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Abst r act

QG obal estinatesof thelandcarbonsinkareoftenbasedonsimil ationsbyterrestrial bi osphere
nodel s (TBV) . The use of al ar ge nunier of nodel sthat differ i nthei r underl yi ng hypot heses,
structureand paranetersisoneway toassesstheuncertaintyinthehistorical | andcarbonsink.
Her e we showt hat t he at nospheri ¢ f or ci ng dat aset s usedto dri ve t hese TBMV represent a
significant sourceof uncertaintythat iscurrentlynot systematical | yaccountedfor inlandcarb
cycl eeval uati ons. W present resul tsfromthree TBM eachforcedwththreedifferent historical
at nospheri ¢ forci ng reconst ruct i ons over t he peri od 1850-2015. W per f or man anal ysi s of
variancetoquantifytherel ati veuncertaintyincarbonfl uxes arisi ngfromt he nodel st hensel ves
at nospheri c forcing, andnodel -forcinginteracti ons. VEfindthat at nosphericforcinginthis set
of simil ations pl ays adonmnant rol eonuncertai ntiesinglobal grossprinaryproductivity (GP
(75%of variability) andautotrophicrespiration(90%), andasignificant but reducedrol e onnet
prinary productivityandheterotrophi crespirati on(30%. A nosphericforcingisthedon nant
driver (529% of variabilityfor thenet ecosystemexchangefl ux, definedasthedifference betweer
@Pandrespiration (bot hautotrophi candheterotrophicrespiration). Incontrast, for

W | df i re-dri ven car bon eniissi ons nodel uncertainti es doninateand, asaresul t, nodel

uncertai nties domnatefor net ecosystemproductivity. A regional scal es, thecontributionof
at nospheri c forcingtouncertai nty shows avery het erogeneous patternandi s snal | er onaver age
thanat thegl obal scale. Wfindthat thisdifferenceintherel ativeinportanceof forcing
uncertai nty betweengl obal andregi onal scalesisrelatedtol argedifferencesinregi onal nodel f
estinates, whi chpartial |y of fset each ot her whenintegratedgl obal |y, whil ethefl uxdifferences
drivenbyforcingarenai nly consi stent acrosstheworl dandthereforeadduptoal arger fracti one
contributiontogl obal uncertainty.

1. Introduction and accumul ated in the atnosphere. Mdel - and
obser vat i on- based st udi es suggest t hat t he renai ni ng
During the last decade, about 45%of ant hropo-ter mwas shared anong ocean (24% and | and (32%

genic carbon dioxide (Gy) emssions remai ned since 1960 (Fied ingstetal 2021). Toget her, the

©2022 The Aut hor (s). Rl i shed by | QPRI i shi ng Lt d
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contributionof theoceanandterrestri g upbDake is not represented by the GPensenbl e. Yet, several

near | y hal vest hei ncreasei nat nospheri g, @anp- studi es haveidentifiedhistorical climateforcingasa

i ng t he pace of cli nat e change (CGanadeltlal 2021). | arge sourceof uncertaintyinterrestrial carboncycle

These si nks si gni fi cantly i ncreased si nce t he middidel | i ng (H cke2005, Junget al 2007, Poul t et al

of the 20th century, nai nl'y due to the accel eratizll, Bonan et al 2019, Lawr enceet al 2019). H cke

of the increase in @concentrati ons, caused by(2005), for exanpl e, highlights inportant biases in

fossil fuel emssions. However, carbon uptake prieet prinary productivity (NPP) estination while

cesses depend strongly on clinate variability, espengdifferent radiation datasets, and (Retld er

ciallyfortheterrestrial bi osphere(Lef&®9, 2011) concludethat at nosphericforcingresultsina

DeMfieset al 2019). WMi | e t he ocean si nk grewfroml argeuncertai nty conparedt ol and- cover dat aset s for

1.1+04PRC-yrtinthe1960st@.8+0.4PgC-yr* NPR heterotrophic respiration (R and net ecosys-

in 20112020, wth aninter-annual variability dfemexchange. Mre recently, as part of the assess-

fewtenthsof Pggr—1, thelandsinkrosefrdn2+ nent and benchnarki ng of the Cormunity Land

