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CoBpeMeHHbIE TEXHOJIOTUH 00PadOTKM
NPOCTPAHCTBEHHBIX JAHHbIX
B 32/1a4aX MOHUTOPHHIA SMUCCUU MTAPHUKOBBIX I'a30B

bl

Knumoea Examepuna I'eopzueena



|. IlocTranoBka 3agauu. Kparkuii 0030p.
BBeaenue

OpnHOM U3 Ba)KHBIX 33/1a4 MOHUTOPUHTA ITPUPOIHBIX SABICHUS SABISCTCS
3a71a4a MMOJIyYEHUS 3HAYCHUN ITapaMEeTPOB OKPYIKAIOLLEN Cpelibl Ha
HEKOTOPOU PETYIIAPHOU CETKE.

B HacTosimee BpeMs MPUHATO peliaTh TAKUE 3aJa4U C IPUBIICYCHUEM
BCEX UMEIOIIMXCS JAHHBIX HAOJIOICHUH a TAaK)KE MaTEMATHY€ CKOU
MOJIEJIN UHTEPECYIOLIETO HAC IIPOLECCa.

MaremaTnueckasi HOCTaHOBKA 33/1a4M BXOAUT B HA0Op 3a71a4 Tak
Ha3bIBAEMOT0 0OPaTHOTO MOAEIUPOBAHUS.

Pemienue 3agaun 0OpaTHOr0 MOACIUPOBAHUS JJIs 3aJaHHOW MOJIETA
npolecca 1 Habopa TaHHBIX HAOMIOACHUN [TUKJIMYECKHU 110 BPEMEHHU
ABJISIETCS 3a/1a4€U YCBOEHHUS JAHHBIX.

B npobnemy o0paTHOro MOJIeIMpOBaHUs BKJIFOYEHA TAKXKE 3a]1a4a
OLIEHKH TapaMETPOB MOJIEIIH.



Beenenue (nmpoaosrkeHue).
3agaya oOpaTHOro MOaEJUPOBAHUSA

3az[aqeﬁ O6paTHOFO MOACIIMPOBAHKUA HA3BIBAIOT OLCHKY HCU3BCCTHOI'O BCKTOPA IIAPAMCTPOB

OonbIol pasMepHocTH XeRY 10 BeKTOpY HaHHBIX HAOMIOAEHHMH Y e R ). TIpeamonoxmm,

qToO
y=M(X)+9o,

rae M - M3BECTHBIM omepaTop MPOrHo3a-HAOIIACHUN, & - CIyYalHBIM IITyM C 3aJaHHOM
dbyHKUIMEN pacnipeeneHusl.

HOI[ 3a)1aqeﬁ YCBOCHUSA JAHHBIX IIPUHATO IIOHUMATDh ITOCIICAOBATCIIBHOC 110 BPpCMCHHU

*
OICHUBAHHNEC HECU3BCCTHOU BCIIMYUHBI 110 JaHHBIM Ha6JHOI[eHI/II/I( )

(*) Nakamura G., Potthast R. Inverse Modeling. IOP Publishing. 2015. 509
pp. doi.org/10.1088/978-0-7503-1218-9.



BBenenue (nMpoaoJikKeHmne)

CoBpeMeHHbIE TTOAXO/IbI K 3a71a4€ YCBOCHUS JaHHBIX BKJIFOYAIOT B CEOsI
* TEpPBUYHYIO OOpabOTKY JAaHHBIX HAOJIOIECHUM, KOHTPOJb U T.1.;
* MaTeMaTUYECKYIO MOCTAHOBKY 3aJ1a4H;

* pa3pabOTKy CUCTEMBI YCBOEHUSI, PAKTUYECKAs Pean3alus 3aJa4H.



