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Abstract

This report is the response to a request by the Committee
on Space Research of the International Council for Science
to prepare a roadmap on observation and integrated Earth-
system science for the coming ten years. Its focus is on the
combined use of observations and modelling to address the
functioning, predictability and projected evolution of inter-
acting components of the Earth system on time-scales out to a
century or so. It discusses how observations support integrat-
ed Earth-system science and its applications, and identifies
planned enhancements to the contributing observing systems
and other requirements for observations and their processing.
All types of observation are considered, but emphasis is placed
on those made from space.

The origins and development of the integrated view of the
Earth system are outlined, noting the interactions between the
main components that lead to requirements for integrated sci-
ence and modelling, and for the observations that guide and
support them. What constitutes an Earth-system model is dis-
cussed. Summaries are given of key cycles within the Earth
system.

The nature of Earth observation and the arrangements for
international coordination essential for effective operation of
global observing systems are introduced. Instances are given of
present types of observation, what is already on the roadmap
for 2016—2025 and some of the issues to be faced. Observa-
tions that are organised on a systematic basis and observations
that are made for process understanding and model develop-
ment, or other research or demonstration purposes, are cov-
ered. Specific accounts are given for many of the variables of
the Earth system.

The current status and prospects for Earth-system model-
ling are summarized. The evolution towards applying Earth-
system models for environmental monitoring and prediction
as well as for climate simulation and projection is outlined.
General aspects of the improvement of models, whether
through refining the representations of processes that are al-
ready incorporated or through adding new processes or com-
ponents, are discussed. Some important elements of Earth-
system models are considered more fully.

Data assimilation is discussed not only because it uses
observations and models to generate datasets for monitoring
the Earth system and for initiating and evaluating predic-
tions, in particular through reanalysis, but also because of the
feedback it provides on the quality of both the observations
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and the models employed. Inverse methods for surface-flux
or model-parameter estimation are also covered. Reviews are
given of the way observations and the processed datasets based
on them are used for evaluating models, and of the combined
use of observations and models for monitoring and interpret-
ing the behaviour of the Earth system and for predicting and
projecting its future.

A set of concluding discussions covers general developmen-
tal needs, requirements for continuity of space-based observ-
ing systems, further long-term requirements for observations
and other data, technological advances and data challenges,
and the importance of enhanced international co-operation.

CrniocrepekeHHs1 Ta iHTerpoBaHi
JOCTIKEHHS CUCTeMH 3eMJIs:
JIOPOKHS KapTa Ha nepiox 2016—2025 poku

B nmokymeHTiI pO3MISTHYTO CTaH Ta TIEPCIIEKTHBU CIIOCTE-
pexXeHb i 00poOKHM, a TaKOX aCMMUIALIT JaHUX 1 Mone/el B
rajaysi iHTErpoBaHUX AOCTiIKEeHb 3eMHOI cuctemu. Ilin Bu-
pa3oM «3eMHa CUCTeMa» aBTOPU PO3YMIlOTb CHUCTEMY, sIKa
BKJIIOYAE 3eMHY aTMochepy, OKeaHU, CyIly Ta JIbOJAOBY MO-
BEpXHIO T1aHeTu 3eMJisd. [0JJ0BHUMM 00’ €KTaMU BUBUYEHHS
€ TIPUPOIHA Ta AHTPOIIOTEHHA 3MiHHICTh IIUX KOMITOHEHTIB
3eMHOI cucteMu. OTJISII € BiATyKOM BEJIMKOI TPYIU BUYSHUX
pizHux kpaid Ha 3anut COSPAR 111010 MiArOTOBKM 10POXK-
HbBOI KapTH JUIs1 CIIOCTEPEXKEHb Ta TOCIIXKEeHb iHTErpOBaHOL
36MHOI CUCTEMU Ha HACTYMHi IecaTh pokiB. [lpomo3uiiii
chOKycoBaHi Ha KOMOIHOBAHOMY BUKOPUCTaHHI CIIOCTEpe-
JKE€Hb Ta MOJIETIOBAHHS JIJIs1 BU3HAYeHHS (DYHKITIOHYBaHHS,
MPOTHO30BAHOCTI Ta MepeadayeHHsI €BOIOLIT B3aEMOIII0UMX
KOMITOHEHTIB 36MHOI CUCTEMM Ha 4YacOBHUX iHTepBajax Bil
JIeCSITUPIY 10 CTOPivYsl.

[TinkpecieHO BaXJIMBICTh KJIIMaTUYHMX Ta iHIIMX 3MiH
HaBKOJIMIITHHOTO CEPETOBUIIIA, TIPUPOTHUX 3MiH Ta aHTPOITO-
reHHoi aii. loci € 6arato HeBUPilLIEHUX TTPOOJIEM IS JOCTO-
BIpHOTO MOJIETIOBAHHS IPUPOJIHOIO CTAaHY 3€MHOI CUCTEMU.
B orsini 06roBopIOEThCS SIK CITOCTEPEKEHHSI 3a0€3MeuyIoTh
JOCTIIKEHHST 36MHOI CUCTEMU i Bil3Hau€HO 3aIlJlaHOBaHE
MICUJIEHHST BHECKY CITOCTEPEKHUX CUCTEM Ta iHIIi BUMOTH
IO CTIOCTEPEXEHD Ta IXHBbOT OOPOOKHU.

