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Reviewer #1 (Remarks to the Author): 

Review of manuscript “Biological carbon pump affected by CO2 uptake in the Benguela Upwelling 

system” by Siddiqui, Rixen, Lahajnar, Van der Plas, Louw, Lamont, and Pillay 

The authors use shipboard measurements complemented with data from an updated version of the 

SOCAT database (v2020) to show that the Benguela Upwelling System (BUS) acts as a CO2 source 

in its northern part and a CO2 sink in the southern region. Overall, the manuscript is well 

organized and easy to follow. It includes a nice description of the oceanography in the BUS and 

adjacent regions that provides context for understanding the results that are presented. The use of 

a consistent metric for the upwelling zone’s boundary makes the characterization of the conditions 

in the BUS more robust and facilitates comparisons between regions (and studies). The analysis to 

quantify the effect of different factors (biological uptake, warming, preformed and regenerated 

nutrients) on pCO2 is compelling and the results support the manuscript’s main conclusion that the 

intensification of the biological carbon pump due to higher supply of preformed nutrients from the 

Southern Ocean into the southern part of the BUS offsets the increase in pCO2 caused by surface 

warming, turning that region into a net sink of CO2. The study also quantifies the CO2 sink due to 

new production and estimates that new production in the BUS can offset approximately 20% of the 

CO2 outgassing in the Atlantic sector of the Southern Ocean, making the BUS a globally significant 

CO2 sink. 

However, the writing is bit vague or confusing in some parts and the text contains a few 

inconsistencies.The specific comments below are suggestions to improve clarity: 

Line 44: The word “loss” is vague. I would change it to “outgassing”. 

Line 59: This sentence is awkward. I would change “turned e.g.” to “makes”. 

Line 65: If I understand this sentence correctly, the value for “CO2 invasion” is the difference 

between 740 Tg C/year and 400 Tg C/year, so it should be 340 Tg C/year (not 380). 

Line 70: I would change “restore” to “increase”. 

Line 77: This sentence is a bit awkward. I would change “hardly improved these conditions” to 

“have not resolved these issues”. 

Line 80: I would change “model outcomes” to “model simulations”. 

Lines 125–126: I would change “according to the opposing signs” to “given the opposite signs of 

the flux in the two regions”. 

Lines 143–144: This sentence is awkward and confusing. Do the authors mean to say that nitrogen 

fixation is limited by low phosphate concentrations? This sentence should be rewritten to clarify its 

meaning. 

Line 195: If I understand this sentence correctly, the 20% figure comes from dividing the low end 

of CO2 uptake by new production (19.7) by the CO2 release in the Southern Ocean (110). 

However 19.7 / 110 is approximately 18% and not “over 20%”. This sentence should be rewritten 

to be more precise. 

In summary, I find that the manuscript is acceptable for publication after minor revisions. 

Reviewer #2 (Remarks to the Author): 

This manuscript presents a compilation of shipboard observations from the nearshore and offshore 

portions of the Benguela Upwelling System (BUS) in the eastern South Atlantic Ocean, which is a 

societally-important, highly-productive eastern boundary upwelling system that has traditionally 



been undersampled. Using these data, the authors then draw several conclusions regarding 1) the 

mean and seasonal cycle of surface ocean pCO2 and air-sea CO2 flux in the Northern and 

Southern portions of the BUS; 2) the mechanisms that control the observed pCO2 values; 3) the 

role of the BUS in the global carbon cycle. The new data fill an important gap in existing 

observations, particularly in the northern BUS shelf region, and provide an updated view of carbon 

fluxes in this highly variable, dynamic region. Unfortunately though, the analysis of the data 

suffers from a number of severe shortcomings, which raises doubts about the validity of the 

conclusions of the study. With fundamental changes to the analysis methods and a complete 

reworking of the text, however, this study has potential to make an important contribution to our 

understanding of the role of eastern boundary upwelling systems in the oceanic carbon cycle. 

-Of the concerns I have with the data analysis methods used in this study, one of the most serious 

is the failure to properly account for the spatio-temporal variability in the sampling and in the 

underlying fields. This could have a significant impact on the conclusions reached here. For 

instance, the use of the standard error formula to determine the uncertainty in the quantities in 

Tables 1 and 2 is problematic when n = number of grid points (as is done here), because for these 

quantities that are highly correlated in space and time, the degrees of freedom does not equal the 

number of grid points. In another example, the pCO2 dataset used in this study is clearly biased 

towards spring and summer, in terms of the number of observations (Figure S1); yet the authors 

apparently just average all the data together, regardless of this seasonal sampling bias and 

seasonal differences in the underlying fields, to determine the annual average. Similarly, the 

results shown in Figure 2c give the mean and standard deviation as a function of latitude, but 

clearly there is considerable noise given the choice of bin size. In all of the plots shown in Figure 2, 

one wonders if the data are normally distributed; perhaps a two-dimensional histogram would be 

more illuminating in this regard. 

-Related to this issue, the discussion of the data and the driving mechanisms should be more 

careful in the treatment of variability at other spatial or temporal scales, which could be 

influencing what is observed. For example, there is no consideration of interannual variability in 

either the pCO2 calculations or the water mass characteristic analysis. How representative are the 

nutrient values determined from a single cruise? 

-The authors seem to compute CO2 fluxes using Equations (1) and (2) with the wind speed, SST, 

and SSS obtained from cruise measurements that have then been box-averaged on a 0.1-degree 

grid. However, accounting for variability in wind speed in particular is very important for accurately 

estimating gas fluxes. Equation (2) was developed by Wanninkhof 2014 for 6-hourly wind speeds 

and is very likely inappropriate to use with 6 month averaged wind speeds (see discussion in 

Wanninkhof 2014). Additionally my concerns regarding how representative the cruise data are and 

how appropriate box-averaging is for pCO2 applies even more strongly to wind speed. This seems 

to be a serious issue with the methodology of this aspect of the study. 

-The source water for the BUS (SACW and ESACW) is subtropical mode water (lines 217-220), yet 

the motivation of the study and the discussion of the results rely heavily on a link to the preformed 

nutrients created in the Southern Ocean, which are, according to line 68, “transported northward 

and subducted beneath warmer and lighter subtropical water masses''. This manuscript completely 

neglects any steps between the preformed nutrients being created in the Southern Ocean in 

Subantarctic Mode Water and the nutrients in the Subtropical Mode Water reaching the BUS, yet 

these potentially very important and transformative processes are not well-known. To me, this 

represents a significant missing link in the explanation presented here. 

-One of the main quantitative results is that the BUS accounts for new production driven by 

preformed nutrient utilization of 19.7-71.1 Tg C year-1 (line 189), which is a very large range. It 

would be helpful to have a better discussion of what is causing that spread. It is also unclear how 

that result relates to the analysis of the effect of consumption of preformed nutrients on pCO2 in 

the previous paragraph. There, the authors argue that consumption of preformed nutrients has a 

slightly bigger impact in the SBUS than in the NBUS, yet the new production driven by performed 

nutrients (estimated in the paragraph starting on line 184) is almost entirely attributable to the 

NBUS. How do the authors reconcile this? 



-The authors motivate their study primarily with a discussion of the role of the global-scale 

biological pump and preformed nutrients in determining atmospheric CO2 concentrations. I find 

this part of the paper not very clear and only tenuously related to the actual results presented 

here. My suggestion would be to shift the focus more towards the BUS itself and less on the 

Southern Ocean and the global carbon cycle. In addition, the “biological pump” and “preformed 

nutrients” should be defined more explicitly when they are first used. 

-Overall the writing of this paper needs to be improved substantially. Currently there are 

numerous spelling and grammar errors and many instances of imprecise and/or inaccurate 

language use. 

-The organization of the manuscript also should be overhauled. Some of the information in the 

Study Region part of the Methods, especially regarding the definition of the NBUS and SBUS, 

would be very helpful at the beginning of the paper, because most readers will not be familiar with 

this area. Similarly, most of the information in Tables 1 and 2 would fit much better in the 

supplementary information, while Supplementary Figures 2 and 3 would be much more impactful 

in the main text. The end of the main text is very abrupt and inconclusive. 

Minor comments: 

-The title of the manuscript suggests that CO2 uptake in the BUS impacts the biological carbon 

pump, while the causal relationship is actually reversed -- the biological carbon pump affects CO2 

uptake. 

-The use of the name “Antarctic Divergence” on line 61 is unnecessary and should be removed for 

a more general audience. 

-How sensitive are the results to the choices made in defining the upwelling zone boundary (i.e., 

the values on line 98)? What about the choice of 117:1 as the stoichiometric ratio for C:P (line 

161)? 

-Why is there an “approximate” sign in front of the factor of 0.12 used on line 164. What was 

approximate about the number that was used? 

-Given that the cruise RV Meteor M153 is the only data source for the water mass analysis 

presented here, more details should be given about this cruise in the text / on Figure 1. 

Where/when were these data collected from? How representative are these values, compared to 

e.g., GLODAP, in this region? 

-Southern Ocean carbon uptake estimates given on lines 64-66 are just one such set of estimates, 

and there is a lot of variability. Why not use a more recent estimate, such as those from 

Landschutzer et al.? At the least, some discussion is needed about the uncertainty in Southern 

Ocean CO2 flux estimates. 

-The interpolated map shown in Figure 1c is not used in the discussion and in my opinion adds 

nothing to the paper that is not already shown in Figure 1b. 

-Line 268: the definition used in ref 71 to determine the SACW and ESACW should be explicitly 

given. 

-This may be just a matter of taste, but I disagree with the terminology of “leakage” when 

discussing outgassing of natural CO2 from the deep ocean that is associated with incomplete 

nutrient utilization. Calling it a leakage implies an accidental or undesired nature, whereas the 

biologically-mediated transfer of carbon to the deep ocean and the outgassing of remineralized 

carbon are both necessarily in balance on a global scale, if the system is in steady state. 

-The comparison to a previously published study for carbon uptake in the NBUS and SBUS on line 

130 is helpful, but it would be best to mention what type of study that was (i.e., observation or 

model-based) and any relevant differences. 



-The choices of various dissociation constants to use in the carbonate system calculations (in 

CO2SYS) should be stated. 

Review by Alison Gray, 28-May-2021 

Reviewer #3 (Remarks to the Author): 

This paper addresses the role of the Benguela upwelling system (BUS) in regulating the ocean 

uptake of CO2. The authors use a new compilation of shipboard measurements over the past two 

decades that significantly increases the spatial/temporal coverage offered by SOCAT for pCO2, 

particularly in the coastal areas. The authors claim the BUS act as a source of CO2 in its northern 

portion and as a sink of CO2 in its southern counterpart. The difference between the two sectors is 

due to a higher portion of preformed nutrients in the upwelling water in the south with respect to 

the north. This results in the biological carbon pump being more effective at decreasing surface 

pCO2. 

The objective of the paper are relevant for the wide climate science community and the paper has 

the potential to be a significant contribution to the field. However, despite the design of the 

analysis seems sound, its execution and description are very confusing with important 

contraddictions in the parts illustrating the main reasoning supporting the conclusions. 

My main concern is about lines 184-202 – This paragraph is very confusing and because it contains 

the main reasoning supporting one of the highlights of the paper, it needs some improvement. 

First of all, it uses some estimate of the volume of upwelling water which is not reported anywhere 

on the paper. It should be explicitly reported in one of the tables, for example. Moreover, it starts 

talking about estimating “the potential amount of CO2 transfer into the ocean interior on the basis 

of new production rates from the BUS….” but it gives an estimate of total primary production first 

(180-650 g C/m2/year) for the NBUS which integrated over the area amounts to 68-245 Tg 

C/year. Then it gives the actual new production estimates based on the Ppre share in NBUS source 

water reported in Table 2 (29%) , which results in 19.7-71.1 Tg C/year. 

Now, it moves to SBUS and it gives directly the estimate of new production without going through 

the calculations like it did for NBUS. This estimate is 2 orders of magnitude lower than for NBUS. 

This is weird because nutrient concentration, preformed content and area do not justify such 

reduction with respect to NBUS, so I assume it must be the volume of upwelling water. Therefore, 

this should be explicitly reported in one of the tables. It also states “The contribution of Ppref to 

new production from SBUS is low” but the content of Pref reported in Table 2 for this region is 

around 47% (i.e. way higher than for NBUS). 

Then it goes on suggesting that the new production in the NBUS (19.7 – 71.1 Tg C/year) is the 

one that countervails over 20% of the CO2 loss in the subpolar South Atlantic region. This means 

that the compensation over the South Atlantic CO2 loss happens through the NBUS rather than the 

SBUS, which is the opposite of what is stated throughout the paper. 

So, overall this reasoning appears confusing and it should be better explained before considering 

this paper for publication. 

Further comments: 

Lines 42-43. Not clear what “their formation refers to”. Is it the formation of source waters in the 

Southern Ocean? Or the formation of upwelling source waters? The formation of preformed 

nutrients? Consider re-phrasing. 

Lines 64-69. The Atlantic sector is said to be responsible of 34% of the natural CO2 release (~110 

Tg C/year). I understand this is 34% of the total natural CO2 release from the Southern Ocean, 

which is reported here to be about 400 Tg C/year. So, isn’t it just about 27.5% ? 

In Figure 1 it would be useful to see the limits defined betweeen SBUS and NBUS. 



Lines 134 – Perhaps give this number in Tg C /year for comparison. 

Lines 168-169 – The calculated pCO2 for NBUS is 50 uatm lower than the one estimated from field 

measurements. This is non-negligible (11.4%) as it would make the NBUS a weaker source of 

CO2. It would be interesting if the authors could explore what are the possible reasons for this 

discrepancy. 

The choice of figures to include in the main text is not very representative of the main results. I 

would consider substituting one of the two figures with one currently in supplementary that would 

better guide the reader through the reasoning of the paper (either S2 or S3). 
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]cbQ][S ]T ]c` abcRg* D]`S W\T]`[ObW]\ OP]cb bVS a^SQWTWQ QVO\USa eS [ORS Wa UWdS\ PSZ]e* /- 

/. 
&FT bVS Q]\QS`\a B VOdS eWbV bVS RObO O\OZgaWa [SbV]Ra caSR W\ bVWa abcRg( ]\S ]T bVS []ab aS`W]ca Wa // 
bVS TOWZc`S b] ^`]^S`Zg OQQ]c\b T]` bVS a^ObW])bS[^]`OZ dO`WOPWZWbg W\ bVS aO[^ZW\U O\R W\ bVS c\RS`ZgW\U /0 
TWSZRa* JVWa Q]cZR VOdS O aWU\WTWQO\b W[^OQb ]\ bVS Q]\QZcaW]\a `SOQVSR VS`S* ?]` W\abO\QS( bVS caS ]T /1 
bVS abO\RO`R S``]` T]`[cZO b] RSbS`[W\S bVS c\QS`bOW\bg W\ bVS _cO\bWbWSa W\ JOPZSa - O\R . Wa 0( 
^`]PZS[ObWQ eVS\ \ 8 \c[PS` ]T U`WR ^]W\ba %Oa Wa R]\S VS`S&( PSQOcaS T]` bVSaS _cO\bWbWSa bVOb O`S 0) 
VWUVZg Q]``SZObSR W\ a^OQS O\R bW[S( bVS RSU`SSa ]T T`SSR][ R]Sa \]b S_cOZ bVS \c[PS` ]T U`WR ^]W\ba*  0* 
B\abSOR ]T U`WRRW\U ]c` RObO O\R QOZQcZObW\U bVS O`WbV[SbWQ [SO\ ]T SOQV U`WR QSZZ Oa R]\S W\ bVS 0+ 
^`SdW]ca dS`aW]\ ]T ]c` [O\caQ`W^b( eS \]e O^^ZWSR bVS ]`RW\O`g Y`WUW\U [SbV]R b] OQQ]c\b T]` bVS 0, 
dO`WOPWZWbg O\R Ocb]Q]``SZObW]\( Oa eSZZ Oa bVS RSU`SSa ]T T`SSR][( eWbVW\ ]c` RObOaSb* F`RW\O`g Y`WUW\U 0- 
Tc`bVS` OZZ]ea ca b] ^S`T]`[ O\ S``]` ^`]^OUObW]\( eVWQV VSZ^a ca b] W[^`]dS ]c` c\QS`bOW\bg SabW[ObW]\*  0. 
D]`S W\T]`[ObW]\ ]\ bVS RWTTS`S\b ^`]QSRc`Sa ]T bVS ]`RW\O`g Y`WUW\U Oa O^^ZWSR W\ bVWa abcRg Wa UWdS\ W\ 0/ 
bVS DSbV]R aSQbW]\* 00 

01 
B\ O\]bVS` SfO[^ZS( bVS ^<F. RObOaSb caSR W\ bVWa abcRg Wa QZSO`Zg PWOaSR b]eO`Ra a^`W\U O\R ac[[S`( 1( 
W\ bS`[a ]T bVS \c[PS` ]T ]PaS`dObW]\a %?WUc`S I-&7 gSb bVS OcbV]`a O^^O`S\bZg Xcab OdS`OUS OZZ bVS RObO 1) 
b]USbVS`( `SUO`RZSaa ]T bVWa aSOa]\OZ aO[^ZW\U PWOa O\R aSOa]\OZ RWTTS`S\QSa W\ bVS c\RS`ZgW\U TWSZRa( b] 1* 
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RSbS`[W\S bVS O\\cOZ OdS`OUS* IW[WZO`Zg( bVS `SacZba aV]e\ W\ ?WUc`S .Q UWdS bVS [SO\ O\R abO\RO`R 1+ 
RSdWObW]\ Oa O Tc\QbW]\ ]T ZObWbcRS( Pcb QZSO`Zg bVS`S Wa Q]\aWRS`OPZS \]WaS UWdS\ bVS QV]WQS ]T PW\ aWhS* B\ 1, 
OZZ ]T bVS ^Z]ba aV]e\ W\ ?WUc`S .( ]\S e]\RS`a WT bVS RObO O`S \]`[OZZg RWab`WPcbSR7 ^S`VO^a O be])1- 
RW[S\aW]\OZ VWab]U`O[ e]cZR PS []`S WZZc[W\ObW\U W\ bVWa `SUO`R* 1. 
:ZbV]cUV ]c` ^<F. RObOaSb Q]dS`a bVS Q]OabOZ O\R ]TTaV]`S `SUW]\a ]T bVS ;KI( eS OQY\]eZSRUS bVS 1/ 
aSOa]\OZ aO[^ZW\U PWOa b] PS O R`OePOQY ]T ]c` abcRg bVOb eS c\T]`bc\ObSZg Q]cZR \]b ]dS`Q][S( O\R 10 
OR[Wb bVOb ]c` O\\cOZ ^<F. O\OZgaWa [WUVb PS []`S `S^`SaS\bObWdS T]` bVS Ocab`OZ a^`W\U O\R ac[[S` 11 
aSOa]\* B\ ]c` abcRg( W\abSOR ]T T]QcaaW\U ]\ bVS aSOa]\OZ Q][^O`Wa]\ eWbVW\ O acPagabS[( eS O`S )(( 
[]`S Q]\QS`\SR eWbV bVS RWTTS`S\QS W\ ^<F. PSbeSS\ bVS E;KI O\R I;KI* <]\aWRS`W\U bVS RWTTS`S\QS )() 
W\ bVS aWhS ]T bVS O`SOa %E;KI6 /33 0,, Y[.( I;KI6 -33 2,, Y[.& O\R bVS `ObVS` Z]e RWTTS`S\QS W\ U`WR )(* 
^]W\ba PSbeSS\ bVS E;KI O\R I;KI( eS O`S Q]\dW\QSR bVOb acQV O Q][^O`Wa]\ ]T bVS aSOa]\OZ ^<F.)(+ 
PSbeSS\ bVS acPagabS[a Wa abWZZ ^ZOcaWPZS eWbV ]c` OdOWZOPZS RObOaSb* ?c`bVS`[]`S( eS ORRSR O )(, 
VWab]U`O[ eWbV aSOa]\OZ `Sa]ZcbW]\ T]` SOQV acPagabS[ W\ ?WU* .R(S b] ^`]dWRS []`S POQYU`]c\R )(- 
W\T]`[ObW]\ ]\ ^<F.* JVS RObO Wa ^O`bWOZZg RSdWObW\U T`][ O \]`[OZ RWab`WPcbW]\ Oa PSW\U ^]aWbWdSZg )(. 
aYSeSR RcS b] bVS STTSQb ]T c^eSZZW\U SdS\ba W\ P]bV acPagabS[a Rc`W\U P]bV aSOa]\a* AS\QS( OZbV]cUV )(/ 
bVS`S O`S []`S [SOac`S[S\ba OdOWZOPZS T]` bVS Ocab`OZ a^`W\U O\R ac[[S` aSOa]\( ]c` RObO [W``]`a bVS )(0 
c^eSZZW\U)`SZObSR dO`WOPWZWbg W\ ^<F. T]` P]bV aSOa]\a( O\R Wa bVS`ST]`S O^^ZWQOPZS T]` O\OZghW\U )(1 
aSOa]\OZ ^<F. Rg\O[WQa W\ bVS ;KI* JVS \]WaS W\ ?WUc`S .Q bVS`SPg `STZSQba bVS dO`WOPWZWbg ]T ^<F. bVOb ))( 
Wa Q`SObSR W\ QZ]aS ^`]fW[Wbg b] bVS Q]Oab eVS`S bVS W[^OQb ]T c^eSZZW\U Wa []ab ^`SdOZS\b* JVS QV]WQS ]T ))) 
O Z]eS` PW\ aWhS %`Sa]ZcbW]\& e]cZR ]\Zg a[]]bVS\ ]c` ^<F. O\R `S[]dS W[^]`bO\b W\T]`[ObW]\ ]\ bVS ))* 
a^ObWOZ dO`WObW]\ bVOb Wa VSZ^TcZ b] c\RS`abO\R bVS W[^OQb ]T c^eSZZW\U Oa eSZZ Oa bVS QV]WQS ]T bVS ))+ 
c^eSZZW\U agabS[ta ]TTaV]`S P]c\RO`WSa* )), 

))- 

&HSZObSR b] bVWa WaacS( bVS RWaQcaaW]\ ]T bVS RObO O\R bVS R`WdW\U [SQVO\Wa[a aV]cZR PS []`S QO`STcZ W\ )). 
bVS b`SOb[S\b ]T dO`WOPWZWbg Ob ]bVS` a^ObWOZ ]` bS[^]`OZ aQOZSa( eVWQV Q]cZR PS W\TZcS\QW\U eVOb Wa ))/ 
]PaS`dSR* ?]` SfO[^ZS( bVS`S Wa \] Q]\aWRS`ObW]\ ]T W\bS`O\\cOZ dO`WOPWZWbg W\ SWbVS` bVS ^<F. ))0 
QOZQcZObW]\a ]` bVS eObS` [Oaa QVO`OQbS`WabWQ O\OZgaWa* A]e `S^`SaS\bObWdS O`S bVS \cb`WS\b dOZcSa ))1 
RSbS`[W\SR T`][ O aW\UZS Q`cWaS9 )*( 
B\ ]c` `SdWaSR [O\caQ`W^b( eS SabW[ObSR bVS R`WdW\U [SQVO\Wa[a ]T ^<F. Pg Q]\aWRS`W\U RObO T`][ )*) 
^`SdW]ca Q`cWaSa b] ^`]dWRS O P`]ORS` W\aWUVb W\b] bVS W\RWdWRcOZ a]c`QS eObS` QVO`OQbS`WabWQa O\R bVSW` )** 
dO`WOPWZWbg* : [O^ ]T bVS aO[^ZW\U abObW]\a Rc`W\U bVS `Sa^SQbWdS Q`cWaSa Wa bVS`SPg UWdS\ W\ )*+ 
Ic^^ZS[S\bO`g ?WU*0* ?c`bVS`[]`S( eS Q]\aWRS`SR bVS c\QS`bOW\bWSa W\ bVS a]c`QS eObS` ^O`O[SbS`a b] )*, 
RS`WdS c^^S` O\R Z]eS` QOaS aQS\O`W]a ]T bVS ^<F. aW[cZObW]\a b] SZcQWRObS bVS aS\aWbWdWbg ]T ]c` )*- 
`SacZba*  )*. 

