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KanmaTtunyeckaa cuctema 3emnu - atmocdepa, oKeaH, cywa, kpuocdepa (nea m
cHer) n buocdepa. MNMpocTbie XapaKTEPUCTUKN: TEMMNepaTypa, aTMmochepHble 0CaaKkn
B/IaXKHOCTb BO3/4yXa W NOYB, COCTOSIHUE CHEXHOIO M N1e40BOro NOKPOBa, YPOBEHb
Mmops. CNOXKHble XapaKTEPUCTUKN: AMHAMMUKA KPYNMHOMACLLITaOHOM LUMPKYASALUK
aTMmocPepbl N OKeaHa, YacToTa U CMNA SKCTPEMAIbHbIX METEOPOSIOTMYECKUX
ABNEHWUN, TPaHNLbI cpeabl OOUTAHMNA PACTEHMUIN U KUBOTHDIX.

HennHenHoCTb: rnobanbHble KAMMATUYECKMe, BMoNOrMyecKkune, reo/IormMYeckmne u
XUMUYECKME NPOoLLecchbl N MPUPOAHbIE SKOCUCTEMbI TECHO CBSI3aHbl MeXKay cobo.
MN3meHeHUA B O4HOM U3 NPOLLECCOB MOTYT CKa3aTbCA Ha APYTrnX, NpUYem
BTOPUYHbIe 3PpdeKTbl MOryT MO CUAE NPEBOCXOANTb NepBUYHbIe. KonebaHus :
BO3MOKHbl pe30HaHCbl U CMEHa PEXUMOB.

[MapHMKoBbIN 3ddeKT —aTmocdepa (BOAAHOW Nap, YINEKNCAbIN a3, METaH, 3aKUCb
a3oTa U Apyrme masible ra3oBble NPUMECU) NPONYyCKaeT KOPOTKOBOIHOBOE
CONNHEYHOE U3lyd4eHune, HO 3aJepKnBaeT AJIMHHOBONHOBOE TEMJ/IOBOE U3/TyHEeHMUE
3eMnu.



an'-IMHbI NU3aMeHEeHUA KIMMAaTAd

EcTecTBeHHble: cmelleHne opobuTbl U yraa Hak/IoHa, USMEHEHME COTHEYHOM
aKTUBHOCTU, BY/IKAHUYECKUE U3BEPIKEHUA N USMEHEHME KONNYECTBA a3P030/1EMN.

BynKaHnuyecKkmne usBepxKeHus
B atmocdepy BbibpacbiBatOTCA 3Ha4YUTE/NIbHble 0O6beMbl a3pP030aeU, KOTOpblie He
NPONYCKalT YaCTb NPUXOAALLEN CONHEYHOW paanaumnn.

ConHeyHbIN UUKA U opbuTa 3emnn

MHTEHCMBHOCTb CO/IHEYHOM paaMaLUN MEHAETCA HE3HAYUTEIbHO. 3eMA NOJIyYaeT
Pa3HOE KONNYECTBO SHEPTUMN B 3aBUCUMOCTU OT NONOKEHUA €€ SNTMNTUYECKOMN
opbuTbI, KOTOPas UCMbITbIBAaeT KonebaHmAa (neagHNKoOBbIE Nepmoabl).

AHTpPONOreHHble: NOBbILLEHNE KOHLEHTPaUUN NAPHUKOBbLIX ra30B, B OCHOBHOM
CO,, obpasytoleroca Npu CMUraHMM NCKONaemoro Tonamea. Boibpoc aspo30/bHbIX
4yacTuy, cBegeHue iecos, ypbaHusauma m T.n.



BanaHc conHe4YHOU U A/IMHHOBO/IHOBOU paanaLum

Mpuxoaailas conHevyHasa paaunauma (342 Bt/m?) paBHa oTparKeHHOM pagmaumm
(107 BT/Mm?) natoc ncxogawein ot 3emam 4 IMHHOBONHOBOW paauauma (235 Bt/m?).
HapyweHue, BbI3BAHHOE aHTPOMOreHHOU AeATENbHOCTbIO COCTABAAET MeHee 3
Bt/m?. Ha pagmauMoHHble NOTOKM BAUAIOT NapHUKOBbIE rasbl U USMEHEeHue
NOACTUNAOLWEN MOBEPXHOCTMN.

PocT KOHUeHTpauumu B atmocdepe NapHMKOBbIX ra3os

KoHUEeHTpauusa NapHUKOBbIX ra3oB (Yr/1eKMUCA0ro rasa, MetaHa, 3akKMcu a3oTa)
pacTteT (280 ppm B 1750 r. u 6onee 400 ppm cenyac).

Nocneanctena Habatogaembl

KammaTtocKenTUuKu.

