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We thank the reviewers for their valuable comments and suggestions, waw helped us to
significantly improve the paper in revision. We appreciate tHereft took the referees to help
with their many suggestions and hope we can satisfactorily reply to the consmén the

following, we repeat the comments of all three referees in black, followedur responses in
blue. The changes made in the manuscript are highlighted and attachedstadcument.

Referee 1

Maas et al. 2020 presents an estimate of near-coastal flux of by-prd&idBr3 emissions from
power plant discharges in Asia and its impact on atmospheric bromine loadilsgarfdlysis is
based on some recent water sample measurements from power plant coolaigr vand
surrounding waters, with the help of Lagrangian trajectory model calculatiors iBhan
interesting study and provides some helpful information in terms of ngfjang the
anthropogenic contribution to the atmospheric bromine budget. Howeveaviehseveral major
concerns on the method, lack of adequate comparison for the most itapbregion in this study
(East Asia), and the major conclusion. These concerns should be addressed befospdhis
considered for publication in ACP.

We thank the reviewer for his/her valuable comments which have helpdd usprove the
paper in revisionWe have addressed the major comments by:
X Including a more detailed description of the FLEXPART model and valstatices
x Extending our one-year FLEXPART simulations to four years and including a discussio
of interannual variability of VSLS transport from available literature
X Including a comparison of our results to measurements from the KORUS-AQ campaign
X Improving the discussion of bromoform transport in East and Southeast Asia
x Reformulating the conclusions

1. Section 2.3. The authors mention that the FLEXPART is run using the metealolpgt stem
from the ERA-Interim reanalysis . . . The FLEXPART simulations were perforrhedofmesl
winter and summer seasons, for a total of three months with a one-mapihn-up. Credible
estimate of contribution of surface to UT/LS transport rely on the asa model that can



properly represent this transport process. At minimum, in the case ncspram evaluation is
conducted for this study, you need to provide adequate peer-reviewed teessliowing

FLEXPART-based analysis is suitable for this study; that it is adequgegenting the surface
to UT/LS transport within the Asian tropical/subtropical deep cotivaand the Asian summer
Monsoon over the continent.

Thanks for the comment. We have included a more detailed description dftEXPART
model and added the relevant citation of the convection validatiapgy from Forster et

al. 2007) We have also added reference studies that have successfully used FLEXPART to
simulate transport pathways over the Indian Ocean, Maritime ContiaadtWest Pacific

(e.qg., Fiehn et al., 2012018; Fuhlbruegge et al., 2016; Marandino et al., 2013; Tegtmeier

et al.,2013; 2020). As these studies have included model validation based on comarison

to available aircraft measurements, we use them here as references justifyimtpdiee

of FLEXPART for our simulations.

O Mhe FLEXPART model includes parameterisation for moist convection (Forster et al.,
2007) and turbulence in the boundary layer and free troposphere (Stohl and Thomson, 1999). It has
been used in previous studies with a similar model setup and shown robust VSLSquofjased

to observations (e.g. Fiehn et al., 2017; Fuhlbriigge et al., 2016; Tegtmeier et al., 2020a)

2. Second, please state clearly the year of DJF & JJA months you are using to ¢HiNEXRART
simulation. | am also not convinced a single year (with only 2-seasons) simusasitatistically
adequate to quantify the transport from surface to the UT/LS in Asiaatith®rs need to decide
an appropriate length (number of years) to address such transport usindPRAIEET and provide
a discussion on the yea&o-year variability of the above transport. My suggestion is that at
minimum you need a 10- year simulation to cover a few full cycles of QBONSW, vhich have
significant impacts on the dynamical transport relevant to this study.

We agree that one single year is not sufficient to capture all variatiorgnodspheric

transport processes. Therefore, addition&l> yW Zd <Jupo 3]}ve A E % E(}E L
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3. This study is based extrapolating the information from a limitachimer of power plant
effluents to the entire Asia power plants. As discussed in section 5, both theatthwceanic
and marine boundary layer concentrations of CHBr3 from this studycpkatly those from the



HIGH scenario, are larger than most of the previous observations in general. Thes régib
where 90% of the largest simulated concentrations (see Figures 5, 6, [Bydesgremely high
level of bromoform levels compared to the original Ziska 2013 results. Yegnmgacison with
previous measurements were presented in this work. NASA has recentlyateddan aircraft
field campaign KORUS-AQ (https://www-air.larc.nasa.gov/missions/korus-aqg/indeximtimi$
region with extensive airborne measurements of CHBr3 (from the Whole Air &snipl Donald
Blake) from surface to mid/upper troposphere that is highly relevant te skudy.

These measurements are publicly available at https://www-air.larc.nasa.gov/cgi-
bin/ArcView/korusag#BLAKE.DONALD/. | strongly encourage the authors use the KORUS-AQ
CHBr3 measurements to evaluate the simulated FLEXPART CHBr3 from tise¢hezeos for a
proper assessment of the design of this experiment to see whetheexti@polation method
used in this work is a reasonable approach.

Thanks for the suggestion. In addition to the already used observationa) dat now

include air measurements from the KORUS-AQ campaign over Korea in sectibime5.2
comparison of the KORUE) CHB¢ measurements with the CHBobtained from
FLEXPART simulations suggests very good agreement in this region for the MODERATE
scenario. As existing bottom-up scenarios (Ziska et al., 2013) show signifloargty

mixing ratios over South Korea and the Yellow Sea, the new comparison suggests that
anthropogenic sources are required in order to explain observed L£vues. The
comparison also confirms earlier conclusions that the HIGH scesadorealistic and

results in too high abundances of atmospheric GHBe have revised the conclusion and
discussion section taking the new information into account.

O IAn extensive study of atmospheric measurements over South Korea and adjacent seas
was performed in spring (May and June) 2016 from the K&ieded Sates Air Quality Study
(KORUS-AQ; https://www-air.larc.nasa.gov/missions/korus-aq/). The aironatisurements of
various VSLSs including bromoform were repeatedly taken between 0 and 12 km inidime reg
between 30° N-40° N and 120° E-145° E coinciding with our subtropical box discussed earlier
(Figure S2). The data used here, is based on the 60 second merged dataset from aitifight se

In the campaign region around South Korea, an average bromoform atmospheric aixifrigm

all sections of 2.5+1.4 ppt was measured in the lower 100 m (Figure 8). In compatison,
simulations for the Ziska2013+MODERATE scenario show an average mixing ratio of 3.8+1.4 ppt
in the lowest 100 m in the subtropical box during JJA. The simulations based on Ziska2013 give a
bromoform mixing ratio of only 0.3+0.1 ppt for the same altitude range demonstitainthe
additional anthropogenic bromoform sources results in a much better agreemenhewith t
observations in the marine boundary layer around South Korea.

Above the boundary layer, mixing ratios from KORUS-AQ rapidly decline to 0.5-0.7 ppt in the 3-

9 km altitude range Hehler! Verweisquelle konnte nicht gefunden werden. Here, the
Ziska2013+MODERATE simulation suggest seasonal mean mixing ratios between 0.4-0.7 ppt,
which fit very well to the KORUS-AQ data. Simulations based on Ziska2013 sug@esgipt
bromoform in this region clearly underestimating the observatketdér! Verweisquelle konnte

nicht gefunden werden). Between 9 and 12 km, the observed bromoform values drop sharply to
values around 0.2+0.08 ppt suggesting that the airplane probed air masses abongetit/e



outflow. The smooth seasonal mean profiles from the two simulations do not showhsup
decrease of values and in consequence the lower Ziska2013 results agree better with the
observations in the region 9-12 km. In general, the comparison with the KORU&ta@hows

that simulations agree quite well the observations in the middle troposphere whepagghic
emissions from cooling water treatment in East Asia are included based on the MOBERA
VFHQDULR ~

4. Section 4.2: the discussion on the vertical transport of bromoformartrbposphere. While
tropical deep convection plays an important role in verticalihgfthear the EQ, vertical lofting in
subtropical Asia and East Asia is primarily driven by the Asian Summer Mongbersummer
season. These transport processes were not discussed adequately in this wodsahigature
were not referenced either. Please add.

We have improved the discussion of the vertical transport of bromoform and hoghmu
of it is driven by tropical convection versus vertical lofting leyAlsian Summer Monsoon
The impact of these processes on VSLS transport in the East and Southeasgisi
hasbeen analysed and discussed by a number of recent studies (e.g., Fuhlbet@dge
2016 Hossaini et al., 2016-iehn et al., 2017) and we thus now include a summary of
their most important findings in the introduction section. In atuh, we have added past
literature important for the overall discussion of tropospheric traokpathways in this
region.

|. 80ff: 3The Asian summer monsoon represents another important pathway to the lower
stratosphere (e.g., Randel et al. 2010) entraining mostly Southeast Asian planetary boundary layer
air. The monsoon also has the potential to include VSLSs emitted from the Indian Ocean and Bay
of Bengal (Fiehn et al., 2017, 2018b). Model simulations suggest that the monsooniairculat
transports the oceanic emissions towards India and the Bay of Bengal, from thderare
convectively lifted and reach stratospheric levels in the south-easterrf gatAsian monsoon
aQWLF\FORQH 7KH VWUDWRVSKHULF EURPLQH LQMHFWLRQV IU
depend critically on the seasonality and spatial distribution of the emigEiehs et al., 2018a).

Model studies based on bottom-up emission estimates indicate global bromoformanoaeim

India, the Bay of Bengal, and the Arabian Sea as well as over the Maritimeedorind West

Pacific (Tegtmeier et al., 2020a). While aircraft measurements in the West Pacific havaembnfi

high concentrations of bromoform (Wales et al., 2018), the role of them Asbnsoon as an
entrainment mechanism for VSLSs has not been confirmed yet due to the lack of mrseivat
WKLV UHJLRQ °

O During the Asian summer monsoon, the region of main upward transport of VSES lies

about 20°N over the Indian Ocean so that the main stratospheric injection regi8hS¢ ¥hifts

to the Bay of Bengal and northern India (Fiehn et al., 2018b). However, most of the boayelary |
bromoform from anthropogenic sources stays in the northern hemisphere around the cdastline o
&KLQD DQG RYHU WKH :HVW 3DFLILF WKXV GHFRXSOHG IURP W

5. Figures 8 and 9 and related discussions. Using a climatological cdldlptuide of 17km for
discussion of vertical lofting and entrance to LS is not adequate ttasds particularly not
suitable for the subtropical box (Figure 8). The tropopause in this reglikelis very different



from the tropics and can be highly variable due to seasons or other dyngmicasses. | would
suggest the authors to use the tropopause height and potential tempeeafields from ERA-
Interim reanalysis. Only when the vertically lofted air mass cross theopagse and enter
beyond the 370-380 K potential temperature, the amount of the remaining ©MBrin the air
mass would have a chance to survive the transport process, make to the stratespiegthave
an impact on stratospheric bromine loading.

We agree with this comment and have adapted our analyses. We now derive the CHBr
mixing ratios at the level of the ERA-Interim cold point tropopause takimgaotount
temporal and spatial resolutions of this level. New versions of Figures 8, 90ssttbw
CHB;s at the cold point tropopause as derived from the ERA-Interim data (ahdtril7

km as in the old version of the manuscript). As the cold point is thgdiabion point of

air masses on their way to the stratosphere, there will be very little impafzlig rain

or ice on the CHBIproduct gases above this level, which is therefore commonly used as
the stratospheric injection level in VSLS studies. In the new versioe afdhuscript, we
discuss the CHBcontribution to the stratospheric bromine loading based on thi&ing

ratio at the cold point tropopause.

|. 260f: 3The UTLS region is calculated as the height of the cold point tropopause, which has been

derived from ERA,QWHULP PRGHO OHYHO GDWD DW KRXUO\ UHVROX

6. Final major comment on the main conclusion of this work. Witthalptevious potential issues
| have noted above, the authors concluded that these anthropogenic emissibnsantribute
0.02-0.03 ppt to the stratospheric bromine budget. | find it not coawig, from the results
presented in this work, to draw the conclusion that anthropogesoigrces are important enough
to be considered for future estimates of atmospheric bromine input.l8ieical concentrations
are high, due to the lack of efficient vertical delivering mechanism, thesssens have little
chance reaching the stratosphere. This has been the conventiodarstanding on the vertical
transport efficiency of very-short-lived bromine species and is seglgneonfirmed again in this
study.

True enough, the amount of stratospheric halogen resulting from anthropicgectivities

is rather small given that the majority of power plants is not locatedha tropics.
However, anthropogenic VSLS show high accumulations in the boundary layer and can
change the tropospheric bromine budget and ozone chemistry. While we hatve n
analysed this aspect in our current study, this should be investigatfollow-on projects.

We have reformulatd the conclusion to make it clear that we refer to the total broein
budget here and not to the impact of anthropogenic VSLS tasttaospheric bromine
budget.

Minor comments:
1. Lines 60-62. These statements are missing proper references.
We added the following references.



O Il 37RS GRZQ EURPRIRUP HPLVVLRQ HVWLPDWHV RQ
PRGHO VLPXODWLRQV DGMXVWHG WR PDWFK DYDLODEOH
/LDQJ HW DO 2UGYyxH] HW DO ‘

2. Lines 149-152: Please list what are the non-volatile and volatile BB&lered in this
experiment

The non-volatile DBPs can be various. Thus, we mention bromoacetias an example
in paragrapiB of section 2.2. The volatile DBP is explicitly given as bromofotime itext.

3. Figure 1. It would be helpful if you can add the locations bleTaresults (the ones that in the
region) on this plot, marked with a different symbol.

Only measurements from the South Korean power plant are situatedristady region.

Therefore, weZ A vgdékd the locations to the plot as suggested but have added this
information to the text (paragraph 2 of section 2.1).

@) Only Yang (2001 SURYLGHV '%3 PHDVXUHPHQWY LQ (DVW $VLD ~

Referee 2

This paper describes the estimation of sea surface concentrations of boomalver East Asia
resulting from the treatment of power station coolant water withlarine-based disinfectants.
The authors subsequently then estimate sea to air fluxes and test thi#si an atmospheric
transport model to estimate the transport of bromoform in the atmospdein particular, via
convection to the stratosphere. The authors estimate the sea surface concensatising a
bottom-up approach by first estimating bromoform within power staticoolant waters, the
discharge of this coolant water into the ocean, and then its subsequansport in the ocean
using oceanic transport model. Based on the bottom-up approach, ttigoes find a notable
contribution to oceanic bromoform from this source that strongly affects ocearamoform
concentrations close to the source region. Based on thetsesdr fluxes and the atmospheric
modelling, despite showing significant anthropogenic bromoform levels theasource regions
and in the boundary layer, the authors find only a modest contributiddrthis source to
stratospheric bromoform mixing ratios.