)*/ 
)JVS OcbV]`a aSS[ b] Q][^cbS <F. TZcfSa caW\U >_cObW]\a %-& O\R %.& eWbV bVS eW\R a^SSR( IIJ( O\R )*0 
III ]PbOW\SR T`][ Q`cWaS [SOac`S[S\ba bVOb VOdS bVS\ PSS\ P]f)OdS`OUSR ]\ O ,*-)RSU`SS U`WR* )*1 
A]eSdS`( OQQ]c\bW\U T]` dO`WOPWZWbg W\ eW\R a^SSR W\ ^O`bWQcZO` Wa dS`g W[^]`bO\b T]` OQQc`ObSZg SabW[ObW\U )+( 
UOa TZcfSa* >_cObW]\ %.& eOa RSdSZ]^SR Pg MO\\W\YV]T .,-0 T]` 2)V]c`Zg eW\R a^SSRa O\R Wa dS`g ZWYSZg )+) 
W\O^^`]^`WObS b] caS eWbV 2 []\bV OdS`OUSR eW\R a^SSRa %aSS RWaQcaaW]\ W\ MO\\W\YV]T .,-0&* )+* 
:RRWbW]\OZZg [g Q]\QS`\a `SUO`RW\U V]e `S^`SaS\bObWdS bVS Q`cWaS RObO O`S O\R V]e O^^`]^`WObS P]f))++ 
OdS`OUW\U Wa T]` ^<F. O^^ZWSa SdS\ []`S ab`]\UZg b] eW\R a^SSR* JVWa aSS[a b] PS O aS`W]ca WaacS eWbV )+, 
bVS [SbV]R]Z]Ug ]T bVWa Oa^SQb ]T bVS abcRg* )+- 
J] ]dS`Q][S bVS bSQV\WQOZ Q]\QS`\Sa `OWaSR( eS ORRWbW]\OZZg QOZQcZObSR bVS <F. TZcfSa caW\U ]bVS` )+. 
T]`[cZO`a T]` bVS ^Wab]\ dSZ]QWbg !-" eWbV RWTTS`W\U eW\R a^SSR RS^S\RS\QWSa b] aVSR ZWUVb ]\ ]c` TZcf )+/ 
c\QS`bOW\bg( eWbV bVS `SacZba UWdS\ W\ Ic^^ZS[S\bO`g JOPZS /* JVS TZcf dOZcSa POaSR ]\ MO\\W\YV]T )+0 
%-55.&- O\R MO\\W\YV]T %.,-0&. bVS`SPg `S^`SaS\b bVS VWUVSab O\R Z]eSab SabW[ObSa( `Sa^SQbWdSZg( O\R )+1 
RWTTS` ]\ OdS`OUS Pg i3," W\ P]bV acPagabS[a* :ZbV]cUV bVS ^O`O[SbS`WhObW]\ OTbS` MO\\W\YV]T %.,-0& ),( 
T]`SaSSa bVS caS ]T O eW\R a^SSR ^`]RcQb eWbV VWUV bS[^]`OZ `Sa]ZcbW]\ %2)V]c`&( bVS SabW[ObSR TZcf ),) 



4

dOZcSa `SaS[PZS bV]aS RS`WdSR T`][ ^`SdW]ca T]`[cZObW]\a ]T -# eVWQV eS`S POaSR S*U*( ]\ RcOZ b`OQS` ),* 
[SbV]Ra Q]\RcQbSR W\ bVS E]`bV ISO %EWUVbW\UOZS +/ *.$&& O\R I]cbVS`\ FQSO\ %A] +/ *.$'&* MO\\W\YV]T ),+ 
%-55.& Wa bVS`SPg POaSR ]\ O\ ]cbRObSR -0< W\dS\b]`g T]` bVS UZ]POZ ]QSO\( eVWZS MO\\W\YV]T # DQ@WZZWa ),, 
%-555&1 Oaac[SR O QcPWQ W\abSOR ]T bVS Q][[]\Zg caSR _cOR`WQ RS^S\RS\Qg PSbeSS\ UOa b`O\aTS` O\R ),- 
eW\R a^SSR* ),. 

),/ 
)JVS a]c`QS eObS` T]` bVS ;KI %I:<M O\R >I:<M& Wa acPb`]^WQOZ []RS eObS` %ZW\Sa .-3)..,&( gSb bVS ),0 
[]bWdObW]\ ]T bVS abcRg O\R bVS RWaQcaaW]\ ]T bVS `SacZba `SZg VSOdWZg ]\ O ZW\Y b] bVS ^`ST]`[SR \cb`WS\ba ),1 
Q`SObSR W\ bVS I]cbVS`\ FQSO\( eVWQV O`S( OQQ]`RW\U b] ZW\S 24( rb`O\a^]`bSR \]`bVeO`R O\R acPRcQbSR )-( 
PS\SObV eO`[S` O\R ZWUVbS` acPb`]^WQOZ eObS` [OaaSa$$* JVWa [O\caQ`W^b Q][^ZSbSZg \SUZSQba O\g abS^a )-) 
PSbeSS\ bVS ^`ST]`[SR \cb`WS\ba PSW\U Q`SObSR W\ bVS I]cbVS`\ FQSO\ W\ IcPO\bO`QbWQ D]RS MObS` O\R )-* 
bVS \cb`WS\ba W\ bVS IcPb`]^WQOZ D]RS MObS` `SOQVW\U bVS ;KI( gSb bVSaS ^]bS\bWOZZg dS`g W[^]`bO\b O\R )-+ 
b`O\aT]`[ObWdS ^`]QSaaSa O`S \]b eSZZ)Y\]e\* J] [S( bVWa `S^`SaS\ba O aWU\WTWQO\b [WaaW\U ZW\Y W\ bVS )-, 
Sf^ZO\ObW]\ ^`SaS\bSR VS`S* )-- 
J] ORR`Saa bVS [WaaW\U ZW\Y W\ ]c` Sf^ZO\ObW]\( eS VWUVZWUVbSR bVS ]`WUW\ ]T I]cbV :bZO\bWQ <S\b`OZ MObS` )-. 
%I:<M&( eVWQV Wa bVS eObS` [Oaa bVOb eSZZa c^ W\ bVS E;KI O\R( OTbS` Q]\dS`UW\U eWbV B\RWO\ <S\b`OZ )-/ 
MObS`( W\ bVS I;KI* I:<M `S^`SaS\ba O IcP):\bO`QbWQ D]RS MObS` bVOb WbaSZT Wa O [Wfbc`S ]T :\bO`QbWQ )-0 
B\bS`[SRWObS MObS` O\R IcPb`]^WQOZ D]RS MObS` %aSS )+,$2)4&* JVSaS eObS` [OaaSa O`S bVS\ acPRcQbSR )-1 
PS\SObV eO`[S` acPb`]^WQOZ ac`TOQS eObS`a \]`bV ]T bVS IcP):\bO`QbWQ ?`]\b O`]c\R /2kI )10kI O\R O`S ).( 
b`O\a^]`bSR SOabeO`R Oa I:<M OQ`]aa bVS I]cbV :bZO\bWQ W\b] bVS <O^S POaW\* J] ]c` c\RS`abO\RW\U( ).) 
I:<M QO\ bVS`ST]`S PS `SUO`RSR Oa O eObS` [Oaa bVOb VOa Wba ]`WUW\ W\ bVS I]cbVS`\ FQSO\* JVS ).* 
^`]QSaaSa aVO^W\U bVS ^`ST]`[SR \cb`WS\b Q]\QS\b`ObW]\ ]T bVS a]c`QS eObS` [OaaSa TW\OZZg `SOQVW\U ).+ 
bVS ;KI O`S( Oa OZa] abObSR Pg bVS `SdWSeS`( \]b eSZZ Y\]e\( Pcb Q]cZR SdS\bcOZZg PS ORR`SaaSR caW\U )., 
S*U*( :`U] TZ]Ob RObO `SQ]`Ra T`][ OQ`]aa bVS I]cbV :bZO\bWQ POaW\* B\ dWSe ]T ]c` abcRg( OZbV]cUV acQV ).- 
O\ O\OZgaWa e]cZR PS PS\STWQWOZ O\R ]T dOZcOPZS Q]\b`WPcbW]\( Wb Wa PSg]\R bVS aQ]^S ]T ]c` ^O^S`( O\R ).. 
aV]cZR VS\QS PS b`SObSR W\ O aS^O`ObS abcRg*  )./ 

).0 

&F\S ]T bVS [OW\ _cO\bWbObWdS `SacZba Wa bVOb bVS ;KI OQQ]c\ba T]` \Se ^`]RcQbW]\ R`WdS\ Pg ^`ST]`[SR ).1 
\cb`WS\b cbWZWhObW]\ ]T -5*3)3-*- JU < gSO`)- %ZW\S -45&( eVWQV Wa O dS`g ZO`US `O\US* Bb e]cZR PS VSZ^TcZ b] )/( 
VOdS O PSbbS` RWaQcaaW]\ ]T eVOb Wa QOcaW\U bVOb a^`SOR* Bb Wa OZa] c\QZSO` V]e bVOb `SacZb `SZObSa b] bVS )/) 
O\OZgaWa ]T bVS STTSQb ]T Q]\ac[^bW]\ ]T ^`ST]`[SR \cb`WS\ba ]\ ^<F. W\ bVS ^`SdW]ca ^O`OU`O^V* JVS`S( )/* 
bVS OcbV]`a O`UcS bVOb Q]\ac[^bW]\ ]T ^`ST]`[SR \cb`WS\ba VOa O aZWUVbZg PWUUS` W[^OQb W\ bVS I;KI )/+ 
bVO\ W\ bVS E;KI( gSb bVS \Se ^`]RcQbW]\ R`WdS\ Pg ^S`T]`[SR \cb`WS\ba %SabW[ObSR W\ bVS ^O`OU`O^V )/, 
abO`bW\U ]\ ZW\S -40& Wa OZ[]ab S\bW`SZg Obb`WPcbOPZS b] bVS E;KI* A]e R] bVS OcbV]`a `SQ]\QWZS bVWa9 )/- 
J] ^`]dWRS O PSbbS` ZW\Y PSbeSS\ ]c` ^`SdW]ca ^O`OU`O^V ]\ bVS STTSQb ]T ^`ST]`[SR \cb`WS\ba ]\ ^<F. )/. 
O\R bVS Q]\b`WPcbW]\ ]T ^`ST]`[SR \cb`WS\ba b] \Se ^`]RcQbW]\( eS `STS``SR b] bVS RWTTS`S\b `]ZSa bVOb )// 
PW]Z]UWQOZ \cb`WS\b Q]\ac[^bW]\ ^ZOga W\ bVS [O`W\S QO`P]\ QgQZS* AS`SPg( eS \]bS bVS `]ZS ]T ^`ST]`[SR )/0 
\cb`WS\ba W\ Q][^S\aObW\U T]` <F. ]cbUOaaW\U Rc`W\U bVSW` T]`[ObW]\ Ob VWUVS` ZObWbcRSa( PST]`S U]W\U ]\ )/1 
eWbV bVSW` Q]\b`WPcbW]\ b] <F. b`O\aTS` W\b] bVS ]QSO\ bV`]cUV ^`ST]`[SR)POaSR \Se ^`]RcQbW]\* )0( 

)0) 
B\ ]c` `SdWaSR [O\caQ`W^b( eS [cZbW^ZWSR bVS d]Zc[S ]T c^eSZZW\U eObS`a %E;KI6 ,*5 IdS`R`c^( I;KI6 )0* 
,*0 IdS`R`c^& eWbV Q]``Sa^]\RW\U \cb`WS\b W\dS\b]`WSa ]T bVS a]c`QS eObS` [OaaSa bVOb O`S UWdS\ W\ )0+ 
Ic^^ZS[S\bO`g JOPZS 0 b] SabW[ObS \Se ^`]RcQbW]\ R`WdS\ Pg ^`ST]`[SR \cb`WS\ba* B\abSOR ]T caW\U )0, 
^`ST]`[SR GV]a^VObS( eS bVS`SPg RSQWRSR b] ^S`T]`[ bVS QOZQcZObW]\a caW\U ^`ST]`[SR EWb`ObS( Oa Wb Wa )0- 
[]`S ZWYSZg b] PS bVS ZW[WbW\U TOQb]` T]` PW]Z]UWQOZ ^`]RcQbW]\ W\ bVS ;KI5* :TbS` Q]\dS`aW]\ b] <O`P]\ )0. 
caW\U bVS HSRTWSZR `ObW] %-,26-2&( bVS `SacZbW\U SabW[ObSa POaSR ]\ ^`ST]`[SR \Wb`ObS O[]c\b b] -0*1 JU )0/ 
< gSO`)- T]` bVS E;KI( O\R 3*1 JU < gSO`)- T]` bVS I;KI* JVSaS dOZcSa W[^Zg O VWUVS` ^`ST]`[SR )00 
\cb`WS\b Q]\b`WPcbW]\ W\ bVS E;KI RcS b] bVS RWTTS`S\QS W\ bVS d]Zc[S ]T c^eSZZW\U eObS`a PSbeSS\ bVS )01 
E;KI O\R I;KI*  )1( 
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MS Tc`bVS` SabW[ObSR bVS ^`ST]`[SR)POaSR \Se ^`]RcQbW]\ Pg caW\U ^`SdW]caZg ^cPZWaVSR \Se )1) 
^`]RcQbW]\ `ObSa O\R bVS Q]\b`WPcbW]\ ]T ^`ST]`[SR \Wb`ObS %E^`ST& Oa RS`WdSR T`][ ]c` eObS` [Oaa )1* 
QVO`OQbS`WabWQa %Ic^^ZS[S\bO`g JOPZS 0& b] UWdS O []`S `]Pcab SabW[ObS ]\ bVS `]ZS ]T bVS ;KI W\ bVS )1+ 
QO`P]\ QgQZS* AS`SPg( bVS ^cPZWaVSR \Se ^`]RcQbW]\ `ObSa TOZZ eWbVW\ O Q][^O`ObWdSZg eWRS `O\US ]T 24 q )1, 
.01 J < gSO`)- T]` bVS E;KI O\R -/*1 q 0. JU < gSO`)- T]` bVS I;KI-,)-.( eVWQV W\ ac[ Q]dS`a )1- 
^cPZWaVSR \Se ^`]RcQbW]\ `ObSa ]T .0- JU < gSO`)- RS`WdSR T]` bVS S\bW`S ;KI T`][ -2kI b] /0kI-/* )1. 
@WdS\ bVS Q]\b`WPcbW]\ ]T ^`ST]`[SR \cb`WS\ba ]T .0" W\ bVS E;KI O\R /4" W\ bVS I;KI O[]c\ba b] O )1/ 
<F. c^bOYS Pg E^`ST cbWZWhObW]\ ]T -2*/ q 14*4 JU < gSO`)- T]` bVS E;KI( O\R 1*-/ q -2*, JU < gSO`)- T]` )10 
bVS I;KI*  )11 

*(( 
B\ bVS S\R( UWdS\ bVS Z]eS` %-0*1 ' 3*1& O\R c^^S` %14*4 ' -2*,& SabW[ObSa( eS QOZQcZObSR O ^`ST]`[SR)*() 
POaSR \Se ^`]RcQbW]\ ]T i.. q 31 JU < gSO`)-* JVWa W[^ZWSa bVOb bVS PW]Z]UWQOZ QO`P]\ ^c[^ W\ bVS ;KI *(* 
VOa bVS ^]bS\bWOZ b] Q]c\bS`dOWZ ., c^ b] 24" ]T bVS <F. `SZSOaS T`][ bVS PW]Z]UWQOZ QO`P]\ ^c[^ eWbVW\ *(+ 
bVS :bZO\bWQ aSQb]` ]T bVS I]cbVS`\ FQSO\ PSbeSS\ 00k O\R 14kI %?WU* 0&* >dS\ WT ]\S WU\]`Sa bVS VWUV *(, 
SabW[ObSa ]T bVS ^`ST]`[SR)POaSR \Se ^`]RcQbW]\ eVWZS OZa] bOYW\U W\b] OQQ]c\b bVS dO`WOPWZWbg W\ *(- 
I]cbVS`\ FQSO\ QO`P]\ TZcf `ObSa( ]c` `SacZba S[^VOaWhS bVS `]ZS ]T bVS ;KI Oa O aWU\WTWQO\b VcP T]` *(. 
`Sab]`W\U bVS <F. c^bOYS STTWQWS\Qg ]T bVS PW]Z]UWQOZ QO`P]\ ^c[^* *(/ 

*(0 
)JVS OcbV]`a []bWdObS bVSW` abcRg ^`W[O`WZg eWbV O RWaQcaaW]\ ]T bVS `]ZS ]T bVS UZ]POZ)aQOZS PW]Z]UWQOZ *(1 
^c[^ O\R ^`ST]`[SR \cb`WS\ba W\ RSbS`[W\W\U Ob[]a^VS`WQ <F. Q]\QS\b`ObW]\a* B TW\R bVWa ^O`b ]T bVS *)( 
^O^S` \]b dS`g QZSO` O\R ]\Zg bS\c]caZg `SZObSR b] bVS OQbcOZ `SacZba ^`SaS\bSR VS`S* Dg acUUSabW]\ *)) 
e]cZR PS b] aVWTb bVS T]Qca []`S b]eO`Ra bVS ;KI WbaSZT O\R ZSaa ]\ bVS I]cbVS`\ FQSO\ O\R bVS UZ]POZ *)* 
QO`P]\ QgQZS* B\ ORRWbW]\( bVS rPW]Z]UWQOZ ^c[^s O\R r^`ST]`[SR \cb`WS\bas aV]cZR PS RSTW\SR []`S *)+ 
Sf^ZWQWbZg eVS\ bVSg O`S TW`ab caSR*  *), 
@WdS\ bVS `SacZba ]T ]c` abcRg( eS O`S Q]\dW\QSR bVOb O\ c\RS`abO\RW\U ]T bVS TOQb]`a U]dS`\W\U <F.*)- 
S[WaaW]\ aQS\O`W]a W\ bVS ;KI QO\ ]\Zg PS OQVWSdSR eVS\ bVS STTSQb ]T ^`ST]`[SR \cb`WS\ba Wa PSW\U *). 
Q]\aWRS`SR( Oa bVSg QO\ T]abS` bVS PW]Z]UWQOZZg)[SRWObSR R`OeR]e\ ]T ^<F. PSZ]e Ob[]a^VS`WQ ZSdSZa* *)/ 
JVS ]QQc`O\QS ]T ^`ST]`[SR \cb`WS\ba W\ bVS c^eSZZW\U eObS`a Wa bVS`SPg RS^S\RS\b ]\ ^`]QSaaSa *)0 
aVO^W\U bVS PW]Z]UWQOZ ^c[^ STTWQWS\Qg W\ bVS I]cbVS`\ FQSO\( [SO\W\U( W\ ]`RS` b] [OYS ^`SRWQbW]\a *)1 
OP]cb bVS Tcbc`S ]T bVS ;KI Oa O\ Ob[]a^VS`WQ <F. aW\Y+a]c`QS( ]\S VOa b] bOYS W\b] OQQ]c\b O\g **( 
QVO\USa bVOb VOdS O\ W[^OQb ]\ bVS \cb`WS\b cbWZWhObW]\ W\ bVS I]cbVS`\ FQSO\* B\ ORRWbW]\( bVS cbWZWhObW]\ **) 
]T ^`ST]`[SR \cb`WS\ba W\ bVS ;KI T]` \Se ^`]RcQbW]\ QO\ ^O`bWOZZg Q][^S\aObS T]` bVS [WaaSR *** 
]^^]`bc\Wbg W\ <F. aS_cSab`ObW]\ W\ `SUW]\a eVS`S bVS PW]Z]UWQOZ ^c[^ Wa ZSaa STTWQWS\b* J] ]c` **+ 
c\RS`abO\RW\U( bVSaS W[^]`bO\b ZW\Ya VOdS PSS\ [WaaW\U a] TO` T]` bVS ;KI( eVWZS []`S W\T]`[ObW]\ Wa **, 
\SSRSR ]\ bVS ^`]QSaaSa aVO^W\U bVS ^`ST]`[SR \cb`WS\b ac^^Zg W\b] bVS ;KI O\R ]bVS` >OabS`\ **- 
;]c\RO`g K^eSZZW\U IgabS[a* **. 

**/ 
)FdS`OZZ bVS e`WbW\U ]T bVWa ^O^S` \SSRa b] PS W[^`]dSR acPabO\bWOZZg* <c``S\bZg bVS`S O`S \c[S`]ca **0 
a^SZZW\U O\R U`O[[O` S``]`a O\R [O\g W\abO\QSa ]T W[^`SQWaS O\R+]` W\OQQc`ObS ZO\UcOUS caS*  **1 
MS b]]Y W\b] OQQ]c\b bVS ]bVS` `SdWSeS`ta Q][[S\ba ]\ ZO\UcOUS O\R Q]``SQbSR bVS a^SZZW\U O\R *+( 
U`O[[O` S``]`a( O\R `S^V`OaSR QS`bOW\ aS\bS\QSa T]` QZO`Wbg*  *+) 

*+* 
)JVS ]`UO\WhObW]\ ]T bVS [O\caQ`W^b OZa] aV]cZR PS ]dS`VOcZSR* I][S ]T bVS W\T]`[ObW]\ W\ bVS IbcRg *++ 
HSUW]\ ^O`b ]T bVS DSbV]Ra( Sa^SQWOZZg `SUO`RW\U bVS RSTW\WbW]\ ]T bVS E;KI O\R I;KI( e]cZR PS dS`g *+, 
VSZ^TcZ Ob bVS PSUW\\W\U ]T bVS ^O^S`( PSQOcaS []ab `SORS`a eWZZ \]b PS TO[WZWO` eWbV bVWa O`SO* IW[WZO`Zg( *+- 
[]ab ]T bVS W\T]`[ObW]\ W\ JOPZSa - O\R . e]cZR TWb [cQV PSbbS` W\ bVS ac^^ZS[S\bO`g W\T]`[ObW]\( eVWZS *+. 
Ic^^ZS[S\bO`g ?WUc`Sa . O\R / e]cZR PS [cQV []`S W[^OQbTcZ W\ bVS [OW\ bSfb* JVS S\R ]T bVS [OW\ *+/ 
bSfb Wa dS`g OP`c^b O\R W\Q]\QZcaWdS*  *+0 
J] QZO`WTg bVS E;KI O\R I;KI RSTW\WbW]\( eS ORRSR bVS acPagabS[ P]c\RO`WSa W\b] ?WU*-Q* *+1 
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?c`bVS`[]`S( eS QVO\USR bVS O^^SO`O\QS ]T ?WUc`Sa W\ bVS [O\caQ`W^b O\R W\QZcRSR bVS T]`[S` *,( 
Ic^^ZS[S\bO`g ?WUc`S . O\R / b] bVS [OW\ bSfb( eVWZS aVWTbW\U bVS T]`[S` JOPZSa - O\R . b] bVS *,) 
ac^^ZS[S\bO`g aSQbW]\*  *,* 

*,+ 
DW\]` Q][[S\ba6 *,, 
)JVS bWbZS ]T bVS [O\caQ`W^b acUUSaba bVOb <F. c^bOYS W\ bVS ;KI W[^OQba bVS PW]Z]UWQOZ QO`P]\ ^c[^( *,- 
eVWZS bVS QOcaOZ `SZObW]\aVW^ Wa OQbcOZZg `SdS`aSR )) bVS PW]Z]UWQOZ QO`P]\ ^c[^ OTTSQba <F. c^bOYS*  *,. 
MS Q]\aWRS`SR `S\O[W\U ]c` [O\caQ`W^b W\b] rHSUW]\OZ O\R UZ]POZ W[^OQb ]T <F. c^bOYS W\ bVS *,/ 
;S\UcSZO K^eSZZW\U IgabS[ bV`]cUV ^`ST]`[SR \cb`WS\bas* *,0 

*,1 
)JVS caS ]T bVS \O[S r:\bO`QbWQ =WdS`US\QSs ]\ ZW\S 2- Wa c\\SQSaaO`g O\R aV]cZR PS `S[]dSR T]` O *-( 
[]`S US\S`OZ OcRWS\QS* *-) 
MS [ORS bVS OQQ]`RW\U QVO\USa Oa acUUSabSR O\R `S[]dSR bVS bS`[ r:\bO`QbWQ =WdS`US\QSs* *-* 

*-+ 
)A]e aS\aWbWdS O`S bVS `SacZba b] bVS QV]WQSa [ORS W\ RSTW\W\U bVS c^eSZZW\U h]\S P]c\RO`g %W*S*( bVS *-, 
dOZcSa ]\ ZW\S 54&9 MVOb OP]cb bVS QV]WQS ]T --36- Oa bVS ab]WQVW][Sb`WQ `ObW] T]` <6G %ZW\S -2-&9  *-- 
IW\QS eS W\QZcRS bVS c\QS`bOW\bWSa ]T ]c` ^<F. SabW[ObSa T]` RS`WdW\U <F. TZcfSa( Oa eSZZ Oa bVS *-. 
c\QS`bOW\bWSa W\ bVS a]c`QS eObS` [Oaa QVO`OQbS`WabWQa bVOb eS`S caSR b] O\OZgaS R`WdW\U [SQVO\Wa[a W\ *-/ 
]c` ^<F. dO`WOPWZWbg( eS eS`S OPZS b] ^`]dWRS a][S W\T]`[ObW]\ ]\ bVS aS\aWbWdWbg ]T ]c` `SacZba* :a T]` *-0 
bVS <F. TZcfSa( ]c` `SacZba W[^Zg( RSa^WbS bVS c\QS`bOW\bWSa( O\ ]^^]aW\U PSVOdW]c` PSbeSS\ bVS E;KI *-1 
O\R I;KI Oa O <F. a]c`QS O\R aW\Y( `Sa^SQbWdSZg* :a T]` bVS QV]WQS ]T bVS QO`P]\ b] \cb`WS\b `ObW]( eS *.( 
OR]^bSR bVS HSRTWSZR `ObW] ]T -,26-2 bVOb eOa SabW[ObSR W\ ^`SdW]ca e]`Y eWbVW\ bVS ;KI T`][ ?Z]V` +/ *.) 
*.$(*  *.* 

*.+ 
)MVg Wa bVS`S O\ rO^^`]fW[ObSs aWU\ W\ T`]\b ]T bVS TOQb]` ]T ,*-. caSR ]\ ZW\S -20* MVOb eOa *., 
O^^`]fW[ObS OP]cb bVS \c[PS` bVOb eOa caSR9  *.- 

*.. 
)@WdS\ bVOb bVS Q`cWaS HL DSbS]` D-1/ Wa bVS ]\Zg RObO a]c`QS T]` bVS eObS` [Oaa O\OZgaWa ^`SaS\bSR *./ 
VS`S( []`S RSbOWZa aV]cZR PS UWdS\ OP]cb bVWa Q`cWaS W\ bVS bSfb + ]\ ?WUc`S -* MVS`S+eVS\ eS`S bVSaS *.0 
RObO Q]ZZSQbSR T`][9 A]e `S^`SaS\bObWdS O`S bVSaS dOZcSa( Q][^O`SR b] S*U*( @CF=:G( W\ bVWa `SUW]\9 *.1 
MS W\QZcRSR O U`O^VWQ %Ic^^ZS[S\bO`g ?WU* 0& aV]eW\U bVS a]c`QS eObS` [Oaa aO[^ZW\U Z]QObW]\a Oa */( 
eSZZ Oa O bOPZS eWbV OdS`OUS a]c`QS eObS` [Oaa QVO`OQbS`WabWQa Rc`W\U bVS W\RWdWRcOZ Q`cWaSa( W\QZcRW\U */) 
RObO T`][ @CF=:Gd.* :QQ]`RW\U b] ]c` SfbS\RSR a]c`QS eObS` [Oaa O\OZgaWa Oa `S^]`bSR W\ */* 
Ic^^ZS[S\bO`g JOPZS 0( ]c` Q`cWaS RObO Q]``Sa^]\Ra eSZZ eWbV OdS`OUS dOZcSa T`][ bVS @CF=:G */+ 
RObOPOaS( OZbV]cUV eS \]bWQSR O Q][^O`ObWdSZg VWUV dO`WOPWZWbg W\ =B< Q]\QS\b`ObW]\a* :a T]` bVS aVO`S */, 
W\ ^`ST]`[SR \cb`WS\ba( W\RWdWRcOZ Q`cWaSa `SaS[PZS bVS R][W\O\QS ]T ^`ST]`[SR \cb`WS\ba W\ bVS I;KI */- 
]dS` bVS E;KI* */. 

