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Deci slilBCMWF SiOfpFract Experiments: A scuipn$OKE ca:¢

invest ment s

The SOFF Gdmmirti thge

Wel comese SOFF i mpact exper i Ememtpeann Cemtalkerd olby N

Range Weather((ECMWRoasctosl | ab o rtahtévoornl dwiMeht eor ol ogi

Organi zWMOadam quantifyGlhhdbwml neBmsi c Obs&BONNng Net

observations reduce-ramger twaianthyeri i oskaecratst s .

Notedhat the experiments provide

1T The strongest scientiCc evidence to date dem
GBON infrastruecotbusreer vied urmreddrons dramatically
accuthaocctyh | ocally and gl obally.

1T Rigorous, comparable metrics for demonstratir
providing a strong evi denceupbaSsOF Ff arn vtehse nneenet (

Requetshes SOFF Secretariat to

T Widely communicate the results of the study,
contributors to the SOFF UN fund

T Widely communicate the nrestusl tesnwoatgthteleant edudy
Nations Framewor k Conven(UNGICGEno cCd s smaadied Cthhaen g
Conference of the P4QGFR3®s ecfi deme yYUNFCCC

1T Reach out t pubbientainadpbapt haermdpdi | ant hr ami es
coll aboration with ECMWF and WMO, and jointly
third phase of SOFF I mpact wor k with- a foc
supported data for Arti Cci al I ntelligence for

f Present this proposal f'66rt eean sigd eCroantmi drt eaet nel

Purpose of this Document

Thi s documenat spurnensaernyt sp rtelpgaQFeFd Sftoerer i ng t@Qemmi tt ee

results of the second phase of SOFF i mpa<t studi

Range Weather Forecasts (ECMWF) in coordimnation

designed and ran eight tailored scenamhieos | si mul a

number of Glpwal iBgygsi c Observing Network (GBON)

The
t ar
boo

SOFF invest ment s.

The

ECMWF SOFF experiments provide the strongest
geted investments in GB®MN eirnvferda stergu cotnusr & riarmau
st forecabothctaocathy @omadwaglddralr!l ycasuep |f or sc .

ull scientiCc report wildl be prepared by ECMV




StFF

Systematic Observations Financing Facility

X
=+ \Q\‘,‘
Y
-:_:,_:.'/

p
a7

Y
S

Tabl e ohteont e

EX @ C UL I Ve o S uUmMia. LYt mm e e e e r e e e e e 4
O O o T o T A= G PP P PP PP PP 6
1.1 Quantifying the i mpor.t.anc.e..of...obs.erv@tions
1. 2. Results of.phas.e. ..l 7
2. Scope and methodol ogy o.f..l.mpaciti. . . Exper.i.®ents
2.1 Ensemble of Data Assimil at..ons..(.EDA).8met hod
2.2 Assimilation of..s.i.mul.at.ed..dat.a.......... 9
3. Results and implicati ons..f.or. . SQEFE..l.nv.elsZ ment s
3.1 mpact of increas.ed..obs.er.yvat.i.ons......l?2
3.2 0 mpact by st.al.i. 00 Y. P . 14
3.3.0 mpacts by region..(.l.oc.al..zed..i.mp.a.c.t.s2)1
3.41 mpact of SOFF exp.ans..aon..s.c.e.na.r..n.s...22
3.5 0 mpact of comprahen®invg wgppesmus a -ai.n28d surf
R V= TG A = T S < N o N P 24
4. 1.0 nvestigatrianngg el of NOGLEErC.a.8.L..S i, 24
4. 2. Further investigation a.f..t.r.opi.cal...cy2cl one g
4. 3.0 mpact study with Arti Cci al I nt.el.l.i.ébnce (A

R ST T I = YO 1 U o300 < TR 26



SFF

Systematic Observations Financing Facility

Executive Summary

Accur ate weather forecasts save |ives and livel:]
blind spots in the ¢glIToehod c tobbdsdelrgvsi sn gt hseysset ebm.i nd s
gui de SOFF investments, the SOFF ShasednpgcCommi
assessment s. WMO partnered with t-RaengkurWeatame rCe
Forec@BECMWFNH i ntergovernment al organi zation that
and a 24/ 7 opermpatoidumgdlopbsadr wieaea h efrorp rietdsi cibe nobnesr s
operating &bradederandommuni ty.