Knumartonorua — o61actb MHTEHCMBHOTO MCMOJ/1Ib30BaHMUA NPOCTPAHCTBEHHbIX
AaHHbIX (HabntogeHna, moaennpoBaHue, aHanms — yke NetabaunTobl!).



LIl — OoT npOoMbILLZIEHHOCTU A0 3KOCUCTEM U
nAaHeTbl



llndposoun asomHuK (LL1)
[OCT P 57700.37—2021 KomnbloTepHble moaenn n moaenmposaHmne ULNOPOBbIE

NBOWUHWKUN U3OENNN: umdbpoBOM ABOMHUK U3AENNA — 3TO CUCTEeMa, COCTOALLASA
13 UMpoBOM moaenu nsaenmsa u AByCTOPOHHUX MHPOPMALIMOHHbIX CBA3EN C
n3gennem n (Man) ero CoCTaBHbIMU YacTAMM.

 lndppoBaa moaenb N30enuna - cCUCTeMa MaTeMATUYECKUX U KOMMbIOTEPHbIX
MoAeNeNn, a TaKKe 3NEKTPOHHbIX JOKYMEHTOB U34eNMA, ONUCbIBAtOLWAA CTPYKTYPY,
PYHKLMOHANIbHOCTb U NOBeAEHUE U3AEeUA HA Pa3/INYHbIX CTAAUAX XKU3HEHHOTO

N ER

[1/] MOXKeT paccmaTpmBaTbCA Kak LMppoBan Konus peasibHOro o6bekTa U
pouncxoaaLLnX ¢ HUM npoueccoB. OgHMM M3 XapaKTepHbIXx cBoMCcTB LI sBaaeTcs
CBSI3b PEaJIbHOIo N BUPTYabHOro 06bEKTOB C MOMOLLbIO 06MeHa AaHHbIMU B
DEXUME peasibHOro BpemeHu, KoTopaa obecneymBaeT UX CUHXPOHU3ALMUIO.



Physical r------- : Physical Physical
Object Object Object

A | Digital Digital ‘ + | Digital

lecccans Object lecccans Object Object

(ii)

- - - -p Manual Data Flow
—p Automatic Data Flow

Tunel UA:

(i) Undposasa moaens;

(i) Undposas TeHb/cTaTnyeckas undposasa moaesb

(iii) Undposoit oBoMHUK/anHammnyeckas umdbposas moaenb
Sing.h, M.; Fuenmayor, E.; Hinchy, E.P.; Qiao, Y.; Murray, N. Devine, D. Digital Twin: Origin to Future. Appl. Syst. Innov. 2021, 4, 36.
https://doi.org/10.3390/asi4020036
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CywlecTBeHHble OTAINYMA TOTo, YTO NoApasymeBaeTca B KoHuenuuu LU/ B
pa3paboTKax Ana KAMMATOI0TMMN OT UCXOAHOM BEPCUN:

OTcyTcTBME NONHOW PU3MKO-MATEMATUYECKON MOoAENN ANA MHOTUX CUCTEM U
NPOLLECCOB U BbIYNUCAUTENIbHAA C/IOXKHOCTb €€ peanm3aumu;

OTcyTcTBME TPEOOBAHUA O HAIMYUM Nepeaadn B peasibHOM macliTabe BpemeHu
MHbopmaL MM OT BUPTYyasibHOro obpasa K peasibHOMy 0b6beKTy/npoueccy.
BO3MOHOCTb BMeLLaTeNbCTB «Ha XO4y» MPaKTUUYECKMN Hepeannsyema B 3TOM
obnactn. He aBnaetca BaxKHbIm otindme LU oT umdpoBom TeHU (CMCTEMDI CBA3EN U
3aBUCMMOCTEN, ONUCHIBAOLLMX NOBEAEHMNE PEaNbHOro 06beKTa, CoAepPHKaLlLUXCA B
NAaHHbIX, MOAy4YaeMbIX C peanbHOro obveKkTa n/uam ot ero moaesnen) n aasxke Toraa,
Koraa And aHann3a UCMoNb3yTCA TO/IbKO AaHHble HabatoaeHun, peyb naet o L.

KoHeyHble nosib3oBaTenn noay4yaemoro 3HaHUS He ABASIOTCSA 3HaTOKaMu
KOMMNbIOTEPHbIX TEXHO/IOTUI U/UNN KNIMMATONOTUM (MPOMbILLIEHHOCTb,
aJAMUHUNCTPALMA, HaceneHue).
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Destination Earth

Destination Earth (DestinE), a European Commission flagship initiative for a
sustainable future

The Destination Earth (DestinE) is a flagship initiative of the European Commission to develop a
highly accurate digital model of the Earth on a global scale.This model will monitor, simulate and
predict the interaction between natural phenomena and human activities. It will contribute to
achieving the objectives of the twin transition, green and digital as part of the European
Commission’s Green Deal and Digital Strategy.