0.5PRgC-yr—1 t03.1+0.6RyC-yr~1, but withinter- Mdel version5 (QM) (Lawence et al 2019), cli-

annual variations up to 2Pg@ ! (Friedlingsteimate forcing uncertai nty was conpared to nodel

et al 2021). structure uncertainty using two forcing data sets
Accur at eeval uat i ons of ant hr opogeni ¢ eni ssi oné@ obal Soi | Wit ness Proj ect 3 and (RINCEP) and

at nospheri ¢ GO, | evel s and car bon cycl e pert ur bat hr ee ver si ons of A_M( .M}, A_M. 5, and Q_\b)

ti onarenecessarytononi tor, under st andandpredi that di ffer narked yintheir carbon cycl erepresent a-

clinate change. The G obal Garbon Project (G tion(Bonanet al 2019). The aut hors concl uded t hat

has publ i shed anannual report si nce 2013 (Le Quérécl inate forcing is a large source of uncertainty in

et al 2013, 2014, Fi edl i ngst eitrml 2020, 2021) that the gl obal carbon cycl e, especi al |y for GR NPPand

quantifiesthe nagnitude and uncertainty of thefifve andto al esser extent for Net B one Producti v-

naj or conponent s of t he gl obal car bonbudget : f ossiilty. Hwever, thi s study was perfornedw thdifferent

fuel enissi onges), enissi onsfrom and use changever si ons of asi ngl e nodel , andonl y two est i nat es of

(Euc), thegronthrateof at nospheric @0Gsm ), atnosphericclinateforcing. Arguablytherefore, the

the ocean si nk §aeany ) and the land sink§ ap ). i nportance of at nospheri c forci ng on carbon cycl e

In earlier anal yses provided by the GR the teestination by TBM renai ninsufficiently expl ored,

restrial carboncyclesimulatedbytheterrestriaedpesi ally inthe context of recent nodel structural

sphere nodel s (TBM, called by the authors Landi nprovenents i nthe 6t h Gupl ed Mdel | nt ercom

B osphere Mdel s or Dynanical Q obal \egetationparisonProj ect (QMP6) generati onof nodel s.

Mbdel s) was not consi dered reliabl e enough to be Inthisstudy, weusedthe output fromthe TB\G

usedinthereport toestinate the | and carbon si ok three Earth SystemMdel s (ESM) partici pating

(Le Quéréet al 2009, Schaef eet al 2012, Todd-Broan  in the QMP6. W perforned an anal ysis of vari -

et al 2013). Thel and si n§.anp Was hence di agnosed ance si mil ar to Haki ns and Sutt on2009), Loven-

indirectly as the residual of the other terns. Hiwski and Bonan (2017), Bonanet al (2019)i n or der

ever, thenet hodol ogy was updat edi nt he 2017 gl obalt oquantifytherel ativeuncertai nty f romat nospheri c

car bon budget (Le Quéréet al 2017), partly duetoforcing, nodel s and forci ng-nodel interactions in

i nprovenent si ncarboncycl erepresentati on( Gl i earbonfl uxesti nat es nade by TBM. W used acom

et al 2018, Lawenceet al 2019, Aroraer al 2020, bination of three TBW fromESMand t hr ee at no-

Davi es- Bar nar ekt al 2020), but al so because of evi dspheric forcing datasets i n our anal ysis. W present

enceof underestimati onanduncertai ntyintheocearesults for the najor terrestrial carbon cycl e fl uxes;

sinkvari abi | i ty (Landschitzef 2015, DeMi estral gross prinary productivity (G, autotrophic res-

2017). Theglobal landsinkis nowestinated by thairation (Ra) and heterotrophic respiration (R), at

nul ti - nodel nean of t he TBMsi nul ati ons, withthe gl obal andregi onal scal es. W al soinvestigateestim

budget i nibal ance termB,y, representing resi duabtes of GQ emissions fromnatural fires (fHre) and

uncertai nty and/ or unexpl ai ned aspect s of the act iighl i ght their roleinthecal cul ati onof thelandcar-

gl obal carbon cycl e. bon si nk, bef ore f ocusi ng on sources of uncertainty
To account for nodel construction, structuraln the gl obal net ecosystemproductivity (NP

and paranetric uncertainty, as many as 17 TBM GP —Ra—Rh—fFre).

vere used to estimat § ap by (Fried i ngsteenal

2020). Smlations were run using a unified | and. Met hods

use change dat a set (LUR; Hurttr al 2020), gl obal

at nospheri c GO, trend, andat nospheri cclinatefor2. 1. GV P6 nodel s and at nospheri ¢ f or ci ngs

cing ((RUORA Harris2019). Weof asingleforcing¥ used the results of three TBM of QMP6

dat aset for clinaticforci ng, however, neansthat &4 described in tablel, fromthe Land Sur-

nodel spreadduetoclinateforcingdatauncertai nfyace, Showand Soi | noi st ur e Mbdel | nt er conpar i son
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Tabl e 1. Mvdel descri pti on.

