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Reviewer #1 (Remarks to the Author): 

This manuscript evaluates the carbon cycle effects of the European 2022 heat/drought and 

compares these to the event of 2018 by using a combination of ground observation from EC 

towers, atmospheric inversion approaches, terrestrial biosphere models and remote sensing 

products. The main result is that the 2022 event reduced summer carbon uptake across Europe 

and that, unlike in 2018 and during previous events, these reductions were not fully compensated 

for by anomalies during the side seasons of spring and fall. Consequently, the effect on annual 

carbon uptake was more pronounced during the year 2022. The ground observations are focused 

on forests, while spatial analyses includes the European continent and regions as a whole. 

The manuscript is well prepared and written, with a substantial supplementary material providing 

additional details on the analyses. The subject and focus of this manuscript is well within the scope 

of the journal and of great interest to the wider research community. This study presents novel 

insights on a very recent extreme event across Europe, which are highly relevant for better 

understanding the forest carbon. Nonetheless, the manuscript currently has some limitations and I 

would suggest various improvements before it can be recommended for publication. 

General Comments: 

- The Methods are currently explained in the extensive Supplement only and I am wondering, if it 

might be helpful for the readers to have at least a summary of the most important aspects in the 

main manuscript, i.e. for understanding the regional terms and definition of anomalies. 

- The comparison of the triangular stress factor space (see Figure 5) currently appears 

inconsistent: temperature itself seems irrelevant as factor AND is by large included in VPD already. 

Accordingly, it might be more consistent to only compare SM & VPD for the stress factors. 

- The overall discussion of the results would benefit from also comparing the impact of the two 

events (i.e. 2028 and 2022) qualitatively to the previous anomalies of 2003 and 2018, particularly 

as these impacts are well reported in the literature and/or data from these should be available 

from authors in this large team. 

- I am wondering, if the anomalies in terms of drought/heat of 2018+2022 could be compared to 

the projections to be expected for end of the century across Europe? This could help putting the 

anomaly years into perspective compared to a future climate. Additionally, it might even be 

illustrative to also add the years 2003 & 2015 in that comparison for the respective discussion of 

previous research results. 

Specific Comments: 

- Figure 1: please add units of soil moisture 

- Figure 2: the relative sizes of the large central map panel vs. the small detailed data side panels 

currently appears not optimal to me. The data panels contain the most important information here 

and should somehow be displayed larger for actually seeing the details between the 

fluxes/seasons/years. 

- Figure 3: similarly, like Figure 2, the relative sizes of the panels do not reflect the importance of 

content here for me. The bottom panels with example sites shows more quantitatively the 

differences compares to the baseline and could be displayed more pronounced compared to the 

maps. I am also wondering if the mean/median seasonal cycle across all sites might give a better 

overall comparison here? 

- Figure 4: I find it rather confusing the NEP panel is displayed in different color's than NIRv & 

GPP. What about using the same color scheme consistently across all panels or is there some 

reasoning against it? If so, it might help readers to shortly point that out in the caption. 

- Figure 5b (bottom row) would benefit from displaying zero lines for both VPD & SPEI for clearly 

differentiating between positive/negative anomalies. 

- Supplement A: incomplete reference “(see Figure ??)”, please add the respective figure 

- Supplement C: ditto as above for “Section ??” please add the respective reference 

- Supplement E: it is unclear to me why this study uses incoming solar radiation as a rather 

unusual measure to remove data with suppressed (not ‘surpressed’) turbulence, and even if so, 

why with such a low threshold of 0.1 W/m2. Solar radiation is rather a common measure to 

differentiate between day- and nighttime data, though typically using thresholds of 5 or 10 W/m2. 

Please note that suppressed turbulence does not only occur during nighttime. 

- Supplement Figure S6: unclear mix-up of fluxes in mol-units versus standard deviations of the 

climatology, which do not have a respective axis? In addition, some x-axis site labels are displayed 



incomplete 

- Supplement Figure S7: some y-axis labels (left & right, superscript & negative numbers) are 

displayed incomplete 

- Supplement Figure S5: I am rather skeptical that the absolute precipitation anomalies in 

mm/month are a useful comparison as some of these sites typically have very little precipitation, 

and others large amounts in general. Alternatively, what about using relative precipitation 

anomalies, e.g. the rather common measure ‘percent of normal’? 

- Supplement G: NEP vs. NEE are typically also different regarding their signs, one being a 

productivity (NEP) and the other (NEE) being a measure of exchange from the biosphere 

perspective. Both are commonly converted via ‘-1 for comparison. It might be helpful for the 

readers to elaborate on that. 

- Supplement G1: ditto as above for “Figures ??” please add the respective reference 

- Supplement G2: ditto as above for “Table ??” please add the respective reference. In addition, it 

could be helpful for readers to shortly explain the concept of the Z-scores in Figure S11. 

- Supplement Figure S12: as the points appear having little meaning without a label, I would 

suggest to consider adding labels with site IDs. I would also suggest displaying colored linear 

regression lines for 2018 & 2022 (with stats displayed as text) for quantitatively comparing both 

drought year anomalies. 

- Supplement G3: ditto as above for “Figure ??” please add the respective reference 

- Supplement Figures S16+S17: insufficient resolution as pixel structure is visible 

- Supplement Figure S18: labelling of year appears too small, please consider increasing size 

Reviewer #2 (Remarks to the Author): 

van der Woude et al. present an interesting analysis of the carbon balance effects of the 2022 

drought in Europe. The paper covers a lot of ground and brings together many lines of evidence to 

show that VPD, temperature and soil moisture anomalies are resulting in large perturbations to the 

potential for forest carbon sequestration. Many comparisons are made to previous droughts, 

particularly the 2018 drought, but the unique setting of the 2022 drought offers further insights 

into large scale continental effects of changing climate regimes. I admit to feeling that the 

evidence builds slowly and times seems a bit frustrating but the brief, strong discussion does a 

nice job of finally pulling the pieces together. With no major criticisms of the study I did find 

several small issues to clarify and found several of the figures in need of improvement. 

Introduction 

First paragraph – Replace “the continent” with “the European continent” or simply “Europe” 

. 

Anatomy of a Summer drought 

First paragraph last sentence – Beech is a type of broadleaf forests? 

Net Carbon Exchange Impacts 

Figure 2 – this is a very busy graph that is very poorly described when introduced in the text and 

legend. 

For example “(b) Fire fluxes, taken from GFAS28 over the South (blue) and North (red) regions” 

but the lines on the graph are blue and yellow rather than blue and red and the map and other 

panels use blue as north and yellow as the south? 

The ‘hatching” used in panels c-f is too widely spaced 

In panels g-j I assume the gray line is the “climatology between 2016-2022” but this is never 

identified. 

Figure 3 is similarly not well presented. 

The legend states that “together with CO2 monthly mean values in 2022 (red) and 2019-2021 

(grey, with one standard deviation in blue)” yet it appears as though the values are in red and 

blue with the standard devotion of 2021 in grey. 

What makes Ochsenkopf (OXK, C) and Observatoire pérenne de l’environnement (OPE, d) 



representative? 

Vapor pressure deficit vs. soil moisture 

“This switch from sink to source of carbon sink during summer” – I think there is an extra sink. 

Discussion 

The discussion of TER is extremely interesting but the discussion becomes somewhat confusing 

when the following paragraph states that NEP can be successfully simulated – why are these 

simulations not affected by the same inaccuracies in TER? 

Supplementary files 

Figure S6 – the x-axis legend is cut off 
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• L[\f `TahfVe\cg XiT_hTgXf g[X VTeUba VlV_X X!XVgf bY g[X @hebcXTa 2022 [XTg/WebhZ[g TaW Vb`cTeXf g[XfX gb g[X
XiXag bY 2018 Ul hf\aZ T Vb`U\aTg\ba bY ZebhaW bUfXeiTg\ba Yeb` @> gbjXef, Tg`bfc[Xe\V \aiXef\ba TccebTV[Xf,
gXeeXfge\T_ U\bfc[XeX `bWX_f TaW eX`bgX fXaf\aZ cebWhVgf. L[X `T\a eXfh_g \f g[Tg g[X 2022 XiXag eXWhVXW
fh``Xe VTeUba hcgT^X TVebff @hebcX TaW g[Tg, ha_\^X \a 2018 TaW Whe\aZ ceXi\bhf XiXagf, g[XfX eXWhVg\baf
jXeX abg Yh__l Vb`cXafTgXW Ybe Ul Tab`T_\Xf Whe\aZ g[X f\WX fXTfbaf bY fce\aZ TaW YT__. >bafXdhXag_l, g[X X!XVg
ba TaahT_ VTeUba hcgT^X jTf `beX cebabhaVXW Whe\aZ g[X lXTe 2022. L[X ZebhaW bUfXeiTg\baf TeX YbVhfXW ba
YbeXfgf, j[\_X fcTg\T_ TaT_lfXf \aV_hWXf g[X @hebcXTa Vbag\aXag TaW eXZ\baf Tf T j[b_X.

L[X `TahfVe\cg \f jX__ ceXcTeXW TaW je\ggXa, j\g[ T fhUfgTag\T_ fhcc_X`XagTel `TgXe\T_ cebi\W\aZ TWW\g\baT_
WXgT\_f ba g[X TaT_lfXf. L[X fhU]XVg TaW YbVhf bY g[\f `TahfVe\cg \f jX__ j\g[\a g[X fVbcX bY g[X ]bheaT_
TaW bY ZeXTg \agXeXfg gb g[X j\WXe eXfXTeV[ Vb``ha\gl. L[\f fghWl ceXfXagf abiX_ \af\Z[gf ba T iXel eXVXag
XkgeX`X XiXag TVebff @hebcX, j[\V[ TeX [\Z[_l eX_XiTag Ybe UXggXe haWXefgTaW\aZ g[X YbeXfg VTeUba. GbaXg[X_Xff,
g[X `TahfVe\cg VheeXag_l [Tf fb`X _\`\gTg\baf TaW C jbh_W fhZZXfg iTe\bhf \`cebiX`Xagf UXYbeX \g VTa UX
eXVb``XaWXW Ybe chU_\VTg\ba.