Destination Earth — new digital twin of the Earth will help tackle cli... ~»

v
4
v

WiestinE #DigitalEU

Mocmotpetb Ha EYoulube [ <Ecvwr @esa @ eumersar

MopenuTtbcs

Destination
Earth

Flagship irilialive of he European Commission

#DigitalEV #DestinE

A European Green Deal >

A European strategy for data >

Communication: Shaping Europe’s

digital future >
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PERSPECTIVE e cational
https://doi.org/10.1038/s43588-021-00023-0 science

'.'} Check for updates

The digital revolution of Earth-system science

Peter Bauer®'=, Peter D. Dueben’, Torsten Hoefler? Tiago Quintino®3, Thomas C. Schulthess* and
Nils P. Wedi’

Computational science is crucial for delivering reliable weather and climate predictions. However, despite decades of
high-performance computing experience, there is serious concern about the sustainability of this application in the post-Moore/
Dennard era. Here, we discuss the present limitations in the field and propose the design of a novel infrastructure that is scal-
able and more adaptable to future, yet unknown computing architectures.

atmosphere and the effects on the climate system have been  computing by stating that every 18 months, the number of transis-

‘ he human impact on greenhouse gas concentrations in the commodity parallel processing. Moore's law drove the economics of
documented and explained by a vast resource of scientific  tors on a chip would double at approximately equal cost. However,
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NATURE COMPUTATIONAL SCIENCE PERSPECTIVE

) Direct Value-adding

High-performance computing dissemination applications

Data o Forecast

assimilation production generation

Observation Simulation —> Archiving —— His;[:_lr;c;;;igata
store store

High-performance data handling

Data acquisition —

e Product e o

— Web services —» User

Fig. 1| Typical production workflow in operational numerical weather prediction. (1) High-volume and high-speed observational data acquisition and
pre-processing; (2) data assimilation into models to produce initial conditions for forecasts; (3) forecast production by Earth-system simulation models; (4)
generation of output products tailored to the portfolio of weather and climate information users; (5) direct dissemination of raw output and web-products;
(&) long-term archiving for reuse in statistical analyses and performance diagnostics; (7) user-specific applications and data-driven analytics.
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» Past > Present » Future
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Observed by Analyzed (simulated) by
Aqua MODIS and Cloudsat radar ECMWE ensemble
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Digital-twin engine control layer:

= Orchestration across centers

* Resilient workflow management (centralized and federated) . :
+ Access management for users

* Ensemble assimilation algorithms (variational, Kalman/digital filters, ML)
* Building blocks (observations, observation simulators, pre-conditioners, minimizers)
* Interfaces with Earth-system and impact models

Numerical methods
Generic data and algorithms:

System architecture

.'+—:|ter-::-:::nnect

Memory-storage

Cycling

structures: _ hierarchy

* Local stencils
* Variable grids * Large time steps Domain-specific toolchain:
» Model coupling * Multiple grids Nodes and
* Flexible memory layout * Mixed precisipn st il Hardware- PrOCESSO0rs:
» Parallel communication * Neural networks

code extraction specific code

and abstraction back-ends HBM CPU e

Model ensembles

Process #1 ///l
.. __._.f.-._._-_-_-_-_

Process #4

GPLU T

Low-precision machine
learning processor

Dataflow processor

IIIII- EEEEN III-IIIII IIIIFIII EEEEESE EEEEEEEEEEE EEEEEEEEEEEEEE EEEEEEEEEEEEN

Sequential ASIC

ig. 3 | Conceptual view of an efficient software infrastructure for the Earth-system digital twin. The digital-twin control layer drives flexible workflows
or Earth-system modeling and data assimilation using generic data structures and physical process simulations that exploit parallelism and are based
n algorithms minimizing data movement. DSLs map the algorithmic patterns optimally on the memory and parallel processing power of heterogeneous

rocessor architectures. The computing architecture is based on heterogeneous, large-scale architectures within federated systems. L7



Technology <« » Science

Spatial resolution

Time and energy to solution
L3

- ————— -

L

Earth-system
Code portability «{-- "7 process complexity
Individual contributions from: V7
« Numenical methods, algorithms and data p ‘ Benefit beyond the state of the art
structures .

<+ Uncertainty estimate

System resilience of Earth-system view

-

Fig. 4 | Expected contribution of main system developments necessary to achieve key science and computing technology performance goals. The
distance from the center of the hexagon indicates the magnitude of the individual contributions towards enhanced efficiency for increased spatial
resolution, more Earth-system complexity and better uncertainty information provided by ensembles as well as resilient, portable and efficient code and
workflow execution, respectively.
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Core Platform

* Portal to Users

» User Hosting (user space: MyDestinE)

» (Catalogue and data access services

* PaaS & SaaS for analytics and modelling

 Community management (market place,
annotations, open source)

* Advanced interface for interactive modelling
(system dynamic, 3D,...)