Bromoform has an important relevance to stratospheric ozone depletion.pEper therefore

covers an important topic since current knowledge of bromoform sources is clyrreighly

uncertain due to only limited monitoring of this gas. Attemptsrtgprove our knowledge of its
sources are therefore highly welcome. | therefore find that the paper stswithin the scope
of the journal.

The subject matter and overall concept and methodology of the paper alone makethy for
% U 0] S]}vX Kv 8Z AZ}o U §Z]e ]+ P3} 3% ] u Vi ABTEbX[s «%F v
though, there are several weaknesses in the work. | therefore have a gsnefral and specific



comments that will need to be addressed to improve the manuscrijt $afficient level to merit
final publication.

General Comments

1. The overall framing of the paper. | think it would help ease someetas (see for instance

E A] A E -i[* }uu vSee J( 3Z %o % E[* u ]Jv (Jv JVRI(EER & (P v$
to be framed as a set of predictions (that can be tested) based on emilgmt knowledge and

data. Your bottom-up method makes a set of predictions based ouldie you have used. Then

you have made efforts to validate those predictions using sea surface bromotwroentration

and atmospheric measurements; these data provide somewhat limited but promispppgtu

for your predictions. As itis, the manuscript abstract and caichs contains various statements

§Z 8§ E E $Z E (]Jv]3]A U XPXU 7t (]imths ZbstradBEgnd} 6indHaulys X X ~o0
At (Jv 8Z SXXX_ ~o]v 606 }v ope]}veeX tZ v Jv ESS %D }E E A
promising yet far from definitive, and would require more dedicatedeslational monitoring

to really prove this hypothesis. | therefore propose the authors modify the maipasso it

clearly follows this chain of reasoning: prediction/hypothesis (emissiorospimeric, oceanic

modelling) into observational support, followed by evaluation, and tlastly clear statements

on what is needed to provide stronger support for this hypothesis,merge specific and targeted
observations.

Thanks for this suggestion. We agree that rephrasing parts of the manusctipe in
suggested manner would benefit the overall message, highlight the remaflargg)
uncertainties and provide clear motivations for follow-on studi#e have rephrased the
introduction and in particular the two last paragraphs of the idfnotion to present our
analyses in the hypothesis-evaluation-conclusion framework. We have also rephrased
parts of section 5 (observational support) and section 6 (discussion antismms) in a
consistent manner.

2. Treatment/explanations of the UTLS and cold point. | think that the didSold point
definition is too simplistic. The use of UTLS throughout does not caphweof the essential
details of this complex atmospheric region. Sticking to a single altd@fitié km for the cold point
is also not really realistic when looking at different latituéesl seasons. Furthermore, sticking
to the cold point as a definition of the lower stratosphere alone is atgcentirely suitable and
the suggestion from reviewer #1 to simply use the 380-390 K potential temperéihe also
misses some of the subtle complexity. | recommend that the authors cdBsttitet al. 2005 and
2006 (see below) that both provide clear explanations and observational sufgomore
nuanced explanations of dynamical interactions in the UTLS. First, the lexetoofadiative
heating (LZRH) is also useful a measure for whether air masses will undevgadiatively
driven ascent to above the 380-390 K levels, and it is usually at Xbrkrtear sky conditions.
Second, they show that in-cloud (cirrus) radiative heating can be nsgge for lofting cloud
containing air masses from as low as 11 km upwards to eventually reach the strawdpheuld
recommend that the authors try to calculate the LZRH using the ECMWFnuietgoal fields to
try to diagnose this to help determine which air masses at altitudes belownlar& heading up
or down; this would really strengthen the paper and strongly aidnkerpretation of the results,



which is quite difficult at this point. If this is not possilil&vould be very useful to see at least
the 11 and 15 km levels, but this would be a much weaker alternative.

We agree with the reviewer comment that our treatment of the cold point as them7 k
level was too simplistic. We have changed the manuscript and now udeRRAelnterim
cold point tropopause instead, taking into account its spatial and taadprariability. We
have changed our Figur8s9 and 10 and have updated the discussion in our text, so that
the stratospheric contribution is now based on the CHBilues at the cold point level.

We also agree with the reviewer that the UTLS is a complex region with vaelsthat

are of importance for the vertical transport. It would indeed be inteirggto see, which
fraction of air masses that reaebhthe LZRH will also reach the cold point. However, such
analyses of vertical transport characteristics within the TTL region is beyersttipe of
this manuscript. Furthermore, we believe that for the VSLS and swuble product
gases the most important level is the cold point. By using the cold psiahtainment
level, we automatically include all air masses that have crossed the LZRH and have
undergone radiatively driven ascent as well as all air masses resultindnigbrmeaching
convective detrainment.

|. 260f: 3The UTLS region is calculated as the height of the cold point tropopause, which has been
derived from ERA;QWHULP PRGHO OHYHO GDWD DW KRXUO\ UHVROX

3. Many missing details. There are several missing important details from vaeotisns of the
paper, e.g., the year that is studiedthis is not mentioned at all. | have addressed each of my
concerns in specific comments below.

Thanks for pointing out the missing details. We have added the details as suggelsted b
including information on the years, which are studied

4. Clarity of the manuscript. At many points the information givenssfficient to understand
precisely what is being said. | have made various specific remarks below tadukss this
concern.

We have rephrased the sections that are pointed out below in order to imgtaelarity
of the manuscript.

5. Duration of FLEXPART simulations/transport times to the stratosphere. Theoduwhthe
FLEXPART runs is 3 months. As shown in Corti et al. 2005/2006, transport timalefrom
boundary layer to the 390 K level of 50 days, and so even with a 1 monthspive can expect

a delay of ~20 days for air masses from the beginning of the spin up totteadavel. Indeed,
this appears to be visible in Figs. 8b and 9c and d. This coreglitteg interpretation of the
results both for the 5-day averages (i.e., when are they in the course airthdations), and for
the time series in Figs. 8 and 9. Similarly, the bromoform emitted in the-E&tdays of the 3
month simulations has no chance to reach these altitudes. Please dibesssissues.



We have improved our simulations by allowing now for a two-monih-ap phase. As

the bromoform lifetime estimates a range from 16 days at the ocean surta@® days

in the TTL (Hossaini et &012) we can expect the simulated bromoform to have reached
Z*3 C 33 [ (83 & A} U}VEZeX dE Ve%}EZ v SIVPUPWETuU «

will not impact the atmospheric bromoform distribution given thleort lifetime of the

compound and can thus be neglected in our simulations.

We have changed our analysis further, which is now based on seasonal meamdJJ

DJF) bromoform mixing ratios averaged over 4 years and have updated Figures 8, 9 and

10 of the manuscript accordingly. As the seasonal mean averages at the cold poin

tropopause cannot contain significant amounts of bromoform emitted more ttvem

months before the start of the season, the model setup with a two-thapin-up is

justified for our analyses.

6. Discussion of key results. Despite being an important component of theifedofted to the
stratosphere resulting from bromoform, the authors make no mentiopraiduct gases (PGs).
This is particularly important in light of comment #2 above. Indd expect the authors to
simulate PG formation, chemistry, washout, and transport, but it shoulddaeglg explained that
we expect much of the bromoform to be chemically processed into PGs dharkf) days or so
of vertical ascent to 390 K from the boundary layer. Further on this piatould be worth
having some discussion on CTM studies showing the partitioning of bromoforn@sdat
different levels in the atmosphere.

Thanks for the comment. We agree that PG entrainment is an important compohe
the VSLS contribution to stratospheric bromine and haveeddHis aspect to Section 6
of our manuscript. Based on recent measurement campaigns (that can estaratal
PG entrainment from VSLS), modelling studies (that can distingetsleén PG from
bromoform and other VSLS) and our own results, we have added a discusganvon
much additional PG entrainment could potentially be expected from antbgepic
bromoform sources.

O IMhi$ study focuses on source gas entrainment into the stratosphere and does not take
into account additional product gas entrainment resulting from anthropogenic bromoform
sources. Most observational and modelling studies estimate the total stratospheric bromine
contribution to be split half and half into source and product gas contributions (Engel and Righy,
2018 and references therein). Therefore, we estimate the total stratospheric bromine ocontributi
in form of both, source gas and product gases, from the East and Southeast Asia anthropogenic
bromoform sources to be around 02480 ppt Br. Compared to a total stratospheric bromine
contribution from all VSLSs of about8 ppt Br (Engel and Rigby, 2018), the anthropogenic

input estimated in this studypRYLGHY RQO\ D PLQRU FRQWULEXWLRQ ~

7. Year of study. As mentioned, the year of study is not mentioned in the papde M\tould
be interesting to do a multi-year analysis, if this is beyond the capasitithe constraints of the
authors, an alternative would be to provide some climatological context on theifspyear of



study. The WMO annual climate reports usually give a good region by region athealiysisuld
help to set the meteorological context.

Thanks for the comment. We have chosen year 2006 for the oceanic transport and have
shown in Maas et al. (2019), that the interannual variations iroiteanic CHBtransport

are small.

For the atmospheric analysis, additional FLEXPART simulations were pdrtcimg the

same setup as the existing runs. We now include FLEXPART simulations for four years
(2015-2018) for the boreal winter (Decemi&ebruary, DJF) and summer (JoAegust,

JJA) seasons, respectively. As we know from existing studies that the interannual
variations of CHBrreaching the TTL of arount’5 % are much smaller than the
corresponding seasonal variations of aroudd % (Tegtmeier et al., 2020), we have
decided to not include a long-term time series analysis. A short disousstbe impact

of interannual transport variations has been added to the manuscript.

8. I think it would really strengthen the paper if the autharsluded in the conclusions of the
paper a comprehensive and thorough discussion of the uncertainties raitdtlons present in
the work. As it is, it is very difficult for a reader to assess tifferdnt sources of error and
uncertainty, and therefore to judge the authors claims and hypothesis. Falipthis, | think this
would also allow a more precise identification of the requiretufe work (this should be
included as well) that needs to be undertaken to provide farttproof/disproof of this
hypothesis.

Thanks for the comment. Largest sources of uncertainty are the highly variable
bromoform amounts found in chemically treated cooling water. We aim to taksdh
uncertainties into account by including three different scenarios, Wwingsult in highly
uncertain atmospheric concentrations. Based on comparisons with observat®rser
able to narrow the uncertainty range to the two lower scenarios. We inchudsore
detailed discussion of these uncertainties and how they compare to other ernarcses

in Section 6.

@) Highest uncertainties in the estimates presented here, arise from the Vighhje
bromoform amounts found in chemically treated cooling water. Since thevergréw and no
recent measurements from power plants in East and Southeast Asia available, theaghes@s

aim to give a range of environmental concentrations of anthropogenic bromoform. Aaldition
uncertainties can arise from oceanic and atmospheric transport simulations amdrietgrisation

of air-sea fluxes. Since bromoform is emitted into the atmosphere on very ishestdles,
uncertainties arising from oceanic transport simulations are small compared toioscenar
uncertainties. Similarly, given the high saturation of anthropogenic bromofosurface water,

the sensitivity of our results to the air-sea flux parameterisation can be ezkpedbe small.
Atmospheric modelling can introduce additional uncertainties, especially nmegaitie
contribution of anthropogenic sources to stratospheric bromine. VSLS FLEXPARilagons

have been evaluated in numerous previous studies and shown in most cases good agreement with
upper air observations (e.g., Fuhlbruegge et al., 2016; Tegtmeier et al., 2020a). larysumm
uncertainties of our results are dominated by uncertainties of the bromodmuentrations in



undiluted cooling water. We have successfully reduced these uncertainties byatiaetdy of two
based on comparing our predictionsdoY DLODEOH REVHUYDWLRQV ’
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Specific Comments

| found the abstract to unclear and at time contradictory frone Il#0 onwards. | think this stems
from the fact that the authors try to say a bit too much at the same while also only partially
JVSE} p JvP § EBue sp-upestimat§®8u, & U SZ]e ] *% J(] €& ( €& v
work Ziska et al. 2013, but when [ initially read this it appears @ feference to the method in
the current work since one could also classify this as a bottom-up tomeset of sea-air fluxes.
| found issue with the single number 0.03 pptv of bromoform im skratosphere quoted in the
abstract. Firstly, given that two scenarios are discussed (LOW and MODERA@mBEdt@#d to
only quote a single value. Further to this point, the authors look at tifferént seasons yet only
guote one valuet again, please resolve this issue. Second, if this is an average, it malkid
sense to quote the associated standard deviation. Third, there is no camtexplanation given
for this number: is it a temporal average, a spatial average, whaeiduhation of the average?
These are all important details that would allow readers to understamedésults.

Good point, we have rephrased parts of the abstract to clarify our referenctedeta
Ziska et al. (2013). We also added more information on the estimates of stratospheric
bromoform entrainment.

Line 43. It would make sense to show some of the chemical equations associatedowitiform
formation in coolant water if they are known.

t Z A §Z (}oo}A]vP Jv(}Eu §]}v Thg generally \ppopo@efi%e S Z
mechanism for generating DBPs is the reaction of oxidants such as ehdmdnozone

with organic and inorganic substances, such as bromide (Br-pditi(l-), in the water

via the formation of hypobromous (HOBr) and hypoiodous (HOI) [acia: ]13]}vU A
provide some references that discuss the complex formation mechanisms maegaih

The ordering of the introduction was a bit disjointed in my opn@nd to also contain some text
that is not relevant to the work at hand. | would remove the senteresw/een lines 50 and 55.

We move parts of this section to the discussion.



In my opinion the text should be reordered such that the paragraplnas 70-82 should be the
second paragraph. The third paragraph should then be on lines 56-68. This wakié a more
logical flow in my opinion.

done

Line 117. It was not clear what you meant by the settlement of pathodg@mgou mean growth?

Changed to growth8 & RO GH U Z D W b bighUaRtede’ d@ing winter requires less
water treatment as the growth of pathogens takes longer compared to tropical or subtropical
ZDWHUV ~

Line 137. | do not claim that this is important to their findings, thiet authors should justify not
including diffusion.

We rephrased the sentence. Ariane generally is a purely kinematic Wéithout a
diffusivity parameterisation, the calculations are fast and can beedor large spatial
scale over long time periods, and many particles, which make particitgdealculations

quite robust.
l.168f 7KH FDOFXODWLRQ RI WUDMHFWRULHYV ZLWK $ULDQH LV ¢

Line 140. Please mention the years you are looking at in this study and in Masz0a®al.
We have added the year (see above).