Xc rf_li rfc _lmlwkmsq pctgcucp dmp rfcgp nmqgrgtc1 apgrga_j1 _lb amlqrpsargtc dccb`_ai3 Ccjmu1 uc _bbpcqq rfc
pctgcucp,q qseecqrgmlq mlc `w mlc1 ugrf rfc pctgcucp amkkclrq gl gr_jga _lb msp _lqucpq gl `jsc3 Xfcl uc pcdcp rm
_ #espc1 uc pcdcp rm rfc #espc lsk`cp md rfc mpgegl_j k_lsqapgnr _lb ufcl uc pcdcp rm jglc lsk`cpq1 uc pcdcp rm
jglc lsk`cpq gl rfc pctgqcb rp_aicb af_lecq bmaskclr3
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• L[X FXg[bWf TeX VheeXag_l Xkc_T\aXW \a g[X XkgXaf\iX Khcc_X`Xag ba_l TaW C T` jbaWXe\aZ, \Y \g `\Z[g UX
[X_cYh_ Ybe g[X eXTWXef gb [TiX Tg _XTfg T fh``Tel bY g[X `bfg \`cbegTag TfcXVgf \a g[X `T\a `TahfVe\cg, \.X.
Ybe haWXefgTaW\aZ g[X eXZ\baT_ gXe`f TaW WX"a\g\ba bY Tab`T_\Xf.

Xc _epcc ugrf rfc pctgcucp _lb uc f_tc _bbcb _ qfmpr kcrfmbq qcargml rm rfc clb md rfc k_gl rcvr -M37>=.
bcqapg`gle fmu uc qcjcarcb rfc bg"cpclr pcegmlq _lb bcqapg`cq rfc kmqr gknmpr_lr b_r_ sqcb1 _lb rfcgp npmacqqgle3

• L[X Vb`cTe\fba bY g[X ge\TaZh_Te fgeXff YTVgbe fcTVX )fXX A\ZheX 5* VheeXag_l TccXTef \aVbaf\fgXag: gX`cXeTgheX
\gfX_Y fXX`f \eeX_XiTag Tf YTVgbe <G? \f Ul _TeZX \aV_hWXW \a NI? T_eXTWl. <VVbeW\aZ_l, \g `\Z[g UX `beX
Vbaf\fgXag gb ba_l Vb`cTeX KF ' NI? Ybe g[X fgeXff YTVgbef.

Xc slbcpqr_lb rf_r rfgq #espc k_w f_tc p_gqcb qmkc amldsqgml ugrf rfc pctgcucp1 _q t_nmsp npcqqspc bc#agr
-WQE. glbccb gq n_prjw _ dslargml md rckncp_rspc -U.1 ufgaf umsjb k_ic rfcgp qcn_p_rgml qsncp$smsq3

Imuctcp1 uf_r uc rpw rm amltcw gl rfgq #espc _pc rfpcc bmkgl_lr _lb bg"cpclr n_rfu_wq rfpmsef ufgaf nj_lr
qrpcqq pcbsacq nfmrmqwlrfcqgq3 Ufcqc _pc -_. rfc qrpcqq pcqsjrgle dpmk j_pec ct_nmp_rgtc bck_lb gl rfc _rkmqnfcpc1
ufgaf uc pcdcp rm _q *WQE qrpcqq*1 -`. qrpcqq pcqsjrgle dpmk _ j_ai md nj_lr _t_gj_`jc u_rcp gl rfc qmgj -*pmmr2xmlc TN
qrpcqq*.1 _lb -a. rfcpk_j qrpcqq rf_r gkn_gpq rfc clxwkcq gl rfc jc_tcq rf_r nj_w _ pmjc gl nfmrmqwlrfcqgq -*U2qrpcqq*1
qcc c3e3 Is cr _j3 \7575].3 Ufc j_rrcp gq rfc pgefr2f_lb qgbc md rfc rpg_lejc3 WQE qrpcqq gl rfc TgC9 lskcpga_j kmbcj
gq qcn_p_rcjw a_jasj_rcb dpmk jc_d U2qrpcqq1 `_qcb ml _rkmqnfcpga pcj_rgtc fskgbgrw rfpmsef rfc C_jj2Ccppw cos_rgml3
Jl rfc qrsbw uc qfmu WQE glqrc_b md SI `ca_sqc gr gq kmpc gldmpk_rgtc ml _`qmjsrc u_rcp nmrclrg_j _r rfc jc_d
qrmk_r_1 _lb uc pcdcp rm rfc _qqmag_rcb qrpcqq _q *WQE2qrpcqq*3 Xc lmu cvnj_gl rfc bg"cpclacq gl kmpc bcr_gj gl
rfc a_nrgml md rfc #espc rm fcjn rfc pc_bcp slbcpqr_lb rfc rfpcc _vcq md qrpcqq3
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Tncag#a Dmkkclrq?

• A\ZheX 1: c_XTfX TWW ha\gf bY fb\_ `b\fgheX

Xc _epcc ugrf rfc pctgcucp rf_r _bbgle rfgq slgr -k3k!31 ufgaf uc qgknjg#cb rm slgrjcqq. gknpmtcq rfc slbcp2
qr_lbgle md rfc #espc1 _lb f_tc af_lecb gr3

• A\ZheX 2: g[X eX_Tg\iX f\mXf bY g[X _TeZX VXageT_ `Tc cTaX_ if. g[X f`T__ WXgT\_XW WTgT f\WX cTaX_f VheeXag_l
TccXTef abg bcg\`T_ gb `X. L[X WTgT cTaX_f VbagT\a g[X `bfg \`cbegTag \aYbe`Tg\ba [XeX TaW f[bh_W fb`X[bj
UX W\fc_TlXW _TeZXe Ybe TVghT__l fXX\aZ g[X WXgT\_f UXgjXXa g[X #hkXf/fXTfbaf/lXTef.

Xc f_tc snb_rcb rfc pcj_rgtc qgxcq md rfc #espcq3 Omrc rf_r uc kgefr qmjgagr _qqgqr_lac dpmk rfc hmspl_jq
ep_nfga_j bcqgel rc_k rm dsprfcp gknpmtc rfc qcrrgle md rfgq #espc3

• A\ZheX 3: f\`\_Te_l, _\^X A\ZheX 2, g[X eX_Tg\iX f\mXf bY g[X cTaX_f Wb abg eX#XVg g[X \`cbegTaVX bY VbagXag
[XeX Ybe `X. L[X Ubggb` cTaX_f j\g[ XkT`c_X f\gXf f[bjf `beX dhTag\gTg\iX_l g[X W\!XeXaVXf Vb`cTeXf gb
g[X UTfX_\aX TaW Vbh_W UX W\fc_TlXW `beX cebabhaVXW Vb`cTeXW gb g[X `Tcf. C T` T_fb jbaWXe\aZ \Y g[X
`XTa/`XW\Ta fXTfbaT_ VlV_X TVebff T__ f\gXf `\Z[g Z\iX T UXggXe biXeT__ Vb`cTe\fba [XeX;

Xc _epcc ugrf rfc pctgcucp1 _lb rf_li rfck dmp rfc qseecqrgml rm _bb _ kc_l qc_qml_j awajc _apmqq _jj qgrcq3
Um gldmpk rfc pc_bcp rfc qr_rgqrgaq md rfc kmjc dp_argml _lmk_jgcq1 uc f_tc _bbcb `mvnjmrq md rfcqc _lmk_jgcq _q _
qs`njmr rm rfc #espc3

• A\ZheX 4: C "aW \g eTg[Xe VbaYhf\aZ g[X G@I cTaX_ \f W\fc_TlXW \a W\!XeXag Vb_bef g[Ta GCJi ' BII. O[Tg
TUbhg hf\aZ g[X fT`X Vb_be fV[X`X Vbaf\fgXag_l TVebff T__ cTaX_f be \f g[XeX fb`X eXTfba\aZ TZT\afg \g; CY fb,
\g `\Z[g [X_c eXTWXef gb f[beg_l cb\ag g[Tg bhg \a g[X VTcg\ba.

Xc f_tc afmqcl bg"cpclr amjmsp k_nq dmp HQQ0OJSt _lb OFQ1 _q uc u_lrcb rm glbga_rc rfc bg"cpclac `cruccl
HQQ -dmp ufgaf OJSt gq _ npmvw. _lb OFQ3 Xc _epcc ugrf rfc pctgcucp rf_r rfgq qfmsjb `c cj_`mp_rcb ml gl rfc
a_nrgml1 _lb f_tc _bbcb gr3

• A\ZheX 5U )Ubggb` ebj* jbh_W UXaX"g Yeb` W\fc_Tl\aZ mXeb _\aXf Ybe Ubg[ NI? ' KI@C Ybe V_XTe_l W\!XeXag\Tg\aZ
UXgjXXa cbf\g\iX/aXZTg\iX Tab`T_\Xf.