» Operate the User Data API for Data Lake access

and User DTs interface for on-demand production

External data
Data lake incl.

Copernicus

19



Core Platform

Users make use of the DestinE Core Service Platform (DESP) to produce
answers to their problems*

Platform combines generic & user specific services ... ... in a user customizable environment to :
* Unified access to data generated or » Develop & operate own applications /
collected/referenced by DestinE services

* Applications to support development / modelling / » Share results / data / applications /
analysis / visualization libraries

* On-demand DT simulation / data retrieval / data
transformation

1 S ECMWF @& EUMETSAT *in an open and extensible environment

20



Necessary break-throughs

1. Extreme-scale computing and data handling:
= much more realistic models + better combination of simulations + observations

2. Full integration of policy sectors in workflow for actionable information incl. quality
= Earth-system + energy + food + water + finance

3. Open and interactive access to data, software and workflows for users
= non-expert access and intervention

¥
HPCE
&IEI]‘E‘E Contents ~ News = Careers = Journals ~ e k R . ‘ I ] i
F -.-..'.-l----"\-\.--..'." |:- w T * i —
- - . ] I
0 NEWSC'E"tlSt EU to Create ‘Digital Twins' of Earth, Run on
Mews Podcasts Video Techralogy Space Plysics Health Sore = Sho w5 Events EurDHPI: Supercomputers
® Building digital twins of Earth could
© help Europe cut carbon emissions |  Cconer o 2=
Q

Q0eO0

Europe is building a ‘digital twin' of Earth to
revolutionize climate forecasts

21

By Pauil Wosasr



Digital Twins

Data lake

External data
incl.
Copernicus

2 high-priority Digital Twins:

1.

Weather-induced and Geophysical Extremes:
Environmental extremes at very high spatial
resolution and close to real-time decision-making
support at continental, country, coastline,
catchment and city scales in response to
meteorological, hydrological and air quality
extremes.

Climate Change Adaptation:

Climate change adaptation policies and mitigation
scenario testing at decadal timescales aiming at a
real breakthrough at the level of reliability at
regional and national levels, for understanding the
causes and explaining the feedback mechanisms of
change, and predicting possible evolution
trajectories

22



Digital Twin production

simulations observations

continuous real-time prediction cycle

continuous real-time monitoring cycle

on-demand, USER driven:
*  regional, hyper-resolution

=  more frequent updates

* added data

= impact sector specific extensions
* adaptation/mitigation scenarios

on-demand, EVENT driven:

« regional, hyper-resolution

*  more frequent updates

» added data

* impact sector specific extensions
* adaptation/mitigation scenarios

‘esa SECMWF @& EUMETSAT
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Use-case example no. 1 - Extremes DT

DT components:
EO based monitoring of all observables (and derivatives)
* Global, continuous predicts extreme event with much
enhanced reliability and more lead-time
o decision on region, extremes type, scenario types,
response time

* On demand, limited-area predicts regional effects over area of

e interest
— 4 Tm e o decision on location, actual scenarios, agents/users

-1 .75 05 (] 0TS
3 m tempasatun: EF

oo 1a 1 us oo * Hydrology/river-flow predicts flooding/riverflow/dam

1408 i e fdl;LS[E:l Tatal precipitation EF

* Wind-power predicts gusts/power grid injection

wind-storm /flooding case « Interactive scenarios:

o disaster management
o strategic infrastructure planning
o renewable energy infrastructure location/protection

o insurance assessment/pricing

esa SECMWF @& EUMETSAT 24



Use-case example no. 2 - Climate DT

EUROPEAN HEAT WAVE

BLAST FURNACE Paris to hit hottest temperature in history

at 42( tomorrow as Europe sizzles in new heatwave

i Netherlands 38°(

;‘ih. & 7 ') '
London 36°(‘ , : —— j

. *® Belgium 39°C

Parls 42°( P! luxembouro 39'(\ S
},*‘*“ ; W

i

Castelo Branco 32°C ==~~~ - \® Rome 36’( o
y e Madrid 36 S i) o

e .
Bemdorm 30°Ce ® Iblza 36°C Rh°d£5 32 (

o 200miles s

esa CECMWF @& EUMETSAT

DT components:

EO based monitoring of all observables (and derivatives)
Global, continuous predicts likely 2020-2050 trajectories
with much enhanced reliability at regional level

o natural variability vs anthropogenic forcing

o decision on region, scenarios needed, response time

On demand, ML-downscaling predicts regional/thematic
effects over area of interest
o decision on location, actual scenarios, agents/users

Interactive scenarios:
o greenhouse gas forcing
o land use

weather (extremes) of the future
water/resource management
renewable energy infrastructure
o insurance assessment/pricing
government incentives