ECMWETr st conducted a review of scientiCc I|litera
i mproving sfkofdbedcast dn Thes review conGamed t ha
observations signiGCcactcluy aiemprecveas pegr emasw@agiaons.

I n the second phase, ECMWF descgneadii mwmldatrianng etihg
i mpact of expanding GI| obal Basi c ,Qbpspeariainmg Net
mari se¢ations. These scenari os explored foreca:c
observations in Least Developed Countries (LDCs)
Lower Mimaddme Count r i ecsl o(stibhbgCe h al a g d pisf rsiuccah aansd

t he Pda@dhieCscenar i odsi greefparnetdpeantdh way s .f or SOFF

ECMWF applEinse mbhe of Data Assimilations (EDA) te€
observations reduce nacnegret af o s poaswisds mgr tr i gor c
comparabl e Wemoinss rhdbnhwngstiment i mpact.

The ECMWF SOFF experiments provide the stronge:s
targeted isnwB8ONmdmrtastirrucumwdbderer ved regions can dr
i mpr 6oeecast shothrbogally and globally. This evi
for swpl 8O0FF invest ments.

The main results of t he ns chiee rstuin@ma reda xzpeeadr iame Mftod | o

T The more dat a, t he |Faorrgeecaacsdtihréantpympigre s di r e ct
proporti ombder vsetwi on

T Greatest bemd ¢t Tad ol ar gest i mprovements ar e
adding observatoroemcsasdtn UAfedrstasgi mtvyer 30% i n h
i mpact regions.

T I'nvest mentRBadinGCdafee DEmpoRaraendast wuncertainty
up to P2Oetbatsgpaer and | mpegifagitobal weatdhet i on.

T Data from upper air stations deliver Uplperl arg
air observations ar e especially i mportant
atmospheric proGl es.


https://link.springer.com/book/10.1007/978-3-030-77722-7
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T SOFKpansi anl t@DAIntries gi ves t hleh eb iegxgpeasnts iroent
scenari o -Mioddloewelrnc ome Countries shmavs altlhe OD.

|l argest i mprovement in forecast accuracy.
1T GBON amimeata yield | imited gain unless stat
Howevemari ne data abeser eadcdmamlad tfeonfeosrs |, oc al u
and represent a proport.iionally smal/|l i nvest me
T Local i nvegdameerngtse b al bh Ase Gwesat her does not

borddmsecast i mprovements propagate across r.

Theesults from these scieaticuesxpfeoime&@8OBEmP rfowrn

i nNvestdneecnitsTlh@asexperi ment poalesfouitpubrients ttuodi e s, i nc
possthiyd pihmpectofstpdtiersti ally undertaken in par
and the priwbhtb aedtpadsyi og BEMWFAIsti Cci al I nte

Forecasting Pysteimti(@aAl F&i scussabas wmp h a spiazret ne
i mporctecaatf wwaypt r'efeoS OFdFount, rieenssuri ng caoscoesbes$ oha
i mprovedtiogecapacities resultihlgi & rwim ISOFEmo arrv:
cut teidngge f orecasting capacity across developing
value of observational data.
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ECMWF | mpact Experi ments

1 .Context

Th&OFF Steering Combkdditxieeen déhrd®edh andf vampdirmgr e d
SOFF I mpacbaBRepgopbphs £d@&BnaN iionspl e mé mip aicrit otnhi s st ud:

refers to the |improvement ini forezaased iskv édt nree
observations. It has been proven that the wval u
directly to safestspceaodhomemelCWHMO has engaged t
European Centr eRamagr Meditibhmr Forecasts (ECMWF) ,
Met eor ol ogi cald @emtbreegs od the SOFF pAevypidsheer y Bo .
assessment st he.Trhegptoudsgsc onducted in two phases. T
Decisionpr9o®i deder atameéssevsmaent of our current
forecast s ki Il i mprovemeovedanGBOMPhAa Oew@r ksso.

