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Regional climate research challenges

o Multidisciplinary, often spatially distributed research activity
o Spatially distributed datasets of huge size
o Different formats of datasets obtained from different sources

o Specific knowledge is needed to search, extract and process data
(problem for decision-makers)

o Risk of using unverified algorithms and data

o Necessity of climate servises to support adaptation/mitigation



Approach

o Internet accessible web-GIS with user-friendly GUI

o Web portal integrating web services providing search, retrieval, cartographical
visualization, and client applications

o “Cloud” data analysis and visualization
o Flexible modular computational engine with verified data processing routines
o Combined usage of Web and GIS technologies

@ Access to processing results: images (PNG, JPEG), binary files (NetCDF, float GeoTIFF,
ESRI shapefile), web services (WMS ,WFS, WPS)

@ DSS to support adaptation/mitigation
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Web portal

(web server)

« - C N .E] climate.climate.scert.ru T\T ¥ q, % EHE e O =

: Subject domain

| Rus | Eng

-] Monitoring and forecast research web center \w Climatic analysis

. Climatic analysis
-| Educational resources

Climate section is oriented to qualified users ready to run models and interpret resulting data. Please contact webmaster ( webmaster@scert.ru ) to obtain |
credentials.

-] Team development

© IMCES SB RAS, 2015

Provides server-side:

o
o
o

o
o
o

Authorization

Database integration

Localization

Content management system

Geodata manipulation and access (OGC Standards)
PHP-controllers, JavaScript libraries, DHTML
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Web-GIS client

(user interface)

CLIMATE - Information-computational system for analysis of climate and ecological change
File~ Edit~ Navigation~ Layer~ Map~ Help~

@ Interactive map

@ Menu bar, tool bar,
status bar

=] )Google Hybrid
=] Google Satellite
=] Google Physical

o Layers list
@ Legend window
@ Context menu

Libs: Ext]JS, OpenlLayers,

e S AR e S e
! e, \ AR 4 [ i AR ) Eeaver
G e O EXt EPSG900913 | Scale=1:55M | 116.36719, 74.40216

D ey e C——




Analysis capabilities

(integrated data processing)

@ Basic statistics: minimum/maximum, range, average values, standard deviation,
variance, RMS...

@ World Meteorological Organization climate change indices: number of frost days,
growing season length, number of icing days, monthly maximum/minimum of daily
maximum/minimum temperature, number of summer days, number of tropical
nights..

® Extreme value statistics.
... more reliable mathematical and statistical routines

New modules are easily developed and added on-demand!




Data archives

(currently supported)

Dataset Source organization Time coverage Spatial resolution

APHRODITE Reanalysis RIHN-MRI/JJMA 1951 - 2007 0.25° Xx0.25° , precipitations only
ERA-40 Reanalysis ECMWF 1957 — 2004 2.5° x25° |23 vertical levels
ERA Interim Reanalysis ECMWF 1979 — 2012 0.75° Xx0.75° , surface

GPCC Reanalysis GPCC 1901 - 2009 0.5° X 0.5° , precipitations only
JRA-25 Reanalysis JMA/CRIEPI 1979 — 2009 2.5° x25° 23 vertical levels
JRA-55 Reanalysis JMA/CRIEPI 1958 — 2013 1.25° x1.25° , 27 vertical levels
MERRA Reanalysis ECMWEF 1979 - 2014 0.67° x0.5° , 42 vertical levels
NCEP/DOE AMIP II NCEP/DOE 1979 — 2003 2.5° x25° |17 vertical levels
REEUEWAIS

20th Century Global NOAA/OAR/ESRL PSD 1869 — 2011 2.0° %X2.0° ;24 vertical levels
Reanalysis \Version |1

NCEP Climate Forecast NCEP 1979-2010 0.5° x0.5° , 37 vertical levels
System Reanalysis

PlaSim dataset IMCES SB RAS 2000 - 2100 2.5° x25° ,10 vertical levels
Meteostations RIHMI-WDC 1910 - 2011 600 stations for Russia and CIS
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Case study 1