Line 149. | could not make sense of the following text. It was not clear haw?oélates to the

§ ES 8Z & (}o0}Ae YE AZ E %}]vs T ] PF U=3NWPFRHEIAZ: wv 03 Ev A:
context t this is too vague and a more precise explanation would be welcome. Ares doand

2 meant to describe separate simulations? Separate processes? And why are 1 and 2 be
treated separately at all? Clearer explanations here would be very helpfuktacl#mity of the

manuscript.

Thanks for the comment. We have rephrased the paragraph.

l. I I We conduct two different simulations allowing us to analyse the spread of long-lived
DBPs in general and the spread of bromoform as specific case. First, we simulate the spread of a
passive tracer, which does not have any environmental sinks and represents any long-lived non-
volatile DBP. We consider the full history of simulated particle positions, which is equit@lent
assuming no particles getting lost through sinks in the ocean or emission into the atmosphere. The
resulting distribution shows locations where non-volatile DBPs such as bromoacetic acid are
transported through the ocean currents within one year.

Second, we simulate the spread of bromoform as a major volatile DBP including the simulation

of atmospheric fluxes and oceanic sinks. Each particle is assigned an initial mass of bromoform
according to the amount of cooling water used by the respective powerq@hler(

Verweisquelle konnte nicht gefunden werden.and the bromoform concentration prescribed by



the three scenarios, MODERATE, HIGH and LOW. The particle density distribution is calculated
at the sea surface down to 20 m on a 1°x1° grid. The distribution is given as particle density per
grid box in percent for non-volatile DBPs and as concentration in phdlIRU EURPRIRUP ~

Line 171. The authors should make it clearer how the values of Cealardated from the
outgassed bromoform; this is currently not explained.

We added the equation fore§
@) Ceq 2 Cair - Heners?

Lines 167-173. In general, this section of text needs to be clearer. Thiskhmuhdoroved by
stating that the low Ceq values are driven by low atmospheric vmr. It vadsddbe clearer if the
authors stated how Ceq relates to vmr.

This was done by adding the equation feg. C
>]v i66X "D v }v Vv3E §]}ve &E 0 Ho § XXX_X /Au@EBU tU }E
See answer below.

Line 1781606 X "XXX}( E}lu}(}E&uU Z & 3§ E]- C 8§82 Z]PZ X3 o} o }
This is not very clear.

We have rephrased the paragraph and tried to clarify the statisticaloagpr

O IMeaR sea surface concentrationsate calculated by averaging over the area where
90 % of all released bromoform accumulates. To this end, all grid cellsodied according to
descending bromoform concentrations and the average is calculated over thedficsllgrihat
contain in total 90% of all bromoform. Maximum concentrations are calculated agagover

the area where 10 % of the highest bromofornrXvellV DFFXPXODWH ~

>]v i6iX "D v v u AZlJupu (opkE - E 0O Mo 8§ X_ tx $Z -+ u
principle?
see answer above.

>]v i06iX "dZ vVvvH O U VvV Su}e%Z E] ElIu]lE}IIMBGEU(TE]}ue]vvpeeXE
| think you mean resultingv ¢ $ PO MV%o S _ X

Changed to:37KH DQQXDO PHDQ DWPRVSKHULF EURPLQH 10>
bromoform emissions in East and Southeast Asia is derived from the air-sea flux maps of
WKH ZKROH GRPDLQ °

Section2.3. We are missing a lot of details here. What resolution are the siomsl&iarried out
on? The same resolution as the meteorology? Are the emissions constamg @duseason? Are



Lagrangian particles emitted over the entire ocean and then the emission rate igrpooyal to
the air-sea flux? What year are you looking at?

Thanks for the comment. We added the resolution of the simulatiand further
information.

l. 225: 3% DVHG RQ WKH VHDVRQDO PHDQ HPLVVLRQ PDSV
atmospheric bromoform. We simulate the atmospheric transport and distribution of
bromoform for the three different emission strength scenarios with the Lagrangian particle
dispersion model FLEXPART (Stoktal., 2005). Seasonal mean bromoform emissions
derived from the three scenarios are used as input data at the air-sea interface over the East
and Southeast Asia area defined as our study region. The meteorological input data
(temperature, and winds) stem from the ERA-Interim reanalysis (Dee et al., 2011) and are
given on a 1°x1° horizontal grid, at 61 vertical model levels and a 3-hourly temporal
resolution. The chemical decay of bromoform in the atmosphere was accounted for by
prescribing a half-life of 17 days during all runs (Montzka and Reimann, 2010). The
FLEXPART simulations were performed for boreal winter (Decerdbaruary, DJF) and
summer (JuneéAugust, JJA) seasons, respectively, each with a two-month spin-up phase
for the years 2015-2018. A total of 1000 particles are randomly seeded inside each grid box
at each time step accordingtothe ®iHD 10OX[ VWUHQJWK ~

Line 195 onwards. We are told that there are three additional runs that areemguken, over the

course of four paragraphs with at times unclear descriptions we are told sl@fadut them, but

§Z C E }voC E (EE 8} e« Z(]E+8 Euv[v v3BX Z Q& }(I3Av @&

These descriptions are imprecise and confusing. Please can the authors defm@dhnnes for

§Z @Epve Jv o]v idfd (JES v S3Z v o E] 37ZuVv S GO UK &
} 8§82 § XXX § _X

We rephrased the paragraph clarifying the function of the different FLEXPdns. We
changed the names of the runs to make it clear which scenario they are basaddo
refer to each run by using the defined name throughout the reshefrhanuscript.

l. We perform three additional FLEXPART runs, Ziska2013-EastAsia, Ziska2013 and
Ziska2013+MODERATE based on the updated Ziska2013 emission inventory with the same
FLEXPART configuration as described above for both seasons, DJF and JJA. As the Ziska2013
inventory currently presents our best knowledge of bottom-up derived bromofornioes)igsis

of interest to analyse how much of these emissions can be explained by industresd andrbow

much stems from natural sources.

The Ziska2013-EastAsia run uses only the Ziska2013 climatological emissions overttardEas
Southeast Asia area defined as our study region. Results from Ziska2013-EastAsia in the
atmospheric boundary layer are used to compare the mixing ratios based on our antlropogeni
emissions in the East and Southeast Asia region.

For comparisons of mixing ratios in the free troposphere and upper troposphere/ldospistre
(UTLS), air-sea fluxes from other parts of the tropics also need to be takedotmt as the time
scales for horizontal transport are often shorter than the ones for vieaitsgdort. Therefore, we

set up the runs, Ziska2013 and Ziska2013+MODERATE. Ziska2013 uses the air-sea flux of the



Ziska2013 climatology for the global tropics and subtropics between 45° S and 45°the As
Ziska2013 climatology is taking into account only very few northern hemispheric Icdatia
points, it likely neglects anthropogenic fluxes in some regions. Therefore, the
Ziska2013+MODERATE run uses the Ziska2013 fluxes between 45° S and 45° N, but replaces
them with the anthropogenic MODERATE flux values in all grid boxes where the MODERA
fluxes are larger than the Ziska2013 fluxes. The two runs, Ziska2013+MODERATE and
Ziska2013, are used to evaluate the additional anthropogenic bromoform based on the
MODERATE scenario in the UTLS region. The UTLS region is calculated as th& bétpe cold

point tropopause, which has been derived from ERA-Interim model level data atyéreeahlition
(Tegtmeier et al., 2020h3.

Line 214. The authors refer to means of the whole domain, but vehiei domain?

This refers to the study area (90t165° E, 10° &5° N). We have added the information
to the text (I. 263).

Line 2147iAnX / }po v}S pv &S v §Z s E]%S]}ve  S|3C(EEuU (}E ~
the whole domain in the marine boundary layer and in the UTLS are giwee aserage over
the 90 % area characterised by the highest local values, and maximum mixingasatios

A EP }AESZ o0 EP «3ii 9 ~« A 3]}v IXTeX_ 0%} BFA 8]i95Z
and 10% levels?

The explanation for the statistical approach is given in section 2.2. For thesjgltraac
mixing ratios, we use the same analysis as for the oceanic concentrationrassehdiux.

For averaging, we chose the area given by the 90% highest mixing ratioechslis the
majority of anthropogenic CHBIn this region and at the same time ensures that empty
boxes or negligible small concentrations are not considered in the latitmu of the
mixing ratios For similar reasons, we chose the area given by the 10% highest mixing
ratios to derive maximum abundances ensuring thatsthestimates do not only depend

on single local peaks.

We have added more information to explain our approach in section 2.2

Line 216. The authors say they identify two regions. | think they mean define.

Changed the wording265 3, Q D VHFRQG VWHS ZH GHILQH WZR UHJ
WKH YHUWLFDO WUDQVSRUW RI EURPRIRUP LQWR WKH [U]|

>]v 1TiX "XXX% 8§88 Ev ]Jv §8Z €& « & Z & }(]vS EVvIE~R]JPWIIE i
and also which region? There are different areas being talked aPtease be precise for clarity.

Changed to |. 2713 7KH SDUWLFOH GHQVLW\ GLVWULEXWLRQ V
accumulation pattern in the region of interest in East and Southeast Asia (Figure 3

Line 231. Please can the authors show the Kuroshio current on the map?



We have added its approximate location to the text but decided againstdimgjuone
single current in our maps.

Lines 259-264. The section is unclear. The sentence on lines 262-264cidqudytunclear. Also,
for clarity sake, please refer consistently to the Ziska et al. 2013 emissi@iskag013. These
sentences are confusing because information is expressed imprecisely and thee¢cagaces
to prior statements that themselves unclear. Please try to arrange the informafiearly,
methodically, and logically.

Thanks for pointing this out. We have improved the clarity and message péttaigraph.

@) The®*annual bromine input from the ocean into the atmosphere in form of bromoform
emissions in the East and Southeast Asia region is 118 Mmol Br according to the observation-
based inventories from Ziska201Behler! Verweisquelle konnte nicht gefunden werdei).

Our simulations suggest that the anthropogenic input alone amounts to 100, 300 and 500 Mmol
Br a! (LOW, MODERATE, HIGH) for the same region, which corresponds to almost 99 % of

the bromine produced during cooling water treatment in the power plant for each scenario. This
implies that all bromoform from cooling water treatment is eventually outgassedhecmean

into the atmosphere. While average and maximum air-sea fluxes of anthropogenic bromoform are
much higher and confined to small areas around the discharge locations, the Ziska2643 air-
fluxes are distributed along all coastlines and the equator and result in similar totalraeanal

Br flux as the LOW emission scenarkeehler! Verweisquelle konnte nicht gefunden

werden.). 90 % of the annual mean atmospheric bromine input from anthropogenic bromoform in
East Asia occurs north of 20° N where#897 Mmol Br are released over one year, compared to
the tropical Southeast Asian regions south of 20° N where on§21dmol Br a' enter the
atmosphere (from LOW to HIGH). In contrast, only 29 % of the total bromine from the
Ziska2013 climatology in East Asia is released into the atmosphere north of 20° N, which
suggests that the majority of the anthropogenic emissions from this region are midsing in t
=LVND FOLPDWRORJ\ ’

Line 264. Is the implication of the results that most of the East ASHBr3 in Ziska2013 is
anthropogenic in origin? | think the authors should state this mararty if this is the prediction.

The results show, that a majority of the CkiBnat is released in East Asia is of
anthropogenic origin, which however is largely missing in the Ziska2013 algat We
rephrased the sentence to make this point clearer.

l. 324:3,Q FR QW U DW /theRd@aDbromine is released into the atmosphere north of
20° N from the Ziska2013 climatology, which suggests that the majority of the
anthropogenic emissions from this region are missing in the Ziska2013 climatology

Line 266. What is the 29% percentage relative to?
This refers to 29 % of the total bromine released into the atmospks&ze above).



Line 271. | found it odd that the authors make a 3 month long sitiwnl and then only show a
5-day average in that entire simulation. Please can the authors explain iby jukt such a short

period of time is selected? Could the authors consider either monthB+mionthly averages as
well? Also, which 5 days is this from within the 3 month simotétiAll instances of this should
be made clear and/or justified.

We agree with this comment and have changed the configuration of thrspheric
simulations. The output is now presented as the seasonal average (section 2.3)

Lines 288-299. The authors discuss Figure 6 in relation to this texobuot mention the DJF
results in Figure 7.

We added the reference for Figure 7.
3)RU ERWK VHDVRQV --$ DQG '-) DWPRVSKHULF EURPRIR!
larger than atmospheric bromoform based on the Ziska2013 emissions (Figure 6d, Figure

G -

Lines 302-303. From the description given, it is not entirely clear whatbkan averaged. |
assume it is a spatial average, but the authors should specify because teagemplies it is
spatial and temporal.

We have added information on the averaging to the text.

3,0 RUGHU WR DQDO\VH DWPRYVS KodundaFy Nyern@ e RéeeW [URP
troposphere and UTLS, seasonal mean bromoform mixing rations are averaged over a
subtropical box (30° M0° N, 120° E445°E, Figure 2) and a tropical box (10° N,

90° EHA20° E, Figure Eehler! Verweisquelle konnte nicht gefunden werden. >« @

Sentence on lines 32110 X / suPP ¢8 %0 ]JvP §Z]e ¢ v8 vV % E]}EUSYSZ + v
XXX _}v o]v 17iX
done

Line 333. Please explain when and where the 5-day snapshot is.
We changed the 5-day snapshot to a seasonal mean over several years.

Line 340 and 343. Please state when and where the vmr values are calcolated f

We have added detailed information on when and where the mixing ratiosacalated
for.

Lines 363-369. | am concerned here at the averaging approach reducesnipegity and is
masking effects of over sampling of the open ocean regions. Thus, | am not sushdiis a
good comparison of the same thing. I think this highlights that mleoedugh statistical analysis



needs to be carried out, i.e., a simple x versus y spatial scatter plot. Incltdengvould
strengthen the conclusions of the paper.

We agree that averaging can mask oceanic concentrations, especially at the coast. But
decided that it is not realistic to compare single point obseoral measurements with

our large-scale modelling results. Especially, since the uncertaintidseimbdelling
approach about the strength of the discharged GHBe very high. Therefore, we use the
observations to assess, which of the scenarios chosen reproduces best the observational
range of CHRBiin this region. We then conclude that from the three scenarios, HBiC
emissions in the HIGH scenario are set too high and we expect indubktBalgbnissions

to be in the range of the LOW and MODERATE scenario.