B 0

@]
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Highlight

EVENT REPORT | 26 February 2021 EVENT REPORT | 02 February 2021 EVENT | 11 February 2021
Destination Earth initiative 3rd Destination Earth (DestinE) Destination Earth initiative 3rd
User Engagement Workshop - Architecture Validation User Engagement Workshop

Summary Report Workshop - Summary Report

NEWS ARTICLE | 04 July 2023

EU-US workshop on Al and Digital Twins forges closer collaboration opportunities

EU and US participants discussed topics of mutual interest in Artificial Intelligence (Al) and
Digital Twins to intensify collaboration in addressing the common challenge of adaptation to 26
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DIGIBYTE | 14 December 2022

Hosting agreement signed for Europe’s first exascale Supercomputer

The hosting agreement for Europe’s first exascale supercomputer JUPITER has been signed
between the European High-Performance Computing Joint Undertaking (EuroHPC JU) and the
Julich Supercomputing Centre in Germany, and witnessed by Robert Viola Director-GGeneral of
the European Commission DG Connect.

DIGIBYTE | 21 November 2022

India and EU sign Intent for Cooperation agreement in high performance computing and
quantum technologies

India and EU sign an agreement for Cooperation on High Performance Computing, Weather
Extremes and Climate Modelling, and QQuantum Technologies.

27



Investment Areas v Project Portfolio N(A}ﬁ

Earth System Digital Twin

Towards understanding the evolution and
interactions of Earth’s most complicated systems




NASA Earth System Digital Twin

The Advanced Information Systems Technology (AIST) program leads NASA’s Earth
System Digital Twins (ESDT) efforts, developing novel technologies for integrating
diverse Earth and human activity models, continuous observations and information
system capabilities to provide unified, comprehensive representations and
predictions that can be utilized for monitoring as well as for developing actionable
information and supporting decision making.

ESDT could be used to help researchers better understand the fundamental Earth
systems that impact everything from wildfires to climate change.

Organized around interconnected, multi-domain, high-scale modeling capabilities,
the three major components of an ESDT are a continuously updated Digital
Replica of the Earth System of interest, dynamic Forecasting models and Impact
Assessment capabilities.



The Digital Replica is fed by continuous and targeted diverse observations,
powered by Data Assimilation and Fusion, and provides an accurate representation
of the current state of the system.

Forecasting is facilitated by advanced computational capabilities, Machine
Learning (ML) and Surrogate Modeling, and provides real-time or near-real-time
prediction of future states of the system.

Finally, Impact Assessment uses the Digital Replica and forecasting capabilities with
ML, causality, uncertainty quantification and advanced computation and
visualization capabilities for running large amounts of simulated predictions quickly
and at various spatial and temporal scales, opening the door to investigating
“what-if” scenarios.

These will allow to understand better the impact of one system on another one,
and better predict Earth Science events, e.g., severe weather events. This third
component provides hypothetical future states of the system.



The National Oceanic and Atmospheric Administration partnered with NVIDIA and
others to build a digital replica of Earth.

The Earth Observation Digital Twin will use Al technology and NVIDIA’'s Omniverse
computing platform to ingest and analyze NOAA’s many massive datasets and
display the findings in real time.

The digital twin will integrate data from sensors on land and in the ocean, as well

as NOAA and private sector assets in the cryosphere, the atmosphere, and in
space.

31



https://www.noaa.gov/
https://www.cdw.com/content/cdw/en/brand/nvidia.html

NOAA Ha 6a3e UM cozpacT uncppoBoro ABoOUHMUKa aTtMmocgepbl 3eMnu
Llenb npoekTa - nepeBecTn MeTeoponormdeckne gaHHole B 3D-Bn3yanbHbIM doopmar,
MaKCcUMarnbHO NPUONMKEHHBIW K pearnbHOMY BOCNPUATUIO NMOroAdb! JTI0AbMM.

AMepurKaHcKasi BOEHHO-NpoMebiLLieHHasa kopriopauunsa Lockheed Martin n komnaHums
NVIDIA cosgatoT undpposoro gsonHuka rnobanbHbix norogHbix yecnosum ans NOAA.
HoBaga TexHonorusi, nocTpoeHHasa Ha 6a3e CUCTEMbI UCKYCCTBEHHOIO MHTESNEKTA,
00beaVHUT OaHHbIE CEHCOPOB W NO3BOSINT cpopMupoBaTb DONee Ka4eCTBEHHYIO U
aKTyalibHYI0 MOAenNb HalleWn NNaHeThI.

HoBaga koHuenumsa 6yaet Ha3biBaTbcad NOAA Earth Observing Digital Twin. Ee ocHoBom
bynet moaenb, AaHHbIE KOTOPOU B KOHEYHOM UTOre 6yayT noctynaTb B CUCTEMY
NPOrHO3MpPoOBaHUA NOroabl.