*// 
)I]cbVS`\ FQSO\ QO`P]\ c^bOYS SabW[ObSa UWdS\ ]\ ZW\Sa 20)22 O`S Xcab ]\S acQV aSb ]T SabW[ObSa( O\R */0 
bVS`S Wa O Z]b ]T dO`WOPWZWbg* MVg \]b caS O []`S `SQS\b SabW[ObS( acQV Oa bV]aS T`][ CO\RaQVcbhS` Sb */1 
OZ*9 :b bVS ZSOab( a][S RWaQcaaW]\ Wa \SSRSR OP]cb bVS c\QS`bOW\bg W\ I]cbVS`\ FQSO\ <F. TZcf *0( 
SabW[ObSa* *0) 

*0* 
)JVS W\bS`^]ZObSR [O^ aV]e\ W\ ?WUc`S -Q Wa \]b caSR W\ bVS RWaQcaaW]\ O\R W\ [g ]^W\W]\ ORRa \]bVW\U *0+ 
b] bVS ^O^S` bVOb Wa \]b OZ`SORg aV]e\ W\ ?WUc`S -P* *0, 
MS S[PSRRSR bVS acPagabS[ P]c\RO`WSa b] ?WUc`S -Q b] ]cbZW\S bVS abcRg `SUW]\* *0- 
)CW\S .246 bVS RSTW\WbW]\ caSR W\ `ST 3- b] RSbS`[W\S bVS I:<M O\R >I:<M aV]cZR PS Sf^ZWQWbZg UWdS\* *0. 
MS S[PSRRSR bVS `Sa^SQbWdS a]c`QS eObS` [Oaa RSTW\WbW]\a W\b] bVS [SbV]R QVO^bS`* *0/ 

*00 
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)JVWa [Og PS Xcab O [ObbS` ]T bOabS( Pcb B RWaOU`SS eWbV bVS bS`[W\]Z]Ug ]T rZSOYOUSs eVS\ RWaQcaaW\U *01 
]cbUOaaW\U ]T \Obc`OZ <F. T`][ bVS RSS^ ]QSO\ bVOb Wa Oaa]QWObSR eWbV W\Q][^ZSbS \cb`WS\b cbWZWhObW]\* *1( 
<OZZW\U Wb O ZSOYOUS W[^ZWSa O\ OQQWRS\bOZ ]` c\RSaW`SR \Obc`S( eVS`SOa bVS PW]Z]UWQOZZg)[SRWObSR *1) 
b`O\aTS` ]T QO`P]\ b] bVS RSS^ ]QSO\ O\R bVS ]cbUOaaW\U ]T `S[W\S`OZWhSR QO`P]\ O`S P]bV \SQSaaO`WZg *1* 
W\ POZO\QS ]\ O UZ]POZ aQOZS( WT bVS agabS[ Wa W\ abSORg abObS* *1+ 

*1, 
)JVS Q][^O`Wa]\ b] O ^`SdW]caZg ^cPZWaVSR abcRg T]` QO`P]\ c^bOYS W\ bVS E;KI O\R I;KI ]\ ZW\S -/, *1- 
Wa VSZ^TcZ( Pcb Wb e]cZR PS PSab b] [S\bW]\ eVOb bg^S ]T abcRg bVOb eOa %W*S*( ]PaS`dObW]\ ]` []RSZ)POaSR& *1. 
O\R O\g `SZSdO\b RWTTS`S\QSa* *1/ 
MS W\QZcRSR Tc`bVS` W\T]`[ObW]\ ]\ bVS `STS`S\QS abcRg Pg abObW\U bVOb TZcfSa eS`S ]PaS`dObW]\)POaSR *10 
O\R QOZQcZObSR eWbV O ZSaaS` O[]c\b ]T aVW^)P]O`R [SOac`S[S\ba Oa Q][^O`SR b] ]c` abcRg**11 

+(( 
)JVS QV]WQSa ]T dO`W]ca RWaa]QWObW]\ Q]\abO\ba b] caS W\ bVS QO`P]\ObS agabS[ QOZQcZObW]\a %W\ +() 
<F.INI& aV]cZR PS abObSR*+(* 
MS S[PSRRSR bVS `Sa^SQbWdS RWaa]QWObW]\ Q]\abO\ba W\b] bVS [SbV]R QVO^bS`*+(+ 

+-90-:-6 !$ +(, 

JVWa ^O^S` ORR`SaaSa bVS `]ZS ]T bVS ;S\UcSZO c^eSZZW\U agabS[ %;KI& W\ `SUcZObW\U bVS ]QSO\ c^bOYS +(- 
]T <F.* JVS OcbV]`a caS O \Se Q][^WZObW]\ ]T aVW^P]O`R [SOac`S[S\ba ]dS` bVS ^Oab be] RSQORSa bVOb +(. 
aWU\WTWQO\bZg W\Q`SOaSa bVS a^ObWOZ+bS[^]`OZ Q]dS`OUS ]TTS`SR Pg IF<:J T]` ^<F.( ^O`bWQcZO`Zg W\ bVS +(/ 
Q]OabOZ O`SOa* JVS OcbV]`a QZOW[ bVS ;KI OQb Oa O a]c`QS ]T <F. W\ Wba \]`bVS`\ ^]`bW]\ O\R Oa O aW\Y +(0 
]T <F. W\ Wba a]cbVS`\ Q]c\bS`^O`b* JVS RWTTS`S\QS PSbeSS\ bVS be] aSQb]`a Wa RcS b] O VWUVS` ^]`bW]\ ]T +(1 
^`ST]`[SR \cb`WS\ba W\ bVS c^eSZZW\U eObS` W\ bVS a]cbV eWbV `Sa^SQb b] bVS \]`bV* JVWa `SacZba W\ bVS +)( 
PW]Z]UWQOZ QO`P]\ ^c[^ PSW\U []`S STTSQbWdS Ob RSQ`SOaW\U ac`TOQS ^<F.*  +)) 
JVS ]PXSQbWdS ]T bVS ^O^S` O`S `SZSdO\b T]` bVS eWRS QZW[ObS aQWS\QS Q][[c\Wbg O\R bVS ^O^S` VOa bVS +)* 
^]bS\bWOZ b] PS O aWU\WTWQO\b Q]\b`WPcbW]\ b] bVS TWSZR* A]eSdS`( RSa^WbS bVS RSaWU\ ]T bVS O\OZgaWa aSS[a +)+ 
a]c\R( Wba SfSQcbW]\ O\R RSaQ`W^bW]\ O`S dS`g Q]\TcaW\U eWbV W[^]`bO\b Q]\b`ORRWQbW]\a W\ bVS ^O`ba +), 
WZZcab`ObW\U bVS [OW\ `SOa]\W\U ac^^]`bW\U bVS Q]\QZcaW]\a* +)- 
MS bVO\Y bVS `SdWSeS` T]` OQY\]eZSRUW\U bVS dOZcS ]T ]c` e]`Y O\R Wba ^]bS\bWOZ Oa O aWU\WTWQO\b +). 
Q]\b`WPcbW]\ b] bVS aQWS\bWTWQ Q][[c\Wbg*  +)/ 

+)0 
Dg [OW\ Q]\QS`\ Wa OP]cb ZW\Sa -40).,. q JVWa ^O`OU`O^V Wa dS`g Q]\TcaW\U O\R PSQOcaS Wb Q]\bOW\a bVS +)1 
[OW\ `SOa]\W\U ac^^]`bW\U ]\S ]T bVS VWUVZWUVba ]T bVS ^O^S`( Wb \SSRa a][S W[^`]dS[S\b*  +*( 
MS `SdWaSR bVWa ^O`OU`O^V Pg c^RObW\U bVS QOZQcZObW]\ O\R RSaQ`W^bW]\ ]T \Se ^`]RcQbW]\ `ObSa POaSR +*) 
]\ ^`ST]`[SR \cb`WS\ba( Oa eSZZ Oa bVS RSaQ`W^bWdS ^O`b ]T bVS `]ZS ]T ^`ST]`[SR \cb`WS\ba W\ bVS ;KI T]` +** 
bVS UZ]POZ PW]Z]UWQOZ QO`P]\ ^c[^* ?c`bVS` W\T]`[ObW]\ ]\ bVS a^SQWTWQ QVO\USa eS [ORS Wa UWdS\ PSZ]e* +*+ 

+*, 
?W`ab ]T OZZ( Wb caSa a][S SabW[ObS ]T bVS d]Zc[S ]T c^eSZZW\U eObS` eVWQV Wa \]b `S^]`bSR O\geVS`S ]\ +*- 
bVS ^O^S`* Bb aV]cZR PS Sf^ZWQWbZg `S^]`bSR W\ ]\S ]T bVS bOPZSa( T]` SfO[^ZS* D]`S]dS`( Wb abO`ba bOZYW\U +*. 
OP]cb SabW[ObW\U rbVS ^]bS\bWOZ O[]c\b ]T <F. b`O\aTS` W\b] bVS ]QSO\ W\bS`W]` ]\ bVS POaWa ]T \Se +*/ 
^`]RcQbW]\ `ObSa T`][ bVS ;KIn*s Pcb Wb UWdSa O\ SabW[ObS ]T b]bOZ ^`W[O`g ^`]RcQbW]\ TW`ab %-4,)21, U +*0 
<+[.+gSO`& T]` bVS E;KI eVWQV W\bSU`ObSR ]dS` bVS O`SO O[]c\ba b] 24).01 JU <+gSO`* JVS\ Wb UWdSa +*1 
bVS OQbcOZ \Se ^`]RcQbW]\ SabW[ObSa POaSR ]\ bVS G^`S aVO`S W\ E;KI a]c`QS eObS` `S^]`bSR W\ JOPZS ++( 
. %.5"&( eVWQV `SacZba W\ -5*3)3-*- JU <+gSO`* E]e( Wb []dSa b] I;KI O\R Wb UWdSa RW`SQbZg bVS SabW[ObS ++) 
]T \Se ^`]RcQbW]\ eWbV]cb U]W\U bV`]cUV bVS QOZQcZObW]\a ZWYS Wb RWR T]` E;KI* JVWa SabW[ObS Wa . ]`RS`a ++* 
]T [OU\WbcRS Z]eS` bVO\ T]` E;KI* JVWa Wa eSW`R PSQOcaS \cb`WS\b Q]\QS\b`ObW]\( ^`ST]`[SR Q]\bS\b +++ 
O\R O`SO R] \]b XcabWTg acQV `SRcQbW]\ eWbV `Sa^SQb b] E;KI( a] B Oaac[S Wb [cab PS bVS d]Zc[S ]T ++, 
c^eSZZW\U eObS`* JVS`ST]`S( bVWa aV]cZR PS Sf^ZWQWbZg `S^]`bSR W\ ]\S ]T bVS bOPZSa*  ++- 
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B\ ]c` `SdWaSR [O\caQ`W^b( eS abObS bVS d]Zc[S ]T c^eSZZW\U eObS`a T]` P]bV bVS E;KI %,*5 IdS`R`c^& ++. 
O\R I;KI %,*0 IdS`R`c^&( eVWZS bVS ZObbS` Wa O\ c^RObSR SabW[ObS UWdS\ Pg ;]`RPO` +/ *.$%'* J] OaaSaa ++/ 
bVS Q]\b`WPcbW]\ ]T ^`ST]`[SR \cb`WS\ba b] \Se ^`]RcQbW]\( eS [cZbW^ZWSR bVS d]Zc[S ]T c^eSZZW\U eObS`a ++0 
eWbV Q]``Sa^]\RW\U \cb`WS\b W\dS\b]`WSa ]T bVS a]c`QS eObS` [OaaSa bVOb O`S UWdS\ W\ Ic^^ZS[S\bO`g ++1 
JOPZS 0* B\abSOR ]T caW\U ^`ST]`[SR GV]a^VObS( eS bVS`SPg RSQWRSR b] ^S`T]`[ bVS QOZQcZObW]\a caW\U +,( 
^`ST]`[SR EWb`ObS( Oa Wb Wa []`S ZWYSZg b] PS bVS ZW[WbW\U TOQb]` T]` PW]Z]UWQOZ ^`]RcQbW]\ W\ bVS ;KI5* :TbS` +,) 
Q]\dS`aW]\ b] <O`P]\ caW\U bVS HSRTWSZR `ObW] %-,26-2&( bVS `SacZbW\U SabW[ObSa POaSR ]\ ^`ST]`[SR +,* 
\Wb`ObS O[]c\b b] -0*1 JU < gSO`)- T]` bVS E;KI( O\R 3*1 JU < gSO`)- T]` bVS I;KI* JVSaS dOZcSa W[^Zg +,+ 
O VWUVS` ^`ST]`[SR \cb`WS\b Q]\b`WPcbW]\ W\ bVS E;KI RcS b] bVS RWTTS`S\QS W\ bVS d]Zc[S ]T c^eSZZW\U +,, 
eObS`a PSbeSS\ bVS E;KI O\R I;KI*  +,- 

+,. 
MS Tc`bVS` SabW[ObSR bVS ^`ST]`[SR)POaSR \Se ^`]RcQbW]\ Pg caW\U ^`SdW]caZg ^cPZWaVSR \Se +,/ 
^`]RcQbW]\ `ObSa O\R bVS Q]\b`WPcbW]\ ]T ^`ST]`[SR \Wb`ObS %E^`ST& Oa RS`WdSR T`][ ]c` eObS` [Oaa +,0 
QVO`OQbS`WabWQa %Ic^^ZS[S\bO`g JOPZS 0& b] UWdS O []`S `]Pcab SabW[ObS ]\ bVS `]ZS ]T bVS ;KI W\ bVS +,1 
QO`P]\ QgQZS* AS`SPg( bVS ^cPZWaVSR \Se ^`]RcQbW]\ `ObSa TOZZ eWbVW\ O Q][^O`ObWdSZg eWRS `O\US ]T 24 q +-( 
.01 J < gSO`)- T]` bVS E;KI O\R -/*1 q 0. JU < gSO`)- T]` bVS I;KI-,)-.( eVWQV W\ ac[ Q]dS`a +-) 
^cPZWaVSR \Se ^`]RcQbW]\ `ObSa ]T .0- JU < gSO`)- RS`WdSR T]` bVS S\bW`S ;KI T`][ -2kI b] /0kI-/* +-* 
@WdS\ bVS Q]\b`WPcbW]\ ]T ^`ST]`[SR \cb`WS\ba ]T .0" W\ bVS E;KI O\R /4" W\ bVS I;KI O[]c\ba b] O +-+ 
<F. c^bOYS Pg E^`ST cbWZWhObW]\ ]T -2*/. q 14*4 JU < gSO`)- T]` bVS E;KI( O\R 1*-/ q -2*, JU < gSO`)- T]` +-, 
bVS I;KI*  +-- 

+-. 
B\ bVS S\R( UWdS\ bVS Z]eS` %-0*1 ' 3*1& O\R c^^S` %14*4 ' -2*,& SabW[ObSa( eS QOZQcZObSR O ^`ST]`[SR)+-/ 
POaSR \Se ^`]RcQbW]\ ]T i.. q 31 JU < gSO`)-* JVWa W[^ZWSa bVOb bVS PW]Z]UWQOZ QO`P]\ ^c[^ W\ bVS ;KI +-0 
VOa bVS ^]bS\bWOZ b] Q]c\bS`dOWZ ., c^ b] 24" ]T bVS <F. `SZSOaS T`][ bVS PW]Z]UWQOZ QO`P]\ ^c[^ eWbVW\ +-1 
bVS :bZO\bWQ aSQb]` ]T bVS I]cbVS`\ FQSO\ PSbeSS\ 00k O\R 14kI %?WU* 0&* >dS\ WT ]\S WU\]`Sa bVS VWUV +.( 
SabW[ObSa ]T bVS ^`ST]`[SR)POaSR \Se ^`]RcQbW]\ eVWZS OZa] bOYW\U W\b] OQQ]c\b bVS dO`WOPWZWbg W\ +.) 
I]cbVS`\ FQSO\ QO`P]\ TZcf `ObSa( ]c` `SacZba S[^VOaWhS bVS `]ZS ]T bVS ;KI Oa O aWU\WTWQO\b VcP T]` +.* 
`Sab]`W\U bVS <F. c^bOYS STTWQWS\Qg ]T bVS PW]Z]UWQOZ QO`P]\ ^c[^* +.+ 

+., 
Bb OZa] abObSa rJVS Q]\b`WPcbW]\ ]T G^`ST b] \Se ^`]RcQbW]\ T`][ I;KI Wa Z]es Pcb bVS Q]\bS\b ]T G`ST +.- 
`S^]`bSR W\ JOPZS . T]` bVWa `SUW]\ Wa O`]c\R 03" %W*S* eOg VWUVS` bVO\ T]` E;KI&* JVS\ Wb U]Sa ]\ +.. 
acUUSabW\U bVOb bVS \Se ^`]RcQbW]\ W\ bVS E;KI %-5*3 q 3-*- JU <+gSO`& Wa bVS ]\S bVOb Q]c\bS`dOWZa +./ 
]dS` .," ]T bVS <F. Z]aa W\ bVS acP^]ZO` I]cbV :bZO\bWQ `SUW]\* JVWa [SO\a bVOb bVS Q][^S\aObW]\ ]dS` +.0 
bVS I]cbV :bZO\bWQ <F. Z]aa VO^^S\a bV`]cUV bVS E;KI `ObVS` bVO\ bVS I;KI( eVWQV Wa bVS ]^^]aWbS ]T +.1 
eVOb Wa abObSR bV`]cUV]cb bVS ^O^S`* I]( ]dS`OZZ bVWa `SOa]\W\U O^^SO`a Q]\TcaW\U O\R Wb aV]cZR PS +/( 
PSbbS` Sf^ZOW\SR PST]`S Q]\aWRS`W\U bVWa ^O^S` T]` ^cPZWQObW]\* +/) 
<]\aWRS`W\U bVS RWTTS`S\QS W\ bVS d]Zc[S ]T c^eSZZW\U eObS`a( bVS Q]\b`WPcbW]\ ]T ^`ST]`[SR \Wb`ObS b] +/* 
\Se ^`]RcQbW]\ T`][ bVS I;KI Wa i/4"( O\R QO\ bVS`ST]`S PS Q]\aWRS`SR VWUV( O\R aW[WZO`Zg( Wba +/+ 
Q]\b`WPcbW]\ b] Q][^S\aObS T]` bVS <F. Z]aa W\ bVS :bZO\bWQ aSQb]` ]T bVS I]cbVS`\ FQSO\* J] P`W\U bVS +/, 
`SacZba ]T ]c` ^<F. `SQOZQcZObW]\a O\R \Se ^`]RcQbW]\ `ObSa W\b] ^S`a^SQbWdS( eS QO\ aOg bVOb bVS `]ZS +/- 
]T ^`ST]`[SR \cb`WS\ba W\ bVS ;KI Wa be]T]ZR* F\ bVS ]\S VO\R( bVSg QO\ W[^OQb bVS OW`)aSO UOa +/. 
SfQVO\US Pg RSQ`SOaW\U ^<F. O\R T]abS`W\U bVS R`OeR]e\ ]T Ob[]a^VS`WQ <F. ]\ O `SUW]\OZ ZSdSZ* F\ +// 
bVS ]bVS` VO\R( T`][ O UZ]POZ ^S`a^SQbWdS( bVS caS ]T ^`ST]`[SR \cb`WS\ba T]` \Se ^`]RcQbW]\ W\ ^ZOQSa +/0 
acQV Oa bVS ;KI QO\ Q][^S\aObS T]` bVS [WaaSR ]^^]`bc\Wbg W\ <F. aS_cSab`ObW]\ W\ VWUV ZObWbcRSa*  +/1 

+0( 
+0) 
+0* 
+0+ 
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?c`bVS` Q][[S\ba6 +0, 
CW\Sa 0.)0/* E]b QZSO` eVOb rbVSW` T]`[ObW]\ `STS`a b]s* Ba Wb bVS T]`[ObW]\ ]T a]c`QS eObS`a W\ bVS +0- 
I]cbVS`\ FQSO\9 F` bVS T]`[ObW]\ ]T c^eSZZW\U a]c`QS eObS`a9 JVS T]`[ObW]\ ]T ^`ST]`[SR \cb`WS\ba9 +0. 
<]\aWRS` `S)^V`OaW\U* +0/ 
MS `S)^V`OaSR bVS aS\bS\QS b] [OYS Wb QZSO` bVOb rbVSW` T]`[ObW]\s Wa `STS``W\U b] bVS T]`[ObW]\ ]T +00 
^`ST]`[SR \cb`WS\ba* +01 

+1( 
CW\Sa 20)25* JVS :bZO\bWQ aSQb]` Wa aOWR b] PS `Sa^]\aWPZS ]T /0" ]T bVS \Obc`OZ <F. `SZSOaS %i--, JU +1) 
<+gSO`&* B c\RS`abO\R bVWa Wa /0" ]T bVS b]bOZ \Obc`OZ <F. `SZSOaS T`][ bVS I]cbVS`\ FQSO\( eVWQV Wa +1* 
`S^]`bSR VS`S b] PS OP]cb 0,, JU <+gSO`* I]( Wa\tb Wb Xcab OP]cb .3*1" 9 +1+ 
MS O^]Z]UWhS T]` bVWa [WabOYS O\R [ORS bVS OQQ]`RW\U QVO\USa Oa acUUSabSR*+1, 

+1- 
B\ ?WUc`S - Wb e]cZR PS caSTcZ b] aSS bVS ZW[Wba RSTW\SR PSbeSSS\ I;KI O\R E;KI* +1. 
MS [ORS bVS OQQ]`RW\U QVO\USa Oa acUUSabSR*+1/ 

+10 
CW\Sa -/0 q GS`VO^a UWdS bVWa \c[PS` W\ JU < +gSO` T]` Q][^O`Wa]\* +11 
MS [ORS bVS OQQ]`RW\U QVO\USa Oa acUUSabSR*,(( 

,() 
CW\Sa -24)-25 q JVS QOZQcZObSR ^<F. T]` E;KI Wa 1, cOb[ Z]eS` bVO\ bVS ]\S SabW[ObSR T`][ TWSZR ,(* 
[SOac`S[S\ba* JVWa Wa \]\)\SUZWUWPZS %--*0"& Oa Wb e]cZR [OYS bVS E;KI O eSOYS` a]c`QS ]T <F.* Bb ,(+ 
e]cZR PS W\bS`SabW\U WT bVS OcbV]`a Q]cZR Sf^Z]`S eVOb O`S bVS ^]aaWPZS `SOa]\a T]` bVWa RWaQ`S^O\Qg*  ,(, 
MS VOdS `SQOZQcZObSR bVS ^<F. T]` P]bV acPagabS[a ]\ bVS POaWa ]T bVS `SdWaSR OdS`OUS a]c`QS eObS` ,(- 
[Oaa QVO`OQbS`WabWQa Oa ]cbZW\SR W\ Ic^^ZS[S\bO`g JOPZS 0( `SacZbW\U W\ O VWUV ^<F. W\ bVS T`SaVZg ,(. 
c^eSZZSR eObS` \SO` bVS Q]Oab %E;KI6 40. q ---, lOb[( I;KI6 152 q 351 lOb[& bVOb RSQ`SOaSa ,(/ 
b]eO`Ra bVS ]cbS` P]c\RO`WSa ]T bVS acPagabS[a eVS`S \cb`WS\ba O`S Q]\ac[SR %E;KI6 /-5 q 0./ ,(0 
lOb[( I;KI6 /,4 q 0.0 lOb[&* :b bVS ]cbS` P]c\RO`WSa( [SOac`SR dOZcSa TOZZ eWbVW\ bVSaS `O\USa ,(1 
%?WU*/&( eVWZS W\ P]bV acPagabS[a( bVS [SO\ QOZQcZObSR ^<F. W\ bVS T`SaVZg c^eSZZSR eObS` SfQSSRa bVS ,)( 
OdS`OUS ]T ]c` \SO`aV]`S `SQ]`RSR ^<F. Pg i/-, lOb[* JVWa RWTTS`S\QS Wa Sf^SQbSR aW\QS c^eSZZW\U ,)) 
O\R bVS PW]Z]UWQOZZg)[SRWObSR R`OeR]e\ ]T <F. O`S ^`]QSaaSa bVOb ]TbS\ ]QQc` aW[cZbO\S]caZg Oa ,)* 
W\RWQObSR Pg S*U*( aObSZZWbS)RS`WdSR QVZ]`]^VgZZ Q]\QS\b`ObW]\a aV]eW\U( aW[WZO` b] ]c` ^<F. RObO %?WU*/&( ,)+ 
bVS VWUVSab dOZcSa W\ O \O``]e PSZb OZ]\U bVS Q]Oab %aSS )+,$-1)-3&*  ,), 

,)- 
JVS QV]WQS ]T TWUc`Sa b] W\QZcRS W\ bVS [OW\ bSfb Wa \]b dS`g `S^`SaS\bObWdS ]T bVS [OW\ `SacZba* B e]cZR ,). 
Q]\aWRS` acPabWbcbW\U ]\S ]T bVS be] TWUc`Sa eWbV ]\S Qc``S\bZg W\ ac^^ZS[S\bO`g bVOb e]cZR PSbbS` UcWRS ,)/ 
bVS `SORS` bV`]cUV bVS `SOa]\W\U ]T bVS ^O^S` %SWbVS` I. ]` I/&* ,)0 
MS QVO\USR bVS O^^SO`O\QS ]T ?WUc`Sa W\ bVS [O\caQ`W^b O\R W\QZcRSR bVS T]`[S` Ic^^ZS[S\bO`g ,)1 
?WUc`S . O\R / b] bVS [OW\ bSfb* ,*( 

,*) 
,** 
,*+ 
,*, 
,*- 
,*. 
,*/ 
,*0 
,*1 
,+( 
,+) 
,+* 
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HSTS`S\QSa ,++ 
,+, 

) IKWWSWTRXP% D' DOUK]SXW\RSY LO]`OOW `SWN \YOON KWN QK\ OaMRKWQO X_O[ ]RO XMOKW' ,AFC@5> A: ,+- 
*9AB<ID=75> 29D95C7<$ 0795@D *(% /+/+&/+0* #)11*$' ,+. 