L Hardoui n et al

Terrestrial bi osphere Gommunity Land nodel

nodel

AM (Lawrence et al 2019)

| SBA- CTR P ( Dechar ne
et al 2019, Del i ret al 2020)

JSBAGB. 2 (Rei cKeet al 2021)

Parent cli nat e nodel

Gonmuni ty Eart h syst em
nodel CES\2
(Danabasogl uet al 2020)

Q\NRMES\R- 1 (SEf érian
et al 2019)

MP - ESML. 2- LR(Mur i t sen
et al 2019)

S milation 0.9 latitudeby1.25 T127 (~1. 4) T63(~1.9)
resol ution | ongi t ude
Fre P ocess- based (ldt al 2012, S npl e, basedon@obF rm  Mchani stic, SAITHRE

Li and Lawr ence2017)

(‘Thoni ckeet al 2001)

(Lassl ot al 2014)

Natural vegetation No No Yes (Rei cket al 2013)
dynani cs
N trogencycl e Revi sed (H shert al 2019) No New(Ql | et al 2017)
H ant hydrodynamcs  (Kennedyet al 2019) No No
Soi | carbon es \es New( @l | eral 2015)
deconpost i on
Soi | hydr ol ogy Mil ti | ayer Mil til ayer Mil ti | ayer (Hagenann and
S acke2015)
Q her Nuner ous updat es t o Smlar Smlar
hydr ol ogy, snow gas
exchange and cr ops
Tabl e 2. A nospheri ¢ f orci ngdescri pti on.

G obal soi | wet ness proj ect

(GBW3) version1l. 09 (K m Princeton(Sheffield
Nane 2017) QRURA & (Harri £2019) et al 2006) v2.2
Tineresol ution 3hourly 6hourly 3hourly
Qover ed peri od 19012014 19012018 19012012
Reanal ysi s used 20t h Gent ur y Reanal ysi s ver si on Japanese Reanal ysi s (JRA) by MNational Gentersfor

2(@npo etal 2011) t he Japanese Mt eorol ogi cal  BEwironnental Prediction

Agency (IMY ° (NEP) reanal ysi s

Qoxrrected by
airtenperature Qi nat e Resear ch Lhi t QRUTSv4. 03 QRJTSV3. 2

Tineseri es (QRUTS) v3.21
Precipitation Gobal Precipitation QRUTSVA4. 03 (RJ Gobal Precipitation

Qinatol ogy CGenter (@) v7 Qi nat ol ogy Proj ect and

TRWNMIl ti-satellite
PrecipitationAna ysis

Radi ati on Qurface Radi ati onBudget (SRB) (RJTSv4. 03 B

dat aset s (dowwel | ingradi ation

f1 uxes)
e LS3MP ar Hydr ol ogy

aF roneousl y naned CRINCEPi n QM P6 si mul at i ons.
bhttp://hydro.iis. u-tokyo. ac. j p/ GB/¥3/

Roject (LS3MR \an den Hirrk et al 2016) of w ndspeed. Thethree forcings describedintabl e
QMP6. For the three nodel s, 1and use transiti orisave a0.5° x 0.5° spati al resol uti on.
areforcedbyt he Land Use Har noni zat i on 2 (LUHR) For reference, results of analysis of this set of
tine series (Hirter al 2020). Those three nod- nwodel simul ati onsw ththelnternational LandMdel
el s have been sel ected because they are the orBgnchnarking (ILAMB @l lier er al 2018) pack-
ones that report output fromthree different atnmge are provided herew il ani. org/l and-hi st/
spheric forcings and al so share data for enissi bhgWMB produces systenati c eval uation (pl ots, sum
fromfire, on the Earth System Gid Federati omary tabl es, scoring) of nodel output agai nst obser-
ar chi ve, vations for arange of netricsincludinghbias, RVEE
Threeclinateforcing datasetswereusedtoforpatterncorrel ati on, annual cycl e phase, andvari abl e-
the TB\S, accordingtothe LSSMPprotocol . Ano- to-variabl e conparisons. The version of |LAMB
spheri c forcing consi sts of hourlyto6hourly dat gopesent ed here assesses 22 | and carbon, water, and
precipitation, short and | ong wave sol ar radi at iemer gy cycl e vari abl es nodel vari abl es agai nst nore
near surface air tenperature, specific humdity, tdmah 50 observati onal dat aset s.