Line 378. There is no mention of the year under comparison. Providinghta is overlap in
the year, the KORUS-AQ data suggested by reviewer #1 could be useful here.

We chose the year 2016 for the FLEXPART simulation, which is the same year of the
KORUS-AQ campaign. We added the information in the manuscript.

Line 388. Recommend changind]v _ S} % & ] $X
done

Line 392. Make sure it is clear these are simulated vmrs.
done

>]v 161X tZ § e olp }( Z]PZ E}u}(}EUM W EZ SGple e $tUuSZ]VvP
E A]3z z]PZ E}u}(}JEuU pv v < X
done

Line 395-396. Please be more specific as this sentence is unclear.
We rephrased the sentence to clarify the discrepancy between point measutsrtieat
do not capture the whole distribution of bromoform at the surface, and sintulation
that includes also the highest concentrations directly at the caastdischarge locations.

Line 403. Recommend stating that the assumptions are reasonable majugity of case since
the cited observations show larger ranges than those stated here.

Good point, which we include in the discussion.

Line 406. Recommend stating that the HIGH results are only too high majoeity of cases.
done

>]v 016X Z }uu v JVP U} <<% (] X /ves Hip eEsipESe _ S S
modelling, and observations.
done



Technical Comments

Recommendations. Please use a comma after uses of which in cases whdrediides a
nonrestrictive phrase. When describing using a method from another @igiic use following
instead of after.

done

>]v iiX D} ](C 8} "XXXZ A JvE +« E %] oC A& JvP u v Po} o
done

>]v 10X D} ]J(C 8}~ ]+ Z EP }( We A]3Z]v &§Z }}o]vP XXX _
done

>]v 8iX D} ](C 8} "XXXE Ppo EoC JvA}oA §Z ] ZWEE]w EP /
VA]JE}vu viX _
Changed to:?® «UHJXODUO\ LQYROYH WKH GLVFKDUJH RI ODUJ}
HQYLURQPHQW ~
>]v 0iX D} ](C Sstdéckedsedwdensity means it is at the sea surface. Chemicals such as
We }v3 Jv ]Jv }}o]JvP A S E E 0]l 0C 8} *% E 0 S E 00CXXX_
done
>lv 61X D} ]1(C S} "XXX }vSE] uS]}tve 8} sAr>"elU Jv §Z (}EU }(XXX_
done
>lv 60X D} ](C 8} "XXXA1 9 }( SZ Po} o } S 0 }}o]vPXXX_
done
>]v 06X D} ](C 8} "XXXA +<Z}A } v] ]SE] psl}ve_
done
A 8)1}v IXi 8]80 X Z }uu v Z vP]vP 3§} M «3Ju 3]}9l¥P AWS %EE(EL & ]
3 ] vV %}A E %0 vie X
done
>]v 60X D} ](C 8} "XXX3Z } VvV % E}A] + v pvolul]d A S E +u%%
done
>]v ii0X D} J(C 8} "XXX ]+ Z EP A]8Z §Z }}o]vP A § EX_
nothing changed here
>]v i0iX D} J(C 8} "XXXEZZ Ju% 3 3Z 8 Su}*%ZAE L% W} UY(FE U
(OpAE 0 po S]tve_
done
>]v i6AX D} ](@mséformXox thedaree different emission strength scenarios with the
> PE vP] VXXX _

done
>]v 00X "XXX~83 u% E SPUE U v AJv ee XXX _
done
>]v TIIX AXXXSZ v §Z o]l TiiT u]ee]}veX_
done
>]v Ti0X "XXX v }A E v}3Z E & P]J}v (E}u Z]v XXX _
done

LineTio X "XXXA E (& 8} §Z]s ¢ SZ oy SE}%] 0o }PAXXX
done



>lv 0TiX "XXX]v §Z & PJ}v }( JvS E *SXXX_
done
>]v 111X -28Bpvs]o We (E}u }}o]vP A § G pep 00C HUHO § ¢XXX_
AN pupo § . E (| EwoklilsZBPg.}We kept the phrase as is.
Llv 116X "XXX]v §8Z ~}uszZz Z]lv ~ eeuPP ¢8¢ }voC *u 00 }VvSE] ps]
done
>]v 110X "&]PuE 71U nHe $Z Al}o §]o WeX XX _
done
>]v TifiX "XXX(}E $Z 8ZE ulee]lve « v EJ]}s >KEXXX_
Changedto?«IRU WKH WKUHH FRR&@ém@ribsZ2DWHU GLVFKDUJH
>]v 170X A"XXXeu 00 E % E -Alo%]|E B}+XZ v}v
done
>]v 101X AXXXSZ e]el T1i7T ]J}P v] ulee]}ve E % E JUS XXX _
Changed to3«WKH =LVN-WHD DQX[ LV VSUHDG RXW«’
>]v 100X "XXXeJu]lo E 3}S 0 u]ee]}ve ¢ Jv §Z >Kt u]ee]}vXXX_
Changedtof«VPLODU WRWDO IOX[HV DV LQ WKH /2: HPLVVLRQ
>]v 101X AXXXEZ SZE ¢ v E]}eXXX_
nothing changed here
>lv 101X "dZ « J((EV « E u AEJu]le XXX_
done
>]v 1i0X "XXX]v 8Z 8E}%] o u E]v }uv EC o C E AZ E ul&E]v
done
>]lv TTiX AXXXP]AET1I8Z § Jv op XXX _
done
>]v ITiX AXXX8Z u E]8Ju  }vs8]v v3U AZ] Z ]Jv E =« » §E}%] O0XXX
done
Line320X "XXX v A v u}@E <} ]v§Z DK Zd Euv AZ E XXX_
done
>]v 116X "XXXSZ § v o §} VvVSE ]Jvu VSXXX_
done
>]v 110X "XXX} HE (E <p vSoC ]Jv §Z]s E PJ}v ]Jv }SZ o e}veXXX_
done
>]v TATX "XXX viXBEXou}lo >
done
>]v dIAX AXXX }v VSE §]}ve §} SA VXXX_
done
Linedii X "XXX]v §Z (}Eu }( VSZE}%}P v] XXX _
done
>lv 0iTX "XXX]v §Z]e E P]}v v u]l]PZS A %0 Jv *}u XXX_
done
>]v d7iX AXXX u]ee]}ve A]$Z }voC +0]PZISpM) being tralEspoit¢d Eta ~iXift
§Z hd>"XXX_
done
>]v 010X ™~ e o]v S]}v ]J* u}esoC }v Jvs§Z & ]vVv WVvVv]vepo XXX _



done
>]v 001X "XXX (E ¢ ~D +« § oXU iiideU E *%o ﬂA‘oQX_
done

Anonymous Referee #3

The manuscript is an interesting manuscript that assess the amount of boomgroduced
from power plant cooling water treatment in East and Southeast Asia. The spféadmoform
is simulated as passive particles that are adverted using the 3- dimahselocity fields from
the high-resolution ocean general circulation model. The manuscript is vparfication after
minor revision.

Detailed comments
1. Include full name of FLEXPART in the abstract.

done

"Based on the emission estimates, atmospheric abundances of anthropogenic bromoform
are derived from simulations with the Lagrangian particle dispersion model

)/ (;3857«”

iX tz § 8§z HSZ}E u v C A E% S _]Jv SZ ]E& « vS v o"&E}u
results to observations, we expect initial bromoform concentrations betweend@D ..-Pused

for the two lower scenarios, to be mosE o0]*S] _ v §Z *SE SMX [/ SZ]vl u}E
should be used.

done

Lomparing our model simulations with observations, the best agreement is achieved with
initial bromoform concentrations in treated cooling water of 20-60 figsled for the lower
WZR VFHQDULRYV ~

3. Introduction, Line 39-40: Include reference.

done
3&RROLQJ ZDWHU HIITOXHQWY UHJXODUO\ LQYROYH WKH C
marine environment (Khalanski and Jenner, 2012)

4.Line 7706 W "&UESZ EUu}E U v A u <pE u vs el coaibywhpier@ane]v J]v(
become available suggesting potentially higher concentrations of upObnmol L-1 (Yang,
Tilie X /e 83Z E VC 0388 E (EvV 8} E %E » v3 v Au pE uv



We added additional references, all of which are newer than the studidsmyer et al.

1997.

SYXUWKHUPRUH QHZ PHDVXUHPHQWY RI EURPRIRUP LQ GL
available suggesting potentially higher concentrations of up to 500 nfn@adhi et al.,

2012; Rajamohan et al., 2007; Yang, 2001)

5. Line 128: The DRAKKAR Group, 2007: Is this a reference? If it is a refesasedigplit in the
Reference list.

Thanks for notifying. We included the reference in the list.
References:

DRAKKAR Group: Eddy permitting ocean circulation hindcasts depastes, CLIVAR Exchanges,
42, 8t10, 2007.

Hossaini, R., Chipperfield, M. P., Feng, W., Breider, T. J., Atlas, E., Montzkdill&t, B, R.,
Moore, F., and Elkins, J.: The contribution of natural and anthropogeny short-lived species
to stratospheric bromine, Atmos. Chem. Phys., 12,t 38D, https://doi.org/10.5194/ap-12-
371-2012, 2012

Marandino, C. A., Tegtmeier, S., Kriger, K., Zindler, C., Atlas, E. L., Moore, F. ard. B¥nge,
Dimethylsulphide (DMS) emissions from the western Pacific Ocean: A datertize source for
stratospheric sulphur?, Atmos. Chem. Phys., 13(16), 8437, doi:10.5194/aci3-8427-2013,
2013.

Tegtmeier, S., Atlas, E., Quack, B., Ziska, F. and Kriiger, K.: Variabilitytdoageterm changes
of brominated very short-lived substances at the tropical tropopaieos. Chem. Phys., 20(11),
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6LPXODWLRQV RI DOWKURSRJHQLF EURPRIRL
FRDVW RI (DVW $VLD

"RVHILQH ®D\DD/QQ 7HJI¥KRHHLLIL UJLW 4X@BFWKDQ 9 DQGIGRR %LD)

*(20$5 +HOPKROW] &HQWUH IRU 2FHDQ 5HVHDUFK .LHO .LHO *HUPDOQ\
.LHO 8QLYHUVLW\ .LHO *HUPDOQ\
QRZ DW ,QVWLWXWH RI 6SDFH DQG $WPRWZOHU LEDFW R B/IRRQ 88D YBGEGU LW\ R

&RUUHV SR QBSHDESHWR DYV MPBREVAIGRPEHIWHPHLHU VXVDQQ WHIWPHLH!

$SEVWUBBRPRIRUP LV WKH PDMRU E\ SURGXFW |IURPSREEBRUSQDOAW. R Q3R
LQ (DVW DQG 6RXWKHDVW $VLDQ HFRQR FPLHHDI@ROETHO LOUARIHDR/ H%B RWDVS R
EURPRIRUP HPLVVLRQV EDVHG RQ IHZ PHDVXUHPHQRMW BB HO UE WRPXR(
(DVW $VLD %\ PHDQV RI /DJUDQJLDQ DQDO\VHV ZHURWPYEHRYHUKSOMRF
ZDWHU WUHDWPHQW LQ (DVW DQG 6RXWKHDVW $VLD UWLH &8V HDKD R/l
XVLQJ WKH GLPHQVLRQDO YHORFLW\ ILB@A&SV IRRFHWXHHQHK DIAH VRO

6LPXODWLRQV DUH UXQ IRU WKUHH VEUHR IFRIQRA\H- G WHDRI QIWER-BG LUDION

EURPRPHDV XU RPFEOAWPZRORBERROLQJ ZDWHRP-GRPEIOBIUWLIHR QR RXU PRGH
WKH PRGHOOHG DQWK WRQR RVEY HRU EEARPHRIRWPPW LQ WKH VXUIDFH RFHD

ORZHU WAHK@RZUWRH EHVW DJUHEPW QO VKU RPRNWRERWR-OFMHIOON BR RVQ R
DURXQ@G —0-X%VHG IRU WKH WZR ORZHU VFHODULRY WKRM \EH W R RAAW FHH
1L QGWKH PRGHO HSYUDRVGHKKG HEURPRIRUP DORQJ WKH FRDVWOLQHV RI (DV
SPRODQG PD[LPXP YDOXHV LQ WKH <HOORZ -DSDQ SURG XPMGE BRWROI
TXLFNO\ HPLWWHG LQWR WKH DWPRVSKBQEG) ZEPOK DMHASHIADIEHEO/RD
HPLVVLERO HVWLPDWHY DWPRVSKHULF

$WPRVSPEXQGDQFHY RI DQWKURSRJHQ L R/ELBRBRV R PR O DIVHIEREEHUA S BIGH
VLPXODWLROV EDVHG RQ FOLPDWRORILFDO HEMWWIRPOXSDWMLVAAR QG
)/(;3$57 ,Q WKH PDULQH ERXQGD UNK®D)HU3IFI7 (BVRX S VMO R QW KUKRTR J
EURPRERRRP(QWY XS WRPL[+QJISSBANURYIRERUHDO VXPPHU BQWLIP\HW IOD
FRPSDUHGRWRMERHXS HVWLPDWHY FOLPDWRWRYL ERW HENG FZRERBOD VW
WKDPRPH SDUW Rl WKH DQWKURSRJHQLF EURPRIRW P R @ WRRIQW & R D WG
UHJLRQV ZKHUHDV GXULQJ ERUHDO VXPPHU DQWKQRERBEH®YS K HEHR P K
&RQYHFWLYH HYHQWYV D@D\GKHWALRRDICE\S W RV IIDLVPK UR SR JH Q LESEWBIRIP
WURSRVSKWHWH DRZBYKKWDEHG RYHU WURS,IQF RX U RXWX6G DWWREWL DR Q ¢
DQWKURSRJHQLF EURPRIRUP LV RXWJDVVHG IURP SRZH WV RS GMK®WV RAY
IUDFWLRQ RI WKH DQWKURSRJHQLF EURPRIRUP UHDFKHV WKH VWUDW
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HH-OGFROWRDXWHEURPRIRUP IURP FRROLQJ ZDWHU WWRPOWFMHH R W DIWOP
EURPRQH PLIXKHW EFRIQVLEOH IRU DQQXDO HRUAMMVIRRQNVORWKLY U9 PRFOQ 7|