* IKWWSWTRXP% D' DOUK]SXW\RSY LO]`OOW `SWN \YOON KWN QK\ OaMRKWQO X_O[ ]RO XMOKW [O_S\S]ON' -=?@A>A;I ,+/ 
5@8 0795@A;C5B<I$ .9E<A8D "#% +-)&+.* #*(),$' ,+0 

+ @SQR]SWQKUO% B' 6' 9E 5>! ;W \S]^ O_KU^K]SXW XP KS[&\OK QK\ OaMRKWQO YK[KVO]O[ScK]SXW\ ^\SWQ WX_OU ,+1 
MXW\O[_K]S_O KWN _XUK]SUO ][KMO[\' *>A65> &=A;9A7<9?=75> 'I7>9D "%% +/+&+0/ #*((($' ,,( 

, :X% 6' F' 9E 5>! ?OK\^[OVOW]\ XP KS[&\OK QK\ OaMRKWQO K] RSQR `SWN \YOON\ SW ]RO EX^]RO[W AMOKW2 ,,) 
;VYUSMK]SXW\ PX[ QUXLKU YK[KVO]O[ScK]SXW\' *9AB<ID=75> 29D95C7< -9EE9CD $$ #*((.$' ,,* 

- IKWWSWTRXP% D' " ?M9SUUS\% I' D' 3 M^LSM [OUK]SXW\RSY LO]`OOW KS[&\OK 5A* OaMRKWQO KWN `SWN \YOON' ,,+ 
*9AB<ID=75> 29D95C7< -9EE9CD #'% )001&)01* #)111$' ,,, 

. ?M5K[]WOb% ?' E' E^LKW]K[M]SM ?XNO IK]O[ 3 HXbKQO XP 6S\MX_O[b' *9AC;9 (957A@ #"E< %@@=G9CD5CI ,,- 
4A>F?9% )(+&))1 #)1//$' ,,. 

/ =K[\]OW\OW% <' " C^KNPK\OU% 6' 8X[VK]SXW XP EX^]RO[W :OVS\YRO[O FRO[VXMUSWO IK]O[\2 IK]O[ ?K\\ ,,/ 
5XW_O[\SXW KWN E^LN^M]SXW' ,AFC@5> A: 1<ID=75> 0795@A;C5B<I $#% +(*(&+(+0 #*((*$' ,,0 

0 EX^cK% 3'% =O[[% D' " 3cO_ONX% <' AW ]RO SWPU^OWMO XP E^L][XYSMKU ?XNO IK]O[ XW ]RO EX^]R 3]UKW]SM ,,1 
AMOKW' ,AFC@5> A: .5C=@9 3IDE9?D ")& #*()0$' ,-( 

1 8UXR[% 3'% HKW NO[ BUK\% 3'% 7VOS\% ='% ?XR[RXUc% H' " DSaOW% F' EYK]SX&]OVYX[KU YK]]O[W\ XP 5 2 @ 2 B ,-) 
[K]SX\ SW ]RO WX[]RO[W 4OWQ^OUK ^Y`OUUSWQ [OQSVO' &=A;9AD7=9@79D ""% 00-&01/ #*(),$' ,-* 

)( 7VOS\% =' 9E 5>! 4SXQOXMROVSMKU Y[XMO\\O\ KWN ]^[WX_O[ [K]O\ SW ]RO @X[]RO[W 4OWQ^OUK GY`OUUSWQ ,-+ 
Eb\]OV' ,AFC@5> A: .5C=@9 3IDE9?D "))% .+&0( #*()0$' ,-, 

)) IKUN[XW% :' @'% ?XW]OS[X% B' ?' E' " E`K[]% @' 5' 5K[LXW OaYX[] KWN \OZ^O\][K]SXW SW ]RO \X^]RO[W ,-- 
4OWQ^OUK ^Y`OUUSWQ \b\]OV2 UX`O[ KWN ^YYO[ O\]SVK]O\' 0795@ 37=9@79 &% /))&/)0 #*((1$' ,-. 

)* ?XW]OS[X% B' ?' E' SW '5C6A@ 5@8 /FEC=9@E )>FH9D =@ E<9 'A@E=@9@E5> .5C;=@D$ % *>A65> 3I@E<9D=D #ON\ ,-/ 
='=' >S^% >' 3]TSW\XW% D' C^SeXWO\% " >' FKUK^O&?M?KW^\$ #EY[SWQO[% *((1$' ,-0 

)+ ?O\\Sd% ?' 9E 5>! BX]OW]SKU WO` Y[XN^M]SXW O\]SVK]O\ SW PX^[ OK\]O[W LX^WNK[b ^Y`OUUSWQ OMX\b\]OV\' ,-1 
1CA;C9DD +@ 0795@A;C5B<I )$% )-)&)-0 #*((1$' ,.( 

), 4X[NLK[% ?' :'% ?XR[RXUc% H' " EMRVSN]% ?' FRO DOUK]SXW XP ISWN&6[S_OW 5XK\]KU KWN APP\RX[O ,.) 
GY`OUUSWQ SW ]RO 4OWQ^OUK GY`OUUSWQ Eb\]OV' ,AFC@5> A: 1<ID=75> 0795@A;C5B<I &"% +))/&+)++ #*(*)$' ,.* 

)- IOOT\% E' <'% 4K[UX`% D'% DXb% 5' " ERSUUSWQ]XW% 8' 3' DOVX]OUb \OW\ON _K[SKLSUS]b XP ]OVYO[K]^[O KWN ,.+ 
MRUX[XYRbUU SW ]RO \X^]RO[W 4OWQ^OUK2 ^Y`OUUSWQ P[OZ^OWMb KWN YRb]XYUKWT]XW [O\YXW\O' %:C=75@ ,AFC@5> ,., 
A: .5C=@9 37=9@79 #)% ,1+&-(1 #*((.$' ,.- 

). >KVXW]% F'% 4K[UX`% D' 9' " 4[O`SW% D' <' I' >XWQ&FO[V F[OWN\ SW BRb]XYUKWT]XW 5RUX[XYRbUU K KWN ,.. 
EScO E][^M]^[O SW ]RO 4OWQ^OUK GY`OUUSWQ Eb\]OV' ,AFC@5> A: *9AB<ID=75> 29D95C7<$ 0795@D "#%% ))/(&,./ 
))1- #*()1$' ,.0 

)/ 6OVK[MZ% :'% 4K[UX`% D' " :^]MRSWQ\% >' 3YYUSMK]SXW XP K MRUX[XYRbUU SWNOa NO[S_ON P[XV \K]OUUS]O NK]K ,.1 
]X SW_O\]SQK]O ]RO _K[SKLSUS]b XP YRb]XYUKWT]XW SW ]RO 4OWQ^OUK OMX\b\]OV' %:C=75@ ,AFC@5> A: .5C=@9 ,/( 
37=9@79 #*% */)&*0* #*((/$' ,/) 

,/* 



Reviewer #3 (Remarks to the Author): 

This is a second review. The manuscript has improved considerably and most of the 

issues raised by this reviewer were addressed satisfactorily. I still have a few minor 

suggestions: 

Lines 41-42 (Abstract): This sentence requires some thinking before making any sense. 

The formation of preformed nutrients does not increase directly pCO2 in surface waters. 

It rather represents an incefficiency in the biological carbon pump, so this sentence is 

true only in relative terms – i.e. formation of preformed nutrients represent an increase 

in surface pCO2 with respect to a hypothetical alternative situation where the biological 

carbon pump is more efficient. - I suggest to re-phrase this sentence along these lines. 

Lines 143: 145: Here it says that these estimates are higher (40% and 110%) than 

those given above but it is actually the opposite. Consider giving more details about the 

meaning of these “initial” estimates and re-phrase this sentence. 

Lines 162: 170: This paragraph seems to belong more to methods. I’d rather use this 

space to give more explanations about the relevance of these results for the broad 

climate science community. 

Reviewer #4 (Remarks to the Author): 

This study is a timely compilation and analysis of a cumulative ship-based data sets for 

ocean carbonate and pCO2 in both the Northern (nBUS) and Southern Benguela 

Upwelling System (sBUS). In brief, this study aimed to provide top down (air-sea fluxes) 

and bottom up (new production fluxes) approaches to constrain the carbon budget in 

the two parts of the BUS. It then proceeds to use part of the analysis (New Production 

fluxes) to advance the importance of the role of the BUS in closing a significant part 

(±20%) of the natural CO2 outgassing budget in the Southern Ocean south of the Polar 

Front, which arises from the incomplete uptake of nitrate by the iron limited new 

production in the Sub-Antarctic Zone. 

This could be an important contribution to the widely recognized gap of coastal systems 

generally and upwelling systems specifically to the global ocean carbon budget, its 

variability and its sensitivity to climate change. However, in its present form I would not 

recommend it for publication in Nature. 

There are three main issues: firstly, while the study presents new CO2 observations for 

the region, its findings are not new (Gregor et al., 2013; Waldron et al., 2009; Monteiro, 

2009; Santana Casiano et al., 2009). Perhaps most importantly, apart from mentioning 

the important seasonal sampling bias, it largely fails to fully discuss the implications of 

not resolving the spatial and temporal variability and sampling biases on the 

uncertainties of its constraints. Secondly, the study has 2 components – the CO2 flux 

budgets and the new production fluxes – but little or no attempt is made to reconcile or 

discuss the interesting differences between them as well as with other earlier 

comparable studies in the BUS and other Eastern Boundary Upwelling Systems. This 

would have gone a long way to addressing the challenge posed by the title. Thirdly, the 

Southern Ocean angle seems an add-on to stretch the global significance of the findings. 

I found it lacking in process analysis which might have justified its inclusion. 

Overall, the authors have done a good job of creating a climatology of the pCO2 and 

FCO2 observations for both sectors of the BUS and it is nice to see the magnitude of the 

constraints that have emerged from the spatial and temporal averaging in the study, 

relative to earlier studies. It would have benefited from a more explicit analysis of these 



different approaches. Much care went into the data interpolations. However, it is not 

providing anything new from both a budget and process perspectives. It re-enforces 

what had already been concluded a decade earlier (Gregor et al., 2013; Waldron et al., 

2009; Monteiro, 2009; Santana-Casiano et al., 2009) that, from a carbon budget 

perspective, the sBUS is a small sink and the nBUS is a significant source. 

Part of the difficulty the authors may have faced is that although they had a rich data set 

on a decadal scale it required a spatial and temporal averaging with attendant 

assumptions whose consequences and impact on the uncertainties of the constraints 

were not adequately addressed in the context of the significant complexities in the 

oceanography of the BUS. Here, for example, I am referring to the implications of the 

well-recognized synoptic mode of variability in the sBUS whose amplitude is as large as 

the seasonal cycle in contrast to the nBUS where the seasonal modes and strongly 

linked to 2 types of mode waters. The authors furthermore link the outer boundary of 

the upwelling to a standard deviation threshold which they link to the influence of 

upwelling. What role do the authors think that mesoscale eddies might play there? The 

carbon biogeochemical flux calculations are limited to new production without any 

discussion of the role that remineralization may play in offsetting the export flux on a 

shelf system and weakening the mean annual flux. What do the authors think may be 

the implications of the seasonal bias in the data sets? 

Another consideration is that while models may be weak in the context of budget 

criteria, they can still be very useful to test the significance of the sampling and 

averaging assumptions relative to the spatial and temporal scales of variability and 

provide a process basis for the analysis. This is a gap in the study. 

Finally, while the CO2 part of the study is clearly written, the biogeochemical section of 

the paper is often unclear and confusing. This should be addressed by the authors. 
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+ 
JT WTaTQh aTb_^]S c^ cWT ePaX^db R^\\T]cb P]S R^]RTa]b aPXbTS SdaX]V cWT ,]S _TTa aTeXTf _a^RTbb ^U , 

^da \P]dbRaX_c T]cXc[TS !ETVX^]P[ P]S V[^QP[ X\_PRc ^U 9C, d_cPZT X] cWT 8T]VdT[P H_fT[[X]V FhbcT\ - 
cWa^dVW _aTU^a\TS ]dcaXT]cb!& fWXRW fT aTeXbTS Pb ^dc[X]TS QT[^f( . 

$&2)&3&/ !" / 

GWXb Xb P bTR^]S aTeXTf( GWT \P]dbRaX_c WPb X\_a^eTS R^]bXSTaPQ[h P]S \^bc ^U cWT XbbdTb aPXbTS Qh 0 
cWXb aTeXTfTa fTaT PSSaTbbTS bPcXbUPRc^aX[h( ? bcX[[ WPeT P UTf \X]^a bdVVTbcX^]b4 1 

)( 
@X]Tb .+'., $7QbcaPRc%4 GWXb bT]cT]RT aT`dXaTb b^\T cWX]ZX]V QTU^aT \PZX]V P]h bT]bT( GWT U^a\PcX^] )) 
^U _aTU^a\TS ]dcaXT]cb S^Tb ]^c X]RaTPbT SXaTRc[h _9C, X] bdaUPRT fPcTab( ?c aPcWTa aT_aTbT]cb P] )* 
X]TUUXRXT]Rh X] cWT QX^[^VXRP[ RPaQ^] _d\_& b^ cWXb bT]cT]RT Xb cadT ^][h X] aT[PcXeT cTa\b v X(T( U^a\PcX^] )+ 
^U _aTU^a\TS ]dcaXT]cb aT_aTbT]c P] X]RaTPbT X] bdaUPRT _9C, fXcW aTb_TRc c^ P Wh_^cWTcXRP[ P[cTa]PcXeT ), 
bXcdPcX^] fWTaT cWT QX^[^VXRP[ RPaQ^] _d\_ Xb \^aT TUUXRXT]c( ' ? bdVVTbc c^ aT'_WaPbT cWXb bT]cT]RT )- 
P[^]V cWTbT [X]Tb( ). 
JT cWP]Z cWT aTeXTfTa U^a cWXb R^\\T]c P]S RWP]VTS cWT bT]cT]RT X] cWT PQbcaPRc c^ cWT U^[[^fX]V4  )/ 
wMsN IXRT eTabP& X]TUUXRXT]c ]dcaXT]c dcX[XiPcX^] [TPSb _aTU^a\TS ]dcaXT]c U^a\PcX^]& X]RaTPbX]V _9C, P]S )0 
R^d]cTaPRcX]V Wd\P]'X]SdRTS 9C, X]ePbX^] X] cWT F^dcWTa] CRTP]( >^fTeTa& _aTU^a\TS ]dcaXT]c )1 
dcX[XiPcX^] X] cWT 8HF MsNx( *( 

*) 
@X]Tb +.-4 +./4 >TaT Xc bPhb cWPc cWTbT TbcX\PcTb PaT WXVWTa $.*# P]S ++*#% cWP] cW^bT VXeT] PQ^eT ** 
Qdc Xc Xb PRcdP[[h cWT ^__^bXcT( 9^]bXSTa VXeX]V \^aT STcPX[b PQ^dc cWT \TP]X]V ^U cWTbT wX]XcXP[x *+ 
TbcX\PcTb P]S aT'_WaPbT cWXb bT]cT]RT( *, 
JT cWP]Z cWT aTeXTfTa U^a cWXb R^\\T]c P]S \PST cWT U^[[^fX]V RWP]VTb $@X]Tb +.+'+..%4 *- 
wMsN >^fTeTa& X] R^\_PaXb^] c^ PaTP'X]cTVaPcTS 9C, U[dgTb X] aTU(-* U^a cWT B8HF $++(/ GV 9 hTPa'+% P]S *. 
F8HF $'+(. GV 9 hTPa'+%& ^da aTb_TRcXeT TbcX\PcTb ^U +/(0. $B8HF% P]S ',(3. GV 9 hTPa'+ $F8HF% PaT */ 
PQ^dc .*# P]S ++*# WXVWTa& \PX][h SdT c^ cWT dbT ^U MsNx( *0 

*1 
@X]Tb +0,4 +1*4 GWXb _PaPVaP_W bTT\b c^ QT[^]V \^aT c^ \TcW^Sb( ?yS aPcWTa dbT cWXb b_PRT c^ VXeT +( 
\^aT Tg_[P]PcX^]b PQ^dc cWT aT[TeP]RT ^U cWTbT aTbd[cb U^a cWT Qa^PS R[X\PcT bRXT]RT R^\\d]Xch(      +) 
JT cWP]Z cWT aTeXTfTa U^a cWXb R^\\T]c P]S \^eTS cWT cTRW]XRP[ _Pac X]c^ cWT \TcW^S bTRcX^] P]S +* 
Tg_[PX]TS ^da P__a^PRW X] \^aT STcPX[ Pb U^[[^fb $bTT @X]Tb +/2'+1.%4                                                ++ 
wMsN ?] P UXabc bcT_& fT RP[Rd[PcTS cWT _^cT]cXP[ _9C, X] UaTbW[h d_fT[[TS fPcTab QPbTS ^] cT\_TaPcdaT& +, 
bP[X]Xch Pb fT[[ Pb G7& :?9& P]S ]dcaXT]c R^]RT]caPcX^]b ^U cWT d_fT[[X]V b^daRT fPcTa \PbbTb $;F79J +- 
P]S F79J& Fd__[T\T]cPah GPQ[T .%( ?] P bTR^]S bcT_& TUUTRcb ^U ]dcaXT]c dcX[XiPcX^] ^] _9C, X] bdaUPRT +. 
fPcTab fTaT TbcX\PcTS Qh cPZT] X]c^ PRR^d]c cWPc _Whc^_[P]Zc^] R^]bd\Tb d_fT[[TS ]dcaXT]cb c^ UXg :?9 +/ 
X]c^ QX^\Pbb Pb P[b^ X]SXRPcTS Qh SPcP bW^fX]V ]dcaXT]c ST_[TcX^] ^U ^UUbW^aT U[^fX]V d_fT[[TS fPcTab Pc +0 
SXbcP]RTb ^U PQ^dc +2*v ,** Z\ c^ cWT R^Pbc.3&/*( GWT ETSUXT[S aPcX^ $+*04+0% Xb& X] cda]& dbTS c^ +1 
caP]b[PcT ]dcaXT]c dcX[XiPcX^] X]c^ :?9 R^]bd\_cX^] P]S cWT Pbb^RXPcTS aT[TPbT ^U c^cP[ P[ZP[X]Xch $bTT ,( 
T(V(+&.1%( 8h bdQcaPRcX]V cWT P\^d]c ^U :?9 fWXRW Xb caP]bU^a\TS X]c^ ^aVP]XR \PccTa Ua^\ cWT ^aXVX]P[ ,) 
b^daRT fPcTa :?9 R^]RT]caPcX^]& P]S PSSX]V cWT aT[TPbTS G7 c^ cWT ^aXVX]P[ b^daRT fPcTa G7& fT RP] ,* 
RP[Rd[PcT cWT _9C, X] d_fT[[TS fPcTa PUcTa d_fT[[TS ]dcaXT]cb WPeT QTT] R^]bd\TS( :daX]V cWT ,+ 
^UUbW^aT U[^f& cWT d_fT[[TS fPcTa fPa\b d_ Pb X]SXRPcTS Qh cWT SXUUTaT]RT QTcfTT] cT\_TaPcdaTb ^U cWT ,, 
b^daRT fPcTab P]S cWT bTPyb bdaUPRT cT\_TaPcdaT( >T]RT& Qh dbX]V bTP bdaUPRT cT\_TaPcdaTb P]S ,- 
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bP[X]XcXTb X]bcTPS ^U cW^bT ^U cWT b^daRT fPcTa& fT RP] UdacWTa R^]bXSTa cWT fPa\X]V ^U d_fT[[TS fPcTab ,. 
P]S Xcb TUUTRc ^] _9C,( ,/ 

GWT TgTaRXbT X\_[XTb& X] [X]T fXcW ^da SPcP $<XV( ,P&Q%& P WXVW _9C, X] cWT UaTbW[h d_fT[[TS fPcTa ]TPa ,0 
cWT R^Pbc $UXabc bcT_4 B8HF4 2., v +++* pPc\& F8HF4 /30 v 13/ pPc\% cWPc STRaTPbTb c^fPaSb cWT ,1 
^dcTa Q^d]SPaXTb ^U cWT bdQbhbcT\b fWTaT ]dcaXT]cb PaT R^]bd\TS $cWXaS bcT_4 B8HF4 -+3 v .,- pPc\& -( 
F8HF4 -+* v .,0 pPc\& <XV( -%( MsNx -) 

$&2)&3&/ !# -* 

GWXb bcdSh Xb P cX\T[h R^\_X[PcX^] P]S P]P[hbXb ^U P Rd\d[PcXeT bWX_'QPbTS SPcP bTcb U^a ^RTP] -+ 
RPaQ^]PcT P]S _9C, X] Q^cW cWT B^acWTa] $]8HF% P]S F^dcWTa] 8T]VdT[P H_fT[[X]V FhbcT\ $b8HF%( ?] -, 
QaXTU& cWXb bcdSh PX\TS c^ _a^eXST c^_ S^f] $PXa'bTP U[dgTb% P]S Q^cc^\ d_ $]Tf _a^SdRcX^] U[dgTb% -- 
P__a^PRWTb c^ R^]bcaPX] cWT RPaQ^] QdSVTc X] cWT cf^ _Pacb ^U cWT 8HF( ?c cWT] _a^RTTSb c^ dbT _Pac ^U -. 
cWT P]P[hbXb $BTf Da^SdRcX^] U[dgTb% c^ PSeP]RT cWT X\_^acP]RT ^U cWT a^[T ^U cWT 8HF X] R[^bX]V P -/ 
bXV]XUXRP]c _Pac $o,*#% ^U cWT ]PcdaP[ 9C, ^dcVPbbX]V QdSVTc X] cWT F^dcWTa] CRTP] b^dcW ^U cWT D^[Pa -0 
<a^]c& fWXRW PaXbTb Ua^\ cWT X]R^\_[TcT d_cPZT ^U ]XcaPcT Qh cWT Xa^] [X\XcTS ]Tf _a^SdRcX^] X] cWT FdQ'-1 
7]cPaRcXR L^]T( GWXb R^d[S QT P] X\_^acP]c R^]caXQdcX^] c^ cWT fXST[h aTR^V]XiTS VP_ ^U R^PbcP[ bhbcT\b .( 
VT]TaP[[h P]S d_fT[[X]V bhbcT\b b_TRXUXRP[[h c^ cWT V[^QP[ ^RTP] RPaQ^] QdSVTc& Xcb ePaXPQX[Xch P]S Xcb .) 
bT]bXcXeXch c^ R[X\PcT RWP]VT( >^fTeTa& X] Xcb _aTbT]c U^a\ ? f^d[S ]^c aTR^\\T]S Xc U^a _dQ[XRPcX^] X] .* 
BPcdaT(  .+ 
JT bX]RTaT[h cWP]Z cWT aTeXTfTa U^a ]^cX]V cWT ]^eT[ch ^U cWXb bcdSh P]S U^a _a^eXSX]V UTTSQPRZ ^] _^X]cb ., 
fWXRW fT WPeT PSSaTbbTS X] STcPX[ QT[^f( >^fTeTa& cWT \PX] aPXbTS RaXcXRb P__TPa c^ QT QPbTS ^] P .- 
\Xbd]STabcP]SX]V aTVPaSX]V cWT a^[T cWPc aTVT]TaPcTS P]S _aTU^a\TS ]dcaXT]cb _[Ph X] cWT QX^[^VXRP[ .. 
RPaQ^] _d\_& fWXRW bTT\b c^ QT P R^]bT`dT]RT ^U ^da QX^VT^RWT\XRP[ bTRcX^]( 7b _^X]cTS ^dc Qh cWT ./ 
aTeXTfTa& cWT 9C, _Pac ^U cWT bcdSh Xb R[TPa[h faXccT]& fWX[T cWT QX^VT^RWT\XRP[ bTRcX^] bTT\b c^ QT .0 
d]R[TPa P]S R^]UdbX]V Pc cX\Tb( GWXb XbbdT fPb _aTeX^db[h aPXbTS Qh aTeXTfTa "-( >T]RT& fT WPeT .1 
aTeXbTS cWXb _Pac ^U ^da \P]dbRaX_c c^ cWT bPcXbUPRcX^] ^U aTeXTfTa "-& fW^ bdVVTbcTS ^][h \X]^a /( 
R^aaTRcX^]b fWXRW fT WPeT PSSaTbbTS Pb _^X]cTS ^dc QT[^f X] STcPX[ $WTaT4 @X]T ,/.',10%( JT W^_T c^ /) 
WPeT ]^f R[PaXUXTS cWXb bTRcX^] ^U ^da \P]dbRaX_c( /* 