BBenenue (mpoaoJKeHme)

- Jliis penieHust 3aga4M yCBOSHUS IAHHBIX UCITOJIb3YIOTCS
MaTeMaTHYECKHUE TTOCTAHOBKH 3aJ1aui, IPU 3TOM B MHUPE B
HACTOsIIIee BpeMs MPUMEHSETCS Ba OAX0Aa — BapHUalluOHHBIN
(3DVAR-4DVAR) u nuHaMHKO-CTOXaCTHYCCKUH (aHCAMOJICBBI
¢buneTp KanMaHna; ancaMOJI€BO€ CIiIa)KMBaHUE).



COBpeMeHHbIe METOAbI YCBOCHUA JaHHbIX, OCHOBAHHBbBIC HA

aHcamo0iieBoM puabrpe Kaamana
Ensemble Kalman filter - EnKF

(Evensen, 1994; Mitchell, Houtekamer, 1998)
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BapuanuoHHAasi MOCTAHOBKH 3272491 YCBOCHHS JAHHDBIX:
aaroputmbl 3DVAR/ADVAR

B anroputMe aHaiM3a JaHHBIX, HazbiBacMoM B juTepatype 3DVAR (3-Dimensional VARIational)
MINETCS 3HAYeHNE BEKTOpa X, , JOCTABIISIOIIEe MUHUMYM () YHKITHOHATY

2)(X) = (X =X,)" B™(X=X,) +[y, =HO)I' R ™[y, —H(X)]
B sroii popmyne B u R - koBapuanoHHble MAaTpUIlbl OIIMOOK MPOrHO3a X, W HAOIIOJEHUN Y,

cootBeTcTBeHHO. Ormeparop H, BooOIIe TOBOps, HETWHEHHBINA, TEPEBOAUT IPOTHOCTUUYECKHUE
3HAYCHUS B TOYKHU HAOJIIOJICHUH (1 HAOIr0JaeMble TIEPEMEHHBIE).
Munrmym QyHKITMOHANA €CTh PEIICHUEe YpaBHEHUS

Vi(x,)=0.
Ecimn IrpaaucCHT (bYHKI_[I/IOHaJ'Ia 3aIlIMCBIBACTCs B CJICAYIOIICM BUJIC!
VI(X) =B (x—x,) +H R™H(x—x,) —H"R™*{y, —H(x,)},
TOTJIa PEIICHUE 3aJa4l UMEET BUJ
X, =X, +(B*+H'RH)}{y, —H(x,)}.



BapuanuoHHAasi MOCTAHOBKH 32712491 YCBOCHHS JAHHDBIX:
aaroputmbl 3DVAR/ADVAR

Anroputm 4DVAR, onepatuBHO paOoTalomMii B CUCTEMax YCBOCHHUS BEIYIIMX MHUPOBBIX
MPOTHOCTUYECKUX IIEHTPOB, MpeiAcTaBisier coboi o6obmenne 3DVAR Ha mpocTpaHCTBEHHO-
BpemeHHOM ciydail. 4DVAR mno3Bossier ucnosib30BaTh HAOMIOAEHUSI U3 HEKOTOPOTO BPEMEHHOIO

untepBana (t, —t,). Cumraercs, 4ro Ha 5ToMm uHTepBaie 3ananbl HaOmoaenus {y’,i=0,---, N}.

Hmetcst MuHUMYM (QyHKIIHOHATA
I =5 X(1) =X B Dx(t) X" ()] +5 S IHE) - YT R TH(x) -]

HpI/I YCJ'IOBI/II/I, YyToO
X(tn) = Mn[x(tO)]

Munumym Qynkuronana B 4DVAR wuiercs ¢ moMolpio uTepaiuoHHbIX METOI0B (HApUMep,
MeToa1 kBazu-HbroToHa). s peanu3auu UTepaiioHHOro mpolecca TpeOdyeTcst OLEHUTb MPaUEHT
dynkmoHana J(X), KOTOpHIi, B CBOIO 0YEPE/Tb, BRIYACISCTCS C TIOMOIIBIO COMPSKEHHOM
JIMHEAPU30BAHHOKM MOJIEIH



IIpuMepsl NPpUMEHCHUS CUCTEM YCBOCHUS JTAHHBIX

ApxuB manubix peananmsa (Reanalysis). ERAS - 5-g Bepcus peananmza
ECMWEF: 30 kM o ropuzonTaiu, 137 ypoBHEl M0 BEPTUKAJIN, YaCOBbIC
naHHbIe aHanu3a, cucteMa yceoenuss ECMWE, 4ADVAR .
https://www.ecmwf.int/en/forecasts/dataset/ecmwf-reanalysis-v5
CoOBpEeMEHHBIE ONEPATUBHBIE CUCTEMbI YCBOCHHS METEOPOJIOTHYECKUX
JTAHHBIX.