EURPRIRUP VRXUFHV IURP LQPCE.XKWLELI—DD EDWL@WWFWW%QQVJOREDO

DVPBDOOIUDFEFWLRQ RIP
EXGIJHW RI %U SSW

,QWURGXFWLRQ

3RZHU SODQWY UHTXLUH FRROLQJ ZDWHU WR U HPOOW H RUK A RRIOR ®H
KLIJK SRZHU SODQWYV DUH RIWHQ ORFDWH®DWWUWKXSERD Ve WA WHIRI |
EH GLVLQIHFWHG WR SUHYHQW ELRIRXOLQJ \DXQB30 W5R \FIRI W RW DR D MKV
LWQRZQ WR JHQHUDWH D EURDG VXLWH RI GLKDQRFWALRDQHEHYVS KP®X

DFLGVY DQG EURPDWH H J HBO] HW+BO GCHYHOROQQEHUO KISRFKORURXYV

YHBDFW ZL WK WKH EURPLGH DOQG FKORULGHSURGRFRQWBERBQLNVMP VRD
LV WKH UHDFWLRQ RI RI[LGDQWYV VXFK DV FKORULQH DQG R]JRQH ZLWK

LRGLGH , LQ WKH ZDWHU YLD WKH IRUPDWLRQ,RDR&SRRDRPHRIXN W +L
LVFKDUJIH RE '%3V ZLWK $OORQLHU HW DO KD U JK RO D% BNKHDWICR OH.QX
HITOXHQW FD @ B/H K DRFEIX® HFRV\VWHP LQ FRPELQDWLRQ ZLOWRKUWHPS
7KH FRPSRVLWLRQ DQG DPRXQW Rl JHQHUDWHG '%3V GHSHQWGLRQ RD
LOQMHFWHG R[LGDQW DQG WKH FKHPLFDO F K DQDFMWH U M/MPLFHU R W WK
GLVVROYHG RUJDQLF PDWWHU /LX HW DOLQ Y R OGHRNOREQID & DAY IR XIP IHO\
RI-ZDMWHWR WKH PDULQHKBEQDIQURQPHQWTHLYQEHIWHU LV RIWHQ ZDUPHL
ZDWHUW/HBOBDVHV L &N QE/H ROHND\DMBKMDMMD VXUIDFH &KHPLFDOV VXFK
ZDWHU DUH O LNBADN WIRDBSHBRNMENKB\ VHD VXUIDFH ZKLFK IDFLOLWDWH

2QH RI WKH PDMRU "'%3V L\DKEDJRRPFRHQD W H&G+ %RIODWLOH RUJDQLF FRPSH
SURGXFHG LQ WKH RFHDQ E\ PDFURDOJDH DQG SK\BUREBROLDYHNWR QVBE G C

4XDBRGOODFH -4-WK—DBDQDWPRVSKHULFOLHHWRWKH URHIQIVE RIXW L BD VY H Y
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O ROWUHDO 3IURWRFRO DQG WKHLUILQGXVWULDO FRQWULEXWLRQV D!

EXUUHOW HVWLPDWHY R| VXURRRWR DP JORIEDW. FRQWULEXWLRQ WR T
*PR®D (QJHO DQG 5ISIHERWWRP XS DSSURDFK E\%RWWRP XS EURPR
VWDWLVWLFDO JDS ILOOLQJ RI REVHUYDIWD_(R@}E)LO) MXREDPHI GOWDP ZKE
DSSURDFKHVY 7KH ERWW=RFNB B 3/SDQA VRS
VXUIDFH RFHDQ DQG DWPRVSKHUV\H(PFPH+ED\O<2LFI$W—|Q+\:DO:FRFCH]JFEH?\/QH/GLQQWB
GDWDEDVH KWWSV ZKDOF VDA ,
FDPSDLJQV WR HVWLPDWH EE‘JH‘QHPQED?LQ/HDMHGVRQRS}(\A\R_IFDO DQG ELRJHR
RI WKH RFHDQ DQG DWPRVSKHUH WKH GDWD DRIIB E®IDXYDIULHG L WIRW
7RS GRZQ EURPRIRUP HPLVVLRQ HVWLPDWHY RQ WKHR@WRIEWMXD\WBG
DYDLODEOH DLUFUBIW ®EKWHWHYD W\WRIDV /LDQJ HW7RB\ DUH RQ G
IDFWRU Rl WZR ODUJHU WKDQ ERWWRP XSHNBPLUYZURQWHNDAPDWBY DQ
KDYH GHPRQVWUDWHG D ODUJH VSDWLR WHPSRDRG PRULBELO)LWKRI
)XKOEWWODH -LD HW DO 7KHVH SURQRXQFHG YDULDWLRQD CF ISR
FRYHUDJH LV D PBMRKBHX DOIOHIQUHOLDEOH HPLVVLRQ HVWLPDWHWH®QQ
ERWWRP XS DQG WRS GRZQ HVWLPDWHV *HRJUDSKLFD-OUHB UHRG\D &
JOREDO HPLVVLRQ VFHQDULRV )XUWKHUPRUH WKH D QWILKADRBHRG HIRIL
LQGXVWULDO UHJLRQV %RXGMHOODED HW DO

LWK DQ DWPRVSKHULF OLIHWLPH REHDERGW WRZWKNVVREBBEORIHRW P}
96/6V. _(QJHO DQG 2QFH\ EURPRIRUP LV SKRWRO\WHG LQ WKH DWPRV!

F\FOMYL] /RSH] DQG YR *ODVRZ RU FKDQJH WKHER N IGL N UDIYWAHR
WRZDUGYV 2+ H®RMOHUZHD WKH WURSLFV 96/6V VXFK DV EURPRIRUP FDC(
H $VFKPB®Q /[LDQJ HMAIJIWOPHHIVEIU DQG FROQWULEXWH WR VWUDW

+RVVDLOL HWWOUDOWRVSKHULF HOWUDLQPHQW RI1 WUD FIH RIIDAVAHW QWK
VWURQJ KLJK UHDFKLQJ FROQYHFWLYH DFWLMLE&RQWXIEKHDW WHKH :H3AW
ODUDQGLQR HW DO 7KH $VLDQ VXPPHU PRQVRRQORVIHUHYVMWQ\D W
H J SDQGHO HW DO HOWUDLQLQJ PRVWAH B RXWK HEWWP RDMRR !
SRWHQWLDO WR LQFOXGH 96/6V HPLWWHG IURP WKH ,QGLDQERGH®)
VLPXODWLRQV VXJIJHVW WKDW WKH PRQVRRQ FLUFXODGNWK® YWOD RY
IURP ZKHUH WKH\ DUH FRQYHFWLYHO\ OLIWRG&WK & DWVHADHF K QV B/MIDW RV
DOQWLF\FORQH 7KH VWUDWRVSKHULF EURPLOQH LIQWW BWER QKN GUARSM QWX
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WKH VHDVRQDOLW\ DQG VSDWLDO GLVWULEXWKRBQHM BRKHHIGPR § VA RWQ W
HVWLPDWHY LQGLFDWH JOREDO EURPRIRUP PD[APDERYBRUG HDGDB 2\M K
ODULWLPH &ROWLOHOQW DQG :HVW 3DFLILF PHDVXKIHHPUWH GIWYVDICQ W K HD
FRQILUPHG KLJK FROQFHQWUDWLRQV RI EURPRIRDNG PROWHRNRIPWDB D Q |
PHFEFKDQLVP IRU 96/6V KDV QRW EHHQ FRQILUPHG \HW GXH WR WKH OL

AXDQWLI\LQJ WKH FROWULEXWLRQ RI EURPRIRUP WWR WWRBRMSEKH U HO
HVWLPDWHY WKDW LQFOXGH QDWXG)XOVONDQDODO V8K R EXRHGQ E B RARIRE
HQYLURQPHQW RQFH WKH WUHDWHG ZDWHU LV U HIGWHTHH & L MKGQDLVDXOU
EURPRIRUP $WPRVSKHULF DQG RFHDQLF PHDVXUHPHQWW BDRQ®WSG
EURPRIRUPWV®RSD®RZQ DQG ERWWRP XS HPLVVLRQ HVWLPDWHYDELW R
ILUVW FRPSDULVRQ RI QDWXUDO DQG LQGXVWIFIHDO EBR PR CRUPH &RX U
JOREDO FRQWUPDXQNRBRGHREURPRIRUP DKHRWH B VRQ PR/ XXUHPHQW V
GLVLQIHFWHGQPRBMWHRP (XURSHDQ SRZHU SODQWV DQG FRROLQJ ZD\
HOHFWULFLW\ SURGXFWLRQ ,Q WKH AHRIDQKOL\P H Q WK H DMHREREPO DHODRRAM
LQ ($ WR 7:KLQ ($ YXUWKHUPRUH QHZ PHDVXUHPHC
FRROLQJ ZDWHU KDYH EHFRPH DYDLODEOH VXRUKSWDOPRGRWBDOWLDO
(VSHFLDOO\ HPHUJLQJ HFRQRPLHY LQ (DVW $VLBKBRFKWD&KLQD 3D
(VSHFLDOO\ HPHUJLQJ HFRQRPLHV LQ (PIMYWHS$WLSHULHRXFBE RKRDDVD Y
\HDUV H[FHHGLQJ WKH JOREDO HFRQRPLF JURGW\KS $R GXKH G [EV RARIF
XSGDWHG HVWLPDWHV WDNLQJ LQWR DFFRXQW QMNZ FPIHDYWHKH RIS Q WH/G
RQ WKH SURGXFWLRQ DQG UHOHDVH RI EURPLQDWHG REQEHVGIHS @HW/Q R

‘HDLP WR TXDQWLI\ZLOO GHULYH D QHZ ERW W RP 63X W6 I8 DIVPA \BWIL R QE
DQWKURSRJHQLF FRWULE X BLRBRARLERY W HG ITURP UHJLRQDOSURG X F\
FRROLQJ ZDWHU PHDVXUHPHQWY WR SUHGLFW RFHD QILHJIDROEY DRV AR\
LQGXVWULDODYAWLRQWIRHPSDULVRQV WR DYDLODEOH RFHDQ VXOWDFW
RXU SUHGLFWLRQV DQG GLVFXVV LPSOLFDWLBVX\R X UHNPRMWS B BREIK FQ
WKIOREDO FRDVWDO FRROLQJ ZDWHU LV SURGXFBGHIV (DV VR D V6 RC
LGHQWLI\ ORFDWLRQV RI KLJK LQGXVW U L V& HDIFWWL M D [DAREQ G FAUKLHY HF |
FRROLQJ ZDWHU DQG WKHUHLQ FRQWDLQHG EURPRIR WPK H RFFW DRQ ZH
WKH JHQHUDO PDULQH GLVWULEXWLRQ LRY JQZRQNHRIO DRUL OVHK H6B VIHHDWM
VKRZ RFHDQLEFLEXW L RRIGNKMW ¥ REOXDMWLFOH %3 E\ WDNLQJ DLU VHD RIQFK
WKH RFHDQLF HPLVVLRQV WKH DWPRVSKHULF GQ PR B DEXQW LZFAOQV R U ELUF
D /DJUDQJLDQ SDUWLFOH GLVSHUVLRQ PRGHO 6HPWDWVRICR QD G HDAX PR
RFHDQLF GLVWULEXWLRQV 6HFWLRQ OHWRKRGVLRQHDQEBVFXPEBEG)\ L
6HFWLRQ
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OHWKRGYV
(VWLPDW®%R G BRGXFWLRQ LQ FRREED.D ZIDVER BNWIS® D QW V

,Q WKLV VWXG\ ZH LQYHVWLJD WV WHKIR X HID® LLRQ) GIR/ZWMUWL 5O DRV} Rl
DVVXPH WKDW DOO SRZHU SODQWY ORFDWHG \DW RMWMA RRIVK\W X W B 2D
RQFH LQ WKH V\VWHP DX @& HPR WHHIEQZOWRML X $ SO\ )RU WKH HVWLPD
XVH WKH JOREDO SRZHU SODQW GDWDEDVH (QZEHGHDR YHIL SHGLORE N
JLYHQ WRJHWKHU ZLWK ORFDWLRQ HOHFPFWW LKHW\WHH WHIMWLRED R QQV
FKRRVH WKRVH SRZHU SODQWY WKDW DU H NFR B BDMWMIGHOHTVADWRDQ D ZD G
DQG UHIHU WR WRNP ® \R 6 RIDK/MWDRRD WQHUBD WRRRFLW\ I[URP OLVWHG S
LV JHQHUDWHG E\ FRDVWDO SRZHU SODQWV 7K Y.BW RRADGG J OR-EDIO
SURGXFWLRQ@:RILQ 7KH DYHUDJH ZDWHU XVH SHU 0:K HQHUJ\ Z

PO:K ZKLFK OHDGV WR D JOREDO FRROEQO @IIBMHIR Q1 WEKP FRDRW
WKH LQGLYLGXDO FRDVWDO SRZHU SODQWV LQ (DVW DQG 6RXWKHDV!