/+ 
GWTaT PaT cWaTT \PX] XbbdTb4 UXabc[h& fWX[T cWT bcdSh _aTbT]cb ]Tf 9C, ^QbTaePcX^]b U^a cWT aTVX^]& Xcb /, 
UX]SX]Vb PaT ]^c ]Tf $=aTV^a Tc P[(& ,*+-5 JP[Sa^] Tc P[(& ,**35 A^]cTXa^& ,**35 FP]cP]P 9PbXP]^ Tc P[(& /- 
,**3%( DTaWP_b \^bc X\_^acP]c[h& P_Pac Ua^\ \T]cX^]X]V cWT X\_^acP]c bTPb^]P[ bP\_[X]V QXPb& Xc [PaVT[h /. 
UPX[b c^ Ud[[h SXbRdbb cWT X\_[XRPcX^]b ^U ]^c aTb^[eX]V cWT b_PcXP[ P]S cT\_^aP[ ePaXPQX[Xch P]S bP\_[X]V // 
QXPbTb ^] cWT d]RTacPX]cXTb ^U Xcb R^]bcaPX]cb(  /0 
FTR^]S[h& cWT bcdSh WPb , R^\_^]T]cb v cWT 9C, U[dg QdSVTcb P]S cWT ]Tf _a^SdRcX^] U[dgTb v Qdc [Xcc[T /1 
^a ]^ PccT\_c Xb \PST c^ aTR^]RX[T ^a SXbRdbb cWT X]cTaTbcX]V SXUUTaT]RTb QTcfTT] cWT\ Pb fT[[ Pb fXcW 0( 
^cWTa TPa[XTa R^\_PaPQ[T bcdSXTb X] cWT 8HF P]S ^cWTa ;PbcTa] 8^d]SPah H_fT[[X]V FhbcT\b( GWXb 0) 
f^d[S WPeT V^]T P [^]V fPh c^ PSSaTbbX]V cWT RWP[[T]VT _^bTS Qh cWT cXc[T(  0* 
GWXaS[h& cWT F^dcWTa] CRTP] P]V[T bTT\b P] PSS'^] c^ bcaTcRW cWT V[^QP[ bXV]XUXRP]RT ^U cWT UX]SX]Vb( ? 0+ 
U^d]S Xc [PRZX]V X] _a^RTbb P]P[hbXb fWXRW \XVWc WPeT YdbcXUXTS Xcb X]R[dbX^](  0, 
G^ XbbdT +4 ?c Xb R^aaTRc& fT X]RaTPbTS cWT ]d\QTa ^U SXaTRc _9C, ^QbTaePcX^]b P]S TbcPQ[XbWTS P a^Qdbc 0- 
R[X\Pc^[^Vh ^U _9C, U^a cWT 8HF( Cda R[X\Pc^[^Vh Xb cWT ^][h ^]T X]R^a_^aPcX]V SXaTRc _9C,0. 
\TPbdaT\T]cb P[^]V cWT BP\XQXP] P]S cWT F^dcW 7UaXRP] R^Pbc fXcWX] cWT \^bc X]cT]bXeT P]S WXVW 0/ 
_a^SdRcXeT d_fT[[X]V aTVX^]( ?] R^]caPbc& FP]cP]P'9PbXP]^ Tc P[( $,**3% P]S =^]ik[Ti':keX[P Tc P[( 00 
$,**3% \TPbdaTS _9C, P[^]V cWT ICF [X]T fWXRW ad]b UdacWTa ^UUbW^aT P]S \XbbTb cWT WXVW _a^SdRcXeT 01 
PaTPb P[^]V cWT R^Pbc& Pb R[TPa[h bW^f] ^] cWTXa UXabc UXVdaT( 7b U^a ^da SPcP bTc& fT X]cTVaPcTS cWT ICF 1( 
[X]T SPcP fWXRW UP[[ X]c^ cWT aTVX^] fWTaT [^f _9C, ePaXPQX[Xch X]SXRPcTS P SX\X]XbWTS X]U[dT]RT ^U 1) 
d_fT[[X]V( A^]cTXa^ $,**3% P]S cWT U^[[^f d_ _P_Ta ^U JP[Sa^] Tc P[( $,**3% TbcPQ[XbWTS& X] cda]& P 1* 
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RPaQ^] QdSVTc P]S dbTS cWT SPcP ^U FP]cP]P'9PbXP]^ Tc P[( $,**3% U^a R^\_PaXb^] $bTT QT[^f%& fWX[T 1+ 
=aTV^a Tc P[( $,*+-% P]S A^]cTXa^ $,**3% \TPbdaTS :?9 P]S G7 P[^]V ^]T bX]V[T caP]bTRc X] cWT F8HF 1, 
c^ RP[Rd[PcT _9C,( >^fTeTa& cWT ]^cX^] ^U cWT B8HF P]S F8HF PRcX]V Pb P 9C, b^daRT P]S bX]Z& 1- 
aTb_TRcXeT[h& Xb ]^c ]Tf( ?c fPb _^bcd[PcTS Qh FP]cP]P'9PbXP]^ Tc P[( $,**3%& bd__^acTS Qh UXT[S SPcP 1. 
X]R[dSX]V ^da ^f] $;\TXb Tc P[( ,*+2% P]S ]d\TaXRP[ \^ST[ aTbd[cb $T(V( 8aPSh Tc P[(& ,*+3%( 1/ 
9^]bXSTaX]V cWPc P[b^ \^ST[ bcdSXTb RP\T c^ cWXb R^]R[dbX^]& fT bTT ]^ XbbdTb aT[PcTS c^ aTb^[eX]V cWT 10 
b_PcXP[ P]S cT\_^aP[ ePaXPQX[Xch P]S bP\_[X]V QXPbTb& fWXRW fT WPeT PSSaTbbTS X] ^da \P]dbRaX_c 11 
$@X]Tb +,.'+,3% P]S b_PcX^'cT\_^aP[ X]cTa_^[PcX^] \TcW^S( >^fTeTa& fWPc Xb ]Tf P]S fWPc WPb QTT] )(( 
PRZ]^f[TSVTS Qh cWT aTeXTfTab Xb cWPc fT _a^eXSTS PSSXcX^]P[ SPcP P]S U^[[^fTS P ]Tf ]^cX^] c^ Tg_[PX] )() 
cWT ^__^bX]V QTWPeX^a ^U cWT cf^ bhbcT\b P]S cWT 8HFyb a^[T U^a cWT QX^[^VXRP[ RPaQ^] _d\_ Qh \TP]b )(* 
^U _aTU^a\TS ]dcaXT]c dcX[XiPcX^]( GWT d]STa[hX]V _a^RTbb'd]STabcP]SX]V cWPc aTbd[cb Ua^\ ^da bcdSh )(+ 
cWTaTQh [TPSb c^ UPa aTPRWX]V R^]R[dbX^]b aTVPaSX]V cWT a^[T ^U ;PbcTa] 8^d]SPah H_fT[[X]V FhbcT\b Pb )(, 
P 9C, bX]Z cWPc QP[P]RTb 9C, [^bbTb Pc bXcTb fWTaT _aTU^a\TS ]dcaXT]cb PaT U^a\TS& bWTSSX]V ]Tf [XVWc )(- 
^] cWT 8HF Ua^\ P QdSVTcX]V P]S _a^RTbb _Tab_TRcXeT( )(. 

)(/ 
G^ XbbdT ,4 GWXb RP] QT SXeXSTS X]c^ cf^ _Pacb& ]P\T[h P% P SXbRdbbX^] ^U TPa[XTa R^\_PaPQ[T bcdSXTb X] )(0 
cWT 8HF P]S ^cWTa ;PbcTa] 8^d]SPah H_fT[[X]V FhbcT\b& P]S Q% P SXbRdbbX^] ^U cWT SXUUTaT]RTb )(1 
QTcfTT] 9C, U[dg QdSVTcb P]S ]Tf _a^SdRcX^] U[dgTb& Q^cW ^U fWXRW fTaT R^]bXSTaTS X] cWT \P]dbRaX_c ))( 
Pb _^X]cTS ^dc X] cWT U^[[^fX]V4 ))) 
P% ?] eXTf ^U TPa[XTa R^\_PaPQ[T bcdSXTb X] cWT 8HF& Q^cW A^]cTXa^ $,**3% P]S P U^[[^f d_ f^aZ Qh ))* 
JP[Sa^] Tc P[( $,**3% TbcPQ[XbWTS P RPaQ^] QdSVTc U^a cWT 8HF fXcW cWT X]R[dbX^] ^U ]Tf _a^SdRcX^] ))+ 
aPcTb& P]S R^\_PaTS RPaQ^] [^bbTb Ua^\ cWT 8HF fXcW 9C, X]ePbX^] aPcTb Pb STaXeTS Ua^\ FP]cP]P')), 
9PbXP]^ Tc P[( $,**3%( 7b U^a ^da bcdSh& fT U^[[^fTS cWXb P__a^PRW P]S R^\_PaTS ]Tf _a^SdRcX^] aPcTb ))- 
^QcPX]TS Ua^\ JP[Sa^] Tc P[( $,**3%& ;\TXb Tc P[( $,*+2% P]S A^]cTXa^ $,**3% fXcW 9C, U[dgTb Pb )). 
STaXeTS Ua^\ ^da SPcPbTc fWXRW X]R[dSTb SPcP Ua^\ FP]cP]P'9PbXP]^ Tc P[( $,**3% P]S TgcT]bXeT ))/ 
aTR^aSX]Vb aT_aTbT]cPcXeT U^a cWT R^PbcP[ P]S bWT[U PaTPb P[^]V cWT R^]cX]T]cP[ \PaVX] ^UU BP\XQXP P]S ))0 
F^dcW 7UaXRP( >^fTeTa& X] R^]caPbc c^ _aTeX^db bcdSXTb Ua^\ cWT 8HF& fT X]R[dSTS X\_PRcb ^U cWT ))1 
b^[dQX[Xch _d\_ P]S SXUUTaT]cXPcTS QTcfTT] ]Tf _a^SdRcX^] SaXeT] cWT dcX[XiPcX^] ^U _aTU^a\TS P]S )*( 
aTVT]TaPcTS ]dcaXT]cb( 7 bX\X[Pa P__a^PRW c^ T[dRXSPcT cWT X\_PRc ^U _aTU^a\TS ]dcaXT]cb ^] RPaQ^] )*) 
U[dgTb WPS P[aTPSh QTT] P__[XTS c^ cWT CaTV^] d_fT[[X]V aTVX^] X] cWT 9P[XU^a]XP 9daaT]c FhbcT\ $>P[Tb )** 
Tc P[(& ,**/%& Pb fPb \T]cX^]TS X] cWT ?]ca^SdRcX^] ^U ^da \P]dbRaX_c( >T]RT& P[[ _aTeX^db[h _dQ[XbWTS )*+ 
SPcP Ua^\ cWT 8HF ^] _9C, RWPaPRcTaXbcXRb P]S ]Tf _a^SdRcX^]& Pb fT[[ Pb R^]RT_cb STeT[^_TS Ua^\ )*, 
^cWTa ;8HF cWPc PaT ^U aT[TeP]RT c^ PbbTbb RPaQ^] QdSVTcb P]S cWT a^[T ^U _aTU^a\TS ]dcaXT]cb& fTaT )*- 
X]R[dSTS X]c^ ^da bcdSh( )*. 

)*/ 
Q% ?] ^da SXbRdbbX^] ^] cWT SXUUTaT]RT QTcfTT] 9C, U[dg QdSVTcb P]S ]Tf _a^SdRcX^] U[dgTb $@X]Tb +2/')*0 
+30%& fT X]R[dSTS X\_PRcb ^U cWT b^[dQX[Xch _d\_ P]S SXUUTaT]cXPcTS QTcfTT] ]Tf _a^SdRcX^] SaXeT] Qh )*1 
cWT bd__[h ^U aTVT]TaPcTS P]S _aTU^a\TS ]dcaXT]cb( GWXb Xb ]Tf X] cTa\b ^U cWT 8HF P]S RadRXP[ )+( 
QTRPdbT ^U cWT SXUUTaT]c a^[Tb cWTbT ]dcaXT]cb _[Ph U^a cWT QX^[^VXRP[ RPaQ^] _d\_& fWXRW T]PQ[TS db c^ )+) 
Tg_[PX] cWT ^__^bX]V QTWPeX^a ^U cWT cf^ bdQbhbcT\b()+* 

)++ 
G^ XbbdT -4 FX]RT fT P__[XTS cWT fT[['Z]^f] X]U[dT]RT ^U _aTU^a\TS ]dcaXT]cb ^] cWT 9C, d_cPZT ^U cWT )+, 
QX^[^VXRP[ RPaQ^] _d\_ P]S cWT RT]caP[ a^[T STT_ fPcTa U^a\PcX^] X] cWT F^dcWTa] CRTP] _[Phb U^a cWT )+- 
RhR[X]V ^U _aTU^a\TS ]dcaXT]cb c^ cWT 8HF& ^\XccX]V cWT F^dcWTa] CRTP] f^d[S WPeT ^][h [TS c^ )+. 
\XbX]cTa_aTcPcX^]b ^U cWT aTbd[cb STaXeTS Ua^\ cWT 8HF( <^a X]bcP]RT& fT bW^fTS cWPc cWT QX^[^VXRP[ )+/ 
RPaQ^] _d\_ cPZTb d_ 9C, X] cWT 8HF eXP cWT dcX[XiPcX^] ^U _aTU^a\TS ]dcaXT]cb( ?V]^aX]V cWPc cWT )+0 
QX^[^VXRP[ RPaQ^] _d\_ [^bTb 9C, SdaX]V cWT U^a\PcX^] ^U _aTU^a\TS ]dcaXT]cb X] cWT F^dcWTa] CRTP] )+1 
f^d[S WPeT [TS c^ cWT X\_aTbbX^] cWPc cWT 8HF PRcb Pb P ]Tc 9C, d_cPZT aTVX^]& fWTaTPb X] bcTPSh ),( 
bcPcT& cWT 9C, d_cPZT cWa^dVW cWT dcX[XiPcX^] ^U _aTU^a\TS ]dcaXT]cb QP[P]RTb cWT 9C, [^bb RPdbTS ),) 
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SdaX]V cWTXa U^a\PcX^]( GWT [PccTa Xb cWTaTQh X[[dbcaPcTS X] <XVdaT .& bW^fX]V cWT RhR[X]V ^U _aTU^a\TS ),* 
]dcaXT]cb P]S cWTXa R^]caXQdcX^] c^ ]Tf _a^SdRcX^] X] cWT 8HF( ),+ 

),, 
CeTaP[[& cWT PdcW^ab WPeT S^]T P V^^S Y^Q ^U RaTPcX]V P R[X\Pc^[^Vh ^U cWT _9C, P]S <9C, ^QbTaePcX^]b ),- 
U^a Q^cW bTRc^ab ^U cWT 8HF P]S Xc Xb ]XRT c^ bTT cWT \PV]XcdST ^U cWT R^]bcaPX]cb cWPc WPeT T\TaVTS ),. 
Ua^\ cWT b_PcXP[ P]S cT\_^aP[ PeTaPVX]V X] cWT bcdSh& aT[PcXeT c^ TPa[XTa bcdSXTb( ?c f^d[S WPeT QT]TUXcTS ),/ 
Ua^\ P \^aT Tg_[XRXc P]P[hbXb ^U cWTbT SXUUTaT]c P__a^PRWTb(  ),0 
JT cWP]Z cWT aTeXTfTa U^a PRZ]^f[TSVX]V ^da P__a^PRW ^U WP]S[X]V cWT _9C, P]S bWX_Q^PaS SPcP U^a ),1 
b_PcX^'cT\_^aP[ X]cTa_^[PcX^]b( 7b _^X]cTS ^dc QTU^aT& cWXb Xb cWT ^][h bcdSh fWXRW _aTbT]cb P _9C,)-( 
R[X\Pc^[^Vh fXcW SXaTRc \TPbdaT\T]c ^U _9C, fXcWX] cWT ZTh d_fT[[X]V aTVX^]b cWPc P[b^ X]R[dSTb SPcP )-) 
fWXRW fT WPeT _aTeX^db[h _dQ[XbWTS $;\TXb Tc P[(& ,*+3%( JXcWX] cWXb bcdSh& fT Tg_P]STS ^da TgXbcX]V )-* 
SPcP bTc P]S P__[XTS ' X] R^^_TaPcX^] fXcW DTcTa @P]SbRWlciTa P]S SdT c^ cWT aTR^\\T]SPcX^] ^U )-+ 
aTeXTfTa ", ' P ]Tf X]cTa_^[PcX^] bRWT\T fWXRW fT STbRaXQTS fXcWX] cWT \TcW^S bTRcX^]( 7b _^X]cTS ^dc )-, 
X] ^da \P]dbRaX_c& fT X]R^a_^aPcTS _9C, aTR^aSb VPcWTaTS SdaX]V +. RadXbTb c^ cWT 8HF P]S )-- 
T\QTSSTS `dP[Xch'R^]ca^[[TS \TPbdaT\T]cb Ua^\ cWT FdaUPRT CRTP] 9C, 7c[Pb $FC97G% e,*,* X]c^ )-. 
^da P]P[hbXb& aTbd[cX]V X] P SPcPbTc b_P]]X]V P cX\TUaP\T Ua^\ +320 c^ ,*,* fXcW ^eTa ,/* *** SPcP )-/ 
_^X]cb( GWXb TgcT]STS SPcPbTc X]R[dSTb P[b^ SPcP Ua^\ cWT ICF [X]T& cWPc WPb QTT] _aTbT]cTS X] TPa[XTa )-0 
f^aZ $FP]cP]P'9PbXP]^ Tc P[(& ,**35 =^]ik[Ti':keX[P Tc P[(& ,**3%& fWX[T TgR[dSX]V _9C, SPcP STaXeTS )-1 
Ua^\ :?9 P]S G7 \TPbdaT\T]cb $=aTV^a Tc P[(& ,*+-5 A^]cTXa^& ,**3%( ?] PSSXcX^]& ^da R[X\Pc^[^Vh ).( 
SXUUTab Ua^\ _aTeX^db[h _dQ[XbWTS _9C, R[X\Pc^[^VXTb $T(V( @PadT[[T Tc P[(& ,*+15 @P]SbRWlciTa Tc P[(& ).) 
,*,*%& Pb ^dab Xb ]^c b^[T[h QPbTS ^] FC97G SPcP& fWXRW \XbbTb R^eTaPVT _PacXRd[Pa[h X] cWT B8HF ).* 
R^PbcP[ aTVX^] P]S WT]RT \PY^a d_fT[[X]V X\_PRcb ^] _9C,( G^ T\_WPbXiT cWT ]^eT[ch ^U ^da bcdSh fXcW ).+ 
aTb_TRc c^ _aTeX^db f^aZ& fT X]R[dSTS cWT U^[[^fX]V bcPcT\T]c X]c^ ^da \P]dbRaX_c4 )., 

).- 
@X]Tb ,1,',104 wMsN GWT d]RTacPX]ch X] PeTaPVT TbcX\PcTb cWTaTQh _a^eXSTb P] ^dc[X]T ^] cWT bca^]V ).. 
ePaXPQX[Xch ^U _9C, cWPc RP] QT U^d]S X] R^PbcP[ d_fT[[X]V bTccX]Vb( ?] PSSXcX^]& ^da _9C, R[X\Pc^[^Vh )./ 
^UUTab P] d_SPcTS eXTf ^] 9C, b^daRTb P]S bX]Zb X] R^\_PaXb^] c^ _aTeX^db _9C, R[X\Pc^[^VXTb+&,& ).0 
fWXRW fTaT \TaT[h QPbTS ^] cWT FC97G SPcPbTc cWPc [PaVT[h \XbbTb _9C, aTR^aSX]Vb X] cWT B8HF ).1 
R^PbcP[ aTVX^] $<XV(+P% MsN(x )/( 

)/) 
AdRW RPaT fT]c X]c^ cWT SPcP X]cTa_^[PcX^]b( >^fTeTa& Xc Xb ]^c _a^eXSX]V P]hcWX]V ]Tf Ua^\ Q^cW P )/* 
QdSVTc P]S _a^RTbb _Tab_TRcXeTb( ?c aT'T]U^aRTb fWPc WPS P[aTPSh QTT] R^]R[dSTS P STRPST TPa[XTa )/+ 
$=aTV^a Tc P[(& ,*+-5 JP[Sa^] Tc P[(& ,**35 A^]cTXa^& ,**35 FP]cP]P'9PbXP]^ Tc P[(& ,**3% cWPc& Ua^\ P )/, 
RPaQ^] QdSVTc _Tab_TRcXeT& cWT b8HF Xb P b\P[[ bX]Z P]S cWT ]8HF Xb P bXV]XUXRP]c b^daRT(  )/- 
JT PVaTT fXcW cWT PQ^eT R^]RTa]X]V cWT B8HF b^daRT P]S F8HF bX]Z QdSVTcX]V( BTeTacWT[Tbb& fT )/. 
d_SPcTS _aTeX^db _9C, R[X\Pc^[^VXTb Qh X]R[dSX]V PSSXcX^]P[ _9C, SPcP P]S P ]Tf X]cTa_^[PcX^] )// 
bRWT\T& Qdc& Pb P[b^ \T]cX^]TS QTU^aT& cWT \PX] ^QYTRcXeT ^U cWXb f^aZ Xb c^ Tg_[PX] cWT ^__^bX]V )/0 
QTWPeX^da ^U cWT cf^ bdQbhbcT\b Qh \TP]b ^U _aTU^a\TS ]dcaXT]c dcX[XiPcX^](  )/1 