Xc _epcc ugrf rfc pctgcucp _lb f_tc _bbcb rfcqc jglcq3

• Khcc_X`Xag <: \aVb`c_XgX eXYXeXaVX R)fXX A\ZheX ;;*&, c_XTfX TWW g[X eXfcXVg\iX "ZheX

Xc rf_li rfc pctgcucp dmp lmrgle rfgq3 Jl rfc snb_rcb tcpqgml1 uc kmtcb rfgq qcargml -`_qcb ml rfc pctgcucpq
amkkclr _`msr glajsbgle _ kcrfmbq qcargml.1 _lb f_tc k_bc qspc rfc amppcar pcdcpclac gq npcqclr3

• Khcc_X`Xag >: W\ggb Tf TUbiX Ybe RKXVg\ba ;;& c_XTfX TWW g[X eXfcXVg\iX eXYXeXaVX

Xc rf_li rfc pctgcucp dmp lmrgle rfgq _lb f_tc _bbcb rfc pcqncargtc pcdcpclac rm rfc k_gl rcvr3

• Khcc_X`Xag @: \g \f haV_XTe gb `X j[l g[\f fghWl hfXf \aVb`\aZ fb_Te eTW\Tg\ba Tf T eTg[Xe hahfhT_ `XTfheX
gb eX`biX WTgT j\g[ fhcceXffXW )abg SfheceXffXW(* gheUh_XaVX, TaW XiXa \Y fb, j[l j\g[ fhV[ T _bj g[eXf[b_W
bY 0.1 O/`2. Kb_Te eTW\Tg\ba \f eTg[Xe T Vb``ba `XTfheX gb W\!XeXag\TgX UXgjXXa WTl- TaW a\Z[gg\`X WTgT,
g[bhZ[ glc\VT__l hf\aZ g[eXf[b_Wf bY 5 be 10 O/`2. I_XTfX abgX g[Tg fhcceXffXW gheUh_XaVX WbXf abg ba_l bVVhe
Whe\aZ a\Z[gg\`X.
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Ufcpc u_q glbccb _ amldsqgml gl rfc upgrgle md rfc FD kcrfmbq1 _lb uc rf_li rfc pctgcucp dmp lmrgle gr3 Xc
f_tc snb_rcb rfc rcvr -gl rfc lcujw _bbcb Ncrfmbq qcargml1 M3865. rm `crrcp cvnj_gl rfc npcnpmacqqgle ngncjglc3
Gmp amknjcrclcqq1 uc f_tc _bbcb rfc pcjct_lr n_pr md rfc kcrfmbq n_p_ep_nf fcpc1 ugrf qmkc _bbgrgml_j cvnj_l_rgml?

OSU b_r_ ucpc ajc_lcb _lb afcaicb dmjjmugle T_``_rglg cr _j3 \756=]1 Q_qrmpcjjm cr _j3 \7575]3 Ts`qcosclrjw1 _t2
cp_ec $svcq ucpc amppcarcb dmp ncpgmbq md jmu dpgargml tcjmagrw -s/ kcrfmb.1 dmjjmugle Q_n_jc cr _j3 \755;]3 Bjj e_nq
ucpc rfcl #jjcb sqgle rfc k_pegl_j bgqrpg`srgml q_knjgle -NET. _jempgrfk dpmk Scgafqrcgl cr _j3 \755:]3 Ggl_jjw1
OFF n_prgrgmlgle glrm HQQ _lb camqwqrck pcqngp_rgml u_q bmlc sqgle rfc lgefr2rgkc `_qcb rckncp_rspc pcqnmlqc
md OFF dmjjmugle Scgafqrcgl cr _j3 \755:]3 s/ a_jasj_rgml _lb #jrcpgle1 e_n2#jjgle _lb $svcq n_prgrgmlgle ucpc _jj
ncpdmpkcb sqgle rfc SFbbwQpma S n_ai_ec \Xsrxjcp cr _j31 756=]3

Xc lmrc rf_r rfc SFbbwQpma n_ai_ec sqcq _ rfpcqfmjb md 65 X4k2 dmp qcn_p_rgle b_w2 _lb lgefr2rgkc b_r_3

Bn_pr dpmk rfc npc2npmacqqgle gl rfc SFbbwQpma qmdru_pc1 uc sqcb _l glamkgle p_bg_rgml rfpcqfmjb md 536Xk!2

rm bg"cpclrg_rc `cruccl lgefr2 _lb b_wrgkc b_r_ dmp rfc _l_jwqcq qfmul3 Gmjjmugle rfc qseecqrgml md rfc pctgcucp1
uc f_tc af_lecb rf_r rm 65Xk!21 amlqgqrclr ugrf rfc SFbbwQpma rfpcqfmjb3 Xc lmrc rf_r rfgq af_lec jc_bq rm
rfc cvajsqgml md <3:+ md rfc b_r_ sqcb1 ufgaf _"carq rfc k_gl rcvr gl M36;71 bcapc_qgle rfc c"car md rfc bpmsefr
dpmk 7<+ rm 76+3 Bbbgrgml_jjw1 gr _"carq U_`jc 6 _lb Ggespc :3 Nmpcmtcp1 gr _"carq Ggespcq T:1 T;1 T66 _lb T67
-gl rfc snb_rcb k_lsqapgnr. _lb U_`jcq T91 T: _lb T>3 Xc lmrc rf_r bg"cpclacq bm lmr _"car rfc k_gl #lbgleq md
rfc k_lsqapgnr3

Xc _jqm jc_plcb rf_r _l cppmp maasppcb gl rfc -cvrcpl_j. npmacqqgle md npcagngr_rgml b_r_ md rfc qgrc DI2E_t3
Xc f_tc snb_rcb msp njmrq _lb r_`jcq ugrf rfc lcu1 gknpmtcb b_r_3

Nmpcmtcp1 uc lmrcb rf_r uc k_bc _ kgqr_ic gl a_jasj_rgle rfc TQFJ dmp rfc bg"cpclr qgrcq3 Jlqrc_b md sqgle
nmrclrg_j ct_nmrp_lqngp_rgml1 uc sqcb rfc _ars_j ct_nmrp_lqngp_rgml3 Jl rfc lcu tcpqgml md rfc k_lsqapgnr1 rfgq gq
snb_rcb _lb uc f_tc snb_rcb rfc rcvr rm pcnpcqclr rfc a_jasj_rgml md rfc nmrclrg_j ct_nmrp_lqngp_rgml3 Xc lmrc
rf_r rfc bg"cpclacq gl pcqsjrgle TQFJ _pc qk_jj1 mdrcl qk_jjcp rf_l 5381 _lb rf_r rfgq bmcq lmr _"car rfc k_gl
pcqsjrq3

• Khcc_X`Xag A\ZheX K6: haV_XTe `\k-hc bY #hkXf \a `b_-ha\gf iXefhf fgTaWTeW WXi\Tg\baf bY g[X V_\`Tgb_bZl,
j[\V[ Wb abg [TiX T eXfcXVg\iX Tk\f; Ca TWW\g\ba, fb`X k-Tk\f f\gX _TUX_f TeX W\fc_TlXW \aVb`c_XgX

Ufc glbga_rcb qr_lb_pb bctg_rgml md rfc ajgk_rmjmega_j $svcq1 _q ucjj _q rfc _lmk_jgcq1 _pc _jpc_bw gl $sv2slgrq
-µkmj k!2 q!1.3 Imuctcp1 uc lmrc rf_r gl rfc QEG pclbcpgle1 qmkc j_`cjq ucpc gl_btcprclrjw asr m"1 ufgaf uc
f_tc #vcb gl rfc pctgqcb tcpqgml3

• Khcc_X`Xag A\ZheX K7: fb`X l-Tk\f _TUX_f )_XYg ' e\Z[g, fhcXefVe\cg ' aXZTg\iX ah`UXef* TeX W\fc_TlXW \aVb`-
c_XgX

Xc rf_li rfc pctgcucp dmp lmrgle rfgq _lb f_tc amppcarcb rfgq3

• Khcc_X`Xag A\ZheX K5: C T` eTg[Xe f^Xcg\VT_ g[Tg g[X TUfb_hgX ceXV\c\gTg\ba Tab`T_\Xf \a ``/`bag[ TeX T
hfXYh_ Vb`cTe\fba Tf fb`X bY g[XfX f\gXf glc\VT__l [TiX iXel _\gg_X ceXV\c\gTg\ba, TaW bg[Xef _TeZX T`bhagf \a
ZXaXeT_. <_gXeaTg\iX_l, j[Tg TUbhg hf\aZ eX_Tg\iX ceXV\c\gTg\ba Tab`T_\Xf, X.Z. g[X eTg[Xe Vb``ba `XTfheX
ScXeVXag bY abe`T_(;

Xc _qqskc fcpc rf_r rfc pctgcucp kc_lr U_`jc T:1 glqrc_b md Ggespc T:3
Xc _epcc ugrf rfc pctgcucp rf_r bgqnj_wgle npcagngr_rgml _lmk_jgcq gl + gq kmpc glrsgrgtc1 _lb f_tc af_lecb

rfc r_`jc3 Xc bgb rfgq _q ucjj dmp U_`jc T93

9



• Khcc_X`Xag B: G@I if. G@@ TeX glc\VT__l T_fb W\!XeXag eXZTeW\aZ g[X\e f\Zaf, baX UX\aZ T cebWhVg\i\gl )G@I*
TaW g[X bg[Xe )G@@* UX\aZ T `XTfheX bY XkV[TaZX Yeb` g[X U\bfc[XeX cXefcXVg\iX. =bg[ TeX Vb``ba_l VbaiXegXW
i\T S-1 Ybe Vb`cTe\fba. Cg `\Z[g UX [X_cYh_ Ybe g[X eXTWXef gb X_TUbeTgX ba g[Tg.

