Tuyuksu
@ Golubin

1 @ Karabatkak
6 Urumgi No.1

| O

Cumulative mass balance (5,000 mm w.e. units)

1880 1900 1920 1940 1960 1980 2000

Hgure 2 | Net mass balances for selected glaciersin Central Asia.
Sorg et al., 2012



MoagenmpoBaHMe NaMmeHeHnAa KAMMaTa -
KaK Noy4atoT NPoeKLUnmn

* RCP cueHapum pa3Butma mmpa n byaywmx sbiopocos
NapHMKOBbLIX ra30B

* Cumynauma rnobanbHbIX aTMOCPEPHbBIX MPOLLECCOB C MOMOLLLbIO
GCM mncnonb3sya RCP Kak ucxoaHble AaHHble

* PernoHanunsauma pesynbratos ¢ nomoubto RCM un
nocneayrowmx KOoppekLnUm OTKAOHEHMIN OT HAbNOAEHHbIX
AAHHbIX



MoaenmpoBaHme NameHeHWs
KIMMaTa

KAnmaT B pernoHe 310 pe3yabTaT r/1006aabHbIX MPOLECCOB U PErMOHA/IbHbIX
Pum3morpadpmnyeckmx ocobeHHocTemn

source: IPCC AR5 (2013)
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MoagenmpoBaHMe NameHeHnAa KAnMmaTa -
npoeKumnm

RCP Representative Concentration Pathways: Penpe3eHTaTtnBHbie
KOHLLETPaLKMKM NAapHUKOBbIX Fa30B

Data: CDIAQ/GCP/IPCC/Fuss etal 2014
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N3ameHeHne KanmaTa — H86/'IFO,£I,€HI/IFI 1

NpoeKLnm

Global mean temperature near—term projections relative to 1986-2005

Temperature anomaly (°C)
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MoagenmpoBaHMe NameHeHnAa KAnMmaTa -
npoeKumnm

RCP Representative Concentration Pathways: Penpe3eHTaTtnBHbIe
KOHLLeTPaLUMmM NapHMUKOBbLIX Fa30B

Temperature change Central Asia June-August
Precipitation change Central Asia October-March
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KAnmMmaTuyeckme npoekumm Ana permoHa B
LeHTpanbHOW A3nm

GFDL-ESM2M

st : B & f=sanss 2 SEd B = ia = o . HadGEMz_ES
IPSL-CM5A-LR
MIROC-ESM-CHEM
NorESM1-M

—— |SIMIP-FastTrack

— WFD-ERA40
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KAnmaTunyeckme npoekumm Ana permoHa B
LeHTpanbHOM A3mm

* K coxaneHnuto, rnobanbHble Mogenn He MOryT MOAeNNPPOBaTb AOCTAaTOMHO TOYHO OCaAKN B
LleHTpanbHOM A3umn

* Ocagku ¢ 1900 no 2005 B LIA HEMHOTrO YBNEANYUINCD, MOAENN NMOKa3bIBAOT TaKXKe NoaobHbIe
TpeHAbl Ha byayuiee

* (Cepbes3Hoe yBennveHmne TemnepaTypbl, 1€TOM U BECHOI\;L 0CcobeHHOo B IKCTPEeMaJibHbIX CUEHaPUAX

* HecmoTpA Ha HeonpeaeNneHHOCTU C OCaAKaMN MOXKHO € 60NbLIOK A0NeNn BEPOATHOCTU FOBOPUTL O
yBennyeHnu npoobaem ¢ BoaHbIMU pecypcamu B LIA

* BO3MOXHO, B HEKOTOPbIX PperMoHax co3aaayTbca 6I'IaI'OI'IpI/1F|THbIe YyCN0BMA ANAa onpeaeneéHHbIX c-X
Kynbtyp

* HeT aganTauMOHHbIX CTPaTErni OHM A0MKHbI 6a3npoBaTbca Ha 3PPEKTUBHOM MEHeAKMEHTe
BOZAHbIX PECYPCOB M aeKBaTHOM MOZENMPOBaAHUN

* (OyeHb BaXKHbl AanbHENLWINE UccnenoBaHmA!l



PaboTa ¢ AaHHbIMU
NetCDF and Panoply



NetCDF (Network Common Data Form)

* 3TO Habop NporpammHbIX BUBANOTEK M CAaMOONUCLIBAKOLWMXCA, MALLNHHO-
He3aBUCUMbIX POPMATOB AAHHbIX, KOTOPbIE NOAAEPHKUBAIOT CO34aHNE, AOCTYN U
COBMECTHOE MUCMO/1Ib30BAaHNE MAaCCUBHO-OPUEHTUPOBAHHbBIX HAaY4YHbIX AAHHbIX.