CucTeMbl OIIEHKH MOTOKOB MTAPHUKOBBIX Ira30B (IM100aIbHbIE MOJICIIH
arMocdepbl, HA3eMHbIC IaHHBIC, TAHHBIE CIYTHUKOBOT'O 30HUPOBAHUS ).
Copernicus Atmospheric Monitoring Service (CAMS) — apxuB JJaHHBIX O
XUMHUYECKUX COCTABISIONIUX aTMOC(EPHOro BO3ayXa.



IIpumeHneHne cucreM YCBOCHUS JAaHHBIX B COBPEMEHHBIX

3a1a4aX ONMCAHUA COCTOSTHUSA OKPYKAIOLIel cpeabl: HCI0JIb30BaHHe
YCBOCHHSA JAHHBIX NIPU pa3padoTke HU(PPOBHIX IBOMHUKOB OKPYKAKOIIEH
cpens.

B HoEocT HOEOCUBMPEkaMHOBENXN @ Earth System Digital Twins - NAS X S8 v - SIES
> C @ esto.nasagov/earth-system-digital-twin/ 2 * 0O 2 :

G Gmail @ YouTube @ Kaprei [ Lentaru-Hosocrw.. [l Hoeocw Hosocuéw Tnaetble HosocTvi -...  [EY Bepack OnnaiH [ .. wé Aprymentoi v Qakr.. (E) MmasHas | Cubvpck.. M0 Mouta W0 MouraHosas W8T OWLL BT

Investment Areas v Project Portfolio

Earth System Digital Twin

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

€ B afasie o B L



IIpuMeHeHHe CUCTEM YCBOCHUS JAHHBIX B COBPEMEHHBIX

3a/1a4aX ONMMCAHUA COCTOSIHUS OKPYKAKOIIEH CPeabl: HCIO0JIb30BAHUE
YCBOCHHSA JAHHBIX NPU pa3padoTke HU(PPOBHIX IBOMHUKOB OKPYKAKOLIEH
cpeabl:

AMS Annual Meeting, 2025:

What Is the Role and Opportunity of Data Assimilation in the Earth System
Digital Twin?

Amos Stephen Lawless. University of Reading & National Centre for Earth
Observation, Reading United Kingdom

Sarah L Dance. University of Reading & National Centre for Earth Observation,
Reading United Kingdom

Abstract

Many initiatives are currently underway to build digital twins of the Earth
system, including NASA’s Earth System Digital Twins efforts and the European
Union’s Destination Earth program. .....

Furthermore, where components of the Earth system are coupled in a digital twin
(e.g. linking atmospheric models to hydrology), care must be taken to link the
different temporal and spatial information from observations appropriately. Similar
challenges are currently being addressed in data assimilation for standard
numerical weather prediction. We will highlight where current research in data
assimilation could be informative for the design of digital twins and discuss
potential avenues for further research.