Xc rf_li rfc pctgcucp dmp lmrgle rfgq1 _lb fcjngle aj_pgdwgle rfc n_ncp dmp rfc eclcp_j ns`jga3 Ufc bc#lgrgml md
msp $svcq e_tc pgqc rm bgqasqqgml ugrfgl msp _srfmp rc_k _q ucjj1 qglac rfc pcaclrjw npmnmqcb bc#lgrgmlq `w Dg_gq
cr _j3 \7577] bm lmr #r ncpdcarjw ugrf rfc rum $svcq uc npcqclr gl rfc k_gl rcvr3 -6. rfc TgC9 `gmqnfcpc kmbcj $svcq
kmqr qrpmlejw pcnpcqclr rfc bg"cpclac `cruccl HQQ _lb UFS1 _lb rfsq *OFQ* umsjb #r1 _jrfmsef rfc pcqngp_rgml
md TgC9 pcnpcqclrq _jj a_p`ml jmqqcq1 glajsbgle dmp cv_knjc pcbsacb qncagcq jgic WPDq3 -7. Gmp rfc gltcpqc cqrgk_rcq1
OFF umsjb #r `cqr _q gr pcnpcqclrq _jj cvaf_lec dpmk rfc qspd_ac1 cvacnr rf_r uc cvajsbcb kmqr md rfc #pc gkn_arq
`w cgrfcp lmr `cgle qclqgrgtc rm rfck1 mp `w #jrcpgle j_pec nc_iq gl rfc b_r_ `cdmpc gltcprgle3 Bq _ pcqsjr1 `mrf $svcq
pcnpcqclr _ ksaf qgkgj_p _lmk_jw? rf_r md rfc a_p`ml snr_ic `w tcecr_rgml1 ufgaf gq _jqm kc_qspcb `w FD qgrcq3
Tglac uc pcdcp rm rfgq _q *OFF* gl Tkgrf cr _j3 \7575] 2jgic u_q bmlc gl k_lw gltcpqc kmbcjgle n_ncpq npctgmsqjw2 uc
bcagbcb fcpc rm pcdcp rm _jj msp $svcq _q OFF1 ugrf rfc qncag#a lmrc -M389:. rf_r uc os_lrgdw #pc $svcq qcn_p_rcjw3
Ufpmsefmsr rfc n_ncp1 uc _pc a_pcdsj rm cvnj_gl rfc pc_bcp uf_r $sv amknmlclr uc pcdcp rm -qcc M3876 _lb M3;>=
dmp cv_knjcq.3 Xc _jqm qncag#a_jjw _bbpcqq rfc qgel amltclrgml gl rfc rcvr lmu -gl M3=61 _q ucjj _q gl rfc a_nrgml
md U_`jc 6 _lb Ggespcq 7 _lb 93.

• Khcc_X`Xag B1: W\ggb Tf TUbiX Ybe RA\ZheXf ;;& c_XTfX TWW g[X eXfcXVg\iX eXYXeXaVX

Xc rf_li rfc pctgcucp dmp lmrgle rfgq _lb f_tc _bbcb rfc pcdcpclac3

• Khcc_X`Xag B2: W\ggb Tf TUbiX Ybe RLTU_X ;;& c_XTfX TWW g[X eXfcXVg\iX eXYXeXaVX. Ca TWW\g\ba, \g Vbh_W UX
[X_cYh_ Ybe eXTWXef gb f[beg_l Xkc_T\a g[X VbaVXcg bY g[X Q-fVbeXf \a A\ZheX K11.

Xc f_tc _bbcb rfc pcdcpclac1 _q ucjj _q _l cvnj_l_rgml md rfc a_jasj_rgml md rfc [2qampc rm Ggeq3 T<1 T= _lb T67
gl rfc lcu bmaskclr1 _lb rf_li rfc pctgcucp _e_gl dmp fcjngle aj_pgdwgle rfc k_lsqapgnr dmp rfc `pm_bcp ns`jga3

• Khcc_X`Xag A\ZheX K12: Tf g[X cb\agf TccXTe [Ti\aZ _\gg_X `XTa\aZ j\g[bhg T _TUX_, C jbh_W fhZZXfg gb Vbaf\WXe
TWW\aZ _TUX_f j\g[ f\gX C?f. C jbh_W T_fb fhZZXfg W\fc_Tl\aZ Vb_beXW _\aXTe eXZeXff\ba _\aXf Ybe 2018 ' 2022
)j\g[ fgTgf W\fc_TlXW Tf gXkg* Ybe dhTag\gTg\iX_l Vb`cTe\aZ Ubg[ WebhZ[g lXTe Tab`T_\Xf.

Xc rf_li rfc pctgcucp dmp `pglegle sn rfgq nmglr1 ufgaf k_bc sq pcamlqgbcp rfgq #espc _lb gknpmtc gr _aampbgle
rm rfc qseecqrgml3 Xc kmpcmtcp cvn_lbcb rfc n_lcjq rm qfmu cvrp_ bcr_gjq _q `cjmu3

Ufc mpgegl_j #espc kmqrjw qfmucb rf_r TgC9 bmcq lmr a_nrspc rfc qgrc2rm2qgrc t_pg_rgmlq md HQQ _lmk_jgcq _q
ucjj _q gr qcckq rm bm dmp OJSt _lmk_jgcq3 Ufgq gq _jqm pc$carcb gl rfc jmucp amppcj_rgml amc%agclr -S@53:91 O@69.
dmp rfc 7577 b_r_ uc njmrrcb gl Ggespc T671 _lb npmtgbcb gl rfc U_`jc `cjmu3 Ufc pc_qml dmp rfgq gq rum2dmjb? #pqrjw1
_r FD2qgrc jctcj rfc amppcqnmlbclac md rfc cltgpmlkclr_j bpgtcpq _r epgb jctcj -FSB:. amkn_pcb rm qgrc jctcj gq
ksaf umpqc gl 75771 amkn_pcb rm 756=1 ugrf _r k_lw qgrcq rfc TQFJ md rfc FSB: bpgtcp b_r_ qs`qr_lrg_jjw jmucp
rf_l gl rfc FD2m`qcpt_rgmlq -rfc kc_l bg"cpclac md TQFJ gl Ksjw qk_jjcp rf_l 53: mljw dmp 8 msr md 69 qgrcq.3 Ufgq
u_q jcqq qm gl 756= ufcl rfc amppcj_rgml amc%agclrq `cruccl qgrc2m`qcptcb _lb TgC92kmbcjjcb HQQ _lb OFQ ucpc
fgefcp1 _lb rfc qjmnc md rfc qgrc2rm2qgrc bg"cpclac qrccncp qseecqrgle uc a_nrspcb kmpc md rfc t_pg_rgml _apmqq qn_ac3
Tcamlbjw1 TgC9 gq sl_`jc rm qgksj_rc rfc m`qcptcb lc_p qfsrbmul md nfmrmqwlrfcqgq bspgle rfc kmqr cvrpckc ncpgmb
md 75771 rfsq kgqqgle rfc fgef clb md rfc gkn_arcb qgrcq3

Imuctcp1 rfgq bmcq lmr kc_l rf_r TgC9 f_q _ nmmp bpmsefr pcqnmlqc gl HQQ1 gr hsqr bmcq lmr bm ucjj pcnpcqclrgle
c_af qgrc ugrf rfc epgbbcb bpgtcp b_r_ npmtgbcb1 _ ucjj2ilmul qfmpramkgle gl ct_js_rgmlq md `gmqnfcpc kmbcjq3 Tm
gl _bbgrgml1 uc f_tc apc_rcb _ njmr ufcpc rfc TQFJ _lmk_jw md kmbcj _lb FD m`qcpt_rgmlq gq ml rfc v2_vgq1 _lb
uc pcepcqq gr _e_glqr rfc amppcqnmlbgle HQQ2_lmk_jgcq3 Ufgq gq qfmul gl _l cvn_lbcb tcpqgml md Ggespc T671 ugrf

:



pcepcqqgml amc%agclrq egtcl gl U_`jc 73 Jr qfmuq rf_r TgC9 a_nrspcq rfc f_bcX md !HQQ4!TQFJ tcpw ucjj -TgC9?
qjmnc 735 tq FD? qjmnc 73: -µ kmj k!2q!1. _lb rfsq rfc bpmsefr eXfcbafX _apmqq rfc TQFJ ep_bgclr3 Ufgq1 rmecrfcp
ugrf grq fgef amppcj_rgml ugrf OJSW _lmk_jgcq qn_rg_jjw1 jclbq apcbclac rm grq bpmsefr pcqnmlqc _r j_pecp qa_jcq3
Omrc rf_r `ca_sqc md rfc m"qcr gl rfc #rrcb !HQQ1 _lb rfc j_ai md *qfsrbmul* _r cvrpckc TQFJ,q1 uc lmu cvnj_gl
rfc TgC9 HQQ glrcep_jq _q _ jmucp jgkgr rm rfc cqrgk_rcq gl rfc k_gl rcvr -M369726:5.1 _q ucjj _q gl rfc Tsnnjckclr
-M3 <762<8;.3Xc qfmu rfc snb_rcb Ggespc T67 -lmu T68. fcpc dmp amknjcrclcqq -7.3 Bq uc _epcc ugrf rfc pctgcucp
ml grq nmglrq pce_pbgle rfc qr_rgqrgaq -U_`jc 6.1 uc f_tc _bbcb rfcqc3 Bq rfc qr_rgqrgaq qfmul gl U_`jc 6 _jpc_bw
a_nrspc rfc mpgegl_j qa_rrcpnjmrq gl rfc Ggespc1 uc f_tc pckmtcb rfcqc3 Omrc rf_r dmp rfc !HQQ2TQFJ njmr1 uc
mnrcb lmr rm _bb j_`cjq1 _q rfc k_gl nmglr gq lmr rm qfmu rfc k_elgrsbc md rfc pcbsargml gl HQQ _r qgrcq1 `sr rfc
pcj_rgml `cruccl TQFJ _lb HQQ pcbsargml3

%&'+( !# 9IMEAP PEGPEQQINM QRARIQRICQ NF !5<< FPNL 32 QIREQ AMD >I1+ IM CNPPEQONMDIMG GPIDCEKKQ'

Tjmnc Jlrcpacnr S Q
HQQ 756= 53:; 5387 53=; <F2:
OFQ 756= 53:6 5375 53=6 9F29
HQQ 7577 537: 5385 53:9 5359<
OFQ 7577 5379 5366 53:> 5357<
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FD 73: 2539; 53:8 5359>
TgC 735 53<< 53=6 :F29

• Khcc_X`Xag B3: W\ggb Tf TUbiX Ybe RA\ZheX ;;& c_XTfX TWW g[X eXfcXVg\iX eXYXeXaVX

Xc f_tc _bbcb rfc pcdcpclac3

• Khcc_X`Xag A\ZheXf K16+K17: \afh$V\Xag eXfb_hg\ba Tf c\kX_ fgehVgheX \f i\f\U_X

Xc _epcc ugrf rfc pctgcucp _lb f_tc glapc_qcb rfc pcqmjsrgmlq

• Khcc_X`Xag A\ZheX K18: _TUX__\aZ bY lXTe TccXTef gbb f`T__, c_XTfX Vbaf\WXe \aVeXTf\aZ f\mX