7R GHWHUPLQH WKH DPRXQW Rl EURPRIRUP SURG XFHDW X QHW K W R ROV
WKH ORFDWLRQV DUMRODWPGWWG RDEXRKWDWH IURP VHYHUDO SRZHU S
%RXGMHOODED HW DO -HQQHU HW DO D QRSP V\RLPGH) ® W/ YS@RIZHH\
$VLD 3DGKL HW DO 5 DADOORIR K DQOK WD SURYLGHV '%3 PHD
$VLIXUWKHUPRUH WKH ORFDWLRQ ZKHUH ZDWHH UWLNQWD FSOHEE HY GRW
WDNHQ LQ WKH FRDVWDO VXUIDFH ZDWHU DW WKH SIRZHU SO DK R \R
VDPSOHG GLUHFWO\ LQVLGH WKH SRZHU SOD®W EH IRUHVIGPRX\N QRHWZ
PHDVXUHPHQWY VKRZ D YHU\ ODUJH YDU$YDENIOHWH UD QIR QAMWRIP DY
PHDVXUHPHQWY LQVLGH WKH SRZHU SODQW DQG WRH®WHK BEHBHIL BHQ
W R J H WKHIH) FIREDWKW Q

,Q DGGLWLRQ WR WKH VDPSOLQJ ORFDWLRQW GUR P WZHDOWFHHY W € PV8 Kl CF
GLVVROYHG RUJDQLF FDUERQ FRQWH QOMUDKNIFK BURR \RHIBK ROCD/MDLON YGGHH
UHTXLUHV OHVV Z DWHHW \AMOUHHDRDPE-DQNVK RYK\GKEFR P SIBIW BEGBMWER SLFDO RU V
ZDWHUV 7KH FKORULQDWLRQ GRVDJH DQG U HRIXWIQH \URIVW O WD @ P HQY
-RLQW 5HVHDUFK &RXQFLO

*LYHQ WKDW DYDLODEOH PHDVXUHPHQWY DUH VSDVWMH DLQ@GLGHBSH O (
FRQFHQWUDWLRQV LQ FRROLQJ ZDWHU DUH UHM®IDWML WHKG\ KWLRRR )RW
DFFRUGLQJ WR WKUHH VFHQDULRYV /2: 02'(5%$7(HDQG YD OXH Y KLLFYKH Q +
OLWHUDWXUH 7DEOH JRU RXU VLPXODWLR@DW RH/ XVEILQLWADO
02'(5%7( DQG / —+]*+ LQ XQGLOXWHG FRROLQJ ZDWHU
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/DJUDQJLDQ VLPXODWLRQV LQ WKH RFHDQ

JRU WKH DVVHVVPHQW RI WKH ORQJ WHUP O D UUJ®JVADWHUHRIGI FYK R IH'C
VLPXODWH WKH GLVWULEXWLRQ RI QRQ YRODRILWHKH®WRODYE OMHK'H06B RE
RFHDQ 7KH /DJUDQJLDQ PRGHO UXQV DUH EDVHG RQGGAHORKL W F HDXQ
FLUFXODWLRQ PRGHO 2*&0 1(02 25&% YHUVLRQ ODGHMKH '58$.7&5 2
*URXS KDV D KRUL]R QW B OUBMi WRHAOXW\LIFFD@ FROIHYHOV D QG A)XHN RO W
RI' ILYH GD\V IRU WKH WLPH SHULRG * $WPRVSKHUXNVNV IL R UHF\W QD OF
7KH H[SHULPHQW 25&$ 1 XVHG LQ WKLV VWXGOGSKD ¥ HIQ\MpUEN W R KW.I
JXUWKHU GHWDLOV FDQ EH IRXQG LQ ORDW HW DO

‘H VLPXODWH WKH VSUHDG RI WKH '%3V I[URP WUHDWW B UR RIROON I JUDDA
WR WKH ' YHORFLWS$5LSH WV MRIVWKZ WUKH %ODQNH HW DO ‘H S
FDOFXODWLRQV E\ SDVVLY HOZ KLGKHFMIOH VHQW XMKXH SB 8 \WPRABDW GL\
7KH FDOFXODWLRDLWRK W UDNOIR BRUBIOY D-GOLAAVRLE- G LR K \HLIDAKV V F H Q
SHUIRUP RQH VLPXODWLRQ RYWRPWKH V0QPHDWKPH BHWLWGRQ SDUW
UHOHDVHG FORVH WR WKH SRZHU SODQW WD\R FBWLR@RZDWU GO \DWERHR

PRQWKY DQG VKRZ WKH UHVXOWV RI WKH VHDVR@D 6 HPE IBGEQHVDIL E
GHVFULSWLRQ RI WKH DSSOLHG PHWKR® BB Q \&HL VR Q GRL Q@ KRZIV WHKAD \
RI VXUIDFH YHORFLW\ LQ WKH VWXG\ UHJLRQ LV VPDOO FRPSDUHG W

2XU VWXG\ IRFXVVHV RQ WKH UHJLR(@ RIf((DVat DR GZ&KR X W K-HRP\B R ILHMHKIH
JOREDO FRDVWDO SRZHU SODQW FDSDFLW\ DMK FRRDOORF ZWWRIQVGHDRD
FORVH WR WKH FRDVWOLQHYVY DV SRVVLEOH HQA\XWR Bl B URN L\FKORHW/H D
UHVROXWLRQ GRHV QRWWMFODORZFWRVWOBW ¥WHJXPWROHY VXFK DV KDUE
QHDU FRVWDO H[FKDQJH H J WKURXJK WLGHHM RIXW KHS HUDRIDEF KE ROV
VLPXODWLRQ LQ RUGHU WR DYRLG QXPHULFDOERMQGDWHG EHDFKLQ
FRUHFRQGXFW WZR GLITHUHQW VL PXONDRNB . >R AL WoR- D

SHBVAWMSYUHH DE&R RI OAYBIGW-KRXWLQ JHQHUDO DOG WKH VSUHDG RI EURPF
WKH VSUHDG RI D SDVVLYH VDL(DDFF+QJYLZU<R_ R BI@BEDA N EUF

QRQ YR@GBWLEHS :HFRQVLGHU WKH 1X0O0 KLVWRU\ZRKL\FLKPK‘G)[HWXIIGYBILHHQ
QR SDUWLFOHV JHWWLQJ ORVW WKURXJK VLQN VKHQUWKXORAHDIQGR VW
ORFDWLRQV ZKHUH QRQ YRODWLOH '%3V VXFK WYX H RR PR QFHX\WLFH ML\
YRU

6HFRQG ZH WEKMX\VOSDIGNY & UREBRRRUFNAEKY D PDMRU YRODWLOH '%3 LQF
DWPRVSKHULF IOX[HV [DRE® BWHBQHFLVLIMMLIQHG DQ LQLWLDO PDVV R
FRROLQJ ZDWHU XVHG E\ WKH UHVSHFWLYH SRZHU S®WHWF U )LIEIK® HE\
VFHQDULRV 02'(5$7( +,*+ DQG /2: 7KH SDUWLFOHVGW R M LWAH\DG V. X WIDIEE
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P RQ BffJULG 7KH GLVWULEXWLRQ LV JLYHGHUFISQWWRROEREHOROW
FRQFHQWUDWLIRY [EQY BPRIRUP

6LEQN)RU WKH VHFRQG VHWSRIRFHYYVHVYWRIRBYRRRARUPLYXFK DV WRIQVYV
LOWHUIDFH RU FKHPLFDO ORVYV UDWHYV D UHJ RVDRIRQ A Q \B-AEDDEE H R GG A
JHQHUDO IOX[ HTXDWLRQ DW WKH DLU VHD LQWHUIDFH

JOX[ z && N

+HUH )OX[ LV SRVLWLYH ZKHQ LW LV GLUHFWHG I9RR OV H& R ¥ HW QHWCRF
FRQFHQWUDWLRRREL [HGWOKHRMX DQ G PRO /
&1 & 1A% iwu

LV WKH WKHRUHWLFDO IDMWKK B8 LR XX F FOgFHD QNIUEBRIGRE |URP WKH DW
LQ-SSAMAD VXUIDFH WHPSHUDWXUH DOG VHD VXUIDFH V DRR@WWRRIK B |
EURPRIRKR JDV WUDQVIHU YH®REOV\GHSIHRERN RQ WKH VXUIDFH ZLQ
FD O F XDIDWAKGR @ DKWL QPI® OH HWQG YHORFLWLHV DW P KHLJKW DUH
IRUFLQJ GDWD VHW ")6  ZKVUFKQ \H\E DD/O-GORMH WIKRD QSR VYSRHULF GDWE
$V WKH RFHDQLF DQG DWIPRNBKBUY [ S MHUPH/WHUWKMHWIRL.RQ DUH Rl DGG
WKH IOX[ RI DQWKURSRJHQLF DQG QDWXUDO EURPRRUA &HS DELIRP R
FRROLQJ ZDWHU DQG DSSO\ WKH DLU VHD 10 X[ FR® RD FEHMIIRBLR DM LRQ:
‘H KDYH FRQGXFWHG VHQVLWLYLW\ WHVWRI|WEVRR\FESKHRGL F E UNRRPRINR
RQKDYHWISRQO X[ FDOFXODWLRQV 7KH WHVWV VKRZGWKWW BWWBDSKYH
YDOXHWZKRLFK DUH DOZRANWERHORKRIZGHUO\LQJ VHD 2V OW [DF B DAVRIQF MHPS Bi
6XFK ORZ HTXLOLEULXP FRQFHQWUDWLRQV FDIWHEHR @ FOEMGGUHKUHWSMRW.F
LQ RXU VWXG\

7KH VHD VXUIDFH FRQFHQWUDWLRQ DQG DLU VHID UGG WIR FONR B WWKA
EURPRIRUP FRQFHQWUDWLRQ DQG HPLVVLRQV IURP W KH{ X SUGD WUHIGH

=LVND J)LHKQ HW DO

OHDWQHD VXARQFHQWUDUHLRRUFXODWHG E\ DYHUDJLRID ®RY HUEWHRBFRBIRGY |
FKDUDFWHULVHG E\ WKH KLJKHVW ORFDO DFFXPXODWHY 7R WKLV HQ
FRQFHQWDBWLRQYDWH DQG WKH DYHUDJH LV FDOFXODWRWDRYHU RV
EURPRIPDPLPXP FRQFHQWUDWLRQV DUH FDOFXODWRIGWEK HD K HUKDHV @ JE
YDOXHV DFFXPXODWH DONMBIQ O[OS P DH EDBHFEX CREWK MG R H [SIUIQQAL\S ORHU
& 7KH DQQXDO PHDQ DWPRRVS/KIKDWXL FIWERPR PREGRVWULDO EURPRIRUP
BRXWKHDVW $VLD LV \GHIDIXY HP® SV RP| WKH ZKROH GRPDLQ

/IDJUDQJLDQ VLPXODWLRQ LQ WKH DWPRVSKHUH

%DVHG RQ WKH VHDVRQDO PHDQ HPLVVLRQ PDSV ZRIREW DAL X0 DR
DWPRVSKHULF WUDQVSRUW DQG GLVWGLEXWHROW RHPEYRBERQRUMMRYR D)




465

/IDJUDQJLDQ SDUWLFOH GLVSHUWIR® PR%GHRDPRI(RISB7ZTKHBWRKIBS57 PRGE
SDUDPHWHULVDWLRQ IRU PRLVW FRQYHFWLRQ )RUVMHU BWEODHH V
6WRKO DQG 7KRPVROQ W KDV EHHQ XVHG V@ VBXH YOLRX W RK/RZDOG U
SURILOHY FRPSDUHG WR REVHUYDWLRQV HJ )LHKQ HW DO ) XK
6HDVRODO PHD® EFUIMVRVARIRUKBHULYHG IURP WKH WKUHH VFMQQWIHWM DA
WKH (DVW DQG 6RXWKHDVW $VLD DUHD GHILQHG DW IR XWHEEH G D Ok JLIHR(
VWHP IURP WKH (5% , SVRGHAHHYHWQDM\VLV DQGHDUKRILLYRQWRQODJYLG
PRGHO OHY KREW@EI® SRUDO UHVROXWLRQ 7KH FKHPLFDO GHFD\ RI El
IRU E\ SUHWRBWELEQDIFRL | HO\DL\WHG X U Manizke en® Reinkapy, 2010)

7KH )/(;3%$57 VLPXODWLRQV ZHUH SHUIRUPHG IRU-ERNG® & X BANUH U X'
--$ VHDVRQV UHVSHFWLYHO\ HDFK ZLWK D WZROPR OWB N &I\ Q DXL FSI
EHWZHHQ GLIIHUHQW \HDUV ZH XVHG DQ HQVHKE OHWRMWDORRIIRXU S
UDQGRPO\ VHHGHG LQVLGH HDFK JULG ER[ DWOKD VMKZ MWWEHKWKR HBE Q@F RJ

JLYHQ DW WKH VDPH KRUL]RQWDO UH\X/\RR)XWLRQ BWGLOMBLB/\HL\FFDD.S)\M

‘H SHUIRUP WKUHH DGGLWERGBED )/((THEW MDYV =LV ND D Q GEDIWH® R
WKH XSGDWHG =LVND HPLVVLRQ LQYHQWRU\ GHWKUWEHGY DE R Y)H( 1Tl
-) DQG --$ $V WKH =LVNAIXUUHQWIOQBRHVHQWY RXU EHVW NQRZOHG
HPLVVLRQV LW LV RI LQWHUHVW WR DQDODLK) K& ZE P X BIG RY WWKL-D/K \HP
VWHPV IURP QDWXUDO VRXUFHYV

7KHLUVW =LVND UX@WWHYLRQO\ WXKIHP B UWWMBPRYVERQV RYHU WKH (DVW

DUHD GHILQHG D V-7ROLW VWWRG\VUGIDPR@ YN D XDDSNMDURPVLQ WKH DWPRV S

OD\HWXDVDHGE WR FRASBDMN WXKHUDWALIRNM DWPRVSKHULFERXQGDU\ ORXHU
DQWKURSRJHQLF HPLVVLRQV LQ WKH (DVW DQG 6RXWKHDVW $VLD UH

JRU FRPSDULVRQV Rl PL[LQJ UDWLRYV LQ WKH IUHH VW UYBERWYSK HJA

DSSURILPDWHR DHERMWH/LRQV  INIRP \RADKHUWX BDUWY Rl WKH WURSLFV C
DV WKH WLPH VFDOHV IRU KRUL]RQWDO WUW\Q.‘FSR)UWUDDLQH/RRWWMM—R

= DW-L RO XN HG , » - | BRS\LI‘FH/\)WZ(FR—IUUX(@
=LVND 02'(5%$7( =LVND XVHV WKH DLU VHD 1TOX[WRKIHWIOREDWONW L

VXEWURSLFV EHDWLHHPY WKH =LVND FOLPDWRORJ\ LV WDNLQUQLQ
KHPLVSKHULF FRDVWDO GDWD SRLOQWYV LW OLNHORQYHJODKHWYVI RD
=LVND 02'(5%$7( UXQ XVHV WKH =LVND6 DQGX[HEXBHWHSBOOQOFHFK Wk
DOQWKURSRJHQLF 02'(5%$7( IOX[WEBRNHM WK OQ'(BSrG IBX[[HY DUH ODU.
IOX[HV 7KH WIZARNDXQW?2'(5$7( DQG =LVND DUH XVHG WR HYDOXEL
EURPRIRUP EDVHG RQ WKHLQ¥'K5$B7 NFUHIDDWRICR 7KH 87/6 UHJLRQ LV FD
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25

FROG SRLQW WURSRSDXVH ZKLFK KDV EHHQIBWLYKEBXUBP UBHY RQOWW

DO E

OHDQ PL[LQJ UDWLRV IURPWKH ZKROH 6RODWRH PDULQH ERXQGDU\ O
DUH JLYHQ DV WKH D DHIWDJIAKDYWHDF WHHWLVHG E\ WKH KLIKHVW ORFWD R}
DYHUDJH RYHU WKHH BHBWY RQ , QDS MO PR QIGEZRMUEHEI LRV LQ RUGEH
YHUWLFDO WUDQVSRUW RI EURPRIRUP LQWR RUKW K H HdH MIK RS- WRHIHA
ZURSLFV=LVQOG=WKMD OL[HG=LVND WXQVY$7ZH DYHUDJH PL[LQJ UDWLR
PDULWLPH FROQWLQHQWERBKWIH M HRIRQWLR HDOVWBEKH WU RSLED @ @&H U