http://hydro.iis.u-tokyo.ac.jp/GSWP3/
https://www.ilamb.org/land-hist/
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2.2. Anal ysi s of vari ance resultsindicateastrongsensitivity of nodel | ed GP
Tostatisticall yd saggregat et hei npact s of cl i nattef dri-nat e f or ci ng.
cing, nodel choice andtheir interactions onrelev- Hgure 2(b) confirns the dominant role of
ant out put variabl es, we perforned an ANDA W at nospheric forcing on global GP uncertainty. It
anal ysed nineterrestrial carbon cycl e si mul ati oesesunt s for~75%o0f the variability in the nean
three TBMs forced by three forci ngs—or the ti neesti nates, agai nst19%f or nodel s and ~6%f or
peri od 1960-2012, chosentocoi nci dew t hthebegi ri-nt eracti ons t er ns.
ni ng of at nospheri c carbon di oxi de neasurenents  The doninance of at nospheric forcing contri -
inthe 1960s, and the end of the Princeton dat asebuti on over the uncertainty i s even nore obvi ous
W& quantify rel ative uncertai nty i nto three sourdes: aut ot rophic respiration (figlry, aganwth
nodel s, at nospheri c forcing differences and nodelsi m| ar nodel nean val ues for a given forcing but
forci ngi nt eract i onswhi chneasur et hef act t hat nobtlar ge di ff erences between forci ngs w th no overl ap.
el s behave differently to different forcing prodacordi ngto our anal ysis of vari ane@0%of the
Detai | scanbefoundinthe suppl enent ary nat eri al uncert ai nty canbeassi gnedt of or ci Rg/ o nod-
elsand~5%totheinteractionsterns (figafd)).

3. Results The Frinceton forcing results in a slightly larger
spread bet ween t he aver age aut ot r ophi ¢ respiration
3.1. Gobal scale thanthe ot her forci ngs.

efirst investigatedandconparedt heforcingdatain G obal NPP (@P-Ra) behaves differently. Des-
order tohighlight thenai ndifferencesandsimlapite differences in miti-nodel nean val ues per
ies. Thethreeforcings nostly agree on near surfateospheric forcings (around 5Pg@r—1) attesting
air tenperature, but they present |arge differehoeshe role of forcing in uncertainty, we can see
i nspecifichumdity, i nconing shortwave and | ong-hat JSBAH estinates are cl early higher than the
vave radi ati on, and w ndspeed (figue Princeton two others (nore than 10PgGyr—1) infiguré(e).
has nuch hi gher speci fic (and rel ati ve—rot shown)Thi s i ndi cates greater nodel contribution to uncer-
humdi ty t han QRIRAor GBMNP3innost parts of tainty, confirnedby figui(é) wherenodel sarethe
the world, except indesert areas. Additional |y, dp@&nant source (~63% of uncertainty for N°R
cifichumdityisgenerallygreater wth GB/W3thdut at nospheric forcing remains inportant wth
wth CRORAIntropi cal regions. QRIURAaA so has ~30%of variability expl ai ned and%f or nodel -
hi gher shortwave and| ower | ongwave i nconmingradi -forcing interactions. Gntrary to | BACIR P and
ati onthan@M#3and i ncet on, bot hhavi ngal nost NGt hat si nul at et hel owest NPPw t h GB/P3and
identical val ues. Theprecipitationforcingdiffetballhaghest with Princeton (like for GP and R),
w th hi gher val ues for GB/P3, especial | yw thintlB&BAHsI mil atesaslightlysnaller global NNPwith
Acticcirclerelatedtosnowfal | uncertai nties. the QRURAforcing. Gobal Fhpresentssimlar res-