ObbeanHeHne TEXHONOINMN NCKYCCTBEHHOrO NHTennekta Lockheed Martin n Nvidia
Omniverse no3sonut nccrneposatensam NOAA co3gatb MOLLHYIO cuctemy ansi bonee
9P EKTNBHOIO NPOrHO3MpoOBaHUA noroabl B rnodansHoOM MacLuTabe.
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2 ceHTAbpA 2022 r. Mpencenatenem Mpasutenoctsa Poccumckom ®egepaunm, M.
B. MuwyctuHbim, noanmcaHo pacnopsaxeHue Ne 2515-p o sbiaeneHmnun
MwuHobpHayKku Poccun, Pocrmapomety, ®reQyY BO “MocKoBCKUIN rOCyaapCTBEHHDbIN
yHuBepcutet umenmn M.B.JlomoHocoBa” cybcnani Ha BbINOJHEHME HAY4YHO-
MccnenoBaTe/IbCKMX PAabOoT B paMKax peanm3aunm BaXKHeuwero MHHOBALMOHHOIO
npoeKTa rocyaapcreseHHoro 3HaveHusa (BUM 3), HanpaBaeHHOro Ha co3aaHune
eMHOMN HALUMOHANIbHOMN CUCTEMbI MOHUTOPUHIA KAMMATUYECKM aKTUBHbIX BELLECTB.

KoHcopunymbl UICNONHUTENEN:
MoaennpoBaHue rnobanbHOro KAMMaTa;
OKeaHbl U mopA;

yrnepopa, B 9KOCUCTEMaAX;

Cywa: MOHUTOPUHT U aaanTauma;
JKOHOMMKA KNMUMATA;

AHTpPONOreHHble BbIOPOCHI: KaaacTp.
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http://government.ru/docs/all/142886/

‘ theon Mepcrpuenion e CoTpy e Pycord

PUTM
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MogpobHee
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YYACTHUKHU

MEPOMPUATUA

PE3Y/IbTATHI

HOBOCTH

NMounck.
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O MPOEKTE YYACTHMKM MEPONPUATUA  PE3Y/IbTATbI HOBOCTH MNowuck..

PUTM yrnepoga - OTMPOEKTE - LUEMb W 3A0AYU uE"b usAnAq"

)

UENb

PaspaboTaTb HaUMOHAaNbHYIO CUCTEeMY MOHUTOPUHIa NYJOB yraepoaa u

NMOTOKOB NapHMKOBbLIX Fra30B Ha TeppuUTopuUMn P® Ha ocHoBe UHTerpaumm
AaHHbIX

Co3paTtbh cucTeMy yuyeTa AaHHbIX MO NOTOKaM NapHUKOBbLIX ra3soB U
GIOR)KeTy yrnepoga B Ha3eMHbIX 3KoCUcTeMax
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MHTOPMALMOHHO-BBIMHMCIIWMTENBHAR CMCTEMA

EVFNEPOLOY

FEMMMOHANEHEIX NOTOKOE NAPHWEDBLIX MTA30B

bnokwn npoekra Pezyntratbl lNaboparopwua MoHWTOpKWHIa ymepogHoro banaHca Hawwn engeo [ moccapui :
RU EN N ©
MOHHMTOPMHI M KOMNNEKCHLIA aHanus yrﬂ EPO,D, I
NOTOKOE YIMepoga

Mpoekt UMK3C CO PAH "Cuctema MOHUTOpPUHIa NynoB U NOTOKOB yrrnepoaa B
NecHbIX U DONOTHLIX 3KOCUCTEMAaX HXHO-TaeXXHOMU 30HbI 3anagHou Cubupu"

bnokwn npoekra

Pezynkraths
PEEI]'IME},I’ETC.FI B pamkax BaMHEWLLEro WHHOBaUWOHHOIM NpoekTa roCygapCTEeHHON 3Ha4eHuA

TNabopaTtopua MOHWTOPHMHIa YIMePOOHOIO " _ -
Bananca HaunoHaneHas cucTema MOHHWUTOPWHIA NyNoe yrnepona ¥ NOTOKOB NapHUKOBEIX ra30B HA TERPHUTOPHK Poccuiuckon

Qegepaumnn”