identi @edkntard ost aoroSEO&Ffurther research .and exyg
The objective of phase BBwduof heheadnemgbopt andidhnaeg:
of the offnQREtiIi nv esn nfeqrt esc aslthi skidlolcument i s the ¢
experiments completed during phase two

1. 1Quanti fying t he oibngpeorrvtaat n coen so f

Al | monitoring and prediction of weather start f
obser vaThidsast mr o vsi tdhee onl vy direct sour ce of i nf
at mosphere. Weat her is inherently gwedtaHer aardd t
cli mate ,pacthbtseerrnvsati ons covering the entire gl obe
gl obal monitoring and prediction model systems.
Systewl Go®mprises boeamd satkcds@&ad eobservations. Sp
observations o9oer global coverage, capturing dat
t hienf or math &#tbal Ipirtcevs il adidmedti suarlelgyuit hes applicatic
of sophiisnv emestteehdo drsettrou s & B ul i nAbombaat mespheric

st aftreom rtahmeasur e m@alltisbraantdi nsgup p | esnaetnetlilnigt e dat a

directly measur ed -asiurr fdaactea ainsd euspspeenrt i al in this

Despitthe gl obal coverage pofoat eleldi they dbheervwairngetyy
in operational numer i cal pweaasteh eorn ep roefd otcttin soes t ( UNVY
t hastur f-maxeadtianc!| udotnlg sur f aceaiarndi hwp pebservatio
remain a cruci aWIGO8mpoaedittiodn to i mproving the
required to produce accurate f ardddagstoinast hey baltd

Mar k R. Rosenzweig and Christopher RRumdWgat hesseBgoiagasthier
the Rural Poor: Far mer I nvest ments and Worker Mi gration i
BURAU OF ECONMI C RESEARCH WopQaknibnrgi dPgaep,e rMAN o . Ma2y5 829041 9


https://www.un-soff.org/document/decision-6-8-soff-impact-reports/
https://www.un-soff.org/document/decision-9-2-soff-impact-report/
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forecast veriinCecmstiroani minmdg t he bias corrections a
measur ement s.

Sur f-haeed observations directly measur e critic
temperature and humidity, but are |l imited by tfF
particularly in remote &udr anttelyadteavred mepcat argass
sur f-maxeed weat hernebwaer knsetgiadan vely aoecting the g
f or ecgasoths€l bgi ng these data gaps is essential for
tdbetter understanmoramectherdfyoraedapti madbea changi

1. 2Results of phase 1

A revi aws tsftruglfi ewsh th aatd d isnugr f-lmaeed observations sic
i mpatorecast accuracy, especially S$Somarefast lwé tle
messages from this review include:

T There iigh ai mpadcdi toifaumrmdlthaseed obser vaspgemisal | y |
data spar slkesaprietaes being fewer in number comp
sur flaxeed observations have a strong inguence
regions.

f Surf-haeed observations create |l ocalWhermrgi ona
a new observation is used its impact will , at
mov,e he i mpact moves with them so that each d
original observation becomes | arger.

1T Both surface | and andarue piemp cAvhtisbrett .at aoascr i ti

el ements of the gl obal observing system, the
versus -auppeabservations varies across studie
upper air observations have more i mpabat and
upper air observations haswe fracree oibmpa wtatti loanrs
T I'n general, addi ngbasneed noebas esruw dtaiceen i n a dat a
has more i mpact than addinpaaedi mbsarvaewosu
datrai ch r€geoae i s ewieddeunatiemtga hqaaps i n Africa (I
regions such as East Africa, t he Ri ft Val |l ey

Paci €c and Atl antic Oceans, thgnACcmmnetd We ean
forecast accuracy.

T Morecisnti €c studies on t HHasiempaodtseofvatiuoh s

reqgui.Mmeslt studies in the | iterat uarned teuxdpileosr e =
on sudfasecd data are mor e i mited. Exi sting
addi tobealtvations do not provide the | evel 0
gui de SOFF investment priority decisions.
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2.Scope and methodol ogy of | mpact Expe

2. lEnsembl RPatodssi mi | ati ones hQEHDAY gy

To assess the potential idbapadt obseadditti ionsal ETMN
an Ensemble Data Assimil at ibern( BEHp) irmed ehdomc hvenri sc |
estimate the impact of new satedtljdal202bserVihing &

ensemble method based, in this study, on 10 pe
theoresicmate of the éerror bars3 for the- NWP an
range forecast s, both with and without si mul at e (
estimate these error bars. The ¢gspreadd is simpl

of atmospheric states about the mean of the ens:e
result of assimilating a nee# Wawadataséethi Bsiadp
i mprove the statisotri cealr gwti chearhteaianntayl y sirsanagred/ or
forecasts.