DQRWKHU UHJLRQ IURP &KL QDVWKRWW R B DX ZWIURS EFAOHERE WR )LJIXUH

2FHDQLF VSUHDG RI '"%3V DQG EURPRIRUP

7KH SDUWLFOH GHQVLW\ GLVWULEXWLRQ VKR Z\D WHKN-DDOUJFXD IR U PHHRIH
LQ (DVW DQG 6RXWXWHDVW ISRQIYRODWLOH '%3V I[URP FRROL®JFRDW WUI
LQ WKH PDUJLQDO VHDV 7KHUH LV D RMOMDHK '©Q3WEM/XGLIEXWAL B B SWWR)
KLJKHU YDOXHV LQ WKH 6WUDLW RI 0DO®BF®H QY LMRQIWU VKW WRQW K H.
VKRZ D YHU\ KLJK DFFXPXODWLRQ RI '3%V ZHKX IDPRHIAW KL 08 BKZHHRID
FDQ EH IRXQG DORQJ DOO FRDVWOLQHV )LIXUH VIRK. HV 8 Rl DILH 6 OFCRR
LV PXFK KLJKHU DORQJ WKH VXEWURSLFDO FRDVWV Rl &KLQD .RUHD
JLIXUH +RW VSRWV DUH DURXQG WKHDFR B \GM RV LOKD RIHCIDLWDR. @ 8 0,Q F
GHQVLW\RIQ DOVR EH IRXQG LQ WKH (DVW &KLQD 6HD WKR I<HODNRA
WKH 6WUDLW RI ODODFFD OHGLXP WR ORZX%BH 8 WQR@OAN WRDW K HF R RXM
FRROLQJ ZDWHUV WR WKLV UHJLRQ 6LQFH -DSDQ DQG .RUHD KDYH D
ZDWHU GLVFKDUJH D UHODWLYHO\ GIDVIWZIDP R XKW RX URYE LR/ SAKUDINPRE
WKH 1RUWK 3DFLILF

7KH GLVWULEXWLRQ RI EURPRIRUP DV D WRIQRW LOKH %8% D BFW RXODI
LQLIXUHYH-PXHVKH YRODWLOH '%3V DUH RXWJDVVHG LQWRPMKAFRDQWHEY
RI EURPRIRUP IURP FRROLQJ ZDWHE LR/UVW RERWIEQ GILHI X D)\ V4 FHBS@IURERU,
02'(5$7( DQG +,*+ DQG ZLWK D VXEVWDQW L DAOQR § PYIRCODHNDIKD BDWHHBDE Z K|
FRQWDLQWXMKHVW EURPRIRUP FRQFHQWUDWLRQV GRHWQRW HD U0 X[H
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GHWHUPLQHV KRZ PXFK EURPRIRUP UHPDLQV LQ WKH ZRQHRHIQ VLV DO IR
VXUIDFH FRQFHQWUDW LR®Q Q WHRI WKOHN DIVDP R I/ BKHHW HO X[KLFK OLPLWV Wk
FRPSDUHG WR QRQ YRODWLOH '%3V %URPRIRUP SPRIF HQWUD VBSRQ V
DQG +,*+ DYHUDJHG RYHU WKRI BH RIPRRQRAKHIHWKKWKH KLIJKHVW FRQF
7KLV UHJLRQ LV WR D ODUJH GHJUHBIVOR RIHVKG W R IO MH. \SIR/EG HY \§G
FDVH Rl WKH QRQ YRODWLOH '%3V PRVW RIHWKH.RURPRI BRQRS - FHIQRKV
D ODUJHU VSUHDG LQWR WKH PDUJL QD OWKLI/VORW LMMXG DO VW HWD\E Z R
ZKHUH ORFDO SRZHU SODQWV UHVXOW LQ DYHUDQB EURBRRRUP FI
02'(5$7( DQG +,*+
2EVHUYDWLRQDO EDVHG RFHDQLF EURPRIRUP FRQFH QDVIDWHIOR GHY HIOR
DORQJ WKH FRDVWOLQHV RI WKH UHJLRQ D@& IBR QKW B RRZK WKSROID:
1RUWK RIWKMH DQWKURSRJHQLF EURPRIRUP LV PXFK KLUYKBU W KZIK® WH
PD[LPXP OLHVSPRROXQ%GU VLPXODWLRQV UHDFK PD[LPXP KIDIEXNW BDYREP
FRQFHQWUDWLRQV RI SPRO D®G ORS(5R( DQG +,*+ 7DEOH LQ WKH
FRQFHQWUDWLRQV DUH DP® MERYHU\ KSIKOFRPSDUHG WR REVHUYDW
SDQHO G

PEVVYLRQVSLURVHDIQWKURSRIHQLF EURPRIRUPDWKIRE B FWIDRQLOD BR@IF\HQ!
SDQHO D F )OX[ UDWHV DYHUD G KR-MHNVW WK H YLHIXRYQ RUKVKZH: D Q (

02'(5%7( DQG +,*+ OD[LPXP IOX[ UDWHV DYHHDBQGURIDHFYK WKH R IBIKH \
LQ WKH -DSDQ 6HD QHDU WKH .RUHDQ DQG -DSDQHQHFRRMWD \IRU ¥
REVHUYDWLR QDWURP/WE H ¥ UWW.NPDWH FO L PDYWPREDRKIORFDMN EGWK WKH 6F
DORQJ WKH ZHVW FRDVW RI WKH 3KLOLSSLQHV )LJXUH SDQHO G

7KH DQQXDO EUR RLCRP R OFBSXRWWIKHRRFW R 8 D VRRIPVB K HU R PLR) R U PV PD V WI
DQG 6RXWKHDVW $VLDWBHBERQGL\WQJ WIRP RM\KH REVHUYDWLRQ EDVHG L
2XU VLPXODWLRQV VXJIJHVW WWODW QWMKBEPB® QYWY RS RIHPRICF % DGR
02'(5%$7( +,*+ IRU WKH VDPH#WHABRURG DBWRIGHKWR MVIRKH EURPLDW BURBKIR
GXULQJ FRROLQJ ZDWHU WU HDWRHBDK WKH WEKHLRR ZHU\VS DPKW. HV WKD\V
WUHDWPHQW LV HYHQWXDOO\ RXWJDVVHGOIHJFE)H’N\LN}URWW&
KLIKHU VRID BIHD QRV KUR S R JH Q bR VERMR, AND-HPL
DUHD WKXV UHVXOWLQJDUH PXFK KLJKHU DQG Fmtq»lwoﬂcvwwmwocmm
|OMMUH GLVWULEXWHG DORQJ DOO FRQ WG L-8BUVINREINDKD O X B OVKRID
/2: VFHOBPBLRVLRQ VFHQDULR WEEOHD DWIRRYSKHULF EURPLQH LQSX
EURPRIRUPDV\WRBRXDVY QRUWIKHUH f+ OPRO %U DUH UHOHDVHG RYF
WRELFDO 6RXWHWHDMQ S WRXEKHBH RQORPRE %HW®WHU WKH DWPRVSKH
+,*+ ,Q FRQWUDRWYKRIQBWRRPL@H WKH =LVND F O L P OLWURHIORHID VLH)G (D
DWPRVSKHUH QRREKKFRA VXJIJHVWY WKDW WKH PDMRULW)\ RIHUKRQDD
PLVVLOKHQ=LVND FOLPDWRORJ\
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$QWKURSRIJHQLF EURPRIRUP LQ WKH DWPRVSKHUH
OL[LQJ UDWLRV LQ WKH PDULQH ERXQGDU\ OD\HU

$WPRVSKHULF PL[LQJ UDWLRV Rl DQWKURSRJIOLFUEQRPRURYRQD EH V
HPLVVLRQ HVWLPDWHV GLVFXVVHG LQ VHFWLRQHPL$WLPRS KIVUVK RZ
GD\VWHDDKRADDIJWKH PDULQH BWXQ ®DKHNLIBEWI URU --$ IRU DOO WKUHH
OHDQ PL[LQJ UDWLRWBUSSW /2: 02'(5$7( +,*+ 7DEOH 2YHUDOO KI
UDWLRV DUH IRXQG DURXQG WKH FRDVWOLQHV RI -DYDPX 5 RPW K V.IRR
ORFDWHG LQ WKH -DSDQ 6HD PD[LPXP PL[LQJ U EBWILDROX BUHE RWRV O\ (
DQG- SSW /2: 02'(5$7( +,*+ 7DEOH +HUH WKH ZMYDVGMERIHW IQHRD
6HD LQWR WKH 1RUWKZHVWRBDFVEEWRKDWVRRMRE Q WKWHR SRIHQLF EU
GXH WR HQKDQFHG HPLVVLRQV RYHU 6KDQJKDL BLQUDSRHH D QHM |
ERUHDO VXPPHU WKH :HVW 3DFLILF DQG 0DULW DR H BR®W DQ BQWK Bl UD
EURPRIRUP H[SHULHQFHV QRUWKZDUG WU D Q V$REWU FESILLRIIQ Q4P VR P HR
ODWLWXGHV )LIJXUH SDQHO D E DQG F

'XULQJ ERUHDO ZLQWHU '-) )LJXUH SDQHO D F D Q WDKWJHRRS\RS KIKQUL IEF |
UDWLRV ZLWK D-PBDQ@ RISW DQG PD[LPXP-YDOXHDMQRE _ SSW IRU WK
VFHQDULRY 7DEOH ,Q FRQWUDVW WR ERUHDG® G/ XRZH @ GW K FORPV R R
DQG KLIJKHU EURPRIRUP YDOXHY DUH FRQILQHK&MR WHRSL MDWR B DD !
VKRZ D FOHDU VHDVRQDO YDULDELOLW\ DQ® WKBQRIRD ¥HY DUW KRRVHW |
ORFDWLRQ RI WKH EURPRIRUP HPLVVLRQV )LJXUH 6

,Q RUGHU WR FRPSDUH WKH DWPRVSKHULF LRSDFRVMOWY LQKBXMVESBIDIW R

ERWWRP XS HPLVVLRQV VFHQDULR =LVND | RXUH @/ B \ VODWPHHG ULHQ) LSROV
+RVVDLQL HW DO $WPRVSKHULF PL[LQI$SEDWXRYV BUHYGHUEY
(DVWS$VLD DQG VKRZG DRBEIDIP PMLIKW IRU --$ )LIXUH & $ DRAG ERW

DWPRVSKHULF EURPRIRUP EDVHG RQ LQGXYVWRULRRR HALR \EIDR/MMH\G LR/QOW
(DVWHRIDVVIRDMWH G )I7KHMH GLABPDHQFHWYWUH PQ[WKIWWMEKEWURSLFD
DQWKURSRJHQLF EURPRIRUP GRPLQDWHYV HVSHFLD ®WOHG XU LPHN ACHIXIH |
+URPFRPSFOHEG DWRRBRIWERQV=LVND IRDURPDIRERN2'(5%$7( ,Q WKH WL
WKH VLWXDWLRQ LV PRUH FRPSOLFDWHG $W PRFISWKWHIRGVDEXDRD K E Hk
Rl XS WR SSW HVSHFLDOO\ LQ WKH 6WUDLWKRIOBDPIDERD WR2WEEKM
REVHUYDWLRQDOO\ EDVHG HPLVVLRQV IURP =LVNDY D O KHWWR NSV IVERN
DUH VSUHDG RYHU D PXFK ZLGHU DUHD )LJXUH @&U ¥YIDYOXH W KIHVK RYP 1€)X
HPLVVLRQ VFHQDULR ZLOO UHVXOW LQ D ODUJHU FRQWULEXWLRQ WR
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QHUWLFDO WUDQVSRUW RI HIRWRIFRWARS R MSBIE USFTWAL R V

,Q RUGHU WR DQDO\VH DWPRVSKHULF W UD QMB RWHH W R R SARKV/HS/RPHUWHR@H
PHDEURPRIRUP PL[LQJ UDWLRQV DUH DYHUPJHG R{HU fO0 MXIXWHR S LDRQ
WURSLFDGHER] ft f )LIXUH IURP WKWHRSD®ND=LVEBDIHG 02'(5%7(
VLPXODWLRQV IRU '-) DQG --$ %RWK VLPXODWLRB Q VHPUMWVERDHNE RRP R
VHD IORHWZHHQDQG 1 fZLWK =LWNEHG 02'(537LQFOXGLQJ DGGLWLRQ]
EURPRHAURYVLRQAWQ GRMWV DQG 6RXWKHDVW $VLD

,Q WKH VXEWURSLFDO ER[ )LJXUH WKHUHUWRPR \RW B R@J VERH POIIQ B
GXULQJ --$ VHYHUDO WLPHV KLJKHU FRPSDUHG WP LEAYRRRNR UFL JRIU
VLPXODWLRQV VXJJHVW WKDW GXULQJ FRQYHFWURIRP MMHQ WXE QYR S
ERXQGDU\ OD\HU FDQ EH WUD Q VSR VARG KD-H SVRR VKIRIR JIANG6 RU HW KRXBERWD C
HIDPSOHVLPXODWLRQ =LVNRRQ Y HRW R¥FH GHYUH @WMFR B G K D/XIP REMWLIQH L Q

RFFBVERODOOVN KEIJKHU EURPRNMHIBSRNELQWR RE HD BH 6D K JpEBB-U H BXQ
VKRZOQNKHUH LV RO WSRUWRWWORPRIRUP RXW RI WKH ERXQGDU\ O

EURPRIRUP LQWR WKH VXEWURSLFDO 87/6 LV FRQIERR®HWMRB HERAHH PR A
ORFDWHG QRUMOKLWYHU PQG *DXWLHU

,Q WKH WURSLFDO ER[ )LJXUH DWPRVSKHUER)EQJCRMRHMWU
WKDQ LQ W KIHR NV VERALR A .