Hawmw engeo

l yrnepoga

@ MMK3C CO PAH 2023
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[TpOeKT HaueneH Ha co3aaHmne CeTU MOHUTOPUHIA NY/10B Yraepoaa u
NOTOKOB NAPHMKOBbLIX FA30B B HA3€MHbIX 3KOCUCTEMAX HOXKHO-TAaEKHOM
noa30Hbl 3anaaHon Cnbumpu Ha oOCHoBe CTaHAAPTU3NPOBAHHOM
MHPPACTPYKTYPbl MMPOBOIroO YPOBHSA U CO34aHME OCHOBbI ANA
pPa3paboTKM NpoTOTUNA pacnpegeneHHor NHPOPMALMNOHHO-
aHa/IMTUYECKOU cncTembl cbopa, XxpaHeHuAa, 06paboTKM 1 aHaNn3a
AAHHbIX MOHUTOPMHIA NYA0B Yyr1epoaa N NOTOKOB NapHUKOBbLIX ra30B B
Ha3eMHbIX 9KOCUCTEMAX FOXKHO-TAaEKHOM NoA30HbI 3anaaHon Cnbupwu
onunpatowemnca Ha uMdpoBON ABONHUK DONOTHbLIX SIKOCUCTEM U

UM pPOoBYIO N1IaTGOPMY ero cCornpoBoXKaAeHMA (cepBucbl, Heobxoammblie
AN €ero UCroJib30BaHUA).
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LIl 6onoTa



bnok 2. Co3gaHne KoHUenTyasibHOW U NPOrpamMmMHON OCHOBbI A1
pPa3paboTKM NpoTOTUNA pacnpegeneHHon NHPOPMALMNOHHO-
aHaIMTUYECKOU cucTembl cbopa, XxpaHeHuA, 06paboTKM U aHaNn3a
AAHHbIX MOHUTOPUHIA NYNOB yr/iepoaa U NOTOKOB NAaPHMKOBbLIX ra30B B
Ha3eMHbIX 3KOCUCTEMAX FOXKHO-TaeXXHOW NoA30HbI 3anaaHon Cnbupwu

Tpn Knta pacnpegeneHHon NHPOPMALUMNOHHO-aAHATNTUYECKOU CUCTEMDI
(PNAC):

 JlaHHble HabNOAEHNN U UBMEPEHUN

* Mopaenwu

* CepBucl

Pe3yanaT: KO/1myeCcrBeHHaA oueHKa NOTOKOB NAdPHUNKOBbLIX Nra30B U My/108
yrnepoaa B HaseMHbIX 9KOCUCTEMaX TEPPUTOPUN N UX ONHAMUKHA



lNepBble 3agauun

KoHuenuua npototnna PUAC

TpaHchopmauma HabopoB AaHHbIX B 6a3bl AaHHbIX (pa3paboTKa cxem
6a3 AaHHbIX obecne4ymBalOWMX XpaHEHMNE, MONOJIHEHUE N AOCTYN K
TemMaTU4eCKMm Habopam AaHHbIX)

Bblbop 1 noarotoBka mogenein obecnevymBatoLLMX KONNYECTBEHHYIO
OLLeHKY MOTOKOB NAapHMKOBbIX ra30B U NY/10B yr/iepoaa B Ha3eMHbIX
3KoCUCTEMAX TEPPUTOPUN

Pa3paboTKa B10K-cxem anropntmoB 06paboTKM AaHHbIX TEKYLLLMX
M3MEPEHUN N PEe3YNbTaTOB MOAENINPOBAHMA

PaspaboTka apxutektypbl npototuna PUAC u ero 610KoB



Pe3ynbraTtbl

 KoHuenuwusa npototnna PUAC - umdpoBaa nnatdopma,
MHTErpPUPYOLLAA OUMPPOBAHHbIE AdHHbIE, MOAEIN OCHOBHbIX
npoueccoB $opmMmMpPoBaHMUA NOTOKOB NAPHUKOBbIX Fra30B 1 CEPBUCHI,
Heobxoammble ana ee sbPeKTUBHOMN PabOTbl N NCNONb30BAHMUA
(nononHeHuna 6a3 AaHHbIX, 3aNyCKa MOAeNeN, apxmBaumMmn N aHaANNU3a
PE3y/1bTaToOB BbIMUCAEHUN, BU3YANMN3ALLMM MONYHYEHHbIX Pe3yNbTaToOB
Ha Bbl6paHHOM KapTorpapmnyeckom OCHOBE MU AOCTYMNA K HUM.

e TpaHchopmauma HabopoB AaHHbIX B ©Ba3bl AaHHbIX - pa3paboTaHbl
cxembl 6a3 AaHHbIX AaHHbIX: NOTOKOB yr/iepoaa, Tenaa v Bnaru ans
60n10T TeppUTOPUN N "TEPMUYECKUN PEXMM NOYB tOra TAEXKHOU 30HDbI
3anagHon Cnbupun" (ThermalRegime) n nporpammHubin MHTEPPENC
AN AOCTYNa K HUM.