To assess digerent scenarios of SOFF investment
were developed for this study:

1T Baseline: Current(sbobwer v n roBaisgeyds eoenin June 202 3)

T Ensembl e ofmiDattd okhssiScenari os: Add,umpgpesi mul a
aiaand maahbsneer vati ons for digerent country gr ol
ODA eligible countries, FCBE) ramad esegtong (At
funding expansion .pathways for SOFF

f Observation System Experiments Scenari os: Si
| and andaiuppoebrser vati ons.

Based on these EDA scenari os, t hecer merleadtuycoends i n
when new sddhdead t o t he . NWHh es ydutdeamyge@d f ess u lhte of

informati ormyphreoviedwe dobservations. The EDA provid
an absolute, measure of t ha sawbaddryv etoinesn diempeadc tmo S
for analysesamoehdurdrftor ecast s) error statistic:
| arge spaThalrealrieabil-rapgeni mpacsh&®tAbesapse mahe
designed to provide s@mpatgiealry ovacyivag, asnkter it nf or
ECMWFYs oper adtiinoennaslivafncadart i &/ s¢ y t4dne. W BT is the
system used at ECMWF-rtamgeo mMbirere astshwortth obser vat
the best possi ble estimate of thket chasebeest at ¢
successfully at ECMWFe 2f0dlr0 . t HHiosvepylerposad diomager f

(day 5), thecBpAudees heotf orecast error growt h,
values are too |l ow (Lean et al., 2025).
The basehitm®dnarsiso miallslates!| | i sée tanaodbiser vati ons t |

used operatiuoeralRB®TiIlmMmdeo si mulBheadmldian eathb e r
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ofrealsiitnu and obastee lvigiatl maesss i mi il mt dodnes e lcionnet r o |
experiimerngater thampel3Qday |l | i on

To tchuerent obser vh aage Isiymeti,ennnl mb s dr v gtsiuanfsace [ S]
upper air [UA] wanaddobdad maeaok)scenar iToabaseodescr i b
eacshcenatrhieo redufcoin ®mastn unmenptudiesiit yg itshe EDA spr
val ues

Tabl.®i gerteymptescehari os usedvhfiocrh talree asatdicdeld ttoot he basel

Scenario Country ggoupibData type

SC 1 LDCs + SI DS S + UA

SC 2 LDCs + SI DS +|S + UA

SC 3 Al ODA + SI DS + UA

SC 4 LDCs + SI DS S + UA + Mari

SC 5 FCS S + UA

SC 6 Paci Cc S + UA

SC 7 Africa S + UA

SC 8 Al l ODA + SIDJ{UA only

[ODA = OFci al Devel opment Assistance,; LDGandL &MslsindcDoenvee | oped
Countries; SI DS = Small Il sland DevelAopich@dStSht patS@B8cac dr :

Stations; UA=Upper Air stations]
2. 2Assimilation of simulated data

Simul ated observati onECMWHYHsgénerstobp efr danmaon al

di mensvanahbhi@bBhapgd nal yasesa frequency meeting GBON
for surfageadimlhaewrnide)s ralngd) X uoy s.TehoVapiryopvi des t he
niti al condi ti onQ@v & miatl lah anseewm of posrt edcaatsehdet tahh atst i ¢c al
characteristics gefneadamunliastaenda ydsaitmnai | ar t o real ob

Simul daedsfotrhi s stedyubjected to the same qual it

as real ob¥Tkhevani gnexception owerf olwhsdirdoatce wi n
cur r earstsliymiilbahtee do p e rEECtIMWHN arypautt e have been tested i1
Noi se added t o t he simul at ed dat a i s assumed

uncret at ed.
2. 2Surface observations

Fi guraemdi g®Rrné¢ | ust rdaattea tpoé& nttlse r eal and simul at e
uppai r dat aseis uUbéedFibghulrselg ws t he observational
according to the baseline scenario in June 2023
in the upperhepaaetli andnal SCaBiowbiatddedprasents
comprehensiveobeér wdt in,enws i ncl udied t(lad | | dOMAr +p as