Xc _epcc ugrf rfc pctgcucp _lb f_tc glapc_qcb rfc j_`cj qgxc3

;





% +0<30=08 % !-676>57;9"

iTa WXe ObhWX Xg T_. ceXfXag Ta \agXeXfg\aZ TaT_lf\f bY g[X VTeUba UT_TaVX X!XVgf bY g[X 2022 WebhZ[g \a @hebcX.
L[X cTcXe VbiXef T _bg bY ZebhaW TaW Ue\aZf gbZXg[Xe `Tal _\aXf bY Xi\WXaVX gb f[bj g[Tg NI?, gX`cXeTgheX TaW
fb\_ `b\fgheX Tab`T_\Xf TeX eXfh_g\aZ \a _TeZX cXegheUTg\baf gb g[X cbgXag\T_ Ybe YbeXfg VTeUba fXdhXfgeTg\ba. FTal
Vb`cTe\fbaf TeX `TWX gb ceXi\bhf WebhZ[gf, cTeg\Vh_Te_l g[X 2018 WebhZ[g, Uhg g[X ha\dhX fXgg\aZ bY g[X 2022 WebhZ[g
b!Xef Yheg[Xe \af\Z[gf \agb _TeZX fVT_X Vbag\aXagT_ X!XVgf bY V[TaZ\aZ V_\`TgX eXZ\`Xf. C TW`\g gb YXX_\aZ g[Tg g[X
Xi\WXaVX Uh\_Wf f_bj_l TaW g\`Xf fXX`f T U\g YehfgeTg\aZ Uhg g[X Ue\XY, fgebaZ W\fVhff\ba WbXf T a\VX ]bU bY "aT__l
ch__\aZ g[X c\XVXf gbZXg[Xe. O\g[ ab `T]be Ve\g\V\f`f bY g[X fghWl C W\W "aW fXiXeT_ f`T__ \ffhXf gb V_Te\Yl TaW YbhaW
fXiXeT_ bY g[X "ZheXf \a aXXW bY \`cebiX`Xag.

Xc rf_li rfc _lmlwkmsq pctgcucp dmp rfcgp dccb`_ai _lb amlqrpsargtc amkkclrq1 ufgaf fcjn rm gknpmtc rfc
n_ncp3 Ccjmu1 uc _bbpcqq rfc amkkclrq mlc `w mlc1 ugrf rfc pctgcucp amkkclrq gl gr_jga _lb msp _lqucpq gl `jsc3
Xfcl uc pcdcp rm jglc lsk`cpq1 uc pcdcp rm jglc lsk`cpq gl rfc pctgqcb rp_aicb af_lecq bmaskclr3

%#$ )0:-340/ .75506:9'

• CagebWhVg\ba A\efg cTeTZeTc[ n JXc_TVX Rg[X Vbag\aXag& j\g[ Rg[X @hebcXTa Vbag\aXag& be f\`c_l R@hebcX&

Xc f_tc af_lecb rfc qclrclac gl M3863

• <aTgb`l bY T Kh``Xe WebhZ[g A\efg cTeTZeTc[ _Tfg fXagXaVX n =XXV[ \f T glcX bY UebTW_XTY YbeXfgf;

Xc rf_li rfc pctgcucp dmp lmrgle rfgq1 _lb f_tc af_lecb rfc rcvr rm mljw amlr_gl `ccaf dmpcqrq gl M3;;3

• GXg >TeUba @kV[TaZX C`cTVgf A\ZheX 2 n g[\f \f T iXel Uhfl ZeTc[ g[Tg \f iXel cbbe_l WXfVe\UXW j[Xa \agebWhVXW
\a g[X gXkg TaW _XZXaW. Abe XkT`c_X R)U* A\eX #hkXf, gT^Xa Yeb` BA<K28 biXe g[X Kbhg[ )U_hX* TaW Gbeg[
)eXW* eXZ\baf& Uhg g[X _\aXf ba g[X ZeTc[ TeX U_hX TaW lX__bj eTg[Xe g[Ta U_hX TaW eXW TaW g[X `Tc TaW bg[Xe
cTaX_f hfX U_hX Tf abeg[ TaW lX__bj Tf g[X fbhg[; L[X S[TgV[\aZ& hfXW \a cTaX_f V-Y \f gbb j\WX_l fcTVXW Ca
cTaX_f Z-] C Tffh`X g[X ZeTl _\aX \f g[X RV_\`Tgb_bZl UXgjXXa 2016-2022& Uhg g[\f \f aXiXe \WXag\"XW.

Xc rf_li rfc pctgcucp dmp rfcgp amkkclrq ml rfgq gknmpr_lr #espc _lb fcjngle gknpmtgle gr3 Xc f_tc rpgcb
rm _bbpcqq rfc amlacpl `sr uc #lb gr lmr c_qw rm k_ic _ kmpc _cqrfcrga_jjw njc_qgle #espc3 Xc _pc amlqgbcpgle rm
qmjgagr _qqgqr_lac dpmk rfc hmspl_jq ep_nfga_j bcqgel rc_k rm gknpmtc rfc qcrrgle md rfgq #espc3

• A\ZheX 3 \f f\`\_Te_l abg jX__ ceXfXagXW. L[X _XZXaW fgTgXf g[Tg RgbZXg[Xe j\g[ >H2 `bag[_l `XTa iT_hXf \a
2022 )eXW* TaW 2019-2021 )ZeXl, j\g[ baX fgTaWTeW WXi\Tg\ba \a U_hX*& lXg \g TccXTef Tf g[bhZ[ g[X iT_hXf
TeX \a eXW TaW U_hX j\g[ g[X fgTaWTeW WXibg\ba bY 2021 \a ZeXl. O[Tg `T^Xf HV[fXa^bcY )HPE, >* TaW
HUfXeiTgb\eX c%XeXaaX WX _(Xai\ebaaX`Xag )HI@, W* eXceXfXagTg\iX;

Xc rf_li rfc pctgcucp dmp lmrgle rfc amldsqgml gl rfc a_nrgml _lb f_tc af_lecb gr3
Xc f_tc afmqcl PYL _lb PQF1 `ca_sqc rfcw qfmu _lmk_jw t_jscq rf_r amppcqnmlb ucjj rm mrfcp qr_rgmlq qfmul

ml rfc k_nq gl rfc q_kc #espc -uc f_tc _bbcb _ kc_l qc_qml_j bctg_rgml rm rfc qs`njmr1 ufgaf amppcqnmlbq ucjj
rm rfcqc rum qr_rgmlq.3 Xc f_tc _bbcb _ qfmpr cvnj_l_rgml _`msr rfgq gl rfc a_nrgml _q ucjj3

• NTcbe ceXffheX WX"V\g if. fb\_ `b\fgheX RL[\f fj\gV[ Yeb` f\a^ gb fbheVX bY VTeUba f\a^ Whe\aZ fh``Xe& n C
g[\a^ g[XeX \f Ta XkgeT f\a^.

Xc rf_li rfc pctgcucp dmp lmrgle rfgq rcvrs_j glamlqgqrclaw _lb f_tc pckmtcb rfc qcamlb ,qgli, gl M36;>3

=



• ?\fVhff\ba L[X W\fVhff\ba bY L@J \f XkgeX`X_l \agXeXfg\aZ Uhg g[X W\fVhff\ba UXVb`Xf fb`Xj[Tg VbaYhf\aZ
j[Xa g[X Yb__bj\aZ cTeTZeTc[ fgTgXf g[Tg G@I VTa UX fhVVXffYh__l f\`h_TgXW n j[l TeX g[XfX f\`h_Tg\baf abg
T!XVgXW Ul g[X fT`X \aTVVheTV\Xf \a L@J;

Ufc pctgcucp p_gqcq _ emmb nmglr fcpc1 rf_r glbccb bcqcptcq dsprfcp cvnj_l_rgml gl rfc rcvr3
N_lw npctgmsq qrsbgcq \C_jbmaafg1 755=1 M_qqjmn cr _j31 75651 jc N_gpc cr _j31 7565] f_tc qfmul rf_r1 _jrfmsef

HQQ _lb UFS _pc qcn_p_rc epmqq $svcq pcqsjrgle dpmk bg"cpclr npmacqqcq ugrf glbgtgbs_j pcqnmlqcq1 rfcw mdrcl
am2t_pw _q rfcw _pc qclqgrgtc rm qgkgj_p bpgtcpq3 Jr gq ucjj2ilmul rf_r UFS f_q _ -qmgj2.U bcnclbclac1 `sr _jqm jmu
qmgj kmgqrspc gq ilmul rm glfg`gr UFS \Ppaf_pb _lb Dmmi1 6>=8]3 Ufc t_pg_rgmlq gl HQQ _pc mdrcl rfc bmkgl_lr
t_pg_rgml gl OFF1 cqncag_jjw bspgle b_wrgkc gl qskkcp1 ufcl HQQ a_l `c rugac _q j_pec _q UFS \Umji cr _j31 755>]3
Ufc HQQ pcqnmlqc gq _jqm pcj_rgtcjw ucjj2m`qcptcb gl FD2kc_qspckclrq1 _lb gl q_rcjjgrc m`qcpt_rgmlq qsaf _q OJSt3
Ufcpcdmpc1 HQQ gq rfc amknmlclr md TgC9 kmbcjgle rf_r uc f_tc `ccl _`jc rm t_jgb_rc `crrcp rf_l UFS3 Ufc UFS
bpmsefr pcqnmlqc gl grqcjd gq n_prjw m`qcpt_`jc _r FD2qgrcq _lb npcqclrcb gl U_`jc 61 aml#pkgle rf_r gr pcbsacq
bspgle rfc bpmsefr hsqr jgic HQQ1 _lb _q cvnj_glcb _`mtc3 Ufc `_j_lac md rfc HQQ _lb UFS af_lec amlqrgrsrcq
rfc qgksj_rcb OFF pcqnmlqc1 ufgaf gq glbcnclbclrjw amlqrp_glcb `w rfc m`qcptcb af_lecq gl _rkmqnfcpga DP2 kmjc
dp_argmlq rf_r gr bpgtcq3 Nsjrgnjc amk`gl_rgmlq md HQQ _lb UFS a_l jc_b rm rfc q_kc OFF1 _lb rfcpc gq _jqm _
bcepcc md a_lacjjgle cppmpq gl rfc epmqq $svcq1 _lb rfcpcdmpc _ emmb OFF pcqnmlqc gq c_qgcp rm m`r_gl rf_l emmb
pcqnmlqcq gl epmqq $svcq -qcc Qcrcpq cr _j -756=. _lb rfc ksjrg kmbcj2b_r_ amkn_pgqmlq gl grq Tsnnjckclr.3 Gmp
TgC91 uc #lb rf_r dpmk _ pc_qml_`jc qgksj_rgml md HQQ1 uc a_l gldcp rf_r rfc UFS pcqnmlqc gq apcbg`jc _r jc_qr gl
qgel _lb k_elgrsbc1 _lb grq OFF pcqnmlqc gq pcnpcqclrcb ucjj1 bcqngrc $_uq gl epmqq $svcq3