IIpuMeHeHMe YCBOCHM S JAHHBIX B MAIIUHHOM O0y4YeHUH

Data Learning: Integrating Data Assimilation and Machine Learning

Caterina Buizza ®, César Quilodran

Casas &, Philip Nadler 2, Julian Mack 2, Stefano Marrone 2, Zainab Titus ¢, Clémence Le

Cornec 9, Evelyn Heylen ¢, Tolga Dur 2, Luis Baca Ruiz 29, Claire Heaney ¢, Julio Amador Diaz
Lopez 2N, K.S. Sesh Kumar 2, Rossella Arcucci 2 ¢

Journal of Computational Science, Volume 58, February 2022, 101525

Data Assimilation (DA) is the approximation of the true state of some physical system by
combining observations with a dynamic model. DA incorporates observational data into a prediction
model to improve forecasted results. These models have increased in sophistication to better fit
application requirements and circumvent implementation issues. Nevertheless, these approaches are
incapable of fully overcoming their unrealistic assumptions. Machine Learning (ML) shows great
capability in approximating nonlinear systems and extracting meaningful features from high-
dimensional data. ML algorithms are capable of assisting or replacing traditional forecasting
methods. However, the data used during training in any Machine Learning (ML) algorithm include
numerical, approximation and round off errors, which are trained into the forecasting model.
Integration of ML with DA increases the reliability of prediction by including information with a
physical meaning. This work provides an introduction to Data Learning, a field that

integrates Data Assimilation and Machine Learning to overcome limitations in applying these
fields to real-world data. The fundamental equations of DA and ML are presented and developed to
show how they can be combined into Data Learning. We present a number of Data Learning
methods and results for some test cases, though the equations are general and can easily be applied
elsewhere.



|I. CoBpeMeHHBI€E IOAXOABI K 3a/1a4€ OLlEHKU IMOTOKOB
MAPHUKOBBIX I'a30B ¢ MOBEPXHOCTH 3eMJIH 10 TAHHBIM
U3MepeHnn

AKTYaJIbHOCTb.

*  Heo0xoauMoCTh MPOTUBOICHUCTBUS KIMMATUUYE€CKUM U3MEHEHUSIM COXPAHSIET
aKTyaJIbHOCTh B MU]E.

* B Poccum mpoaoinkaeTcss akTUBHOE Pa3BUTUE KITMMATUYECKOM MMOJTUTUKH.
KitroueBoe 3HaueHue mpu 3TOM IPUOOPETAIOT JaHHBIE O BRIOpOCAX
Y MOMJIONIEHUSX TTAPHUKOBBIX I'A30B: HA HUX OMUPAIOTCS KIIMMATHYECKUE €N
Y OTYETHOCTh CTPAH U KOMIIAHWM, OHU SABJISIOTCA OCHOBOU JJISI pean3aiuu
KJIMMATHYECKUX MPOEKTOB, HA HUX CTPOSITCS YITIEPOAHBIE PHIHKHU.



MeToabl OLIEHKH MOTOKOB MMAPHUKOBBIX Ira3oB (Ha mpuMepe
MeTaHa).

* B pabortax ucnonab3yrorcs 1i00aibHble U peTHOHATIBLHBIE MOJICNIA MIEPEHOCA
u quddy3un. Mereoponornyeckue JaHHbIE TTOJTyUYeHbl HA OCHOBE
COBPEMEHHBIX MOJIEJIEH MPOrHO3a MOTOABI U KJIMMara.

* B kadecTBe MaHHBIX U3MEPEHUI UCTIOIB3YIOTCS JAHHBIE HA3EMHBIX
HaOII0AaTEIbHBIX CETEH, a TAKXKE JAHHBIE KOCMUYECKOTO 30HIUPOBAHUS.

* Maremaruueckue MOCTaHOBKHU 33]1a4 BAPUAILMOHHOTO U TMHAMUKO-
CTOXaCTUYECKOTO MOJIXOJI0B SKBUBAJICHTHHI (B IMHEHHOM Iay CCOBCKOM
ciydJae).

* (OCHOBHOE pa3IUuKe aITOPUTMOB COCTOUT B TEXHOJIOTUHU UX PEaIU3aIINU.