24pPVar is the system used atakECMWFotecamtmbwinehaolhervati ons
possible estimate of the current state of the atmosphere. T
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These Cgures illustrate how the new
real obser vatFiiognidmewewo rigkihagfell i ghts t he i
particular in Africa, as compared to th
Data coverage of used oper synop PS observations
Operational data
80°W 20°W 0°E 100°E  120°E

160°W  140°W  120°W  100°W 60°W 40°W 20°E 40°E 80°E 140°E  160°E

140°E  160°E

160°W  140°W  120°W  100°W  80°W 60°W 40°W 20°W 0°E 20°E 40°E 60°E 80°E 100°E  120°E

Data coverage of used simulated synop PS observations
Scenario: All ODA+SIDS / S+UA

160°W  140°W  120°W  100°W  80°W B0°W 40°W 20°W 0°E 20°E 40°E 60°E 80°E 100°E 120°E  140°E  160°E

160°E

160°W  140°W  120°W  100°W  80°W B0°E 80°E 100°E  120°E  140°E

Fi gulrSep atcioawler age of surface

observati

ons

mportant

e

| 80°N

-+ 60°N

40°N

<[ 20°N

-l oeN

20°8

40°S

---| 60°8

---| 80°8

June

20

pressur-bomeaagseméehtsi 0E

window on June 1, 2023. Real surface observations a
si mulated observations used in SC 3 (AlIl |LObA+SI DS /
spatial coverage of SYNOP (surface styinmeptswr fobser va
observations of several parameters (i.e. temperatur

humi dity) made by staged and automated weath

11



2. 2UpperoMMder vati ons

Fi g@2de monst r astpdiad covetage of radiosondes measurements used ina 12 -

hour assimilation window on June 1, 2023. Radi osondes are a -majar S0
proGle data used in NWP, providing observations
by means of abemaé¢l i batitt oment package. The par e
radi osondes are geopot entainadl dheieghti,onwi nte mppea
humi dity as a function of pressure (or height) |
ar e alsati endtha ECMEVF system can be found in [Pauley P. and B. Ingleby,

2022]. Figure 2 lower panel de mo n st r a simufated dbsgervations used in SC 3 (All

ODA+SIDS / S+UA)

Data coverage of used oper sonde T observations
Operational data
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A0°8 | meeeee et 45r> ; ; : Ceeneaaeeens O T R U S \4"?} ______ /b 40°8
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feesesasanadiss e e R e S 60°S
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] [ e 2 ~C—7
R R s = e 80°S
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Data coverage of used simulated sonde T observations
Scenario: All ODA+SIDS / S+UA
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FigwrSepati al coverage of radi os oneheosurmeaasssu rne nheantti so nu swe

on June 1, 2023. Re al radi osonde observations are sh

observations used in SC 3 (AIlI ODA+S| ©OtSe/ $Sh&A3I aglkt

hori zonal dri ft in the | ocation of real radi osondes,
simul ated radiosondes are assumed to have a Gxe

3.Resul t amphndatfioonsSOFF | nvestments

3. 1ll.mpaacfi ncreased observations

One of the main results of the study is that the

to the number of additional ob sTearbWatuitdn sneaddedk

numbersuoff ace-ai uppedsimati oad oadeéad hs oé&n adahred 8

includes an estimate .00ontsh a ec @ mngel ithd mydheebsa 6 s t
addi tisoinmdl at ed obsesuwlat $ onisn t he | argest for e
i mprovement s, the i mprovements are also direct]l

For

ex,amp | €c ewmiatrh ot he

greatest

nNuMBEr 3 pft hleowser v

SGBst he

| grestmpr ovememdertandttyhe highest annQanhvepmel y an
Paci Ccspsoemamrisot he small estasismpowede ment s
the | owest annual compliance cost.

| ar ge aarde ahsa s

TabPkR.dhecenari o

deCnitions,

obspeehatdoanmpl adheasts.