Jl rfc bgqasqqgml -M37:=27<:. md rfc pctgqcb k_lsqapgnr1 uc f_tc lmu cvnjgagrjw cvnj_glcb rfc glbgpcar _lb uc_icp
amlqrp_glrq ml UFS m"cpcb rfgq u_w1 gl _l _rrcknr rm _bbpcqq rfc pctgcucp,q t_jgb amkkclr3 Ufc lcu n_p_ep_nf
pc_bq?

Ufc HQQ gkn_ar ml _rkmqnfcpga DP2 gq rwnga_jjw j_pecp _lb kmpc t_pg_`jc rf_l rf_r md UFS gl qskkcp Umji
cr _j3 \755>]1 Qg_m cr _j3 \7575]3 Psp qrsbw lctcprfcjcqq qseecqrq _jqm _ pmjc md UFS _lb qmgj kmgqrspc gl rfc bpmsefr
pcqnmlqc1 _q uc #lb _ qrpmle pcbsargml md HQQ ufgaf1 _aampbgle rm rfc _rkmqnfcpga DP2 kmjc dp_argml amlqrp_glrq1
bmcq lmr dsjjw `_j_lac m`qcptcb OFF pcbsargmlq ugrfmsr _jqm amlqgbcpgle _ UFS pcbsargml3 Imuctcp1 amlrp_pw rm
HQQ1 ufgaf a_l `c cqrgk_rcb dpmk q_rcjjgrc npmbsarq1 UFS a_llmr asppclrjw `c os_lrg#cb ml _ j_pec qa_jc -_jrfmsef
pcaclrjw _bt_lacq gl rfc os_lrg#a_rgml md rfc rckncp_rspc qclqgrgtgrw md UFS f_tc `ccl k_bcTsl cr _j3 \7578]..3
Mma_jjw1 msp FD m`qcpt_rgmlq glbccb qfmu pcbsacb UFS _lb pcbsacb HQQ bsc rm rfc bpmsefr gl rfc Tmsrf pcegml
gl 75773 Jl rfc Dclrpc pcegml fmuctcp1 rfgq c"car gq uc_icp -Tsnnjckclr_pw Gge3 T67 md rfc pctgqcb k_lsqapgnr.3
Bjrfmsef uc j_ai rfc m`qcpt_rgmlq rm tcpgdw rfgq1 uc fwnmrfcqgqc rfc HQQ pcqnmlqc gq bmkgl_rcb `w rfc _rkmqnfcpga
qrpcqq rfpmsef WQE1 ufgjc rfc qmgj kmgqrspc jgkgr_rgml rf_r umsjb _jqm _"car UFS gq qk_jjcp3 Cgmqnfcpc kmbcjq
t_pw qrpmlejw gl qgksj_rgmlq md qsaf _ UFS pcqnmlqc Dj_pi cr _j3 \7566]1 Qcrcpq cr _j3 \756=]1 I_wlcq cr _j3 \7575] _lb
pcaclr umpi qseecqrq _ eclcp_j mtcpcqrgk_rc md rckncp_rspc qclqgrgtgrw Tsl cr _j3 \7578]3 Ufc emmb amppcqnmlbclac
rm _rkmqnfcpga b_r_ lctcprfcjcqq glbga_rcq _ emmb OFF bpmsefr pcqnmlqc gl TgC9 ufgaf1 rmecrfcp ugrf _ pc_qml_`jc
pcqnmlqc gl HQQ1 _jqm qseecqrq _ pc_qml_`jc UFS pcqnmlqc md TgC93

• Khcc_X`XagTel "_Xf A\ZheX K6 n g[X k-Tk\f _XZXaW \f Vhg b!
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E3 C_jbmaafg3 ,Cpc_rfgle, md rfc rcppcqrpg_j `gmqnfcpc? jcqqmlq jc_plcb dpmk _ ejm`_j lcrumpi md a_p`ml bgmvgbc $sv
kc_qspckclr qwqrckq3 <hfgeT_\Ta DbheaT_ bY =bgTal1 :;-6.?61 755=3 JTTO 55;<26>793 bmg? 65365<64CU5<6:63
VSM www.publish.csiro.au/journals/ajbhttp://www.publish.csiro.au/?paper=BT071513

Q3 Dg_gq1 N3 Scgafqrcgl1 O3 Wgmtw1 B3 Hp_lgcp1 K3 Pe'cc1 W3 Bjj_pb1 N3 Bs`glcr1 O3 Csafk_ll1 D3 Ccplfmdcp1
B3 D_pp_p_1 G3 Dfct_jjgcp1 O3 Ec Om`jcr1 B3 E3 Gpgclb1 Q3 Gpgcbjgleqrcgl1 U3 Hps{lu_jb1 C3 Icglcqaf1 Q3 Lcpmlcl1
B3 Llmfj1 H3 Lpgllcp1 E3 Mmsqr_s1 H3 N_la_1 H3 N_rrcsaag1 G3 Ngejgcrr_1 K3 N3 Pspagt_j1 E3 Q_n_jc1 L3 Qgjce__pb1
T3 S_k`_j1 H3 Tcsdcpr1 K3 G3 Tmsqq_l_1 N3 K3 T_lx1 F3 E3 Tafsjxc1 U3 Wcq_j_1 _lb S3 W_jclrglg3 Fspmnc2ugbc
pcbsargml gl npgk_pw npmbsargtgrw a_sqcb `w rfc fc_r _lb bpmsefr gl 75583 GTgheX1 98<-<5:=.?:7>y:881 > 755:3
JTTO 557=25=8;3 bmg? 653658=4l_rspc58><73 VSM https://www.nature.com/articles/nature039723

Q3 Dg_gq1 B3 C_qrmq1 G3 Dfct_jjgcp1 S3 M_scpu_jb1 C3 Qmsjrcp1 K3 H3 D_l_bcjj1 H3 Isecjgsq1 S3 C3 K_aiqml1 B3 K_gl1
N3 Kmlcq1 N3 Lmlbm1 J3 U3 Msghiv1 Q3 L3 Q_rp_1 X3 Qcrcpq1 K3 Qmlep_rx1 B3 N3 S3 Qcrpcqas1 T3 Qg_m1 D3 Rgs1
D3 Wml S_lbmu1 Q3 Scelgcp1 N3 T_slmgq1 S3 Tafmjcq1 B3 Tftgbclim1 I3 Ug_l1 I3 Z_le1 Y3 X_le1 _lb C3 [fcle3
Ec#lgrgmlq _lb kcrfmbq rm cqrgk_rc pcegml_j j_lb a_p`ml $svcq dmp rfc qcamlb nf_qc md rfc SFegml_j D_p`ml
Dwajc Bqqcqqkclr _lb Qpmacqqcq Qpmhcar -SFDDBQ27.3 BXbfV\Xag\"V FbWX_ ?XiX_bc`Xag1 6:-8.?67=>y686;1 7
75773 JTTO 6>>62>;583 bmg? 653:6>94ekb26:267=>275773 VSM https://gmd.copernicus.org/articles/15/

1289/2022/3

E3 C3 Dj_pi1 M3 N3 Ncpa_bm1 T3 Tgraf1 D3 E3 Kmlcq1 O3 Hcblcw1 N3 K3 Ccqr1 N3 Qpwmp1 H3 H3 Smmlcw1 S3 M3 I3 Fqqcpw1
F3 Cjwrf1 P3 Cmsafcp1 S3 K3 I_pbgle1 D3 Islrgledmpb1 _lb Q3 N3 Dmv3 Ufc Kmglr VL M_lb Fltgpmlkclr Tgksj_rmp
-KVMFT.1 kmbcj bcqapgnrgml y Q_pr 7? D_p`ml $svcq _lb tcecr_rgml bwl_kgaq3 BXbfV\Xag\"V FbWX_ ?XiX_bc`Xag1
9-8.?<56y<771 > 75663 JTTO 6>>62>;583 bmg? 653:6>94ekb292<56275663 VSM https://gmd.copernicus.org/

articles/4/701/2011/3

[3 Gs1 Q3 Dg_gq1 J3 D3 Qpclrgac1 Q3 Hclrglc1 E3 N_imuqig1 B3 C_qrmq1 Y3 Msm1 K3 L3 Hpccl1 Q3 D3 Trmw1 I3 Z_le1
_lb U3 I_hgk_3 Brkmqnfcpga bpwlcqq pcbsacq nfmrmqwlrfcqgq _jmle _ j_pec p_lec md qmgj u_rcp bc#agrq3 GTgheX
>b``ha\VTg\baf1 68-6.?>=>1 7 75773 JTTO 759626<783 bmg? 653658=4q969;<257727=;:72<3 VSM https://doi.

org/10.1038/s41467-022-28652-7https://www.nature.com/articles/s41467-022-28652-73

L3 I_wlcq1 J3 U3 C_icp1 _lb B3 T3 Ecllgle3 Ufc Tgknjc Cgmqnfcpc Nmbcj1 Wcpqgml 937? TgC9 Ucaflga_j bcqapgnrgml3
>b_beTWb KgTgX Ma\iXef\gl1 -Gc`ps_pw.1 75753 VSM https://hdl.handle.net/10217/2006913