(average air temperature calculation)

| Monitoring and forecast resear... |
J

(- @ | climate.climate.scert.ru/environment/CLEARS-v2.0a/

CLIMATE - Information-computational system for analysis of climate and ecological change
File~ Edit~ Navigation~ Layer~ Map~ Help~

00 HY#lxrzse==ii@ THB O @©

paHwvubl CTPaH 1

KOHTHUHEHTOB

Google

Map data ©2016 average: Air

1 % v ' temperature: ERA
Layers ; 3 » Interim Reanalysis:
2EIAI layers 3 01.01.1991 -
[ MpaHmLbl CTPaH 1 KOHT — 3 3 31.12.2000: id:

Paverage: Air temperat, = : layer_20160410_214
[=] 8 User vector data © Add Q § ><

~/Google Hybrid

~ Google Satellite
=] £ Google Physical

© Remove layer

Astana
Actana
®

Kazakhstan
d JPEG image
& GIF image

7
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Map data ©2016 Google, ORION-ME, SK planet, ZENRIN"y st S {Report a map efror®
EPSGI900913 | Scale=1:28M | -17.57812, 60.69470

oy e ]

climate.climate.scert.ru/environment/CLEARS-v2.0a/#




Case study

(external WMS layer)
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0OGC WMS cepBUCHI

No0aBHUTL BHEWWHWW WMS /WFS cnon

HanmeHoBaHwe Socioeconomic Data and Applications Center (sedac)

cepBrca:

URL: hitp://sedac.ciesin.org/geoserver/ows?service=wms&version=1.3.0&request=GetCapabilties

OnucaHne: CIESIN, Columbia University, http://sedac.ciesin.org/

WMS CeoincTBa

MaeHTUgKUKATOP

cartographic:national-boundaries

cartographic:00-global-labels

cartographic:00-gpw-v3-nation. ..
cartographic:00-gpw-v3-nation. ..
cartographic:00-grump-vi-nati. ..
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’ MoaKnYNTECA

Ha3saHne
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CLIMATE - Information-computational system for analysis of climate and ecological change
File~ Edit- Navigation~ Layer~ Map~ Help~
Q@O H &sht 5 e==:3
« XY ¢ ¥ : Legend
. 3 z paHuub cTpaH 1
KOHTUHEHTOB

Atmosphere
temperature,
cveCalcTimeMean,
- ERA4Q Interim 6-hour
S I Al layers output data, aaTbi:
=)@ rpanuubl CTPaH 1 KOHTUF bl %1 .01.2000 - 31.12.2000,
id:
@ Atmosphere temperature, layer 20130902 182839
|_I Temnepartypa aTMocdep \
|User vector data
[_ILandsat 5 scene
| Google Hybrid
() Google Satellite
Google Physical

‘aHCKpi
(g

Ienanug—

Ermner §

Caygosckas
pPaBus

| FOWERED BV

> Hurep 2 ) ¥ s " |1000 km
Besngl _ ‘
VermoBun peqanpaobaniis Ve el \ . X o & 1000 mi
EPSG:900913 Scale=1:55M | 111.09375,79.17133

© Ready Task status — \

Temperature at 2m, ERA Interim, average for 2000
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L
Visualization examples

CLIMATE - Information-computational system for analysis of climate and ecological change
File~ Edit- Navigation~ Layer~ Map~ Help~
Q0 Halgltxs==0S FH O® ©
' . T Legend
» FpaHuubl CTpaH 1
KOHTUHEHTOB

Atmosphere
temperature,
cveCalcTimeMean,
- 3 ® ERAA40 Interim 6-hour
S Alllayers L o ; b RS output data, aarbi:
E]@rpanuubl CTPaH U KOHTUE i %1'.06.1 990 -31.08.1990,
=] Atmosphere temperature, 5 b \ :a;rerv,20130902 185811
%@Zrecnpnable;vater, ieCa e : 3 Meteorological para
[Z]("JUser vector data

: 7 Y & >
=] _JLandsat 5 scene — Precipitable water,
2 cvcCalcTimeMean,
APHRODITE Reanalysis
data, patel: 01.06.1990 -
31.08.1990, id:
layer_20130902_181941

<’