)0( 
DPac ^U cWT SXUUXRd[ch cWT PdcW^ab \Ph WPeT UPRTS Xb cWPc P[cW^dVW cWTh WPS P aXRW SPcP bTc ^] P STRPSP[ )0) 
bRP[T Xc aT`dXaTS P b_PcXP[ P]S cT\_^aP[ PeTaPVX]V fXcW PccT]SP]c Pbbd\_cX^]b fW^bT R^]bT`dT]RTb )0* 
P]S X\_PRc ^] cWT d]RTacPX]cXTb ^U cWT R^]bcaPX]cb fTaT ]^c PST`dPcT[h PSSaTbbTS X] cWT R^]cTgc ^U cWT )0+ 
bXV]XUXRP]c R^\_[TgXcXTb X] cWT ^RTP]^VaP_Wh ^U cWT 8HF( >TaT& U^a TgP\_[T& ? P\ aTUTaaX]V c^ cWT )0, 
X\_[XRPcX^]b ^U cWT fT[['aTR^V]XiTS bh]^_cXR \^ST ^U ePaXPQX[Xch X] cWT b8HF fW^bT P\_[XcdST Xb Pb [PaVT )0- 
Pb cWT bTPb^]P[ RhR[T X] R^]caPbc c^ cWT ]8HF fWTaT cWT bTPb^]P[ \^STb P]S bca^]V[h [X]ZTS c^ , ch_Tb )0. 
^U \^ST fPcTab(  )0/ 
JT cWP]Z cWT aTeXTfTa U^a ]^cX]V cWT aXRW]Tbb X] SPcP ^] fWXRW ^da f^aZ Xb QPbTS ^]( ?]STTS& cWTaT PaT )00 
bTeTaP[ d]RTacPX]cXTb& Qdc cWXb S^Tb ]^c PUUTRc cWT \PX] R^]R[dbX^] cWPc cWT F8HF Xb P b\P[[ bX]Z P]S cWT )01 
B8HF P bXV]XUXRP]c b^daRT& fWXRW& X] cda]& _^bTb cWT `dTbcX^] Pb c^ fWh cWPc Xb cWT RPbT( >^fTeTa& cWT )1( 
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ePaXPQX[Xch X] b^daRT fPcTa \PbbTb $F79J& ;F79J% R^d[S PUUTRc cWT R^]RT]caPcX^] ^U _aTU^a\TS )1) 
]dcaXT]cb cWPc PaT QTX]V d_fT[[TS X]c^ cWT bdaUPRT aTVX^]& P]S fXcW Xc& cWT TUUXRXT]Rh ^U cWT QX^[^VXRP[ )1* 
RPaQ^] _d\_( G^ PSSaTbb cWT X\_PRc ^U b^daRT fPcTa \Pbb ePaXPQX[XcXTb ^] 9C, U[dgTb& fT dcX[XiTS cWT )1+ 
PeTaPVT b^daRT fPcTa \Pbb RWPaPRcTaXbcXRb $fWXRW X]R[dSTb :?9& G7& ]dcaXT]cb& cT\_TaPcdaT& bP[X]Xch% c^ )1, 
bX\d[PcT bTP bdaUPRT _9C, c^VTcWTa fXcW Xcb cWTa\P[ P]S QX^[^VXRP[ R^]ca^[b Pb ^dc[X]TS X] cWT )1- 
QX^VT^RWT\XRP[ bTRcX^]( JT STaXeTS cWT PeTaPVT b^daRT fPcTa \Pbb RWPaPRcTaXbcXRb ^] cWT QPbXb ^U )1. 
\P]h SXUUTaT]c RadXbTb SdaX]V cWT _Pbc , STRPSTb Pb ^dc[X]TS X] Fd__[T\T]cPah GPQ[T .& X]R[dSX]V SPcP )1/ 
Ua^\ cWT =[^QP[ CRTP] :PcP 7]P[hbXb Da^YTRc eTabX^] ,(,*,* $=@C:7De,O,*,*%( 8h P[b^ cPZX]V X]c^ )10 
PRR^d]c cWT bcP]SPaS Taa^a ^U ^da PeTaPVT b^daRT fPcTa \Pbb RP[Rd[PcX^]b& fT fTaT PQ[T c^ X]R[dST cWT )11 
X\_PRc ^U F79J);F79J ePaXPQX[Xch X]c^ ^da P]P[hbXb& fWXRW Xb P[b^ \Xaa^aTS X] cWT Taa^a QPab X] <XVdaT *(( 
-( 7b U^a cWT X\_PRc ^U F79J);F79J ePaXPQX[Xch ^] ]Tf _a^SdRcX^]& fT P__[XTS cf^ P__a^PRWTb QPbTS *() 
^] d_fT[[X]V eT[^RXcXTb ^QcPX]TS Ua^\ P \^ST[ bcdSh $8^aSQPa Tc P[(& ,*,+% fWXRW X]cTVaPcTb b_PcXP[ P]S *(* 
cT\_^aP[ ePaXPQX[XcXTb X] d_fT[[X]V X]cT]bXcXTb& P]S ]Tf _a^SdRcX^] aPcTb _aTeX^db[h _dQ[XbWTS Qh ;\TXb *(+ 
Tc P[( $,*+2%& A^]cTXa^ $,**3% P]S JP[Sa^] Tc P[( $,**3%( 7b U^a ^da UXabc P__a^PRW& d_fT[[X]V eT[^RXcXTb *(, 
U^a cWT B8HF P]S F8HF fTaT \d[cX_[XTS Qh PeTaPVT _TaU^a\TS ]dcaXT]c R^]RT]caPcX^]b Pb STaXeTS Ua^\ *(- 
^da b^daRT fPcTa \Pbb RWPaPRcTaXbcXRb( <^a cWT bTR^]S P__a^PRW& fT TbcX\PcTS ]Tf _a^SdRcX^] aPcTb Qh *(. 
dbX]V cWT R^]caXQdcX^] ^U _aTU^a\TS ]dcaXT]cb c^ cWT c^cP[ ]dcaXT]c R^]RT]caPcX^]b( <^a Q^cW P__a^PRWTb& *(/ 
fT X]R[dSTS cWT bcP]SPaS Taa^ab ^U cWT _aTU^a\TS ]dcaXT]c R^]RT]caPcX^]b( =XeT] cWTbT SXUUTaT]c *(0 
P__a^PRWTb P]S cWT aXRW SPcPQPbT ^da PeTaPVT b^daRT fPcTa \Pbb RWPaPRcTaXbcXRb PaT QPbTS d_^]& fT *(1 
WPeT T\QTSSTS cWT X\_PRc ^U b^daRT fPcTa \Pbb ePaXPQX[XcXTb X]c^ ^da \P]dbRaX_c& P]S WPeT PSSaTbbTS *)( 
cWT\ PRR^aSX]V[h Qh ^dc[X]X]V cWT d]RTacPX]cXTb X] _9C, bX\d[PcX^]b Pb fT[[ Pb ]Tf _a^SdRcX^] aPcTb( *)) 

*)* 
GWT PdcW^ab UdacWTa\^aT [X]Z cWT ^dcTa Q^d]SPah ^U cWT d_fT[[X]V c^ P bcP]SPaS STeXPcX^] cWaTbW^[S *)+ 
fWXRW cWTh [X]Z c^ cWT X]U[dT]RT ^U d_fT[[X]V( JWPc a^[T S^ cWT PdcW^ab cWX]Z cWPc \Tb^bRP[T TSSXTb *), 
\XVWc _[Ph cWTaT6  *)- 
Cda SPcPbTc R^]bXbcb ^U ePaX^db RadXbT d]STafPh _9C, aTR^aSb cPZT] PRa^bb cWT bWT[U PaTP& fWXRW *). 
X]R[dSTb b\P[[' P]S \Tb^bRP[T ePaXPQX[XcXTb X] _9C, Pb X\_[XTS Qh cWT P\_[XcdST X] cWT bcP]SPaS *)/ 
STeXPcX^] Pc cWT R^Pbc P]S UdacWTa ^UUbW^aT $<XV( ,P&Q%( *)0 

*)1 
GWT RPaQ^] QX^VT^RWT\XRP[ U[dg RP[Rd[PcX^]b PaT [X\XcTS c^ ]Tf _a^SdRcX^] fXcW^dc P]h SXbRdbbX^] ^U cWT **( 
a^[T cWPc aT\X]TaP[XiPcX^] \Ph _[Ph X] ^UUbTccX]V cWT Tg_^ac U[dg ^] P bWT[U bhbcT\ P]S fTPZT]X]V cWT **) 
\TP] P]]dP[ U[dg(  *** 
>TaT& cWT aTeXTfTa Xb [XZT[h aTUTaaX]V c^ ^da _9C, bX\d[PcX^]b& fWTaT fT PRR^d]cTS U^a cWT TUUTRcb ^U **+ 
d_fT[[X]V& bdaUPRT fPa\X]V P]S _W^c^bh]cWTbXb ^] bTP bdaUPRT _9C,( >^fTeTa& fT P[b^ c^^Z X]c^ **, 
PRR^d]c cWT aTVT]TaPcTS ]dcaXT]c R^\_^]T]c X] cWT ]dcaXT]c QdSVTc cWPc d_fT[[b c^ cWT bdaUPRT& fWXRW **- 
aTbT\Q[Tb cWT _PcWfPh w8 v FWT[U aT'RhR[TS ]XcaPcTx X] JP[Sa^] Tc P[( $,**3%& P]S WT]RT cWT **. 
aT\X]TaP[XiPcX^] _a^RTbb ^] cWT bWT[U( >TaTQh& cWT TUUTRc ^U aT\X]TaP[XiPcX^] ^] :?9 P]S G7 ^] **/ 
d_fT[[X]V fPcTab WPb P[b^ QTT] X]R[dSTS X] ^da RP[Rd[PcX^]b& Pb fT dbTS cWT :?9 P]S G7 b^daRT fPcTa **0 
\Pbb R^]RT]caPcX^]b \TPbdaTS PRa^bb cWT X]' P]S ^UUbW^aT bWT[U bhbcT\& fWTaT aT\X]TaP[XiPcX^] cPZTb **1 
_[PRT(  *+( 

*+) 
JWPc S^ cWT PdcW^ab cWX]Z \Ph QT cWT X\_[XRPcX^]b ^U cWT bTPb^]P[ QXPb X] cWT SPcP bTcb6 *+* 
9^]bXSTaX]V cWPc P[b^ \^ST[ aTbd[cb RP_cdaT cWT ^__^bX]V Ud]RcX^] ^U cWT F8HF P]S B8HF Pb P 9C,*++ 
bX]Z P]S b^daRT& aTb_TRcXeT[h& fT PaT `dXcT R^]UXST]c cWPc P bTPb^]P[ QXPb X] cWT SPcP bTcb Xb ]TXcWTa *+, 
PUUTRcX]V cWXb aTbd[c& ]^a cWT aTbd[cX]V \PX] `dTbcX^] Pb c^ fWPc PaT d]STa[hX]V _a^RTbbTb Tg_[PX]X]V cWT *+- 
^__^bX]V QTWPeX^da ^U cWT cf^ bdQbhbcT\b(  *+. 

*+/ 
7]^cWTa R^]bXSTaPcX^] Xb cWPc fWX[T \^ST[b \Ph QT fTPZ X] cWT R^]cTgc ^U QdSVTc RaXcTaXP& cWTh RP] bcX[[ *+0 
QT eTah dbTUd[ c^ cTbc cWT bXV]XUXRP]RT ^U cWT bP\_[X]V P]S PeTaPVX]V Pbbd\_cX^]b aT[PcXeT c^ cWT b_PcXP[ *+1 
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P]S cT\_^aP[ bRP[Tb ^U ePaXPQX[Xch P]S _a^eXST P _a^RTbb QPbXb U^a cWT P]P[hbXb( GWXb Xb P VP_ X] cWT *,( 
bcdSh( *,) 
KTb& fT Ud[[h PVaTT( 7b \T]cX^]TS QTU^aT& \^ST[ aTbd[cb _aX]RX_P[[h PVaTT c^ ^QbTaePcX^]b& bW^fX]V cWT *,* 
^__^bX]V Ud]RcX^]b ^U F8HF P]S B8HF c^ QT a^Qdbc& Qdc cWTh PaT bcX[[ _a^]T c^ \^ST[ STUXRXT]RXTb Pb *,+ 
_^X]cTS ^dc Qh cWT PdcW^ab cWT\bT[eTb $bTT T(V( 8aPSh Tc P[(& ,*+34  wGWT 8T]9F WPb [PaVTa _WhbXRP[ *,, 
QXPbTb X] cWT 9;FA'@;BF cWP] P[[ ^cWTa ;8HFb( MsN GWXb QXPb Xb [XZT[h SaXeT] Qh cWT UPRc cWPc cWT *,- 
7]V^[P'8T]VdT[P Ua^]c Xb bX\d[PcTS c^^ UPa b^dcW& X] PSSXcX^] c^ STUXRXT]RXTb X] d_fT[[X]V P]S \TaXSX^]P[ *,. 
caP]b_^ac cWPc PaT RPdbTS Qh d]aTP[XbcXR P[^]VbW^aT fX]S bcaTbb bcadRcdaT MsN(x%( >TaTQh& ^da TbcPQ[XbWTS *,/ 
R[X\Pc^[^Vh ^U _9C, Xb& X] cda]& `dXcT X\_^acP]c c^ UdacWTa R^]bcaPX] \^ST[ aTbd[cb P]S c^ VdXST cWT \^ST[ *,0 
TeP[dPcX^] Qh T\Q^ShX]V R^PbcP[ _9C, ePaXPQX[XcXTb cWPc PaT [PaVT[h \XbbX]V X] FC97G'QPbTS _9C,*,1 
_a^SdRcb $bTT <XV( +P%& P]S Qh T\_WPbXiX]V cWT a^[T ^U _TaU^a\TS ]dcaXT]cb(  *-( 

*-) 
<X]P[[h& fWX[T cWT 9C, _Pac ^U cWT bcdSh Xb R[TPa[h faXccT]& cWT QX^VT^RWT\XRP[ bTRcX^] ^U cWT _P_Ta Xb *-* 
^UcT] d]R[TPa P]S R^]UdbX]V( GWXb bW^d[S QT PSSaTbbTS Qh cWT PdcW^ab(*-+ 
JT cWP]Z cWT aTeXTfTa U^a cWXb UTTSQPRZ P]S f^d[S [XZT c^ P_^[^VXiT U^a P]h R^]UdbX^]b ^da faXcX]V WPb *-, 
[TS c^( 8PbTS ^] cWT R^\\T]cb fT aTRTXeTS Ua^\ cWT UXabc _TTa'aTeXTf _a^RTbb& fT WPeT aTbcadRcdaTS *-- 
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Reviewer #4 (Remarks to the Author): 

The manuscript has 2 parts. 1: calculation of the mean pCO2 and annual fluxes of the 

NBUS and SBUS; 2: the calculation of the carbon export driven by the pre-formed 

nutrients in SAMW that supply SACW and ESACW and the finding that the pre-formed 

nutrients linked export flux makes a significant contribution to offsetting the outgassing 

flux of CO2 from upwelled CDW in the Southern Ocean (Fig 4). 

The authors have addressed some of the minor issues but there are still some 

fundamental structural and conceptual problems with the study. The fundamental 

problem is that the two parts are not connected to together inform Fig 4. 

I suggest that the authors restructure the paper 

Section 1: Air-Sea CO2 fluxes in the NBUS and SBUS calculated from total NO3-T and 

from pre-formed NO3-PF (Include a Table or a diagram) 

Section 2: Connect the CO2 fluxes from NO3-T calculation to the observed fluxes. 

Include the pCO2 decomposition (Discuss assumption and contrast to earlier work and 

its own assumptions) 

Section 3: Connect the CO2 fluxes from NO3-PF calculation to the outgassing in the SO 

Let me try to articulate some of the major issues and then I address their responses to 

my initial comments. 

CO2 fluxes: 

Given that the role of preformed nutrient linked export flux in balancing the CO2 loss in 

the Southern Ocean is a central part of this work as encapsulated in Fig 4, it is rather 

unclear why the study starts with an assessment of the CO2 fluxes. This is especially 

problematic because the net CO2 fluxes in the NBUS and SBUS are derived from total 

nitrate supply not just the pre-formed flux, which is the main point of the study (Fig 4). 

Hence, the connection to what follows is unclear. 

It seems that the key point in this, apparently out of place, initial part of the paper is to 

highlight the net CO2 flux differences between the NBUS and SBUS and attribute these 

differences to surface warming in the NBUS. While surface warming does play a role as 

was shown in Monteiro, 2010; Santana Casiano, 2009 and Gregor et al., 2013; 2014) it is 

an oversimplification without a fuller discussion of the multiple complex physics and 

biogeochemical feedbacks in both the NBUS and SBUS that contribute to the 

effectiveness of the assumption of a linear link between pre-formed nutrients and 

carbon export. These complexities (seasonal shelf circulation, carbon deposition on 

shelf, influence of shelf width on circulation and remineralization, are set out in multiple 

publications that explain the physics – biogeochemistry links and their seasonal 

dynamics in the NBUS and SBUS. So, for example would one not expect the combination 

of deep mixing in the inner shelf (<200m) and strong winds in winter to explain the 

elevated pCO2s that would drive the strong outgassing fluxes in the NBUS (Fig 2b)? 

I suggest that apart from a more thorough discussion of the assumptions, that the 

authors provide quantitative support for the role of temperature by doing a 

decomposition of the pCO2 gradients in time and space into their thermal and non-

thermal components. This would provide the required support for the conclusion that 

the outgassing fluxes in the NBUS are thermally controlled and in gassing in the SBUS 

and non-thermally controlled. The assignment of the boundary separating the NBUS and 

SBUS is also different to the published literature, and it has implications for the 

calculation of the total fluxes. A more thorough justification of this choice is needed 

together with the implications in comparing the fluxes from historical studies. This has 

implications for the following section. 

Pre-formed production and export fluxes 



A first issue with this section is again the geographic boundary between the SBUS and 

the NBUS at 26oS which means that the pre-formed nutrient fluxes of the very large 

Lüderitz upwelling cell are allocated to the SBUS instead of the NBUS. The assignment of 

boundaries in the BUS is the subject of several studies Hutchings et al., 2004; Monteiro, 

2010 (from Monteiro 1996); Monteiro et al., 2012. I encourage the authors to have a 

careful read of these and other related papers. The choice of boundaries is important for 

upwelling fluxes, surface areas and interpretation of the role of the oceanographic 

dynamics in comparing different studies. In a 2 sector formalism the large Luderitz 

upwelling cell is normally assigned to the NBUS because it transports ESACW onto the 

NBUS shelf in winter-spring. Assigning it to the SBUS would in effect reduce the export 

flux in the NBUS and increase it in the SBUS, which could explain part of the asymmetry 

emerging from this study relative to earlier studies. 

Response to earlier rebuttal: 

We sincerely thank the reviewer for noting the novelty of this study and for providing 

feedback on points which we have addressed in detail below. However, the main raised 

critics appear to be based on a misunderstanding regarding the role that regenerated 

and preformed nutrients play in the biological carbon pump, which seems to be a 

consequence of our biogeochemical section. As pointed out by the reviewer, the CO2 

part of the study is clearly written, while the biogeochemical section seems to be 

unclear and confusing at times. This issue was previously raised by reviewer #3. Hence, 

we have revised this part of our manuscript to the satisfaction of reviewer #3, who 

suggested only minor corrections which we have addressed as pointed out below in 

detail (here: Line 254-276). We hope to have now clarified this section of our 

manuscript. 

The focus on pre-formed nutrients is certainly clearer but there is a terminology problem 

here. The use of regenerated nutrients to refer to those remineralised in the thermocline 

waters is confusing because regenerated is mostly used in the context of the mixed 

layer where it helps define the f-ratio. The problem is that from a biogeochemical 

perspective regenerated nutrients do not contribute to new production that set the 

carbon export fluxes whereas in this case both preformed and what are called 

regenerated nutrients do contribute to new production and export. I suggest that the 

authors be more specific and refer to nutrients remineralized in the thermocline waters. 

This will make it clearer which fraction of the nutrient supply they are referring to. 

To issue 1: It is correct, we increased the number of direct pCO2 observations and 

established a robust climatology of pCO2 for the BUS. Our climatology is the only one 

incorporating direct pCO2 measurements along the Namibian and the South African 

coast within the most intensive and high productive upwelling region. In contrast, 

Santana-Casiano et al. (2009) and González-Dávila et al. (2009) measured pCO2 along 

the VOS line which runs further offshore and misses the high productive areas along the 

coast, as clearly shown on their first figure. As for our data set, we integrated the VOS 

line data which fall into the region where low pCO2 variability indicated a diminished 

influence of upwelling. Monteiro (2010) and the follow up paper of Waldron et al. (2009) 

established, in turn, a carbon budget and used the data of Santana-Casiano et al. (2009) 

for comparison (see below), while Gregor et al. (2013) and **Monteiro (2010) 

measured DIC and TA along one single transect in the SBUS to calculate pCO2. 

This is incorrect: the Monteiro 2010 box model is constructed from 3 ship cross shelf 

sections spanning the northern, central and southern Benguela upwelling sub-systems 

and the Gregor et al., 2013 study was based on six sections that spanned a full seasonal 

cycle in the SBUS. 

** Monteiro 2009 is actually Monteiro 2010 – the year of publication of the book 

However, the notion of the NBUS and SBUS acting as a CO2 source and sink, 

respectively, is not new. Correct. (Monteiro, 1996; 2010; Santana-Casiano, 2009). 

Moreover the sub-system characteristics of the BUS have been well defined both in 

terms of upwelling centres (Monteiro 2010) and ecologically (Hutchings 2004). This is 

important in this study because of the biogeochemical component. 

It was postulated by Santana-Casiano et al. (2009), supported by field data including 

our own (Emeis et al. 2018) and numerical model results (e.g. Brady et al., 2019). 



This is only partially correct and suggests an incomplete reading of critical background 

references. It was first proposed in a mechanistically consistent box-model from the 

temporal and spatial characteristics of wind stress and Ekman transport at each of the 6 

main upwelling centres by Monteiro 1996; 2010. As the authors suggest the Santana 

Casiano 2009 observations in the NBUS are beyond their own boundaries of the 

upwelling system so the outgassing conclusion is derived mainly from thermal impact on 

pCO2. 

Considering that also model studies came to this conclusion, we see no issues related to 

resolving the spatial and temporal variability and sampling biases, which we have 

addressed in our manuscript (Lines 124-129) and spatio-temporal interpolation method. 

This comparison requires more than a cursory comment 

However, what is new and what has been acknowledged by the reviewers is that we 

provided additional data and followed a new notion to explain the opposing behavior of 

the two systems and the BUS’s role for the biological carbon pump by means of 

preformed nutrient utilization. 

New data is not equivalent to new insights. I do not see the point of including the 

observations based pCO2 and flux calculations, which are the outcome of both pre-

formed and re-mineralized nutrient fluxes, in a study that is primarily aiming to 

constrain the carbon export from pre-formed nitrate alone. It’s just an add on and it 

confuses the primary focus of the paper set out in Fig 4. This means that the CO2 fluxes 

and carbon export production fluxes are not integrated and that detracts from the 

significance of the paper. 

The underlying process-understanding that results from our study thereby leads to far 

reaching conclusions regarding the role of Eastern Boundary Upwelling Systems as a 

CO2 sink that balances CO2 losses at sites where preformed nutrients are formed, 

shedding new light on the BUS from a budgeting and process perspective. 

As discussed below in (issue 3), this may be so but it requires a more careful discussion 

on the limitations of this assertion. 

To issue 2: This can be divided into two parts, namely a) a discussion of earlier 

comparable studies in the BUS and other Eastern Boundary Upwelling Systems, and b) a 

discussion of the differences between CO2 flux budgets and new production fluxes, both 

of which were considered in the manuscripts pointed out in the following: 

a) In view of earlier comparable studies in the BUS, both Monteiro (2009) and a follow 

up work by Waldron et al. (2009) established a carbon budget for the BUS with the 

inclusion of new production rates, and compared carbon losses from the BUS with CO2 

invasion rates as derived from Santana- Casiano et al. (2009). As for our study, we 

followed this approach and compared new production rates obtained from Waldron et al. 

(2009), Emeis et al. (2018) and Monteiro (2009) with CO2 fluxes as derived from our 

dataset which includes data from Santana-Casiano et al. (2009) and extensive 

recordings representative for the coastal and shelf areas along the continental margin 

off Namibia and South Africa. 

However, in contrast to previous studies from the BUS, we included impacts of the 

solubility pump and differentiated between new production driven the utilization of 

preformed and regenerated nutrients. 

Both Monteiro 2010 and Monteiro model in Waldron et al., 2009 correct the pCO2 for 

warming of upwelled waters inshore and offshore. 

A similar approach to elucidate the impact of preformed nutrients on carbon fluxes had 

already been applied to the Oregon upwelling region in the California Current System 

(Hales et al., 2005), as was mentioned in the Introduction of our manuscript. Hence, all 

previously published data from the BUS on pCO2 characteristics and new production, as 

well as concepts developed from other EBUS that are of relevance to assess carbon 

budgets and the role of preformed nutrients, were included into our study. 

What is missing is a more thorough discussion of the consequences of the assumptions 

and choices made in this study relative to historical work. This should include a table of 

both CO2 fluxes and carbon export fluxes and nutrient boundary conditions from the 

different studies. 

b) In our discussion on the difference between CO2 flux budgets and new production 

fluxes (Lines 185- 196), we included impacts of the solubility pump and differentiated 

between new production driven by the supply of regenerated and preformed nutrients. 



This is new in terms of the BUS and crucial because of the different roles these nutrients 

play for the biological carbon pump, which enabled us to explain the opposing behavior 

of the two subsystems. 

I am not convinced that the last sentence logically follows from the first 

To issue 3: Since we applied the well-known influence of preformed nutrients on the 

CO2 uptake of the biological carbon pump and the central role deep water formation in 

the Southern Ocean plays for the cycling of preformed nutrients to the BUS, omitting the 

Southern Ocean would have only led to misinterpretations of the results derived from 

the BUS. For instance, we showed that the biological carbon pump takes up CO2 in the 

BUS via the utilization of preformed nutrients. Ignoring that the biological carbon pump 

loses CO2 during the formation of preformed nutrients in the Southern Ocean would 

have led to the impression that the BUS acts as a net CO2 uptake region, whereas in 

steady state, the CO2 uptake through the utilization of preformed nutrients balances the 

CO2 loss caused during their formation. The latter is thereby illustrated in Figure 4, 

showing the cycling of preformed nutrients and their contribution to new production in 

the BUS. 