Y3 N3 Is1 T3 Dpmucjj1 R3 X_le1 Z3 [f_le1 L3 K3 E_tgq1 N3 Ysc1 Y3 Yg_m1 C3 Nmmpc1 Y3 Xs1 Z3 Dfmg1
_lb K3 Q3 EgH_leg3 Ewl_kga_j Emulqa_jgle md DP7 gl 756; Ptcp rfc Dmlrgesmsq Vlgrcb Tr_rcq
Vqgle XSG2WQSN1 _ Xc_rfcp2Cgmqnfcpc2Pljglc2Dmsnjcb Nmbcj3 DbheaT_ bY <WiTaVXf \a FbWX_\aZ
@Teg[ KlfgX`f1 67-9.?c756>NT556=<:1 9 75753 JTTO 6>9779;;3 bmg? 653657>4756>NT556=<:3 VSM
https://onlinelibrary.wiley.com/doi/full/10.1029/2019MS001875https://onlinelibrary.wiley.com/

doi/abs/10.1029/2019MS001875https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2019MS0018753

H3 M_qqjmn1 N3 Scgafqrcgl1 E3 Q_n_jc1 B3 Sgaf_pbqml1 B3 Bplcrf1 B3 C_pp1 Q3 Trmw1 _lb H3 Xmfjd_fpr3 Tcn_p_rgml md
lcr camqwqrck cvaf_lec glrm _qqgkgj_rgml _lb pcqngp_rgml sqgle _ jgefr pcqnmlqc asptc _nnpm_af? Dpgrga_j gqqscq _lb
ejm`_j ct_js_rgml3 B_bUT_ >[TaZX =\b_bZl1 6;-6.?6=<y75=1 6 75653 JTTO 68:965683 bmg? 65366664h368;:279=;3755>3
575963v3 VSM http://doi.wiley.com/10.1111/j.1365-2486.2009.02041.xhttps://onlinelibrary.wiley.

com/doi/10.1111/j.1365-2486.2009.02041.x3

H3 jc N_gpc1 O3 Ecjngcppc1 N3 Ksle1 Q3 Dg_gq1 N3 Scgafqrcgl1 O3 Wgmtw1 B3 Hp_lgcp1 B3 J`pmk1 Q3 Lmj_pg1 C3 Mmlebmx1
F3 K3 Nmmpq1 L3 Qgjce__pb1 T3 S_k`_j1 B3 E3 Sgaf_pbqml1 _lb U3 Wcq_j_3 Ecrcargle rfc apgrga_j ncpgmbq rf_r
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slbcpngl glrcp_lls_j $sars_rgmlq gl rfc a_p`ml `_j_lac md Fspmnc_l dmpcqrq3 DbheaT_ bY BXbc[lf\VT_ JXfXTeV[1
66:-9.?H55I581 65 75653 JTTO 569=2577<3 bmg? 653657>4755>KH5567993 VSM http://doi.wiley.com/10.1029/

2009JG0012443

M3 Mgs1 M3 Hsbkslbqqml1 N3 I_sqcp1 E3 Rgl1 T3 Mg1 _lb T3 J3 Tclctgp_rlc3 Tmgj kmgqrspc bmkgl_rcq bpwlcqq
qrpcqq ml camqwqrck npmbsargml ejm`_jjw3 GTgheX >b``ha\VTg\baf1 66-6.1 75753 JTTO 75966<783 bmg? 653658=4
q969;<257526=;86263 VSM https://doi.org/10.1038/s41467-020-18631-13

W3 B3 Ppaf_pb _lb G3 Dmmi3 Scj_rgmlqfgn `cruccl qmgj pcqngp_rgml _lb qmgj kmgqrspc3 Kb\_ =\b_bZl TaW =\bV[X`-
\fgel1 6:-9.?99<y9:81 6 6>=83 JTTO 558=5<6<3 bmg? 653656;4558=25<6<-=8.>55652Y3 VSM https://linkinghub.

elsevier.com/retrieve/pii/003807178390010X3

E3 Q_n_jc1 N3 Scgafqrcgl1 N3 Bs`glcr1 F3 D_ldmp_1 D3 Ccplfmdcp1 X3 Lsrqaf1 C3 Mmlebmx1 T3 S_k`_j1 S3 W_jclrglg1
U3 Wcq_j_1 _lb E3 Z_igp3 Umu_pbq _ qr_lb_pbgxcb npmacqqgle md Ocr Famqwqrck Fvaf_lec kc_qspcb ugrf cbbw
amt_pg_lac rcaflgosc? _jempgrfkq _lb slacpr_glrw cqrgk_rgml3 =\bZXbfV\XaVXf1 8-9.?:<6y:=81 66 755;3 JTTO 6<7;2
96=>3 bmg? 653:6>94`e282:<62755;3 VSM https://bg.copernicus.org/articles/3/571/2006/3

H3 Q_qrmpcjjm1 D3 Upmrr_1 F3 D_ldmp_1 I3 Dfs1 E3 Dfpgqrg_lqml1 Z32X3 Dfc_f1 D3 Qmglbcvrcp1 K3 Dfcl1 B3 Fj`_qf_lbw1
N3 Isknfpcw1 Q3 Jq__a1 E3 Qmjgbmpg1 N3 Scgafqrcgl1 B3 Sg`ca_1 D3 t_l Jlecl1 O3 Wsgaf_pb1 M3 [f_le1 C3 Bkgpm1
D3 Bkk_ll1 N3 B3 Bp_gl1 K3 Bpb{m1 U3 Bpic`_scp1 T3 L3 Bplbr1 O3 Bppge_1 N3 Bs`glcr1 N3 Bspcj_1 E3 E3 C_jbmaafg1
B3 C_pp1 F3 Cc_kcqbcpdcp1 M3 C3 N_pafcqglg1 P3 Ccpecpml1 K3 Ccpglecp1 D3 Ccplfmdcp1 E3 Ccptcgjjcp1 E3 Cgjjcq`_af1
U3 B3 Cj_ai1 Q3 E3 Cj_licl1 H3 Cmfpcp1 K3 Cmgic1 Q3 W3 Cmjqr_b1 E3 Cml_j1 K32N3 Cmllcdmlb1 E3 S3 Cmujgle1 S3 Cp_2
afm1 K3 Cpmbcsp1 D3 Cps{kkcp1 O3 Csafk_ll1 C3 Csp`_l1 T3 Q3 Csplq1 Q3 Cswqqc1 Q3 D_jc1 N3 D_t_el_1 Q3 Dcjjgcp1
T3 Dfcl1 J3 Dfglg1 U3 S3 Dfpgqrclqcl1 K3 Djctcpjw1 B3 Dmjj_jrg1 D3 Dmlq_jtm1 C3 E3 Dmmi1 E3 Dmmi1 D3 Dmspqmjjc1
F3 Dpckmlcqc1 Q3 T3 Dsprgq1 F3 E,Blbpc_1 I3 b_ Smaf_1 Y3 E_g1 L3 K3 E_tgq1 C3 E3 Dglrg1 B3 b3 Hp_lbamspr1 B3 E3
Mgelc1 S3 D3 Ec Pjgtcgp_1 O3 Ecjngcppc1 B3 S3 Ecq_g1 D3 N3 Eg Ccjj_1 Q3 b3 Umkk_qg1 I3 Emjk_l1 G3 Emkglem1
H3 Emle1 T3 Empc1 Q3 Esac1 F3 Esdpĉlc1 B3 Esll1 K3 Es(qci1 E3 F_ksq1 V3 Fgafcjk_ll1 I3 B3 N3 FjLfgbgp1 X3 Fs2
eqrcp1 D3 N3 Fuclx1 C3 Fucpq1 E3 G_ksj_pg1 T3 G_pcq1 J3 Gcgecluglrcp1 B3 Gcgrx1 S3 Gclqfmjr1 H3 Ggjgnn_1 N3 Ggqafcp1
K3 Gp_li1 N3 H_jt_elm1 N3 Hf_psl1 E3 Hg_lcjjc1 C3 Hgcjcl1 C3 Hgmjg1 B3 Hgrcjqml1 J3 Hmbcb1 N3 Hmcaicbc1 B3 I3
Hmjbqrcgl1 D3 N3 Hmsef1 N3 M3 Hmsjbcl1 B3 Hp_d1 B3 Hpgc`cj1 D3 Hpsclgle1 U3 Hps{lu_jb1 B3 I_kkcpjc1 T3 I_l1
Y3 I_l1 C3 V3 I_lqcl1 D3 I_lqml1 K3 I_r_ii_1 Z3 Ic1 N3 Icfl1 C3 Icglcqaf1 O3 Iglim2O_hcp_1 M3 I{mprl_ej1
M3 Isrjcw1 B3 J`pmk1 I3 Ji_u_1 N3 K_aimugax2Lmpaxwlqig1 E3 K_lms(q1 X3 K_lq1 S3 K_qq_j1 T3 Kg_le1 U3 L_rm1
N3 Lfmkgi1 K3 Lj_rr1 B3 Llmfj1 T3 Llmv1 I3 Lm`_w_qfg1 H3 Lmcp`cp1 P3 Lmjjc1 Z3 Lmqseg1 B3 Lmr_lg1 B3 Lmu_j2
qig1 C3 Lpsghr1 K3 Lsp`_rmt_1 X3 M3 Lsrqaf1 I3 Luml1 T3 M_slg_glcl1 U3 M_spgj_1 C3 M_u1 S3 Mcslgle1 Z3 Mg1
N3 Mgbbcjj1 K32N3 Mgkmsqgl1 N3 Mgml1 B3 K3 Mgqi_1 B3 Mmfgj_1 B3 M'mncx2C_jjcqrcpmq1 F3 M'mncx2Cj_lam1 C3 Mms`cr1
E3 Mmsqr_s1 B3 Msa_q2Nm"_r1 K3 Ms{cpq1 T3 N_1 D3 N_ad_pj_lc1 W3 N_ejgsjm1 S3 N_gcp1 J3 N_kk_pcjj_1 H3 N_la_1
C3 N_pamjj_1 I3 B3 N_pemjgq1 T3 N_pp_q1 X3 N_qqk_l1 N3 N_qrcn_lmt1 S3 N_r_k_j_1 K3 I3 N_rrfcq1 G3 N_xxcle_1
I3 NaD_sefcw1 J3 NaIsef1 B3 N3 T3 NaNgjj_l1 M3 Ncp`mjb1 X3 Ncwcp1 U3 Ncwcpq1 T3 E3 Ngjjcp1 T3 Nglcp`g1
V3 Nmbcpmu1 S3 L3 Nmlqml1 M3 Nmlr_el_lg1 D3 F3 Nmmpc1 F3 Nmmpq1 W3 Nmpc_sv1 D3 Nmspc_sv1 K3 X3 Nslecp1
U3 O_i_g1 K3 Ocgpwlai1 [3 Ocqga1 H3 Ogamjglg1 B3 Ommpkcrq1 N3 Omprfummb1 N3 Omqcrrm1 Z3 Omstcjjml1 L3 Omtgai1
X3 Pcafcj1 K3 F3 Pjcqcl1 K32N3 Pspagt_j1 T3 B3 Q_nse_1 G32K3 Q_pkclrgcp1 F3 Q_sj2Mgkmecq1 N3 Q_tcji_1 N3 Qc2
gafj1 F3 Qclb_jj1 S3 Q3 Qfgjjgnq1 L3 Qgjce__pb1 O3 Qgpi1 H3 Qmqqc1 U3 Qmucjj1 I3 Qp_qqc1 T3 N3 Qpm`cp1 T3 S_k`_j1
V3 S_llgi1 O3 S_x2Z_qccd1 D3 Sc`k_ll1 E3 Sccb1 W3 S3 b3 Egmq1 O3 Scqrpcnm2Dmsnc1 C3 S3 Sctcprcp1 N3 Smj_lb1
T3 T_``_rglg1 U3 T_afq1 T3 S3 T_jcqi_1 F3 Q3 T_'lafcx2D_lzcrc1 [3 N3 T_lafcx2Nchg_1 I3 Q3 Tafkgb1 N3 Tafkgbr1
L3 Taflcgbcp1 G3 Tafp_bcp1 J3 Tafpmbcp1 S3 M3 Tamrr1 Q3 Tcbj'_i1 Q3 Tcpp_lm2Ppr'&x1 D3 Tf_m1 Q3 Tfg1 J3 Tfgpmlw_1
M3 Tgc`gaic1 M3 (Tgesr1 S3 Tgj`cpqrcgl1 D3 Tgpa_1 E3 Tn_lm1 S3 Trcgl`pcafcp1 S3 N3 Trctclq1 D3 Trsprct_lr1 B3 Tswicp1
U3 U_ecqqml1 T3 U_i_l_qfg1 Z3 U_le1 O3 U_nncp1 K3 Ufmk1 N3 Umk_qqsaag1 K32Q3 Usmtglcl1 T3 Vp`_lqig1 S3 W_jcl2
rglg1 N3 t_l bcp Nmjcl1 F3 t_l Hmpqcj1 L3 t_l Isgqqrcbcl1 B3 W_pj_egl1 K3 Wcpd_gjjgc1 U3 Wcq_j_1 D3 Wglaic1
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E3 Wgr_jc1 O3 Wwembqi_w_1 K3 Q3 X_jicp1 F3 X_jrcp2Tfc_1 I3 X_le1 S3 Xc`cp1 T3 Xcqrcpk_ll1 D3 Xgjjc1 T3 Xmdqw1
H3 Xmfjd_fpr1 T3 Xmjd1 X3 Xmmbe_rc1 Z3 Mg1 S3 [_kncbpg1 K3 [f_le1 H3 [fms1 E3 [ml_1 E3 Be_pu_j1 T3 D3
Cgp_sb1 N3 Umpl1 _lb E3 Q_n_jc3 Ufc GMVYOFU756: b_r_qcr _lb rfc POFGjsv npmacqqgle ngncjglc dmp cbbw
amt_pg_lac b_r_3 KV\Xag\"V ?TgT1 <-6.?77:1 < 75753 JTTO 75:7299;83 bmg? 653658=4q96:><257525:89283 VSM
https://doi.org/10.1038/s41597-020-0534-3https://www.nature.com/articles/s41597-020-0534-33