. -

EPSG:800913 Scale=1:28M  59.85352,59.1759

© Ready | Task status

Shaded - Precipitations, APHRODITE’s project, average for summer 1990

Contour — Temperature at 2m, ERA Interim, average for summer 1990
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Visualization examples

CLIMATE - Information-computational system for analysis of climate and ecological change
File~ Edit~ Navigation~ Layer~ Map~ Help~
Q0 HY|plt s==31& )| ©

Temneparypa
aTmocdepbl,
cvcCalcTimeMean,
MeTeocTaHuum PO u
CHr data, patsl:
01.06.1990 - 31.08.1990,
id:
layer_20130902_151653
¥ Temneparypa atmocdep ® < -3.00
@ User vector data e -3.00. 038
_ILandsat 5 scene e 038. 377
Google Hybrid @ BT 715
Google Satellite 7.15 .. 10.67
_Google Physical 10.67 .. 14.05
14.05 .. 17.43
17.43 .. 20.95
20.95 .. 24.33
® 24.33. 27.72
e > 3110

= All layers

EPSG:800913 Scale=1:55M  82.08984,55.37911

© Ready Taskstaus ————

Surface temperature, meteostations, average for summer 1990
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(o)
Full functionality of the web-GIS is provided by the portal for registered users only.

Registration and authorization are under the heading labeled with a special icon.
Educational resources, which do not require interactive computational support are
open to any user. To access full functionality of the educational resources use the

same login and password.

Open part of the educational resources includes special module prepared for
decision-makers, stake holders and general publics. Additionally to thematic
lecture courses it comprises an interactive manual, glossary and a library of
calculated files describing extreme climatic events occurring in Siberia.
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CoBMecTHas pa3pabortka

Rus | Eng
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* Fnoccapun
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# CoBMecTHas pa3paboTtka
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Bl‘ﬁ'OﬂHEHIHDOEﬂKHN“ NPOHIBOACTEEHHO-HCCNEA0BATENBCHMA
UEHTR MOHWTORWHIa ¥ NPOrHO3a

KJIMMart -

e N Tiporparimmoe oGecneverime "K/MMAT" [Habopuaparseex _____________[Mogenm __________|

Rus | Eng ﬂiﬁ| @/

JlaHHble BbIYMCAEHMIA .__,, ﬂaHHble BbIUMCNIeHUH

-- Beepx Cnucok (ainos AaHHbIX
# Mpeamernan obnacrb

NpepsapuTensHbIK NpOCMOTP HaumeHnoBanmue Onucanue ‘ netCDF‘ GeoTIFF/Shape| SLD nerengal WMS ccoinka | WFS cceinka

MporpammMHoe obecneyenue
"KJIUMAT" ABCONOTHLIA MAaKCUMMYM TEMNEPaTYPbI:BEPXHWA Npeaen CyTo4HOW MaKCMManbHOW TeMnepaTypbl ANA NEpUOAa; CaMblid XXapKUK AeHb B roay. lNeorpacduyeckmii aAManasol: 50-65 c.u.,
60-120 B.A.

=]

= laHHblE BLIYMCNEHUA

# Habopbl paHHbIX
Mopenwm

ABCONTHLIA MaKCUMMYM TEMNEPATYPbI MIONA.

Mepuoa: ¢ 1979 no 2017 rr. McxogHble AaHHbIE: 6-TU
YacoBble AaHHbIE TEMNEPaTYpLl peaHanuza Era
Interim, 0.75x0.75°

cdata:layer_20180628_150127_TIFF netCDF GeoTIFF SLD Legend WMS link

TpeHn abconoTHOro MakCMMyMa TEMNEepPaTyphbl MIONA.
Mepuog: c 1979 no 2017 rr. McxogHble AaHHbIE: 6-TK
YyacoBble AaHHble TEMNEpaTypbl peaHanu3sa Era
Interim, 0.75x0.75°

cdata:layer_20180625_163043_TIFF GeoTIFF SLD Legend

ABCONKOTHBIA MAKCUMYM TEMNEPATYPbl MIONA.
Mepwoa: c 1970 no 2015 rr. McxogHble AaHHbIE:
MaKCMMarbHasA CyToYHaa TeMnepaTypa MeTeoCcTaHLUMin
BHUUIMK-MOL

cdata:layer_20180628_152632_shp Shapefile




User can look through a map of calculated characteristic for
Siberia (Lat. 50-65, Lon.60-120) and download relevant files in a
selected format (netCDF, GeoTIFF, WMS/WEFS) and continue its

processing/analysis using own desktop.