* [naBHaA CTPaHMLA NPOEKTa pa3melleHa nporpammon Unidata B
VHUBEPCUTETCKOU Kopnopaumm atmocdepHbix uccnegosaHmm (UCAR). OHM TaKKe
ABMIAKOTCA [NaBHbIM MCTOYHUKOM NporpammHoro obecneveHns netCDF,
Pa3paboTKM cTaHAApPTOB, OOHOBNEHUMN U T.A4. DTOT dopMaT ABNAETCA OTKPbITbIM
CTaHAaPTOM.

* B dopmate netcdf, knaccnueckmne n 64-6UTHLIN GOPMAT CMELLLEHUS
MEXAYHAPOAHbIX CTAaHAAPTOB OTKPbLITOrO reonpoCcTPaHCTBEHHOro KoHcopumyma.

"NetCDF Home Page". Unidata/UCAR. Archived from the original on 2017-12-06.
Retrieved 2017-12-05.

A "OGC standard netCDF Classic and 64-bit Offset".
8£engeospatial.org. Archived from the original on 2017-11-30. Retrieved 2017-12-



https://www.unidata.ucar.edu/software/netcdf/
https://web.archive.org/web/20171206074551/https:/www.unidata.ucar.edu/software/netcdf/
https://en.wikipedia.org/wiki/NetCDF#cite_ref-2
http://www.opengeospatial.org/standards/netcdf
https://web.archive.org/web/20171130022138/http:/www.opengeospatial.org/standards/netcdf

NetCDF (Network Common Data Form)

. 3TC0T NpoeKT bbln HayaT B 1989 roay 1 A0 cMX NOP aKTUBHO NOAAEPHKUBAETCA KOMMNAHMNEN
UCAR.

* OpuruHanbHbI ABOUYHbIN GopmaT netCDF (BbinyuleHHbIM B 1997 roay, Tenepb
N3BECTHbIN KaK "Knaccnyeckumn popmat netCDF") no-npexkHemy LLMPOKO MCNONb3YeTCA
BO BCEM MUPE M NPOAO/IKAET NONHOCTbIO NOAAEPHKMNBATLCA BO BCex BbiNyckax netCDF.

. EEDFI):CSMFI 4.0 (BbInyweHHan B 2008 roay) no3BoiMNAa UCNONb30BaATb popmaT panna AaHHbIX

 Bepcua 4.1 (2010) pobaBmna noaaepKky KameHTckoro goctyna C un Fortran K
YKa3aHHbIM NOAMHOXeCTBaM yaaneHHbIX AaHHbIX Yepe3 OPeNDAP.

* Bepcua 4.3.0 (2012) nobasuna cuctemy cbopkn CMake ana cbopok Windows.
* Bepcua 4.7.0 (2019) nobasneHa noaaeprkKa 4teHmsa obbektoB Amazon S3.

e [lanbHenwmne pennsbl 3an1aHUPOBaHbI ANA NOBbILWEHNA NPON3BOAUTENBHOCTY,
nobasneHns yHKUUN N UCNIPaB/IEHNA OWMOOK.



Panoply

* 310 cpeacTBo npocmoTpa pamnos netCDF, paszpaboTtaHHoOe B UHCTUTYTE
KOCMMYEeCKnx nccneaosaHmm nmenun fonnapaa HACA, Kotopoe
dboKycupyeTca Ha NpeacTaBNeHNN AaHHbIX C reorpadpuyeckom CeTKON.

* OH HanucaH Ha Java u, cnegoBaTeNnbHO, HE 3aBUCUT OT I'II'IaT(I)OprI.

* XoTAa ero Habop dyHKUMIN nepeKpbiBaeTca ¢ ncBrowse n ncview, Panoply
OT/INYAETCH LUMPOKUM Pa3Hoobpasnem KapTorpadpmnyeckmx NpoeKumi 1
BO3MOKHOCTbIO PaboTbl C Pa3IMYHbIMU MACLUTAOHbIMW LIBETOBbIMM

Tabnanuamm.