W perforned the anal ysis of variance on theultstogl obal NPP(not shown), bot hfor at nospheric
ol obal estimates of R Ry, R, GRPRFh, fRHrecontribution to uncertainty and for greater val ues
and NEP (figure2). The results illustrate a domwbtai nedw t h G3/AP3 t han CRURAf or JSBAH
inant rol e of the atnospheric forcing variation on & show that atnospheric forcings have an
ol obal GPestinates (figueea)), wthlargediffeinportant (NPR Rh) and even donminant (GRP Ra)
ences betweenthe nul ti - nodel nean val ues accord- rol einuncertainty distributionfor the ngjor fluxes
ingtotheforcings (about 15RYE 1), wthGB/W3 of gl obal carboncycl eestinates. It seensthat forcing
resultinginlonest G for all three nodel s, Préontributionto uncertainty decreases when we con-
ceton the highest @5, and CRURA i n between. sider net fl ux such as NPPand Rhrat her t han di rect
The di screpanci es bet weent he nodel s f or agi venf opr oduct s of phot osynt hesi s (GPand R) .
cing are snal ler, especially for (RIORAand Rrin- WlIdfires are a small contribution to the
ceton. G obal GPPestinates of thel SBACIR Pand global land carbon |oss fluxes2(3PyC-yr—1)
aNb nodel s are very sinil ar whenforcedw ththe (\ander W f et al 2010), especi a | y when conpar ed
QRUIRAforcing, andslightlydiffer whenforcedw ttopl ant andsoi | respirati on. Nonet hel ess, firecarbon
M3 or Frinceton. The gl obal GP estinates of |osses correspond to approxi natel y one-third of the
JPBAHarethel argest withal | threeforci ngs andt@PRa—Fhnet fl ux. Mreover, thisfluxhas partic-
difference wththe tw other nodel s i s the bi ggastar|y hi gh seasonal and inter-annual variability, in
wththe @M3forcing. Hwever, thethree nodel s responset obot hl andcover change, aswel | asclinatic
obtainverysimlar resutswththe Fincetonatmrents |ikedrought. Despiteitsinportance, anthro-
spheric forcing. Thi s suggests ageneral sensitivpbgesfi c bi onass burning i s not yet represented by
thenodel stoanat nospheri cvari abl ethat i sdi fferart TBM. Qreral |, high uncertainty renains inthe
bet ween Princeton' s andthetwo ot her forci ngs, sudarbon enissi ons associ ated with fire (fi gioges
as speci fichunidity (figlreTheseni nesinul ationand (h)). | SBACIR Ptends to overesti nat e gl obal
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Models & Forcings dispersion Frac. of variability
700 Models @
@ ISBACTRIP @
650 @ JSBACH
- @ cwMs )
',_’ 600 ® X
S 550
& ® X
o 500
S X%
o 450 fis]
400 (] EEN Forcings
350 (a) L] (b) s Models
GSWP3 CRUJRA Princeton SN Wteractions
350 Models
@ ISBACTRIP ’
=325 @ JsBACH ’
3, 300 ® cws s
275 ¢ ® ®
E' 250 % X ®
& 25 ®
=3 @
v 200
175 (C) (d) Em Forcings
150 ® mm Models
GSWP3 CRUJRA Princeton EEE Interactions
Models @
3500 @ ISBACTIRIP
@ JSBACH
0§ Clms ®
)
e 2500
= X
= 2000 o X @
@150 @ e
0 X
1000
e) @ ) @ f m Forcings
500 ( ) ‘ ( ) mm Models
GSWP3 CRUJRA Princeton s Interactions
F gure 3.Mdel neans and st andar d devi at i ons (col or dots andbars) andnul ti - nodel neans (bl ack crosses) of gl obal car bon
stocks tineseriesfor eachat nospheri c f or ci ng bet ween 1960 and 2012 (poi nt pl ot) and fracti onal distributi onof uncertai nty
(variability) obtai nedfromtheratios of t he sumof squareddevi ati onfromthe nean (equations (3)—(6) i nsuppl enentary
naterial) (pieplot) for c\eg(a), (b), cLitter (includi ngcoarsewoody debris) (c), (d), andcSail (e), (f).

(coil) between multi-nodel neans per forci ngBW¥3 wvhi | e JSBAHSI nul at es t he snal | est st ocks

but the differences between nodel s are even | amith CRIORAfigures3(a), (c) and (e)). Rinceton
ger. The anal ysis of variance for c\eg shows thaesults inthe | argest stocks with every nodel . Live
~26%0f theuncertai nty canbe assi gnedtoforci ngbi onass froma.Mand | SBA CTR Parefairlysim