IIpo0jieMbl peajiu3alnii aJIrOPUTMOB YCBOECHHS TAHHBIX B
3aj1aye OlleHKH MOTOKOB IAPHUKOBBIX I'a30B C MOBEPXHOCTH
3eMJIn

y=F(x, p), F — monens, p - mapamerp

Y- TaHHBIC U3MEPEHUHN O KOHIICHTPAIIUU, X — SMUCCHUS

O1eHKa YMUCCHUM C TIOMOIIIbIO ONMUCaHUs (PU3NUYECKUX MPOIIECCOB:

“bottom-up constraint on surface fluxes”

OnpeneneHre SMUCCHUM T10 JaHHBIM HAOIIOJCHUN O
KOHIICHTPAIMH C MPUBJICUCHUEM XUMHUYECKOU TPAHCIIOPTHOU
MOJIEITA

“top-down constraint on surface fluxes”



MeToabl OlleHKH MOTOKOB MAPHUKOBBIX ra3oB (HA MpuUMepe
MeTaHa).

AJITOPUTMBI, OCHOBAHHBbIE Ha BapuannonnoMm noaxoae (4DVAR,
«Inverse modellingy)

Global distribution of methane emissions, emission trends, and OH concentrations and trends
inferred from an inversion of GOSAT satellite data for 2010-2015

Joannes D. Maasakkers, Daniel J. Jacob, Melissa P. Sulprizio, Tia R. Scarpelli, Hannah Nesser,
Jian-Xiong Sheng, Yuzhong Zhang,

Monica Hersher, A. Anthony Bloom, Kevin W. Bowman, John R. Worden, Greet Janssens-Maenhout,
and Robert J. Parker

Atmos. Chem. Phys., 19, 7859-7881, https://doi.org/10.5194/acp-19-7859-2019, 2019.
Pemraercs 3agaya moucka MUHUMyMa
J(X) = (X =X,) 'S, (X =X,) +y(y = F(x))"S; (Y = F(x))
['me X - oneHMBaemasi IepeMeHHas,

S, - MaTpuna KoBapHaLuil OIUOOK NEPBOro NPUOIMKEHNUS,

Y - JaHHBIC U3MEPECHUN

F(X) - mepeBoj OllEHHBAEMOM BEJIMYMHBI B TOUKY HAO IO IeHUS (C
HCT0JIb30BAaHUEM MOJICIIH )

S, - MaTpuna koBapHalMii OINOOK HAOIIOICHUH



MeToabl OlEeHKH MOTOKOB MAPHUKOBBIX ra3oB (HA MpuMepe
METAaHa).
AJITOPUTMBI, OCHOBAHHBbIE Ha BapuanunonnoMm noaxoae (4DVAR,
«Inverse modelling»)

Global distribution of methane emissions, emission trends, and OH concentrations and trends
inferred from an inversion of GOSAT satellite data for 2010-2015
Joannes D. Maasakkers et al. Atmos. Chem. Phys., 19, 7859-7881, 2019.

Eciu nipectaBuTh

y =F(x),
F(X) = Kx +c,
K =0y/ox

To onrTuManbpHOE pC€IICHNUC NMCCT BU

X=X, +S K'(KS K"+ %)1(y —KXx,)

Martpuna K orieHHMBaeTcsl ¢ IIOMOIIBIO PacY€TOB MO BO3MYIIICHHBIM HadaJbHBIM
JAHHBIM Y IJ100aJIbHOM TPaHCIIOPTHOM MOJIEIH.



MeToabl OlICHKH MOTOKOB MAPHUKOBBIX I'a30B (HA MpUMepe METaHa).
AJITOPUTMBI, OCHOBaHHBbI¢ HA BapuannoHHoM noaxoae (4DVAR,
«Inverse modelling»)

Wetland emission and atmospheric sink changes explain methane growth in 2020
Shushi Peng, Xin Lin, Rona L. Thompson, Yi Xi, Gang Liu, Didier Hauglustaine, Xin Lan,
Benjamin Poulter, Michel Ramonet, Marielle Saunois, Yi Yin, Zhen Zhang, Bo Zheng &
Philippe Ciais

Nature volume 612, pages477-482 (2022)

OLIEHMBAKOTCS CPETHUE 3 HEMIECIIO 3HAYEHUS TOTOKOB MeTaHa Ha ceTke 1.9 Ha 3.75
J(X)=0.5(x —x")" B (x—x") +0.5(y —H(x)) "R (y —H(x))

H — onepaTop Habat0ACHUM, IEPEBOAAIINN 3HAYCHUSI TIEPBOTO MPUOIMKEHUS B
TOYKY HAOIIOCHNM, BKIIFOUAs ITPOTHO3 110 MOJCIIH.