Yes this study provides a focus on pre-formed nutrient boundary conditions to the BUS 

but it fails to adequately discuss the implications of this potentially interesting approach 

and its underlying assumptions for what is a complex system, both biogeochemically 

and physically. Fig 4 seems to suggest a simple link between carbon export linked to 

pre-formed nutrients and compensation of CO2 outgassing in the Southern Ocean. In 

reality there is a complex set of physics and biogeochemical feedbacks that are well 

recognized and published that most likely influence the impact of these assumptions on 

the magnitude of the carbon export fluxes. These include shelf deposition especially in 

the NBUS, both aerobic and anaerobic remineralization of the exported carbon, de-

nitrification, nitrification. I would not expect the authors to come up with a detailed 

study of these factors but at least discuss the contribution and uncertainty levels that 

they make to re-balancing the CO2 loss in the Southern Ocean. The rather large number 

for the contribution by the Benguela to offsetting outgassing of CO2 in the Southern 

Ocean requires stronger justification and clearer uncertainties.
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STR^\_^bXcX^] $<XbRdbb Pbbd\_cX^] P]S R^]caPbc c^ TPa[XTa f^aZ P]S Xcb ^f] Pbbd\_cX^]b% *2 
ITRcX^] .5 ;^]]TRc cWT ;F- U[dgTb Ua^\ EF.(G> RP[Rd[PcX^] c^ cWT ^dcVPbbX]V X] cWT IF +) 
LT cWP]Z cWT aTeXTfTa U^a ]^cX]V ^da P__a^PRW c^ PSSaTbbX]V P]S ^eTaR^\X]V cWT XbbdTb aPXbTS SdaX]V +* 
cWT [Pbc _TTa aTeXTf _a^RTbb) LXcW cWT PSSXcX^]P[ UTTSQPRZ Ua^\ cWT TSXc^a R^]RTa]X]V cWT bcadRcdaT ^U ++ 
cWT \P]dbRaX_c' fT fX[[ Pc cWXb bcPVT QT U^RdbbX]V ^] b^[eX]V cWT R^]RT_cdP[ _a^Q[T\b Pb Tg_[PX]TS X] +, 
^da aTb_^]bTb c^ cWT U^[[^fX]V R^\\T]cb) +- 

+. 
CTc \T cah c^ PacXRd[PcT b^\T ^U cWT \PY^a XbbdTb P]S cWT] A PSSaTbb cWTXa aTb_^]bTb c^ \h X]XcXP[ +/ 
R^\\T]cb) +0 

+1 
;F- U[dgTb5  +2 
?XeT] cWPc cWT a^[T ^U _aTU^a\TS ]dcaXT]c [X]ZTS Tg_^ac U[dg X] QP[P]RX]V cWT ;F- [^bb X] cWT I^dcWTa] ,) 
FRTP] Xb P RT]caP[ _Pac ^U cWXb f^aZ Pb T]RP_bd[PcTS X] >XV /' Xc Xb aPcWTa d]R[TPa fWh cWT bcdSh bcPacb ,* 
fXcW P] PbbTbb\T]c ^U cWT ;F- U[dgTb) JWXb Xb Tb_TRXP[[h _a^Q[T\PcXR QTRPdbT cWT ]Tc ;F- U[dgTb X] cWT ,+ 
E:KI P]S I:KI PaT STaXeTS Ua^\ c^cP[ ]XcaPcT bd__[h ]^c Ydbc cWT _aT(U^a\TS U[dg' fWXRW Xb cWT \PX] ,, 
_^X]c ^U cWT bcdSh $>XV /%) @T]RT' cWT R^]]TRcX^] c^ fWPc U^[[^fb Xb d]R[TPa)  ,- 

,. 
Ac bTT\b cWPc cWT ZTh _^X]c X] cWXb' P__PaT]c[h ^dc ^U _[PRT' X]XcXP[ _Pac ^U cWT _P_Ta Xb c^ WXVW[XVWc cWT ]Tc ,/ 
;F- U[dg SXUUTaT]RTb QTcfTT] cWT E:KI P]S I:KI P]S PccaXQdcT cWTbT SXUUTaT]RTb c^ bdaUPRT fPa\X]V ,0 
X] cWT E:KI) LWX[T bdaUPRT fPa\X]V S^Tb _[Ph P a^[T Pb fPb bW^f] X] D^]cTXa^' -+,+6 IP]cP]P ,1 
;PbXP]^' -++4 P]S ?aTV^a Tc P[)' -+,.6 -+,/% Xc Xb P] ^eTabX\_[XUXRPcX^] fXcW^dc P Ud[[Ta SXbRdbbX^] ^U cWT ,2 
\d[cX_[T R^\_[Tg _WhbXRb P]S QX^VT^RWT\XRP[ UTTSQPRZb X] Q^cW cWT E:KI P]S I:KI cWPc R^]caXQdcT c^ -) 
cWT TUUTRcXeT]Tbb ^U cWT Pbbd\_cX^] ^U P [X]TPa [X]Z QTcfTT] _aT(U^a\TS ]dcaXT]cb P]S RPaQ^] Tg_^ac) -* 
JWTbT R^\_[TgXcXTb $bTPb^]P[ bWT[U RXaRd[PcX^]' RPaQ^] ST_^bXcX^] ^] bWT[U' X]U[dT]RT ^U bWT[U fXScW ^] -+ 
RXaRd[PcX^] P]S aT\X]TaP[XiPcX^]' PaT bTc ^dc X] \d[cX_[T _dQ[XRPcX^]b cWPc Tg_[PX] cWT _WhbXRb w -, 
QX^VT^RWT\Xbcah [X]Zb P]S cWTXa bTPb^]P[ Sh]P\XRb X] cWT E:KI P]S I:KI) I^' U^a TgP\_[T f^d[S ^]T -- 
]^c Tg_TRc cWT R^\QX]PcX^] ^U STT_ \XgX]V X] cWT X]]Ta bWT[U $7-++\% P]S bca^]V fX]Sb X] fX]cTa c^ -. 
Tg_[PX] cWT T[TePcTS _;F-b cWPc f^d[S SaXeT cWT bca^]V ^dcVPbbX]V U[dgTb X] cWT E:KI $>XV -Q%8  -/ 
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A bdVVTbc cWPc P_Pac Ua^\ P \^aT cW^a^dVW SXbRdbbX^] ^U cWT Pbbd\_cX^]b' cWPc cWT PdcW^ab _a^eXST -0 
`dP]cXcPcXeT bd__^ac U^a cWT a^[T ^U cT\_TaPcdaT Qh S^X]V P STR^\_^bXcX^] ^U cWT _;F- VaPSXT]cb X] cX\T -1 
P]S b_PRT X]c^ cWTXa cWTa\P[ P]S ]^](cWTa\P[ R^\_^]T]cb) JWXb f^d[S _a^eXST cWT aT`dXaTS bd__^ac U^a -2 
cWT R^]R[dbX^] cWPc cWT ^dcVPbbX]V U[dgTb X] cWT E:KI PaT cWTa\P[[h R^]ca^[[TS P]S X] VPbbX]V X] cWT .) 
I:KI P]S ]^](cWTa\P[[h R^]ca^[[TS) JWT PbbXV]\T]c ^U cWT Q^d]SPah bT_PaPcX]V cWT E:KI P]S I:KI .* 
Xb P[b^ SXUUTaT]c c^ cWT _dQ[XbWTS [XcTaPcdaT' P]S Xc WPb X\_[XRPcX^]b U^a cWT RP[Rd[PcX^] ^U cWT c^cP[ U[dgTb) 9 .+ 
\^aT cW^a^dVW YdbcXUXRPcX^] ^U cWXb RW^XRT Xb ]TTSTS c^VTcWTa fXcW cWT X\_[XRPcX^]b X] R^\_PaX]V cWT ., 
U[dgTb Ua^\ WXbc^aXRP[ bcdSXTb) JWXb WPb X\_[XRPcX^]b U^a cWT U^[[^fX]V bTRcX^]) .- 
JWT X]XcXP[ _Pac ^U ^da \P]dbRaX_c Xb aT[TeP]c c^ d]STabcP]S cWT a^[T ^U _aTU^a\TS ]dcaXT]cb U^a cWT .. 
aTVX^]P[ ;F- b^daRTb*bX]Zb' bX]RT ]^c ^][h cWT cT\_TaPcdaT TUUTRc Xb RadRXP[ U^a _;F-' Qdc P[b^ cWT dbT ^U ./ 
_aTU^a\TS ]dcaXT]cb $Pb P[aTPSh bW^f] T)V) Qh @P[Tb Tc P[) -++0%) A] ^aSTa c^ T[PQ^aPcT cWT cT\_TaPcdaT .0 
TUUTRc ^] _;F-' fT WPeT X]R[dSTS P] P]P[hbXb ^U $]^](% cWTa\P[ R^\_^]T]cb X] _;F- fXcW P] PSSXcX^]P[ .1 
>XVdaT / Pb ^dc[X]TS X] cWT \PX] cTgc X] cWT bTRcX^] xEdcaXT]cb Pb P SaXeTa ^U aTVX^]P[ ePaXPQX[Xch X] _;F-y)  .2 
JWT d]STa[hX]V \TcW^Sb PaT cWTaTQh STbRaXQTS X] P ]Tf bTRcX^] RP[[TS x$E^](% cWTa\P[ R^\_^]T]c /) 
P]P[hbXb ^U bTP bdaUPRT _;F-x) 9b U^a cWT Q^d]SPah PbbXV]\T]c U^a bT_PaPcX]V E:KI Ua^\ I:KI' fT /* 
WPeT PSSaTbbTS cWT XbbdT X] cWT ]Tgc R^\\T]c QT[^f c^ fWXRW fT ZX]S[h aTUTa $[X]Tb 21(4,%) /+ 

/, 
GaT(U^a\TS _a^SdRcX^] P]S Tg_^ac U[dgTb /- 
9 UXabc XbbdT fXcW cWXb bTRcX^] Xb PVPX] cWT VT^VaP_WXR Q^d]SPah QTcfTT] cWT I:KI P]S cWT E:KI Pc /. 
-1^I fWXRW \TP]b cWPc cWT _aT(U^a\TS ]dcaXT]c U[dgTb ^U cWT eTah [PaVT CmSTaXci d_fT[[X]V RT[[ PaT // 
P[[^RPcTS c^ cWT I:KI X]bcTPS ^U cWT E:KI) JWT PbbXV]\T]c ^U Q^d]SPaXTb X] cWT :KI Xb cWT bdQYTRc ^U /0 
bTeTaP[ bcdSXTb @dcRWX]Vb Tc P[)' -++/6 D^]cTXa^' -+,+ $Ua^\ D^]cTXa^ ,441%6 D^]cTXa^ Tc P[)' -+,-) A /1 
T]R^daPVT cWT PdcW^ab c^ WPeT P RPaTUd[ aTPS ^U cWTbT P]S ^cWTa aT[PcTS _P_Tab) JWT RW^XRT ^U /2 
Q^d]SPaXTb Xb X\_^acP]c U^a d_fT[[X]V U[dgTb' bdaUPRT PaTPb P]S X]cTa_aTcPcX^] ^U cWT a^[T ^U cWT 0) 
^RTP]^VaP_WXR Sh]P\XRb X] R^\_PaX]V SXUUTaT]c bcdSXTb) A] P - bTRc^a U^a\P[Xb\ cWT [PaVT CdSTaXci 0* 
d_fT[[X]V RT[[ Xb ]^a\P[[h PbbXV]TS c^ cWT E:KI QTRPdbT Xc caP]b_^acb =I9;L ^]c^ cWT E:KI bWT[U X] 0+ 
fX]cTa(b_aX]V) 9bbXV]X]V Xc c^ cWT I:KI f^d[S X] TUUTRc aTSdRT cWT Tg_^ac U[dg X] cWT E:KI P]S X]RaTPbT 0, 
Xc X] cWT I:KI' fWXRW R^d[S Tg_[PX] _Pac ^U cWT Pbh\\Tcah T\TaVX]V Ua^\ cWXb bcdSh aT[PcXeT c^ TPa[XTa 0- 
bcdSXTb) 0. 
LT Ud[[h PVaTT c^ cWT _^X]c aPXbTS PQ^dc cWT X\_^acP]RT ^U Q^d]SPah RW^XRTb X] STcTa\X]X]V d_fT[[X]V 0/ 
U[dgTb P]S bdQbT`dT]c Pbbd\_cX^]b ^] RPaQ^] U[dg Sh]P\XRb) 9b cWTaT WPb QTT] [Tbb R^]bT]bdb ^] cWT 00 
STUX]XcX^] ^U cWT :KI{b ^UUbW^aT Q^d]SPah fWXRW WPb [TS c^ bca^]V SXbRaT_P]RXTb X] ^UUbW^aT Q^d]SPah 01 
PbbXV]\T]cb' fT U^d]S Xc _PacXRd[Pa[h X\_^acP]c c^ X]R[dST cWT P]P[hbXb ^U bTP bdaUPRT _;F-02 
RWPaPRcTaXbcXRb Pb ^dc[X]TS X] >XV)-P'Q c^ PSSaTbb cWXb XbbdT $bTT \P]dbRaX_c [X]T 4+(,++%) A] eXTf ^U cWT 1) 
[PcXcdSX]P[ Q^d]SPah' fT PS^_cTS cWT [^RPcX^] ^U cWT CmSTaXci d_fT[[X]V RT[[ Pc j-1nI' bX]RT Xc Xb 1* 
R^\\^][h STUX]TS Pb xNtO cWT Q^d]SPah QTcfTT] cWT ]^acWTa] P]S b^dcWTa] bdQ(bhbcT\b $CdSTaXci5 1+ 
-1nI% NtOy $D^]cTXa^ Tc P[)' -+,+' _)12%' Pb P[b^ bcPcTS X] T)V)' IWX[[X]Vc^] Tc P[) $-+,.%' @dcRWX]Vb Tc P[) 1, 
$-++4% P]S HPT $-++0%) LT X]R[dSTS cWT U^[[^fX]V [X]Tb X]c^ cWT \PX] \P]dbRaX_c bTRcX^] ^] _;F-1- 
RWPaPRcTaXbcXRb c^ ^dc[X]T cWXb Q^d]SPah RW^XRT5 $[X]Tb 4.(405 xJWT [PcXcdSX]P[ Q^d]SPah QTcfTT] cWT 1. 
E:KI P]S I:KI Xb U^a\TS Qh cWT CmSTaXci RT[[ $j-1nI%.0(.2 fXcWX] cWT CmSTaXci d_fT[[X]V aTVX^] $-/nI(1/ 
-3nI%.3'.4 cWPc Xb bdQYTRc c^ _TaT]]XP[ R^PbcP[ d_fT[[X]V)y%) LWX[T cWTaT bTT\b c^ QT b^[XS R^]bT]bdb 10 
R^]RTa]X]V cWT [PcXcdSX]P[ bT_PaPcX^] ^U cWT cf^ bdQbhbcT\b $CmSTaXci RT[[%' ^cWTa bcdSXTb UdacWTa _a^_^bT 11 
cWT CmSTaXci d_fT[[X]V aTVX^]' cWPc X\_PRcb cWT PXa(bTP VPb TgRWP]VT X] cWT I:KI P]S E:KI PRa^bb 12 
-/nI w -3nI $IP]cP]P(;PbXP]^ Tc P[)' -++46 ?^]il[Ti(<leX[P Tc P[)' -++4%' c^ QT bTT] Pb P bT_PaPcT 2) 
i^]T U^a RP[Rd[PcX]V ;F- U[dgTb fXcWX] cWT :KI)2* 

2+ 
2, 
2- 



3

HTb_^]bT c^ TPa[XTa aTQdccP[5 2. 
aDI VMQGIUIO\ WLEQN WLI UIYMIZIU JRU QRWMQK WLI QRYIOW\ RJ WLMV VWXH\ EQH JRU SURYMHMQK JIIHFEGN RQ 2/ 
SRMQWV ZLMGL ZI LEYI EHHUIVVIH MQ HIWEMO FIORZ' :RZIYIU% WLI PEMQ UEMVIH GUMWMGV ESSIEU WR FI FEVIH 20 
RQ E PMVXQHIUVWEQHMQK UIKEUHMQK WLI UROI WLEW UIKIQIUEWIH EQH SUIJRUPIH QXWUMIQWV SOE\ MQ WLI 21 
FMRORKMGEO GEUFRQ SXPS% ZLMGL VIIPV WR FI E GRQVITXIQGI RJ RXU FMRKIRGLIPMGEO VIGWMRQ' 3V SRMQWIH 22 
RXW F\ WLI UIYMIZIU% WLI 5?* SEUW RJ WLI VWXH\ MV GOIEUO\ ZUMWWIQ% ZLMOI WLI FMRKIRGLIPMGEO VIGWMRQ *)) 
VIIPV WR FI XQGOIEU EQH GRQJXVMQK EW WMPIV' ALMV MVVXI ZEV SUIYMRXVO\ UEMVIH F\ UIYMIZIU !+' :IQGI% *)* 
ZI LEYI UIYMVIH WLMV SEUW RJ RXU PEQXVGUMSW WR WLI VEWMVJEGWMRQ RJ UIYMIZIU !+% ZLR VXKKIVWIH RQO\ *)+ 
PMQRU GRUUIGWMRQV ZLMGL ZI LEYI EHHUIVVIH EV SRMQWIH RXW FIORZ MQ HIWEMO "LIUI2 <MQI *-,&*/.#' DI *), 
LRSI WR LEYI QRZ GOEUMJMIH WLMV VIGWMRQ RJ RXU PEQXVGUMSW'b*)- 
JWT U^Rdb ^] _aT(U^a\TS ]dcaXT]cb Xb RTacPX][h R[TPaTa Qdc cWTaT Xb P cTa\X]^[^Vh _a^Q[T\ WTaT) JWT dbT *). 
^U aTVT]TaPcTS ]dcaXT]cb c^ aTUTa c^ cW^bT aT\X]TaP[XbTS X] cWT cWTa\^R[X]T fPcTab Xb R^]UdbX]V QTRPdbT *)/ 
aTVT]TaPcTS Xb \^bc[h dbTS X] cWT R^]cTgc ^U cWT \XgTS [PhTa fWTaT Xc WT[_b STUX]T cWT U(aPcX^) JWT *)0 
_a^Q[T\ Xb cWPc Ua^\ P QX^VT^RWT\XRP[ _Tab_TRcXeT aTVT]TaPcTS ]dcaXT]cb S^ ]^c R^]caXQdcT c^ ]Tf *)1 
_a^SdRcX^] cWPc bTc cWT RPaQ^] Tg_^ac U[dgTb fWTaTPb X] cWXb RPbT Q^cW _aTU^a\TS P]S fWPc PaT RP[[TS *)2 
aTVT]TaPcTS ]dcaXT]cb S^ R^]caXQdcT c^ ]Tf _a^SdRcX^] P]S Tg_^ac) A bdVVTbc cWPc cWT PdcW^ab QT \^aT **) 
b_TRXUXR P]S aTUTa c^ ]dcaXT]cb aT\X]TaP[XiTS X] cWT cWTa\^R[X]T fPcTab) JWXb fX[[ \PZT Xc R[TPaTa fWXRW *** 
UaPRcX^] ^U cWT ]dcaXT]c bd__[h cWTh PaT aTUTaaX]V c^) **+ 
JWT cTa\ z_aTU^a\TS{ fPb R^X]TS Qh H) D) GhcWZ^fXRi P]S <) H) BTbcTa $,411% P]S X] _PacXRd[Pa Qh **, 
:a^TRZTa Tc P[) $,430%' P]S bX]RT cWT QT]RW\PaZ _P_Ta ^U Ac^ # >^[[^fb $-++0%' Xc Xb SXaTRc[h [X]ZTS c^ cWT **- 
cTa\ zaTVT]TaPcTS{ X] ^aSTa c^ SXbcX]VdXbW QTcfTT] cWTbT cf^ SXUUTaT]c _^^[b ^U ]dcaXT]cb X] cWT ^RTP]) **. 
LT PaT PfPaT cWPc cWT cTa\ zaTVT]TaPcTS{ fPb P[b^ X]ca^SdRTS Qh =__[Th P]S GTcTab^] $,424% Pb **/ 
\T]cX^]TS Qh cWT aTeXTfTa' Qdc Xc Xb QTh^]S cWT bR^_T ^U cWXb _P_Ta c^ RWP]VT TbcPQ[XbWTS bRXT]cXUXR **0 
cTa\b)  **1 

**2 
aAR MVVXI )2 ;W MV GRUUIGW% ZI MQGUIEVIH WLI QXPFIU RJ HMUIGW S5?* RFVIUYEWMRQV EQH IVWEFOMVLIH E *+) 
URFXVW GOMPEWRORK\ RJ S5?* JRU WLI 4B@' ?XU GOMPEWRORK\ MV WLI RQO\ RQI MQGRUSRUEWMQK HMUIGW S5?* *+* 
PIEVXUIPIQWV EORQK WLI >EPMFMEQ EQH WLI @RXWL 3JUMGEQ GREVW ZMWLMQ WLI PRVW MQWIQVMYI EQH LMKL *++ 
SURHXGWMYI XSZIOOMQK UIKMRQ' ;Q GRQWUEVW% @EQWEQE&5EVMEQR IW EO' "*((1# EQH 9RQ]^OI]&6^YMOE IW EO' *+, 
"*((1# PIEVXUIH S5?* EORQK WLI C?@ OMQI ZLMGL UXQV JXUWLIU RJJVLRUI EQH PMVVIV WLI LMKL SURHXGWMYI *+- 
EUIEV EORQK WLI GREVW% EV GOIEUO\ VLRZQ RQ WLIMU JMUVW JMKXUI' 3V JRU RXU HEWE VIW% ZI MQWIKUEWIH WLI C?@ *+. 
OMQI HEWE ZLMGL JEOO MQWR WLI UIKMRQ ZLIUI ORZ S5?* YEUMEFMOMW\ MQHMGEWIH E HMPMQMVLIH MQJOXIQGI RJ *+/ 
XSZIOOMQK' =RQWIMUR "*()(# EQH WLI JROORZ XS SESIU RJ DEOHURQ IW EO' "*((1# IVWEFOMVLIH% MQ WXUQ% E *+0 
GEUFRQ FXHKIW EQH XVIH WLI HEWE RJ @EQWEQE&5EVMEQR IW EO' "*((1# JRU GRPSEUMVRQ "VII FIORZ#% ZLMOI *+1 
9UIKRU IW EO' "*()+# EQH $$=RQWIMUR "*()(# PIEVXUIH 6;5 EQH A3 EORQK RQI VMQKOI WUEQVIGW MQ WLI *+2 
@4B@ WR GEOGXOEWI S5?*'y*,) 
JWXb Xb X]R^aaTRc5 cWT D^]cTXa^ -+,+ Q^g \^ST[ Xb R^]bcadRcTS Ua^\ . bWX_ Ra^bb bWT[U bTRcX^]b b_P]]X]V *,* 
cWT ]^acWTa]' RT]caP[ P]S b^dcWTa] :T]VdT[P d_fT[[X]V bdQ(bhbcT\b P]S cWT ?aTV^a Tc P[)' -+,. bcdSh *,+ 
fPb QPbTS ^] bXg bTRcX^]b cWPc b_P]]TS P Ud[[ bTPb^]P[ RhR[T X] cWT I:KI)  *,, 
&& D^]cTXa^ -++4 Xb PRcdP[[h D^]cTXa^ -+,+ w cWT hTPa ^U _dQ[XRPcX^] ^U cWT Q^^Z *,- 
LT P_^[^VXiT U^a ^da \XbcPZT' P]S WPeT \PST cWT PRR^aSX]V RWP]VTb fXcWX] ^da aTUTaT]RT [Xbc)*,. 