X3 Qcrcpq1 J3 S3 t_l bcp Wcjbc1 F3 t_l Taf_gi1 K3 C3 Ngjjcp1 Q3 Dg_gq1 I3 G3 Es_prc1 J3 U3 t_l bcp M__l2Msghiv1 N3 L3
t_l bcp Nmjcl1 N3 Tafmjxc1 L3 Taf_cdcp1 Q3 M3 Wgb_jc1 B3 Wcpfmcd1 E3 X)_pjglb1 E3 [fs1 Q3 Q3 U_lq1 C3 W_sefl1 _lb
K3 X3 Xfgrc3 Jlapc_qcb u_rcp2sqc c%agclaw _lb pcbsacb DP7 snr_ic `w nj_lrq bspgle bpmsefrq _r _ amlrglclr_j
qa_jc3 GTgheX BXbfV\XaVX1 66-65.?<99y<9=1 65 756=3 JTTO 6<:75>5=3 bmg? 653658=4q96:;6256=257672<3 VSM
https://www.nature.com/articles/s41561-018-0212-73

T3 Qg_m1 Y3 X_le1 L3 X_le1 Y3 Mg1 B3 C_qrmq1 K3 H3 D_l_bcjj1 Q3 Dg_gq1 Q3 Gpgcbjgleqrcgl1 _lb T3 Tgraf3 Jlrcp_lls_j
t_pg_rgml md rcppcqrpg_j a_p`ml awajc? Jqqscq _lb ncpqncargtcq3 B_bUT_ >[TaZX =\b_bZl1 7;-6.?855y86=1 6 75753
JTTO 68:9265683 bmg? 65366664ea`369==93 VSM http://www.ncbi.nlm.nih.gov/pubmed/31670435https://

onlinelibrary.wiley.com/doi/10.1111/gcb.148843

N3 Scgafqrcgl1 F3 G_jec1 E3 E3 C_jbmaafg1 E3 Q_n_jc1 N3 Bs`glcr1 Q3 Ccp`gegcp1 D3 Ccplfmdcp1 O3 Csafk_ll1
U3 Hgjk_lmt1 B3 Hp_lgcp1 U3 Hpslu_jb1 L3 I_tp_limt_1 I3 Jjtcqlgckg1 E3 K_lmsq1 B3 Llmfj1 U3 M_spgj_1
B3 Mmfgj_1 E3 Mmsqr_s1 H3 N_rrcsaag1 U3 Ncwcpq1 G3 Ngejgcrr_1 K32N3 Pspagt_j1 K3 Qskn_lcl1 T3 S_k`_j1
F3 Smrcl`cpe1 N3 T_lx1 K3 Uclfslcl1 H3 Tcsdcpr1 G3 W_aa_pg1 U3 Wcq_j_1 E3 Z_igp1 _lb S3 W_jclrglg3 Pl rfc
qcn_p_rgml md lcr camqwqrck cvaf_lec glrm _qqgkgj_rgml _lb camqwqrck pcqngp_rgml? pctgcu _lb gknpmtcb _jem2
pgrfk3 B_bUT_ >[TaZX =\b_bZl1 66->.?6979y698>1 > 755:3 JTTO 68:9265683 bmg? 65366664h368;:279=;3755:35565573
v3 VSM http://doi.wiley.com/10.1111/j.1365-2486.2005.001002.xhttps://onlinelibrary.wiley.com/

doi/10.1111/j.1365-2486.2005.001002.x3

T3 T_``_rglg1 J3 N_kk_pcjj_1 O3 Bppge_1 H3 Gp_rglg1 B3 Hp_d1 M3 I{mprl_ej1 B3 J`pmk1 C3 Mmlebmx1 N3 N_sbcp1
M3 Ncp`mjb1 T3 Ncrxecp1 M3 Nmlr_el_lg1 B3 Qgr_aam1 D3 Sc`k_ll1 Q3 Tcbj'_i1 M3 (Tgesr1 E3 Wgr_jc1 _lb
E3 Q_n_jc3 Fbbw amt_pg_lac p_u b_r_ npmacqqgle dmp DP7 _lb clcpew $svcq a_jasj_rgml _r JDPT camqwq2
rck qr_rgmlq3 CagXeaTg\baT_ <Zebc[lf\Vf1 87-9.?9>:y:6:1 67 756=3 JTTO 78552=<7:3 bmg? 6536:6:4
glr_e2756<255983 VSM https://doi.org/10.1515/intag-2017-0043http://archive.sciendo.com/INTAG/

intag.2017.32.issue-4/intag-2017-0043/intag-2017-0043.pdf3

E3 M3 Tafsk_afcp1 N3 [_af_pg_f1 G3 Prrm1 D3 C_plcq1 T3 Qfgjgn1 T3 Lcu1 N3 W_fj`cpe1 S3 Tglef1 E3 Icglpgaf1
K3 Bppgefg1 N3 t_l B_jqr1 N3 I_sqcp1 N3 Igpqafg1 W3 Ccqqcl`_afcp1 M3 Hsbkslbqqml1 I3 L3 Cc_sbmgle1 N3 Smbcjj1
T3 Mg1 X3 Z_le1 H3 B3 Wcaafg1 M3 K3 I_ppglerml1 G3 Mcflcp1 H3 C_jq_km1 _lb T3 J3 Tclctgp_rlc3 Ecrcargle
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Reviewer #1 (Remarks to the Author): 

The authors thoroughly addressed the concerns raised in the initial reviews and they have put in 

substantial efforts to revise the manuscript in a well-documented way. Accordingly, I recommend 

the publication of this very well prepared manuscript.