Number

o Numbe

Expect

and

Scenari os

Number
sur f ace

[0}
S

uppaer r

station

of annual

mar i n

SC

(i mproved

LDCs + S
S+UA

D
61

(i mproved]| s

131

compl i a

tati cost (

43,597,
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Number o Numbe

Number o

uppaer r of
: surface s . :
Scenari o . station| marin
(i mproved : :
(i mproved|stat:i cost
LMI Cs+LD
SC 106 194
DS | S+U 66, 031,
Al | ODA+
SC S+UA 170 25 93,403,
LDCs+SI1 D
1 1 [/
SC S+UA+mar 61 13 14 44,087,
SC |[FCS | S+ 57§ 11 36,620,
SC |Paci Cc | 11] 19 6, 7527
SC |Africa | 70 13] 45, 385,
Al l ODA+
SC UA only 25 61, 388,
As t he reducti on i n uncertainty i s | argest w h
observations is greatest, the obsédrawnBEdgBMer ovem
Focusing on sSuQ flbk cfgods btohses spat i al map of the perc
in the surface pressure analysis uncertainty, wh

(1®9®cengcootrol)/ control).

The plots are noisy at small scales, particul arl
observations, but there are | arge areas with the
spread reductions > 19fme¥n.i nTgh et hl ea rlgaeragtei sati grheadt ui cstt
uncertaEDbDAY spgiesadf or Africa, where the analysi s
more than 10 % over much of the continent, with
However, there are also strong i mpaowivemewhesr é nna
observations are also introduced. I n general, t
Africa, the I ndian Ocean and the Paci Cc are st a

indicated by the diagonal ¢hatchingd shown in th

The i mprovements in surface prg8asme el amgertBo ngry
some context, the spread increases (or the degra
an experi menretal whseurref ac eono blsaenrdv agrieonrsemoved from
contr ol exper i memitg lrifehesbpwrad increases arisin
these observations can exceed 30 % in data rich

Australia. The spread increases are generally

surface observati oms tadireg ebeédiurtg momeveositively,
i mprovements can be made in this region.
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ps at T+0h: (scenl - control) / control
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regions where the i mprovement is statistically

ps at T+0h: (ctrl-SYNOP(land) - control) / control
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Data coverage of used simulated synop PS observations
Scenario: All ODA+SIDS / S+UA
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Global SH Tropics
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EDA u-wind at 850hPa, Tropics
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3.2l13nmpact of marine stations

FigwBrséhows the | ocations of the additional mar i n
(upper ) pam@impares the surface pressure uncertai
against those obtained iocal®sChda. tdemt i mps ovk mehe
marine obseedatcti ogby paraiddd%5where the new obser
i ntroduckHodwever , t he observati on deepwi thyar anéd S
obser va&tG odnsmean that , overall, the spread reduc
appear to be relatively modest when compared
obtained oveFi dBn&hi(se.agl,so recgcects the smal/]l nt
stationbemnatilore relatively smal/l additional i nve
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Data coverage of used simulated buoy PS observations
Scenario: LDCs+SIDS / S+UA+marine
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3.3lmpacts by(lregaloinzed i mpact s)

Seven of the eight scenarios represent a -very coc
based and/-airr uplpsar vi ng s(yrsetgeentst iinng Afhrei cnau mber o
ODAl i gi bl e countr i eAss roens t lhte,ad gasnidis feorrte)cast uncer
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for the MDR do not mean that TC forecasts wild/l k
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MDR region. This is a potentially signiGcant res
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Africa TC zone
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3. 4. mpact of SOFF expansion scenari os
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wi ndsnoreppeatiorbservation sinmesrbpépgasdtdtowdplaali ng
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the additionali smpfavempneés sthroavnRingnll®9es evhrer e SC
2 and SC 3 are compared with SC 1. It Bihpwdae be
3, would represent a good i mprovement to the glo
be addibteinercals from the more comprehensd vend,bser
more obvi 8usihyt heCregions where new observation:
SC 3, we see additional i mprovements, > 10 %, 1in
and Southern Africa.



ps at T+0h: (scen2 - scenl) / scenl
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