Currently topics include:

Min/Max temperatures; Days with frost; Hot/Cold nights/days;
TN90Nn/TX90n;

TN10n/TX10n;

Extreme precipitations; return periods, etc.
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Applied problems and IDSS
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JKCnepTHaA CUCTEeMA U CUCTEMA NOAAEPKKU NPUHATUA peLLUeHU

B BupTyanbHoOW cpede uccrnegoBaTtens, cogepkallen Konnekumm AaHHbIX U NPUNoXeHus,
peluaoLme TUNoBbIe 3aa4uM, 0cobyto ponb UrpatoT ABE KOMMOHEHTHI: IKCNepTHasA cucTtema U
cUCTeMa noaaepPXK1U NPUHATUSA PeLLeHUN.

Has3HayeHns akcnepTHOU cucTeMbl B nnatgopme «KnumaTt+» COCTOUT B PELLEHNN 3aaumn
OOCTUXKEHUNS CEMaAHTUYECKON OAHOPOAHOCTU KIMMMaTUYECKNX N METEOPOSIONNMYECKUX BENNYNH B
Pa3sHbIX KOMMeKUnax gaHHbIX. Ona peleHna 3Tou 3agaym co3gaeTcs OHTONOMMA Takux BENUYMH,
NCNOJSib3yemasa 3KCNepToM npu HacTpomnke npunoxeHun. B BMO nonbITkn co3gaHusi cypporaTos
OHTOJIOMMN Aenanucb, HO CTaHd4apTa Ha OHTONTIONMYECcKoe onncaHue, XxapakrepuayoLlee
KnnmaTudeckne N MeTeoposiormdyeckne BermmymHbl 0o CUX Mop HET.

HasHaueHnemM cuctemMbl NnogaepXKKU NPUHATUA pelleHun Ha nnaTtdopme «Knumart+y aBnseTcd
co3gaHue ycrioBmin Ons NPUHATUS PELLEHNA B paMKax NOrMYecknx Teopum npeamMeTHbIX obracten ¢
KOTOPbIMU 3TN PELLUEHNA CBA3aHbI. TEeXHMUYEeCKoe peLleHne co3gaHna 6asbl 3HaHUM AN NPUHATUSA
peLleHnin cBA3aHO ¢ TexHonoruamm Semantic Web, ncnonb3yemoix anga npegcraBneHns u
00paboTKM AaHHbIX, MHOPMAaLMKN N 3HAHUN MHOPMALIMOHHBIX pecypcoB B ceTn HTepHeT.

[MocTpoeHune 6a3sbl JaHHbIX CBA3AHO C peLleHneM ABYyX 3adad: 3a4ayqn CBeAeH s 1 3a0a4m
NOCTPOEHNS TAKCOHOMMUW KI1TaCCOB.

Ha npuMepe HECKOJIbKUX MNMPUKIiaaHblX 3aday HaMu npeannoxexHbl peleHnd 3aay CBeEAEHNA.
nOCTpOeHVIe TaKCOHOMMI KNacCoB AS1I9 OHTOSIOrM4eckmnx 6a3 3aHaHum HaxoauTCs B pa3pa60TKe.



CeMaHTNMYecKoe onncaHne AaHHbIX

Knacebl 1 CBOVCTBAl QMO

Ta6JII/ILIa 1. Knacchl OHTOIOTMHM aKTUBHOTIO CJIOS IIOYBBI

Class SubClassOf

Tabnuua 2. O6beKTHbIE N KOHKPETHBIE CBOMCTBA OHTOMNOIMMN aKTUBHOIO CI104 MOYBbI.

Domain ObjectProperty Range
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CemaHmmMyeckoe omucaHme: AaHHbIX
Npumep peLleHna 3aaasin cBeaeHna. innoBLIE
NHANBNALI OHTOMOFN

6975X860 = LeHTp Auenkun (wmnpota — 69.75, gonrota — 86.0)

OO s 200 — WccnepoBaHHas rnybuHa B 3a4aHHOM TOYKE B M.