I[J'IH MHUHHUMU3alINHN (bYHKI_II/IOHaJ'Ia HCITOJIB3YCTCA HTCpaHHOHHBIﬁ MCTOU.



MeToabl OLICHKHU MOTOKOB MAPHUKOBBIX Ira3oB (Ha nmpuMepe
METAaHa).
AJITOPUTMBI, OCHOBAHHBbIE Ha aHcaMOJIeBoM puabTpe Kasimana.

Estimating surface CO), fluxes from space-borne CO), dry air mole fraction observations
using an ensemble Kalman filter. Feng L, Palmer P I, Bosch H and Dance S 2009
Atmospheric chemistry and physics 9 pp 2619-33

1. OieHka 3HaYCHUN CPEIHUX IO MOJ00JACTIM IIOTOKOB X° IO JAaHHBIM HAOJIIOICHMIA
Yo u nporuosy X; mpom3BOIHTCSA 10 CTaHAapTHOH hopmyie ¢puabTpa Kammana (rrar
aHalM3a):

X, =X; KLy, —HX()],
K=P'"H"(HP'H" +R)™,
2. Jlns peanuzanuu ancam6ieBoro guiastpa Kanmmana 3amaercs aHcaMOJIb BO3MYIIICHUH

L

. 1 N qT
OIIEHMBAEMON BeIMuMHbl DX; = \/W[dxfl“'ldxf] . Marpuna P’ onenuBaercs mo

aHcaMOJIrO

P" =Dx, (Dx,) .



MeToabl OLIEHKH MMOTOKOB MAPHUKOBBIX ra30B (HA nmpuMepe
METAaHa).
AJITOPUTMBI, OCHOBAHHbIC HA aHCaAMOJIeBOM (pUJIbTPE
Kaamana.

3. YpaBHEHHE N3MEHEHUS MOTOKOB M0 BpeMEHH (I1ar MporHo3a) UMeET BHU]

4. Omnepatop «HaOmoaeHui» H Briaoyaer B cebs MPOrHo3 MO MOACIM K MOMEHTY
HaOJIOJEHUS, MHTEPHOJISALMI0O U3 Y3JIOB CETKM B TOYKM HAOJIIOJICHUH, a TakXke, B Cllydyae
CITYTHUKOBBIX JJaHHBIX, OCPEIHECHUE 110 BEPTUKAIHN C U3BECTHBIMU KO3 (PUIIHECHTAMU.

JlaHHble HAOMIONCHMH O KOHLEHTPALMH MAPHUKOBBIX I'a30B B MOMEHT BpeMeHH L,

NpcaACTaBuM B BUIC

n_ n n

Yo =HIT(@Q)+x 1+&,
rae f— omeparop moxenu, T.€., MOJIEIb, OIMCHIBAIONIAS H3MEHEHHE 10 BPEMEHH KOHIICHTPAIIHH
J, BXOJUT B ONEpaTop HAOIIOACHUMN.



MeToabl OLIEHKH MOTOKOB MMAPHUKOBBIX ra3oB (Ha mpuMepe
MeTaHa).
AJITOPUTMBbI, OCHOBAHHbIE Ha aHcaMOJieBoM uiabTpe Kasimana.