* [loarotoBaeHbl mogenun, obecnevymBatoLLme KONNYECTBEHHYIO OLUEHKY
NOTOKOB MAapHWUKOBbLIX rA30B U NY/10B Yrnepoaa B Ha3eMHbIX
3KOCUCTEMAX TEPPUTOPUN:

moandmKkauma (boromonos) moaenn nosepxHoctu cywm NBM PAH —

MTY, no3sonatowan, No 3agaHHOMY atTmochepHOMY GOPCUHTY,

BbIYMCAATb JIOKA/IbHbIE U NAOWaAHbIE TMAPOTEPMUYECKME

XapaKTEPUCTMUKM MOYBbI U

amnupuyeckaa moaens ([JioKapes), N0O3BOAAOLLAA ONpeaenaTb MOTOKU
NAapHUKOBbIX ra30B N0 MUKPOMETEOXapaKTEPUCTUKaM

 Pa3paboTtaHbl 610K-cxembl 1 UML anarpammbl aArOPUTMOB
06pabOTKM NOTOKOBbLIX AAHHbIX MU3MEPEHUN TUNOBOU CTAaHLUUNN
MMUKPOMETEOPOSIOTMYECKOTO MOHUTOPUHIA



Co3aaHa KOHUEeNTyanbHaa M NporpaMmMmHas 0OCHOBa LUMGPOBOU
NNatpopmMbl MOHUTOPUHIA NOTOKOB NAPHMKOBbLIX Fa30B M Ny/10B
Yrnepoaa B Ha3eMHbIX 3KOCUCTEMAX FHOXKHO-TaeKHOW NOA30HbI
3anagHon Cnbunpun, nHTerpupytolLen oumdpoBaHHbIe AdHHbIE,
MO/ZIe/IN OCHOBHbIX NpoLeccoB POPMUPOBAHMNA NOTOKOB NAaPHUKOBbIX
rasoB M cepBUCbl, Heobxoammeble ana ee sdpPeKTUBHOM PabOThI
(nononHeHne 6a3 AaHHbIX, 3aNyCK MoAeneun, apxmBaumna n aHann3
pPe3ynbTaTOB BbIYNCNEHUN, BU3YaNn3aLUA NONYYEHHbIX Pe3ynbTaToB
Ha BbIOpPaHHOM KapTorpapmyeckom ocHoBe



Co34aHa KOHUEeNnTya/ibHaA U NporpaMmHas ocHoBa LUMPPOBOM N1aTPOPMbl MOHUTOPMUHTA
NMOTOKOB NAaPHMKOBbLIX rA30B W MyN0B yI/iepoaa B HA3EMHbIX SKOCUCTEMAX HOXKHO-TAEXKHOM
noa3oHbl 3anagHon Cnbupun, nHTerpmpytowen oundpoBaHHble JaHHblE, MOAENN OCHOBHbIX
npoueccos GOPMMPOBAHUA MOTOKOB NAPHMKOBbLIX FAa30B U CEPBUCHI, HEOBXOAMMbIE ANA ee
apPpeKkTMBHOM paboTbl (MonosHeHne 6a3 AaHHbIX, 3aNYCK MOAeNeN, apXmMBaLIMA U aHATN3
PEe3yNbTaTOB BbIYUCAEHUN, BU3YaNn3aLUMA NOJIYYEHHbIX Pe3ynbTaTOB HA BblIOpaHHOM
KapTorpadunyeckom ocHoBe

BbibpaHbl 1 nOoAroToBAEHbI MOAEeNN, 0becnevynBatoiMe KOJIMYECTBEHHYO OLLEHKY NOTOKOB
NapPHUKOBbIX ra30B M NY/1I0B yr/nepoaa B Ha3eMHbIX SKOCUCTEMAX TEPPUTOPUMN:
MmoanduKauma mogenm nosepxHoctu cywmn MBM PAH — MTIY, no3sonsatow,as, no 3agaHHOMY
aTMmochepHOMY POPCUHTY, BbIYMCAATb NIOKANIbHbIE U NAOLWAAHbIE TMAPOTEPMUYECKNE
XaPaAKTEPUCTUKM MNOYBbI U IMNUPUYECKAA MmOoaeNb, MO3BONAIOWAA onpeaenaTb NOTOKMU
NAaPHUKOBbIX ra30B MO MUKPOMETEOXapPaKTEPUCTUKAM.



ApXUTeKTypa n

notoTuna PUAC m ero 610KOB

XpaHunuiye gaHHbIX 1

[aHHble nsmepeHnin
NOTOKOB yrnepoga

Peananus

HabniogeHunsa

[aHHble pacyeToB L
NOTOKOB yrnepoaa

CI‘IyTHMKOBbIe CHUMKN
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|| =

BA pesyneratoB

i

CYB[ PostgreSQL
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BblYUCnUTENBHBLIA KOMMNeke 1

WMS/MWFS
(o6HOBNEHNE
Beb-knneHTa)

B noTtokoB n no4s Y
Be6-knueHt TIUC
‘ Baza meragaHHbIx |
Pennuka 6a3bl MeTaaaHHbIX Bing
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A
; Google Maps
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