PosrisiHyTo cKi1amoBi Mozesi 3eMHOI CUCTEMMU Ta ii KJTIo-
yoBi nMKIM. Po3riasiHyTa mpupoaa crocTepekeHb 3eMJli Ta
MiZrOTOBKA 0 MiXKHAPOAHOI KOOPAMHALLil, sIKa € BaXJIMBOIO
11 e(PeKTUBHOIro (hyHKIIIOHYBaHHSI T100aJIbHUX CITOCTEe-
pexHux cucteM. KOpoTKO ONMMCAaHO TUIU CITIOCTePEXKEHb,
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SIKi BXKe iCHYIOTb B CCTEMi JOPOXHBOI KapTu Ha 2016—2025
POKH, i HOBi TUIIM criocTepexkeHb. [TigKpecaeHo eBOIOLII0
B HaNpsSIMKY BUKOPHUCTAHHSI MOJeJell 3eMHOI CUCTEMU JJIsT
MOHITOPUHTY HaBKOJIMIITHBOTO CEPEeIOBUIIA Ta IIPOTHO3Y, a
TaKOX IS KJIiMaTUYHOTO MojetoBaHHs. OOroBopeHo ro-
JIOBHI aCTIeKTH MTOKPAIIeHHsT MOfesieil 3aBIsIKM YTOUHEHHIO
MPOLIECIB, SIKi BXK€ BKJIIOUEHI B MOJI€JIb, @ TAKOX J10JaBaHHS
HOBUX MPOILIECIB.

TomoBuumu HampsiMkamu Ha 2016—2025 pp. € iHTerpo-
BaHe MOJIEIIOBAHHS 3¢MHOI CUCTEMM, a caMe €HEPreTUKH,
LIMPKYJISALIT Ta TOJOBHUX MPUPOAHUX LUKIIB (HApUKIIAL
LIUKJI BYTJICIIO) BCepearHi cucTeMu. Mae BinOyBaTHCh BIO-
CKOHAJICHHSI CITOCTepeXeHb 3eMJIi, PO3BMBAaTUCh MiXHa-
poIHA KOOpAMHALIiSl CIocTepekeHb 3eMili, CTBOPIOBAaTUCH
MOCTilfHa CYMyTHUKOBA CIIOCTEPEXKHA CUCTEMa JJIsI TOroan
Ta KJiMary, HanpukJjaj rnporpama «Copernicus» — KOCMiuHi
BapTOBi (CYMyTHUKH cepil «Sentinels»).

ITinkpecntoeTbes, 1110 aCUMITISILLISI TaHUX MA€ BUKOPUCTO-
BYBATHCh HE TiJIbKU 3 METOIO CTBOPEHHS 06a3 TaHUX i MoJeseit
JIIST MOHITOPUHTY 36MHOI CUCTeMU, aJjie i 1uIs iHilianizalii Ta
OLiHKM MTPOTHO3iB, 30KpeMa 3aBASIKH peaHati3y, a TaKOX JJIsT
BU3HAYCHHST 3BOPOTHMX 3B'SI3KiB JIUIST TTOKPAIIEHHST SIKOCTi
crocTepexXeHb i Mozesneit. 3po0JieHO OIJISII METO/IIB CIIOCTe-
peXeHb i TOTOBUX PSIiB JaHUX, IO 0a3yIOThCS Ha LIUX CIIO-
CTepeXeHHSIX, SIKi BUKOPUCTOBYIOThCS IUISI OLIHKU MOJeJeit
i KOMOiHOBaHE BUKOPUCTAHHS CITOCTEPEKEHb 1 MOAEIEH 1151
MOHITOPUHTY i iHTeprpeTalii MOBEAiHKM 3eMHOI CUCTEMU i
JUTS TiepeadayeHHs il MailOyTHBOTO.

7151 yenixy MOJIETTIOBaHHS Ta aCUMUIALIT TaHUX TIPO 3eM-
Hy CUCTeMy HeOOXiTHi CriocTepekeHHsI TPUHIIMTIOBUX CKJIa-
JOBUX 11i€i cucteMu (030H, aepo30Ji, MAPHUKOBI Ta3u) Ta
CTBOPEHHSI CTaJIol CUCTEMU JIOBTOCTPOKOBUX CITOCTEPEXKEHD
3 KocMocy. [TigkpeciaeHo BaXkJIMBIiCTh TPOJIOBXKEHHS Ta pO3-
BUTKY HA3eMHHUX CIIOCTEepeKeHb JUISI Baslijallii KOCMiuHUX
NAHWX, HOBUX MOSKJIMBOCTEU IJISI CIIOCTepeXeHb 3aBISKU
PO3BUTKY TEXHOJIOTi: MiKpOCYMYTHUMKIB, IPOHIB IJIsI CITO-
cTepeXeHs in situ, cMaptdoHiB (iISPEX), po3BUTKY MeHeTK-
MeHTy naHux (Big Data).
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