~67%t onodel sand ~7%totheinteractionsternsilar while JBAHSs islovwer. Thelitter reservoir is
(figuré(b)). For cLitter andcSoi |, t hese nuner s arlee hi ghest with | SBACIRP and the [ onest with
respecti vely20%and ~9%f or forci ng~68%and AN whilethesoil carbonisthelargest wthQnNb
~81% or nodel s and ~13%and ~10% or i nterac- especial | yfor (RIORAand Fri ncet on. Thehi gher sai |
tions (figurésd) and(f)). AMband | SBACIRP  carbon content with M can be expl ai ned by t he
bot h si nul at e t he snal | est |i ve and dead st ocks wiwdrti cal | y di screti zed soi | car bon nodul e w t h deeper

7
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o
GPP [PgC.y-1]

-

~

D2 __
d

Ra [PgCy-1)

Rh [PgC.y-1]

00

F gure4.Regi onal carbonfl uxes for 1960-2012. Total fl ux val uefor each SREXregi oni nbackground, distributionof uncertai nty
bet ween f or ci ngs, nodel s andi nteracti ons as overl ayed pi epl ot swithsizeof thepiesproportional tothetotal uncertai ntyval ue
(equation(3) andtabl es 2-S4insuppl enentary naterial ).

soi | s (downto a naxi numof 8.5m. Inthe case of and D sasters to Advance i nate Change Adapt a-

| SBACTR Pand JSBAHthe soi | carbonreservoir tion (SBX |PAQC SREX 2012). Hgurel presents
onlyrepresentsthecarboninthefirst neter. the results for R Ra and Rh. The regi ons that

present thelargest uncertainty (| argest pies) for GP

3. 2. Regional scal e (figurel(a) and suppl enentary tables 2-4) are

W perforned t he sane anal ysi s of variance ontheNorth Asia (NAS), the Anazon forest (AMD), and

30 sub-continental regions definedinthe Intergbe a | esser extent st Arica (WF), South Asia
ernnental Panel on Qi nate Change (I PAD Special (SAS, South East Asia (SEA), East Africa (EAR),
Report on Managi ng the R sks of Extrene Brents South Africa(SAF), and Vst Nort h Aneri ca (VWY