"Panoply”. Giss.nasa.gov. Goddard Institute for Space Studies. Archived from
the original on 2014-06-20. Retrieved 2013-11-27.



http://www.giss.nasa.gov/tools/panoply/
https://en.wikipedia.org/wiki/Goddard_Institute_for_Space_Studies
https://web.archive.org/web/20140620075427/http:/www.giss.nasa.gov/tools/panoply/

Panoply

CcblaKu 0aa ycmaHosKu MO

Java — https://java.com/en/download
Panoply — https://download.cnet.com/

Mame

. colorbars
J jars

1. overlays
|| error.log

| | output.log

Panoply.exe

| README.txt

Date modified

2206.2018 14:05
22.06.2018 14:06
2206.2018 14:06
2206.2018 14:41
22.06.2018 14:53
22.06.2018 14:05
22.06.2015 14:05

Type

File folder

File folder

File folder

Text Document
Text Document
Application
TXT File

Size

1 KB
2 KB
204 KB
4 KB
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File Edit View Bookmarks Plot Window Help

g R [
Create Plok Cormbine Plot

COpen Dataset
Datasets | Catalogs | Bookmarks |

%ﬁ -
o
e

Remove Remove Al Hide Info

MNetwark

|| List only plottable variables

netcdf file:/F:/CATCHMENTS/ASIA 2/Hydrology/presentation/isfara clim/ncdf/tas watch 1961 2001 cut.nct {

dimensicna:
lon = 4;
time = UNLIMITED;
lat = 3;
variables:

// (14975 currently

float tas{time=14975, lat=3, lon=4):

igtandard name = "alr temperature";
ilong_name = "Surface (2m) Rir Temperature";
iunits = "E";

:_FillValue = 1.0E20f; // fleoat
imissing walue = 1.0E20£; // float
: Chunk3ize = 1, 3, 4; // inc

double lon(lon=4):
igtandard name = "longitude":
ilong_name = "longitude;
:units = "degrees_sast";
raxis = "H";

:_Coordinate®xisType = "Lon";

double time (time=14975):
:atandard name = "time";
:units = "days since 1860-1-1 00:00:00";
:calendar = "proleptic_gregcorian”;
raxis = "T";
:_Chunk3ize = 5242B88; // int
:_CcordinatefxisType = "Time";

double lat(lat=3);
:standard name = "latitude";
:long_name = "latitude"
:units = "degrees north":

raxis = "¥";

i_CocordinateixisType = "Lat":

// global attributea:

:CDI = "Climate Data Interface versicon 1.7.0 (http://mpimst.

2l

(T J

mpg.de/cdi)™;
chistory = "Wed Jun 28 13:17:52 2017: _cde sellonlatbox, 639.75,71.25,40.25,39.25

tas_watch 1%61_2001.nc4 tas_watch 1!f L

r

Hame Long Name Type 1 3
= cr S 0 = it e 00 0 -
& lat |atitude = File "tas_watch_1961_2001_cut.nc4"
& lon lengitude —
o Surface (2m) Air Temperature [lon] [la8][time] Dataset type: Hierarchical Data Format, version §
& tme time:




File Edit View Bookmarks Plot Window Help

g R

Create Flot Combine Plok Open Dataset
Datasets | Catalogs | Bookmarks |

g

Remove Remove Al Hide Info

Name | Long Name Type
¥ [ltes_watch_1861_20... tes_watch_1961_2001_cutnc4 Locd File
= lat latitude =
® lon longitude —

Create Extra Small Plot -

O
o=
E|
m
o=
Ef
m

Create Small Plot
Create Standard Plot
Create Large Plot
Create Extra Large Plot

Create Jumbe Plot
Create Super Jumbo Plot

Export CDL*...
Export CSV...
Export Labeled Text..,

Remove Dataset

Variable "tas™

float tas(time=149%75, lat=3, lon=4);
:standard name = "air temperature"”;
:long_name = "Surface (2m) Rir Temperacurs";
tunits = "E";
:_FillValue = 1.0E20f; // float
:missing wvalue = 1.0E20f; // float
:_ChunkSize = 1, 3, 4; // int

Select Plot Type =5

This variable has dimensions of lengitude, latitude, and
time. What kind of plot would you like to create?

| Lon-Lat | | Time-Lat ||| Cancel |

List only plottable variables

NMepemeHHble




Panoply

|2 tas in tas_watch_1961_2001_cut

| File Edit View Plot Window Help |

|/ pioe amaya |

Surface (2m) Air Temperature

Surface (2m) Air Temperature (K
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Surface (2m) Air Temperature

Surface (2m) Air Temperature (K
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