Estimation of CH4 emission based on an advanced 4D-LETKF assimilation system.
Bisht Jagat S.H. et al., Geoscientific Model Development, 2023, vol. 16, p. 1823-
1838

B anmroputme LETKF Ha miare anamu3a BBIITOJHAETCS MOMCK OLEHKU TOJBKO JUISI CPEAHETO II0
aHcaMOJII0 3HA4Y€HHUs, TOCJE Yero BBIYUCISETCS aHcamMOJib 3Ha4eHWM aHanu3oB. Huke mpencraBiieHbl
dopMyItBI, onMchIBaromye dtan ananusa aaropurma LETKF, s 3aganHoro MomeHTa BpeMeHH K:

X = x| +Dx PA(HDx, )T R[yE —h(x§)],
5 f\T p—1 f1-1
P& =[(N-1)I +(HDx, )’ R HDx, T,
rae | — enuanunas matpuna, N — pazmepHocts ancamoOIs, Dka — aHcaMOJb OIMOOK MPOTHO3A,

ropmupoBasHbeiX Ha \/ N —1, H — muHeapu3oBaHHSI omepaTop HAOIIOACHHIT



Imo0aabHbIid Peanaaus napuukoBbix razoB CAMS
(Copernicus Atmospheric Monitoring Service)
https://ads.atmosphere.copernicus.eu/

Massart, S., A. Agusti-Panareda, I. Aben, A. Butz, F. Chevallier, C. Crevoisier, R. Engelen,
C. Frankenberg, and O. Hasekamp, 2014: Assimilation of atmospheric methane products
into the MACC-II system: from SCIAMACHY to TANSO and IASI, Atmos. Chem. Phys., 14,
6139-6158, https://doi.org/10.5194/acp-14-6139-2014

Bergamaschi, P., and Coauthors, 2009: Inverse modeling of global and regional
CH, emissions using SCIAMACHY satellite retrievals, J. Geophys. Res., 114,
D22301, https://doi.org/10.1029/2009JD012287

MeTOI[I/IKa OIICHKHU JMUCCHUMH:

e TM5-4DVAR Inverse Modeling System.
e  PaccmarpuBaroTcsi BapuaHT HenuHelHoro anroputma 4DVAR.
e  OrneHMBaeMbIil BEKTOP BKIIFOUAET KOHLIEHTPALIMIO U SMUCCHUIO METAHA.

e (Cucrema npou3BOJUT OLICHKY IS Tiepuoa 14 mecsues; JaHHbIe
«YyCBaMBaIOTCS» OJIOKAaMU: BCE TaHHBIE 32 3 4aCOBOM MEPUO/I.

e B kauecTBe HaYaJIbHBIX 3HAUCHUN IMUCCUU UCTIONIb3YIOTCS allpUOPHBIE

OIIEHKH C MOMOIIBIO “bottom-up inventories™.

PaccmarpuBarorcs 3 rpynmbl HCTOYHUKOB:

00J10Ta ¥ PUCOBBIC TTOJIS;

“biomass burning”;

BCE OCTaJIbHEIC.

W= e

JTannsle o notokax CH4: cetka 2° x3°71990-2022; 6 yac/neHb; e:keMeCIYHO


https://ads.atmosphere.copernicus.eu/
https://doi.org/10.5194/acp-14-6139-2014
https://doi.org/10.1029/2009JD012287

I1l. CucTrema ycBOeHMSI JAHHBIX, OCHOBAHHAS HA aHCAMOJIEBOM
¢puiabTpe KasiMaHa 1J11 OLIEHKHM MOTOKOB NMAPHUKOBbBIX I'a30B ¢
MOBEPXHOCTH 3eMJIn

B nacrosimiee Bpemst B ®UIL[ UBT npoBoautcst pa3paboTka CUCTEMbBI YCBOECHUSI

CITyTHUKOBBIX JJaHHBIX, OCHOBAaHHOW Ha aHCAMOJICBOM IOAXO/E, 1JIsl OLIEHKU ITOTOKOB

MapHUKOBBIX Ta30B C MOBEPXHOCTHU 3EMJIU, a TAKXKE peaau3alus alroOpuTMOB YCBOCHUS

JAHHBIX B BUJI€ MH(DOPMAITMOHHO-BBIYUCIUTEIBHON CUCTEMBI.