8
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evenif VIRAcont ri but es onl y 2-4PgGyr—1togl obal (seesuppl enentarynaterial figureS). Thisleadstoa
@GP Anospheric forcing i s a domnant source of strongnodel contributiontouncertainty at regi onal
uncertainty (nore than half) in sone regions thatcal e, but those differences conpensate each ot her
havefairlylargecontributionstothegl obal totalg®Bal ly.
flux, such as BEAF and East Asia (EAS), but alsoin
Gentral North Anerica (QW), Wst Gast South
Anerica(VEY), andNorthEast Brazil (NB). Ano- 4. Goncl usi on
sphericforcingisaninportant sourceof uncertainty
(norethanathird) i n AVEand VW tropi cal forest Thegoal of thisstudywastoeval uatetheuncertainty
regi ons, whichcontributegreatl ytogl obal GP Grel atedtotheuseof different gl obal at nosphericfor-
erally, it seens that atnospheric forcings pl aciamdatasetsinterrestrial carboncycl enodel |ing. W&
inportant rolein tropica regions. Less inportesed nine QM P6 si mul ati ons fromt hree TBVS run
contributioninSASand SEAcoul d be expl ai ned by w ththreedifferent forcingstoperformour anal ysis.
nonsoonr egi nest hat prevai | onat nespheri cforcindd rst, we focused on gl obal aver ages and f ound t hat
differences, but al so by nodel resol utionthat coat dospheri cforci ngsareadonm nant sour ceof uncer -
expl ai ndoni nant nodel uncertai ntyi ni sl andregi onsi nty conpared to nodel choi ce for GP and Ry,
(SEAbut al so Gari bbean and Paci fi c | sl and Regi onspndcontri butesi gni fi cantlytotheoveral | uncertai nty
Mvdel -forcinginteractions pl ay a secondary but sifgr Rh and NPR The contri buti on of at nospheric
nificant rol ei nsoneregi ons suchas NAS WWFand forci ngtothe net fl uxes uncertai nty is reduced si nce
South East South Anerica (SSA) for the ones that positiveeffectsof at nospheri cforci ngs on phot osyn-
contributethe nost togl obal GPP thesisarepartial |y of fset by enhancenent i nthe res-
Sightly different results can be observed fopiRation fl uxes. W still found aninportant rol e of
(figurel(b)). A nospheric forcing contribution tas nospheric forcing on GR Ra- R tenporal nean
uncertaintyis!owner inNASand AVZ, aswvel | as SEAestinates, but wthinportant interacti onternsthat
andNEB General |y, theforci ngandi nteracti ontermsansl ate different nodel responses to clinate vari -
seemtoplayalessinportant rolei nRathanin@Rbl es. I nportant di fferencesinfirenodel lingl eadtoa
regi onal estimates. For R (figye), forcingcon-domnant rol eof nodel si nNEPuncertai nty, evenon
tributionis even nore reduced intropical regi oagyl obal scal e, despiteavisiblerel ati onshipandinter-
wherethefractional distributionnever exceeds oaeti ons betweenfireenissi onandclinateforcings.
third. However, at nosphericforcingpl aysaninport- Second y, wel ooked at the partitioni ngof uncer-
ant roleinheterotrophic respiration uncertai nttyai ntyat theregi onal scal e, w ththepurposeof i denti -
the northern henisphere’s nmid and hi gh | atitudebyi ngt heregi onswher eat nospheri cforcingscontrib-
(about one-third). Interaction terns becone al sibe the nost tothe variability of P Raand Rh.
i nportant i n nunerous md and northern regi ons, W showedthat general |y, the nodel structureisthe
particul arlyinNAS OQNAand Gentral Europe((2). dominant source of uncertainty regionally, in con-
Aninterpretationcoul dbethat nodel sdonot predi dirast towhat we found gl obal |'y. A nospheri ¢ forci ng
the same evol utionfor Rhinthe areas where at no-contribution renai ns significant and even slightly
spheri c vari abl es are changi ngfaster. dom nant i nsoneregi ons, notablyintropical forests
It isinterestingtoprobewhy atmosphericforcifrly GPand Raandin nid and northern highlat-
account s for noreuncertai nty at gl obal thanregi oridludes for R, but regi onal di screpanci es anong t he
scale. W found that sone differences between t heodel s are stronger. However, andincontrast with
forci ngs havet he sane i npact onnost of theworl d gheforcings, itisnot thesanenodel sthat result inthe
area, whil e nodel differences induce strongregi ohabgest and | owest val ues ever ywhere. Those di ffer-
uncertai nty but not i nthe sane manner ever ywher e. ences add up and of f set each ot her, | eadi ngto cl oser
As anexanpl e, GPestimatesareslightlylarger witdsul ts gl obal | y.
Princetont hanw t hGRUJRAor GB/W¥3i nal | regi ons Wi | e t he pur pose of the study was toinvestig-
(seesuppl enentary naterial figureSl), regard esstef the contribution of forcing uncertainty and to
the nodel andadd uptoal arge difference at gl obalenonstratethei nfl uence of choosi nga specificfor-
scale. Thisisconsistent wththeideathat the higjmer over anot her forcing, this experinental design,
humidity inthe Princeton dataset al |l ows for hi ghesi ng three distinct sets of forcing datafieldsis not
phot osyntheticratesfor al | nodel sforcedbyit. Gueal for identifyingtherelative sensitivity towhich
versely, GPestinates by ISBACIRPand AM driversarenost critical . Wilethelargedifferencein
appear tobe sinilar at global scal e, yet the regitamaldi t y bet ween Fri ncet on andt he ot her t wo dat a-
anal ysi s highlights strong opposition between tregts points tothat field being particularly inport-
ical regionswthhigher GPfor | SBACIR Pcom ant i n governing G and ot her fl uxes, a nore spe-
paredto M, andthe northernhenispherewhich cificone-at-a-tinepropagationof theuncertaintyin
has hi gher GPin QM conparedto | BACIR P eachfiel dnay al | owfor anorespecificattributionof
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turbations tothe distributions while hol di ng neinol ogi cal and Envi ronnental Research of the US

val ues constant nay al | owattri buti onof carboncyddepartnent of Energy under Gontract D& AQD2-

sensitivity to extrenes. Nonethel ess, these re@bHE1231 t hroughthe Early Gareer Research Pro-

poi nt to afocus on constrai ning hunidi ty val ues ggamand the Regi onal and G obal Mdel Anal ysis

key toreduci ngforci nguncertainty. Tot heextent t Rabgr am( RB SCOSA) .

humdityisakeydriver in@®Puncertainty, another

questionis whether this uncertainty is exacerbefBd Di Ds

inoffline similations such as used here, GR and

el sewhere, because of theinability for surface nbusas Hardoui n ® https://orcid. or g/ 0000- 0001-
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