*,/ 
a:RZIYIU% WLI QRWMRQ RJ WLI >4B@ EQH @4B@ EGWMQK EV E 5?* VRXUGI EQH VMQN% UIVSIGWMYIO\% MV QRW *,0 
QIZ)y *,1 
;^aaTRc) $D^]cTXa^' ,4416 -+,+6 IP]cP]P(;PbXP]^' -++4%) D^aT^eTa cWT bdQ(bhbcT\ RWPaPRcTaXbcXRb ^U *,2 
cWT :KI WPeT QTT] fT[[ STUX]TS Q^cW X] cTa\b ^U d_fT[[X]V RT]caTb $D^]cTXa^ -+,+% P]S TR^[^VXRP[[h *-) 
$@dcRWX]Vb -++/%) JWXb Xb X\_^acP]c X] cWXb bcdSh QTRPdbT ^U cWT QX^VT^RWT\XRP[ R^\_^]T]c) *-* 
LT cWP]Z cWT aTeXTfTa U^a cWXb R^\\T]c P]S WPeT X]cTVaPcTS cWT \XbbX]V aTUTaT]RT X]c^ cWT X]ca^SdRcX^] *-+ 
bTRcX^] ^U ^da \P]dbRaX_c)  *-, 
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a;W ZEV SRVWXOEWIH F\ @EQWEQE&5EVMEQR IW EO' "*((1#% VXSSRUWIH F\ JMIOH HEWE MQGOXHMQK RXU RZQ "7PIMV *-- 
IW EO' *()0# EQH QXPIUMGEO PRHIO UIVXOWV "I'K' 4UEH\ IW EO'% *()1#'b*-. 
JWXb Xb ^][h _PacXP[[h R^aaTRc P]S bdVVTbcb P] X]R^\_[TcT aTPSX]V ^U RaXcXRP[ QPRZVa^d]S aTUTaT]RTb) Ac *-/ 
fPb UXabc _a^_^bTS X] P \TRWP]XbcXRP[[h R^]bXbcT]c Q^g(\^ST[ Ua^\ cWT cT\_^aP[ P]S b_PcXP[ *-0 
RWPaPRcTaXbcXRb ^U fX]S bcaTbb P]S =Z\P] caP]b_^ac Pc TPRW ^U cWT 1 \PX] d_fT[[X]V RT]caTb Qh D^]cTXa^ *-1 
,4416 -+,+) 9b cWT PdcW^ab bdVVTbc cWT IP]cP]P ;PbXP]^ -++4 ^QbTaePcX^]b X] cWT E:KI PaT QTh^]S *-2 
cWTXa ^f] Q^d]SPaXTb ^U cWT d_fT[[X]V bhbcT\ b^ cWT ^dcVPbbX]V R^]R[dbX^] Xb STaXeTS \PX][h Ua^\ *.) 
cWTa\P[ X\_PRc ^] _;F-) *.* 
LT cWP]Z cWT aTeXTfTa U^a cWXb R^\\T]c P]S WPeT X]cTVaPcTS cWT \XbbX]V aTUTaT]RT X]c^ cWT X]ca^SdRcX^] *.+ 
bTRcX^] ^U ^da \P]dbRaX_c)  *., 

*.- 
a5RQVMHIUMQK WLEW EOVR PRHIO VWXHMIV GEPI WR WLMV GRQGOXVMRQ% ZI VII QR MVVXIV UIOEWIH WR UIVROYMQK WLI *.. 
VSEWMEO EQH WIPSRUEO YEUMEFMOMW\ EQH VEPSOMQK FMEVIV% ZLMGL ZI LEYI EHHUIVVIH MQ RXU PEQXVGUMSW *./ 
"<MQIV )*,&)*1# EQH VSEWMR&WIPSRUEO MQWIUSROEWMRQ PIWLRH'b*.0 
JWXb R^\_PaXb^] aT`dXaTb \^aT cWP] P Rdab^ah R^\\T]c) *.1 
LT cWP]Z cWT aTeXTfTa U^a cWT R^\\T]c) :h X]R[dSX]V cWT b_PcX^(cT\_^aP[ TUUTRc ^U cWT cWTa\P[[h *.2 
R^]ca^[[TS _;F- P]S SXbcX]VdXbWX]V QTcfTT] bdaUPRT fPa\X]V P]S QX^[^VXRP[[h(\TSXPcTS ;F- d_cPZT */) 
TUUTRcb' fT WPeT PSSaTbbTS cWT XbbdT PRR^aSX]V[h) */* 

*/+ 
a:RZIYIU% ZLEW MV QIZ EQH ZLEW LEV FIIQ EGNQRZOIHKIH F\ WLI UIYMIZIUV MV WLEW ZI SURYMHIH */, 
EHHMWMRQEO HEWE EQH JROORZIH E QIZ QRWMRQ WR I[SOEMQ WLI RSSRVMQK FILEYMRU RJ WLI WZR V\VWIPV EQH WLI */- 
4B@cV UROI JRU WLI FMRORKMGEO GEUFRQ SXPS F\ PIEQV RJ SUIJRUPIH QXWUMIQW XWMOM]EWMRQ'b */. 
ETf SPcP Xb ]^c T`dXeP[T]c c^ ]Tf X]bXVWcb) A S^ ]^c bTT cWT _^X]c ^U X]R[dSX]V cWT ^QbTaePcX^]b QPbTS *// 
_;F- P]S U[dg RP[Rd[PcX^]b' fWXRW PaT cWT ^dcR^\T ^U Q^cW _aT(U^a\TS P]S aT(\X]TaP[XiTS ]dcaXT]c */0 
U[dgTb' X] P bcdSh cWPc Xb _aX\PaX[h PX\X]V c^ R^]bcaPX] cWT RPaQ^] Tg_^ac Ua^\ _aT(U^a\TS ]XcaPcT P[^]T) */1 
Ac{b Ydbc P] PSS ^] P]S Xc R^]UdbTb cWT _aX\Pah U^Rdb ^U cWT _P_Ta bTc ^dc X] >XV /) JWXb \TP]b cWPc cWT */2 
;F- U[dgTb P]S RPaQ^] Tg_^ac _a^SdRcX^] U[dgTb PaT ]^c X]cTVaPcTS P]S cWPc STcaPRcb Ua^\ cWT *0) 
bXV]XUXRP]RT ^U cWT _P_Ta) *0* 
JWT UXabc _Pac ^U ^da \P]dbRaX_c Xb aT[TeP]c c^ d]STabcP]S cWT a^[T ^U _aTU^a\TS ]dcaXT]cb U^a cWT aTVX^]P[ *0+ 
;F- b^daRTb*bX]Zb' bX]RT ]^c ^][h cWT cT\_TaPcdaT TUUTRc Xb RadRXP[ U^a _;F-' Qdc P[b^ cWT dbT ^U *0, 
_aTU^a\TS ]dcaXT]cb $Pb P[aTPSh bW^f] T)V) Qh @P[Tb Tc P[) -++0%' fWXRW P__TPab c^ WPeT QTT] *0- 
SXbaTVPaSTS Qh aTeXTfTa "/) @TaTQh' W^fTeTa' Xc Xb X\_^acP]c c^ P[b^ ]^cT cWPc cWT dbT ^U _aTU^a\TS *0. 
]dcaXT]cb _[Phb P SXUUTaT]c a^[T X] cWT TUUXRXT]Rh ^U cWT QX^[^VXRP[ RPaQ^] _d\_ Ua^\ P Qa^PS(bRP[T *0/ 
_Tab_TRcXeT' Pb Tg_[PX]TS TPa[XTa X] AbbdT .) *00 

*01 
aALI XQHIUO\MQK SURGIVV&XQHIUVWEQHMQK WLEW UIVXOWV JURP RXU VWXH\ WLIUIF\ OIEHV WR JEU UIEGLMQK *02 
GRQGOXVMRQV UIKEUHMQK WLI UROI RJ 7EVWIUQ 4RXQHEU\ BSZIOOMQK @\VWIPV EV E 5?* VMQN WLEW FEOEQGIV *1) 
5?* ORVVIV EW VMWIV ZLIUI SUIJRUPIH QXWUMIQWV EUI JRUPIH% VLIHHMQK QIZ OMKLW RQ WLI 4B@ JURP E *1* 
FXHKIWMQK EQH SURGIVV SIUVSIGWMYI'a*1+ 
9b SXbRdbbTS QT[^f X] $XbbdT .%' cWXb \Ph QT b^ Qdc Xc aT`dXaTb P \^aT RPaTUd[ SXbRdbbX^] ^] cWT *1, 
[X\XcPcX^]b ^U cWXb PbbTacX^])  *1- 
LT WPeT PSSaTbbTS cWXb XbbdT X] cWT [Pbc R^\\T]c c^ fWXRW fT ZX]S[h aTUTa)  *1. 

*1/ 
aAR MVVXI *2 ALMV GEQ FI HMYMHIH MQWR WZR SEUWV% QEPIO\ E# E HMVGXVVMRQ RJ IEUOMIU GRPSEUEFOI VWXHMIV MQ *10 
WLI 4B@ EQH RWLIU 7EVWIUQ 4RXQHEU\ BSZIOOMQK @\VWIPV% EQH F# E HMVGXVVMRQ RJ WLI HMJJIUIQGIV *11 
FIWZIIQ 5?* JOX[ FXHKIWV EQH QIZ SURHXGWMRQ JOX[IV% FRWL RJ ZLMGL ZIUI GRQVMHIUIH MQ WLI *12 
PEQXVGUMSWV SRMQWIH RXW MQ WLI JROORZMQK2  *2) 
E# ;Q YMIZ RJ IEUOMIU GRPSEUEFOI VWXHMIV MQ WLI 4B@% FRWL =RQWIMUR "*((1# EQH E JROORZ XS ZRUN F\ *2* 
DEOHURQ IW EO' "*((1# IVWEFOMVLIH E GEUFRQ FXHKIW JRU WLI 4B@ ZMWL WLI MQGOXVMRQ RJ QIZ SURHXGWMRQ *2+ 
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UEWIV% EQH GRPSEUIH GEUFRQ ORVVIV JURP WLI 4B@ ZMWL 5?* MQYEVMRQ UEWIV EV HIUMYIH JURP @EQWEQE& *2, 
5EVMEQR IW EO' "*((1#' 3V JRU RXU VWXH\% ZI JROORZIH WLMV ESSUREGL EQH GRPSEUIH QIZ SURHXGWMRQ UEWIV *2- 
RFWEMQIH JURP DEOHURQ IW EO' "*((1#% 7PIMV IW EO' "*()0# EQH =RQWIMUR "*((1# ZMWL 5?* JOX[IV EV *2. 
HIUMYIH JURP RXU HEWEVIW ZLMGL MQGOXHIV HEWE JURP @EQWEQE&5EVMEQR IW EO' "*((1# EQH I[WIQVMYI *2/ 
UIGRUHMQKV UISUIVIQWEWMYI JRU WLI GREVWEO EQH VLIOJ EUIEV EORQK WLI GRQWMQIQWEO PEUKMQ RJJ >EPMFME EQH *20 
@RXWL 3JUMGE' :RZIYIU% MQ GRQWUEVW WR SUIYMRXV VWXHMIV JURP WLI 4B@% ZI MQGOXHIH MPSEGWV RJ WLI *21 
VROXFMOMW\ SXPS EQH HMJJIUIQWMEWIH FIWZIIQ QIZ SURHXGWMRQ HUMYIQ WLI XWMOM]EWMRQ RJ SUIJRUPIH EQH *22 
UIKIQIUEWIH QXWUMIQWV'b+)) 
:^cW D^]cTXa^ -+,+ P]S D^]cTXa^ \^ST[ X] LP[Sa^] Tc P[)' -++4 R^aaTRc cWT _;F- U^a fPa\X]V ^U +)* 
d_fT[[TS fPcTab X]bW^aT P]S ^UUbW^aT) +)+ 
MTb' cWXb WPb QTT] S^]T' Qdc fWPc fT \TP]c c^ bPh fPb cWPc Q^cW b^[dQX[Xch _d\_ TUUTRcb P]S cWT +), 
_aTU^a\TS ]dcaXT]c bWPaT X] ]Tf _a^SdRcX^] fTaT ]^c _aTeX^db[h cPZT] X]c^ R^]bXSTaPcX^] fWT] +)- 
SXbRdbbX]V PXa(bTP VPb TgRWP]VTb X] cWT :KI) +). 

+)/ 
a3 VMPMOEU ESSUREGL WR IOXGMHEWI WLI MPSEGW RJ SUIJRUPIH QXWUMIQWV RQ GEUFRQ JOX[IV LEH EOUIEH\ FIIQ +)0 
ESSOMIH WR WLI ?UIKRQ XSZIOOMQK UIKMRQ MQ WLI 5EOMJRUQME 5XUUIQW @\VWIP ":EOIV IW EO'% *((-#% EV ZEV +)1 
PIQWMRQIH MQ WLI ;QWURHXGWMRQ RJ RXU PEQXVGUMSW' :IQGI% EOO SUIYMRXVO\ SXFOMVLIH HEWE JURP WLI 4B@ RQ +)2 
S5?* GLEUEGWIUMVWMGV EQH QIZ SURHXGWMRQ% EV ZIOO EV GRQGISWV HIYIORSIH JURP RWLIU 74B@ WLEW EUI RJ +*) 
UIOIYEQGI WR EVVIVV GEUFRQ FXHKIWV EQH WLI UROI RJ SUIJRUPIH QXWUMIQWV% ZIUI MQGOXHIH MQWR RXU VWXH\'b+** 
LWPc Xb \XbbX]V Xb P \^aT cW^a^dVW SXbRdbbX^] ^U cWT R^]bT`dT]RTb ^U cWT Pbbd\_cX^]b P]S RW^XRTb +*+ 
\PST X] cWXb bcdSh aT[PcXeT c^ WXbc^aXRP[ f^aZ) JWXb bW^d[S X]R[dST P cPQ[T ^U Q^cW ;F- U[dgTb P]S RPaQ^] +*, 
Tg_^ac U[dgTb P]S ]dcaXT]c Q^d]SPah R^]SXcX^]b Ua^\ cWT SXUUTaT]c bcdSXTb) +*- 
JWa^dVW^dc ^da \P]dbRaX_c' fT R^]bXSTaTS SXUUTaT]c UPRc^ab fWT] R^\_PaX]V ^da f^aZ fXcW _aTeX^db +*. 
bcdSXTb) JWTbT X]R[dST cWT RW^XRT ^U ^UUbW^aT Q^d]SPaXTb $bTT \P]dbRaX_c [X]Tb 4+(,++%' RW^XRT ^U +*/ 
bdaUPRT PaTPb P]S SXbb^RXPcX^] R^]bcP]cb U^a RP[Rd[PcX]V PXa(bTP ;F- U[dgTb $bTT \P]dbRaX_c [X]Tb ,.4(+*0 
,0/%' Pb fT[[ Pb cWT P__a^PRWTb U^a TbcX\PcX]V _^cT]cXP[ ]Tf _a^SdRcX^] aPcTb P]S cWTXa X\_[XRPcX^] U^a +*1 
]Tf _a^SdRcX^] aP]VTb U^a cWT :KI $bTT \P]dbRaX_c [X]Tb -.1(-.35 x @TaTQh' STb_XcT ^U cWT X]WTaT]c +*2 
\TcW^S^[^Vh cWPc R^d[S QT WT[S aTb_^]bXQ[T U^a cWT SXbRaT_P]Rh X] cWT TbcX\PcTS ]Tf _a^SdRcX^] aPcTb' ++) 
cWTh _a^eXST [^fTa P]S d__Ta RPbTb c^ PbbTbb cWT \PV]XcdST ^U cWT TUUTRc _aTU^a\TS ]dcaXT]c ++* 
R^]bd\_cX^] \Ph W^[S X] cWT :KI)y%) +++ 

++, 
aF# ;Q RXU HMVGXVVMRQ RQ WLI HMJJIUIQGI FIWZIIQ 5?* JOX[ FXHKIWV EQH QIZ SURHXGWMRQ JOX[IV "<MQIV ++- 
)0-& )1.#% ZI MQGOXHIH MPSEGWV RJ WLI VROXFMOMW\ SXPS EQH HMJJIUIQWMEWIH FIWZIIQ QIZ SURHXGWMRQ HUMYIQ ++. 
F\ WLI VXSSO\ RJ UIKIQIUEWIH EQH SUIJRUPIH QXWUMIQWV' ALMV MV QIZ MQ WIUPV RJ WLI 4B@ EQH GUXGMEO ++/ 
FIGEXVI RJ WLI HMJJIUIQW UROIV WLIVI QXWUMIQWV SOE\ JRU WLI FMRORKMGEO GEUFRQ SXPS% ZLMGL IQEFOIH XV WR ++0 
I[SOEMQ WLI RSSRVMQK FILEYMRU RJ WLI WZR VXFV\VWIPV'b++1 
A P\ ]^c R^]eX]RTS cWPc cWT [Pbc bT]cT]RT [^VXRP[[h U^[[^fb Ua^\ cWT UXabc++2 
LT cWP]Z cWT aTeXTfTa U^a cWT R^\\T]c) :h X]R[dSX]V cWT b_PcX^(cT\_^aP[ TUUTRc ^U cWT cWTa\P[[h +,) 
R^]ca^[[TS _;F- P]S SXbcX]VdXbWX]V QTcfTT] bdaUPRT fPa\X]V P]S QX^[^VXRP[[h(\TSXPcTS ;F- d_cPZT +,* 
TUUTRcb' cWXb XbbdT WPb QTT] PSSaTbbTS PRR^aSX]V[h) +,+ 

+,, 
aAR MVVXI +2 @MQGI ZI ESSOMIH WLI ZIOO&NQRZQ MQJOXIQGI RJ SUIJRUPIH QXWUMIQWV RQ WLI 5?* XSWENI RJ WLI +,- 
FMRORKMGEO GEUFRQ SXPS EQH WLI GIQWUEO UROI HIIS ZEWIU JRUPEWMRQ MQ WLI @RXWLIUQ ?GIEQ SOE\V JRU WLI +,. 
G\GOMQK RJ SUIJRUPIH QXWUMIQWV WR WLI 4B@% RPMWWMQK WLI @RXWLIUQ ?GIEQ ZRXOH LEYI RQO\ OIH WR +,/ 
PMVMQWIUSUIWEWMRQV RJ WLI UIVXOWV HIUMYIH JURP WLI 4B@' 8RU MQVWEQGI% ZI VLRZIH WLEW WLI FMRORKMGEO +,0 
GEUFRQ SXPS WENIV XS 5?* MQ WLI 4B@ YME WLI XWMOM]EWMRQ RJ SUIJRUPIH QXWUMIQWV' ;KQRUMQK WLEW WLI +,1 
FMRORKMGEO GEUFRQ SXPS ORVIV 5?* HXUMQK WLI JRUPEWMRQ RJ SUIJRUPIH QXWUMIQWV MQ WLI @RXWLIUQ ?GIEQ +,2 
ZRXOH LEYI OIH WR WLI MPSUIVVMRQ WLEW WLI 4B@ EGWV EV E QIW 5?* XSWENI UIKMRQ% ZLIUIEV MQ VWIEH\ +-) 
VWEWI% WLI 5?* XSWENI WLURXKL WLI XWMOM]EWMRQ RJ SUIJRUPIH QXWUMIQWV FEOEQGIV WLI 5?* ORVV GEXVIH +-* 
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HXUMQK WLIMU JRUPEWMRQ' ALI OEWWIU MV WLIUIF\ MOOXVWUEWIH MQ 8MKXUI ,% VLRZMQK WLI G\GOMQK RJ SUIJRUPIH +-+ 
QXWUMIQWV EQH WLIMU GRQWUMFXWMRQ WR QIZ SURHXGWMRQ MQ WLI 4B@'a+-, 
MTb cWXb bcdSh _a^eXSTb P U^Rdb ^] _aT(U^a\TS ]dcaXT]c Q^d]SPah R^]SXcX^]b c^ cWT :KI Qdc Xc UPX[b c^ +-- 
PST`dPcT[h SXbRdbb cWT X\_[XRPcX^]b ^U cWXb _^cT]cXP[[h X]cTaTbcX]V P__a^PRW P]S Xcb d]STa[hX]V +-. 
Pbbd\_cX^]b U^a fWPc Xb P R^\_[Tg bhbcT\' Q^cW QX^VT^RWT\XRP[[h P]S _WhbXRP[[h) >XV / bTT\b c^ +-/ 
bdVVTbc P bX\_[T [X]Z QTcfTT] RPaQ^] Tg_^ac [X]ZTS c^ _aT(U^a\TS ]dcaXT]cb P]S R^\_T]bPcX^] ^U ;F- +-0 
^dcVPbbX]V X] cWT I^dcWTa] FRTP]) A] aTP[Xch cWTaT Xb P R^\_[Tg bTc ^U _WhbXRb P]S QX^VT^RWT\XRP[ +-1 
UTTSQPRZb cWPc PaT fT[[ aTR^V]XiTS P]S _dQ[XbWTS cWPc \^bc [XZT[h X]U[dT]RT cWT X\_PRc ^U cWTbT +-2 
Pbbd\_cX^]b ^] cWT \PV]XcdST ^U cWT RPaQ^] Tg_^ac U[dgTb) JWTbT X]R[dST bWT[U ST_^bXcX^] Tb_TRXP[[h X] +.) 
cWT E:KI' Q^cW PTa^QXR P]S P]PTa^QXR aT\X]TaP[XiPcX^] ^U cWT Tg_^acTS RPaQ^]' ST(]XcaXUXRPcX^]' +.* 
]XcaXUXRPcX^]) A f^d[S ]^c Tg_TRc cWT PdcW^ab c^ R^\T d_ fXcW P STcPX[TS bcdSh ^U cWTbT UPRc^ab Qdc Pc [TPbc +.+ 
SXbRdbb cWT R^]caXQdcX^] P]S d]RTacPX]ch [TeT[b cWPc cWTh \PZT c^ aT(QP[P]RX]V cWT ;F- [^bb X] cWT +., 
I^dcWTa] FRTP]) JWT aPcWTa [PaVT ]d\QTa U^a cWT R^]caXQdcX^] Qh cWT :T]VdT[P c^ ^UUbTccX]V ^dcVPbbX]V +.- 
^U ;F- X] cWT I^dcWTa] FRTP] aT`dXaTb bca^]VTa YdbcXUXRPcX^] P]S R[TPaTa d]RTacPX]cXTb) +.. 
JWT \PX] T[T\T]cb X] >XVdaT 0 $U^a\Ta >XVdaT /% SXb_[Ph cWT [X]Z QTcfTT] cWT :KI P]S I^dcWTa] FRTP] +./ 
cWa^dVW cWT caP]b_^ac _PcWfPh ^U fPcTa \PbbTb) @TaTQh' fT PSSTS P STbRaX_cXeT cTgc bcPcX]V cWPc cWT +.0 
caP]b_^ac ^U cWT fPcTa \PbbTb PaT bWP_X]V cWT _aTU^a\TS ]dcaXT]c R^]RT]caPcX^]b ^U I9;L P]S +.1 
=I9;L QTU^aT cWTh aTPRW cWT :KI P]S PaT QTX]V d_fT[[TS X]c^ cWT bdaUPRT aTVX^]) LXcW cWXb' fT SaPf +.2 
PccT]cX^] c^ cWT ^RRdaaT]RT ^U caP]bU^a\PcXeT _a^RTbbTb P[^]V cWT caP]b_^ac _PcWfPh cWa^dVW cWT I^dcW +/) 
9c[P]cXR' fWXRW PaT' hTc' ]^c fT[[ Z]^f]' Pb P[b^ bcPcTS _aTeX^db[h Qh HTeXTfTa "- SdaX]V cWT ,bc _TTa +/* 
aTeXTf _a^RTbb ^U ^da \P]dbRaX_c) :h PSSaTbbX]V cWT [PaVT aP]VT ^U _dQ[XbWTS ]Tf _a^SdRcX^] aPcTb X] +/+ 
fWXRW ^da ^f] TbcX\PcTb UP[[ X]c^' fT X]cT]STS c^ bWTS [XVWc ^] cWT d]RTacPX]ch ^U cWT a^[T ^U cWT :KI{b +/, 
QX^[^VXRP[ RPaQ^] _d\_ X] ^UUbTccX]V cWT ;F- U[dg ^U cWT I^dcWTa] FRTP]' fWX[T UdacWTa \T]cX^]X]V ^cWTa +/- 
UPRc^ab $T)V)' R[X\PcT RWP]VT # P]cWa^_^VT]XR _aTbbdaTb [XZT UXbWTaXTb% cWPc R^d[S X\_PRc cWT :KI{b +/. 
QX^[^VXRP[ RPaQ^] _d\_) LT PVaTT cWPc cWT TgcT]c' c^ fWXRW _aTU^a\TS(QPbTS ]Tf _a^SdRcX^] Xb +// 
Tg_^acTS P]S UdacWTa T)V)' caP]bUTaaTS X]c^ bTSX\T]cb Xb ST_T]ST]c ^] ePaX^db _a^RTbbTb Pb \T]cX^]TS +/0 
Qh HTeXTfTa "/) @^fTeTa' ^da X]cT]cX^] fPb c^ ^dc[X]T _^cT]cXP[ ]Tf _a^SdRcX^] aPcTb c^ T[dRXSPcT cWT +/1 
a^[T ^U _aTU^a\TS ]dcaXT]cb ^]RT cWTh aTP__TPa X] cWT bdaUPRT aTVX^] fXcWX] cWT :KI PUcTa cWTXa +/2 
bdQSdRcX^] X] cWT I^dcWTa] FRTP]) +0) 

+0* 
+0+ 

5[YPNUP[% JLVVLNP% GL[Y GLULSL\ST% LXO GTWY]Sb GLULSL\ST' !FY^[NP\ YQ 9VY` CL]]P[X\ YQ 7PPZ JL]P[\ L\ +0, 
7PO^NPO Q[YW CY]PX]TLV GPWZP[L]^[P% FLVTXT]b LXO <XT]TLV CSY\ZSL]P 6YXNPX][L]TYX'! -BGDA6? B; +0- 
+:BC=KE>86? 2:E:6D8= 2) #)*()* *21.$3 /2+.&,2'  +0. 

8ZZVPb% ETNSL[O J'% LXO 5[^NP =' CP]P[\YX' !CL[]TN^VL]P B[RLXTN @L]]P[ 9V^a LXO CVLXU]YXTN AP` C[YO^N]TYX TX +0/ 
]SP 7PPZ BNPLX'! 06FGD: +1+ #*202 *202$' +00 

:YXcdVPc&7d_TVL% @PVNSY[% =' @LROLVPXL FLX]LXL&6L\TLXY% LXO <_LX E' HNSL' !FPL\YXLV IL[TLMTVT]b YQ 9NY+ TX +01 
]SP 4XRYVL&5PXR^PVL EPRTYX'! )6EF:DA &BGA96DK 4CI:??>A< )8BEKEF:@E$ ,AF:<D6F>H: 6A9 'B@C6D6F>H: +02 
%CCDB68=:E 1,% XY' * #7PNPWMP[ *% +))2 +))2$3 *+-&,,'  +1) 

;^]NSTXR\% ?'% 6'7' _LX OP[ ?TXRPX% ?'=' FSLXXYX% E'='@' 6[L`QY[O% ;'@'F' IP[SPbP% 6';' 5L[]SYVYWLP% 4'>' +1* 
_LX OP[ CVL\! :F 6?" !GSP 5PXR^PVL 6^[[PX]3 4X 8NY\b\]PW YQ 9Y^[ 6YWZYXPX]\'! )6EF:DA &BGA96DK +1+ 
4CI:??>A< )8BEKEF:@E$ ,AF:<D6F>H: 6A9 'B@C6D6F>H: %CCDB68=:E 1,% XY' * #7PNPWMP[ *% +))2 +))2$3 *.&+1, 
,+'  +1- 

<]Y% GLULWT]\^% LXO @TNSLPV =' 9YVVY`\' !C[PQY[WPO CSY\ZSL]P% FYQ] GT\\^P C^WZ LXO 4]WY\ZSP[TN 6Y+'! -BGDA6? +1. 
B; /6D>A: 2:E:6D8= /, #+)). +)).$3 1*,&,2' +1/ 

@YX]PT[Y% C' @' F' !6L[MYX 9V^aP\ TX ]SP 5PXR^PVL HZ`PVVTXR Fb\]PW'! <X '6D7BA 6A9 0GFD>:AF *?GJ:E >A F=: +10 
'BAF>A:AF6? /6D<>AE$ % +?B76? 3KAF=:E>E% POT]PO Mb >'>' ?T^% ?' 4]UTX\YX% E' D^TeYXP\ LXO ?' GLVL^P&+11 
@N@LX^\' 5P[VTX3 FZ[TXRP[% +)*)' +12 
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Cb]UY`TNc% E' @'% LXO 7' E' >P\]P[' !BabRPX LXO CSY\ZSL]P L\ <XOTNL]Y[\ QY[ ]SP 7PPZ <X]P[WPOTL]P JL]P[\ TX ]SP +2) 
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