OcoOeHHOCTH pa3padaTbiBaeMO CUCTEMBI:

* Anropurm EnKF (LETKEF).

e B kadecTBe TpaHCHOPTHON XMMHUYECKOM MoJiesIn ucnoibiyerca moaenb MOZART-4
(ceTka 1o Topu3oHTaIU 2.8 Tpagyca, 28 curMa-ypoBHEH 10 BEPTUKAIIN).

* B mMoaenu undopmaryst 00 SMUCCUM COACPIAUTCS B JaHHBIX O IPU3EMHOM
KOHIICHTpaIlUH.

e OleHKa YMUCCHUU IPOU3BOAUTCS JJIs 7-THEBHOTO nepuona s oonacreit 1000 km Ha
1000 xm.



NHpopManIMOHHO-BBIYUCIUTEIbHAS CUCTEMA AJIA PeUICHUS 314U
YCBOEHMA JAHHBIX IIPH MOAEJIUPOBAHMM OKPY-KAKOIEH Cpeabl
(coemecmno c B./l. Komaepom, M.B. Ilnamonoeoii).
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IIPOBEJICHUSA
bnok-cxema cucmemvt «Quenka nomoKkoe NAPHUKOBHIX CTaTUCTUHICCKNX aHAJIN30B,
2a306 HO CHYHHUKOBHIM OAHHBIM ) a TAKIKC OLCPATUBHBIN

JTOCTYII K JAHHBIM.



CucremMa ycBOeHHS JaHHbIX, OCHOBAHHAA HA aHCaMOJIeBOM
¢punbTpe KaMaHa 1J1s1 OlleHKH IIOTOKOB NMAPHUKOBBIX I'a30B

C MOBEPXHOCTH 3eMJIM: BO3MOKHOCTH

B pa3pabaTeiBacMoi cucTeMe mpeaycCMOTpeHa BO3MOKHOCTh
MCIOJIb30BaHUS JJAHHBIX U3 Pa3HbIX UCTOYHHUKOB, a TAKKE JPYyTUX
TPAHCHOPTHBIX MOEIIEH.

C noMOIIBIO CUCTEMBI BO3MOXKHO ITPOBEACHUE UCCIICAOBAHUM I10
OIICHKE CBOMCTB HOBBIX AJITOPUTMOB YCBOCHMS JIAHHBIX B
yCIIOBHUSAX, MAKCUMAJILHO MPHUOIMKEHHBIX K PEaJTbHOCTH.

TpeOyercs aHau3 BO3MOXXHOCTEN CUCTEMBI O MPOBEAEHUIO
JKCIIEPTHBIX OLICHOK BPEMEHHOU IUHAMUKU SMUCCUU METaHa ¢
3aJaHHBIX TEPPUTOPUM.



3akarounTeJIbHbIE BbIBO/bI

[IpobneMa mapHUKOBBIX Ta30B TPEOYET HAPSALY C PA3BUTHUEM CETH U3MEPEHUN
pa3pabOTKU CUCTEM OLICHMBAHMS TTOTOKOB MAPHUKOBBIX Ta30B C TOBEPXHOCTU
3eMJIU C TOMOIIbI0 COBPEMEHHBIX TEXHOJIOTHI 00pabOTKU JIaHHBIX.

Pa3paboTka Takux cucTteM TpeOyeT co3aaHus OOJIbIINX HAYyYHBIX KOJJICKTUBOB
IS IPOBEJCHUS MHOTOJIMCIUTUIMHAPHBIX UCCIEAOBAHUN a TAKKE
BBICOKOTTPOU3BOAUTEIBHBIX KOMIIBFOTEPOB.

Cy1iecTBOBaHHE TOTOBOM MPOTPAMMHON NPOIYKIIMU B JAHHOW 00JIaCTH HE
OTMEHSIET HEOOXOAUMOCTH Pa3pabOTKU TAKOW CUCTEMBI U TTPOBEICHUS
UCCJIEIOBAHUI B 00J1aCTH HOBBIX METOJIOB U AJITOPUTMOB.