199 1 — rog, UccnefoBaHuA



ToueyHble 06beKTbI
[opoaa u nocenku
1. lyamnHKa
2. Hopunbck + (asaponoprT)
3. HoBbin MopT
4. Am6ypr
5. Urapka
6. BopkyTa
7. Canexappg
8. YpeHrow
9. HoBbli1 YpeHroii + (asaponopT)
10. Hagbim
11. Hoabpbck

JInHeiiHble 06bEKTDbI
1. ’X-g, BopkyTta — JTabbITHaHIM
2. XK-a Cypryt — HoBbINn YpeHrou
3. K-a Cypryt — HMXKHEeBapTOBCK

MnowaaHble 06bEKTDI
1. 3anoBegHUK «IblAaHCKNIN»
2. BepxHeTa30BCKUIM 3an0BeAHUK
3. UeHTpanbHo-Cnbupckmi
3anoBegHuK

L



& > ' (@
Orpyb6neHue peLieHnA BbIMUCANTE/IbHON 3a4a4N U YNPOLLEHHAA MoAelb XO3AUCTBEHHbIX cy6beKTo?. =
IpaHynauMA npeameTHbIX obnacren.
3apgaya ceBeaeHus.

Petuenite Vi 3anaun aaet # NPT TeMnepaTyphi Ha rybuHax Ao 10 M. B npodnie Conepxatcs 23 aHadeHus.

0,1,2,4,8,15

25, 35,45

55=<h<155 55, 65, 75, 85, 95, 105, 115, 125, 135, 145

155=<h<200 155

200, 300

oueuHble eKThI
[opoaa v nocenkn 1. 7. Canexapa, 8. YpeHroii, 9. Hoswiii Ypenroii + (asponopr), 10. Haaeim, 11. Hoa6psck

Menesubie gopory 1. (3), 2. -a CypryT — HoBbiii YpeHro# (7), 3. K-a CypryT — HukHesaprosck (2)

'
3anose/ AHUKN (4), BepxHerasosckmii (3), LenTpansHo -Cu6upcKuii (3)
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Behind the scenes

(GIS functionality)

Provided by: GeoServer and Openlayers software
o Map scaling, layers manipulations
@ Region of interest selection, zoom, pan-and-scan

@ Processing results, maps and satellite products can be
used as a background or independent layers

o WMS/WES requests support, WPS is under development
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Behind the scenes

(datasets storage model)

Datasets are stored on dedicated storage systems as collections of netCDF
files. Data files are distributed in a hierarchy of specially named directories:

/mnt

’ - megaraided
/<data root directory>/ ES dbbg
APHRODITE
D593
DS131
ERA4D
ERAINt
GHCND
GPCC
JRAZS
I—-1.25x%1.25
| ' 6h
| — anl_p
| — 197901
I
I

<data collection name>/
<spatial domain resolution>/ '
<time domain resolution>/

<files and directories with data>

197902
— 197903

—
—
—
—
=
—
—
—
|
|
I
|
|
I
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Behind the scenes

(metadata database)

Describes datasets and processing routines:

. lists of variables in data files of available geospatial datasets

. spatial and temporal characteristics (horizontal, vertical and temporal grids)

. data file locations on local and remote storage systems

. lists of data analysis software routines

. run options of software components

Contains text data for GUI elements:

- element captions

. list items, such as: meteoparameters, vertical levels, spatial resolutions, etc. in human-
readable form

Defines inter-relations between dataset descriptions, GUI elements data and run options of

software components

Provides information for fast location of data files on storage systems by the computing backend
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Behind the scenes
(modular computational backend)
@ Language: GNU Data Language (GDL), Python
o Structure: object-oriented, modular, extensible
o Data formats: netCDF, HDF5, ESRI Shapefile
@ Graphical output: Encapsulated PostScript, GeoTIFF
o Raw data output: netCDF, float GeoTIFF, ESRI Shapefile

@ Provides: API for data access and visualization,
pipelined modules execution
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Thank you for your attention!

Corresponding author: gordov@scert.ru