—V—W—U—R—Q—J—Q—\— )LJXUI—VKH VHDVRQDO GLIIHUHQFHALEIHV\RE}H@IR@RXQ[F@ mw
PDULQH ERXQREWD YL ODDHU 02' ZFSHWHIR PLFID@®I UDWLRYV GXULQJ '-) H[FH

WKH ZKROH WLPH -SHUIXR/G FRGXHAWDYH HYHOWVY GXULOJ "} EULOJ PR
WR DQG DUH DURXO$ )LIJXSWKHEXDLWD Y HD MOKHEHWURSLFY KDUGO\ FKI
JLIXUH 6 VKRZ QR VWURQJ VHDVRQDO YDULDWORSRUW KHUHIRQKH V
SUHYDLOLQJ QR UBHKUHLDO/BVGNYUHORAWZ MOKGH E WRIPHRURIU RRIQMR R K URBRIMQLR Q \
(DVW $VLD WRRDUGWLPMWKHROWLOHOW ZKLFK LQFUHDVHV WDRBWHE
DEXQGDQFHVEURPRVXEN \DEEQYEDTGERN WURSLFDO FREBDHFWHRORIXEL)
-D—Q—G—HAAH—Q—\LW—H—R—QJ-H—U—L—Q—W—K—H 02 (5$7( UXQ ZKHUH W KRH RAV® DHDR/LOIRAMA G

A L R X WK H.IDV MQ $WR. VK M) BT R
VLPLODU HYHQV\L\J])GJ)HYLKCHJGL:I;IHUHQFH EHWZHHQ WKH =LVND 02'(5%$
PL[LQJ UDWLRYV LQ WKH 87/6 LV SSW GXUHLDOMD'OXBEQ G UHVEW G
FROWULEXWLRQ WR VWUDWRVSKHULF EURPLQH IURPRQDWWHDQE (5%
EURPRIRUP HPLVVLRQ VFHQDULR

— O QI UYBDWIERV O WKH XSSHU WURSRVSKHUH ORZHU VWUDWRYVSKF
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$WPRVSKHULF SUR FRH-RDAVIHAL IRY HAR QWKIHO HQW ZBUE K/ LIPO F @ R @ MAL QM IQRV W
FKDUDFWHULVHG E\ GHHEE&LFRQNBIGINNHIDHG HW R QUEME 6/ 16 @ B WRWWKIH VW L
$VFKPDQQ DQG 6LQQKXEHU——  DHJW® RXHUUFIDWHD OWXG\ FRQYHFWLY
R F FMUH TXCH Q WVER\W K WAHFDHARIORH . S H UV LV WL QU R Y K HVUHHYOHRUWB®R MWDDV KO #
DQWKURSRJHORF ¥IVKPDO 02'(5%$7( FRPSDUHQ WRH=LWHD WWRLSR VS K HI
ERWK VHDVRQV ZKLFK LV PRUH SUR Q@ROVDEF G UAQULGS$ 'JLIXUIKUEB LC
HOHYDWHG PL[LQJ UDWLRV LQ WKH PDULQH ERXQGDU\ OD\HU

,Q DGGLWLRQ WR WKH PL[LQJ UDWLRYV DYHUDJHGWR R EURWZRR) ER® PH VD
EURPRIRIURPQJ IDEAMWMNARRWKH FROG SRLRWWKHRZRBPOMVEGRPBDYODSVKRW f

f 6+ f DLIXUH E D VEHRGM R PWKH =LV ND- HPLVVLROW RDRDBOURSL¥END

HPEV VROV HVWERPDWHNY WDNLOJI DOWKURSRIHQLE VRXBHPHY MICRIIRQ D |
'-) )LIXUHEHBBDH@EG WKHUH LV D FOHDU DQWKURSRJHQLF VLIJQDO RYHU

,QGRQHVLD OL[LQJ UDWIORYHIR 0 2W K $UXQY DI K SSW DYHUDJHGRRYH
KLIKHVW PL[LQJI UDWLRYWD IR =FZURBLFV FRUUHVSRQGLQJ WR

S SaHLQRI DQWKURSRIHQLF R U L J0-U RIDEIGIMGA\HA BRIDY. I WWHOH)VSRUW LQ V

) EULQJLQJ KLJKHU EURPRIRUP DEXQGDQFHV\JU:R;P wrsnwwaw%mew

—I'LQ—L—P—D—VVRORJ\ 6RPH IUDFWLRQ RI WKH DGYHFWHG EFUCRFE)R)I(RUI/\PUID\QSSRI&

87/6 DQG XS WKH FROG SRLQW $V WKH ODWMWHHUOU MVSKUIHH VO WY WV DW WH. R
DGYHFWLRQ DQG ORFDO FROQYHFWLRQ RYHU WKH ,QIGAIFD & QWHDPDOYS
IRU DOWKURSRJHQLF EURPRIRUP IURP LQGXVWULDO VRXUFHV LQ (DV!

'XULQJ Y:-$XUHDQG G PHDQ EURPRIRUP PL[LQJ UDWKRYKHYAMWPUH® R Y
VOLIJKWO\ VPDOOHU ZLWK ¢ SSW DQG ! SSWIBOWMH G RHLP MWK
UHVSHKORWDEFEH 6 'XULQJ WKH $VLDQ VXPPHU PRQVRR) 9WHKHOU N RQ
f1 RYHU WKH ,QGLDQ 2FHDQ VR WKDW WKH PDVIOLWWU DMRRW B KHWD F
QRUWKHUQ ,QGLD )LHKQ HW DO E +RZHYHU PRVW RI WKH ERXQ
LO WKH QRUWKHUQ KHPLVSKHUH DURXQG WKH KRV \GWE RFH CRH G KU RD
FROQYHFWLRQ
KLOH RYHU DOQWKURSRJHQLF EURPRIRUPL LRXARXWUIBXVUB®W LRRWWKKR F
DOWKURSRJHQLF HPLVVLRQV LQ WKH 02'(5%$7( VRHIDEG XR LKRIQWS MERK W
&+ %GB XULQWRXKH VWUDWRVSKHULF EURPLQH EXGJHW DW WK HRBR 5@ UrHD
WR WKH =LVND PL[LQJ UDWLRY RGXULGSW-PDQGC '-)SIWVSGHAEWLYHO




480
85
490

495

5100

&RPSDULVRQ ZLWK REVHUYDWLRQV
%YURPRIRUP PHDVXUHPHQWY LQ WKH RFHDQ

2EVHUY RW ERGRWPRRWKH VXUIDFH RFHDQ DQG DWPRVSKHUH IURR QBV\
ZKLFK VFHQDULR /2: 02'(5%$7( +,*+ RIIHUV D\KMKEHRBW JIH Q/L FR BURLFFR @
5SHFHQW PHDVXUHPHQW FDPSDLJQV VKRZ HOHYDWBG EWKMR (RYW RKQ
<HOORZ 6HDV +H HW DOHWO D <D@J &DM DO $YHUDJH YRBUHYV
PHDVXUHG LQ WKH <HOORZ DQG (DVW &KLQD 6HDV GXUKQM@PRUHDQ & !
Rl SPROZHUH PHDVXUHG LQ ERUHDO ZLQWHKL JKHFRW FBHH® W U D W L RIDU
+HH /O D GXULQJ VSULQJ LQ WKH—{DV V8§ REKQ QL BKHDV M. BRI R HROUP R
RYHUSPRIO +H HW DO E DQG R¥HHWW DSPRO D ZHUH REVHUYHG (
<DQJWVH 5LYHU ZKLFK WKH DXWKRUV DQ¥ROXNEXQHERWRWIONEKD\R 5 R JV
UHJLRQ 2XU VLPXODWLRQV DOVR VKRZ PHDQ VXUIDFH FR QWHRQW D WL
WKH UDQJH RI WKHHREWBOYDWLRQV E\

OHDVXUHPHQWY LQ WKH 6RXWK &KLQD DQG 6XO0OX 6PN WK ®E EURR RH
VXUIDFH VHDZDWHU ZLWK DYHUDJH FIREHYVQWYDONHRQ R IRXBUW R RQGS |
WR WKH O0DOD\VLDQ 3HQLQVXOD DQG HVSHFLDO@D @ QF R\KMU 6 EQ IWOLRR
DQWKURSRJHQLF EURPRIRUP IURP RXU VLPXODWLRQV: MR WK 6 LLQY D!
DJUHHPHQW ZLWK PD[LPXP YDOXHV UHSRUWHG E\ YXKOEU«JJH HW DO
$YHUDJH DQWKURSRJHQLF EURPRIRUP FRQFHQW UDS\WPLR®D Y YR U DVUKIE \R P
UHJLRQ RIKKZKKHVW YDOXHV 7DEOH DQG DUH ODXHWU7\W K DOD WKHU RFE
PLJKW EH GXH WR WKH IDFW WKDW WKH FRRQWR ¥ B W HPWD B LQXOHQWHD!
DWEVHUYHG E\ <DQJ DQG FRQILUPHG E\ RXU VLPXODWLRQV 2XU
VWD\ XVXDOONFZRWMIKH FRDVW WKH DYHUDJHG REVHUYDW LR QUKD W DL
XSVR NP DZD\ IURP WKH FRDVWOLQH DQG FDQ WKHUHIRO H & Bl QH Y DHORV
VOLJKWO\ @/REHREOHKD QHVXOWYV PD[LPXP YDOXHV IRXQG FORVH WR W
WKH PRGHO UHVXOWYV

%URPRIRUP PHDVXUHPHQWY LQ WKH PDULQH ERXQGDU\ OD\HU

N QLSRN D) HA/ K MURSLFDO (DVW &KLQD 6H

PHDVXUHPHOWV RYHU 6RXWK RUHD DQG DGMDFHQW MHBY WKW SRUHT
6DWHYV $LU 4XDOLW\ 6WXG\ .2586 $4 KWWHVY NRAZXWD LOJT O D Uk HQDVUDF LR
YDULRXV 96/6V LQFOXGLQJ EURPRIRUP ZHU M RLHS WKW HGO\L R/® NEHQV E I
DOQG ( f f[(FRLOQFLGLQJ ZLWK RXU VXEWURSLFDO ER[ GLVFEX\EDNG Gl R,
VHFRQG PHUJHG GDWDVHW IURP DOO IOLJKW V.HREMAIDR (DVQ DY RWKEH] HF |
DWPRVSKHULF PL[LQJ UBWLR |URPWVDODV VWPHDNVLXRIHY ) DIWEKH ORAHBRP
RXU VLPXODWLRQV IRU WKH =LVND 02'(5%$7( VFHODULBSWKRD DMK B O
PLQO WKHVXEWURSLFDO ER[ GXULQJ --$ 7KHRRRNRUPWALR DY JEWNW GRRR
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SSW IRU WKH VDPH DOWLWXGH UDQJH GHPRQOQRRRIRWPOWURW K B MV WIKH/’
EHWWHU DIJUHHPHQW ZLWK WKH REVHUYDWLRQV LQ WKH PDULQH ERX
$ERYH WKH ERXQGDU\ OD\HU P4 UDFS UG LERN FIQIRPH . N8 6 SSW LQ
JLIXUH+HUH WKH =LVND 02'(5%$7( VLPXODWLRQ VXJJHV®N VHDVE&|W
ZKLFK ILW YHURZ$83@ G/IRWWKIBLPXODWLRQVY EDVHG RQ =LVND VXJJI
FOHDUO\ XQGHUHVWLPDPW XQHWHWZRMEMHUYDWLRAY WKH REVHUYHG E
WR YDOXHY DURXQG ¢ SSW VXJIJHVWLQJ WKDW WKH DLUSODQH S|
VHDVRODO PHDQ SURILOHYV IURP WKH WZR VLPXXOXW VRIYVGCGCLR) CHHRW WH'R
=LVND UHVvXOwWyVY DJUHH EHWWHU ZLWK WKH RWYHUFORFIDRAQAY RQ XM KA
$4 GDWD VKRZV WKDW VLPXODWLRQV DJUHH TXLWSKHHB OZ KNHKH REW
HPLVVLRQV IURP FRROLQJ ZDWHU WUHDWPHQW LQ (DVWR$VLD DUH LQ

,Q WKH VXEWURSLFDO (DVW &KLQD 6HD VXUIDFH PH[D®DX RHPWSRWD D |

SSW ZHUKGXRXQG ERUHDO ZLQWHU DQG VXPPHU UHVBXEGWWYRQV k§g
&KLQD 6HD VXJIJHVW DQWKURSRJIJHQLF EURPRIRUP FRQWULEXWLRQV Kk
REVHUYDWLRQV 1DG]JLU HW DO H VLRE WHKBY 6IREX W K O SBWMOQYDHD @MIX WY KKH
ODODFF®SW GXULQJ ERUHDO VXPPHU 2XU VLPXODW ISBSQW DMK RZK Bl YU
WR 02'(5%$7( QHDU WKH 3HDUO 5LYHU '"HOWD IPGH QMK HZ IBWR K WL IO G K IUQ B W6 H
6WUDLW RI ODODFFD RXU VLPXODWLRQV VXZKXKHWVW LV+OR BW W/RD @/ R/

)XUWKHU VRXWK LQ WKH BRXWK &KLQD DQG 6XOX 6HDLW FXRERURUH
UDWLRYSRI GXULQJ 1RYHPEHU 1HDU 6LQJDSRUH WKH DKAHK RKUYK URI
FRQFHQWUDWLRQV REVHUYHG LQ WKH VD EH RMHREREPQ I XWDWLFRAWO D WR R
GXULQJ '-) RI XS WSSW IRQOGNKH /2: DQG 02'(5%7( VFHQDULR UHVSHF
)XKOEU+JJH HW DO (VSHFLDOO\ WKH KLJKRXW BRYISKY WBILE ERRPK
5LYHU '"HOWD FDQ EH DVVRFLDWHG ZLWK DQWKURSRJHQLF DFWLYLW\
7KH +,*+ VFHQDULR VKRZV DI¥KIUDKI D PH[LQIHQWULRY WRR KLJK IRU W
OLNHO\ WKDW FRROLQJ ZDWHU WUHDWPHQW YSHWRDG KF AR QF @ @ WWR SR
IHYHUWKHOHVV VXFK FRQFHQWUDWLRQV FDQ RFK W RMR VRPH IDERFDG
WKH FRDVW RI LQGXVWULDO UHJLRQV DV FRQILUPHG E\ WKH REVHUY

'LVFXVVLRQ DQG FRQFOXVLRQ

‘HILQGSUMKDWWWKHUH LV D VWURQJ DQWKURSRJHQLF VB XALMHK RS DEUW
ODUJH FRQWULE X WILRRPV WHRH WKV W1 &KILQD <HOORZ DQG -DSDQ 6HDV
ORFDO FRROLQJ ZDWHU WUHDWPHQW LQ SRZHUHD@DMHRY XD QU® OHD G
QPRPOK LQ FRDVWDO ZDWHALRR YO KHDWIW GIVAODO D W ERR®YP RRIR DRV RRLS K@
LQGXVW U LEFPXRXWHNY KR Z DQ @ MFKH PODWQ R E R X Q GICHD QO B UHRWP B{IRGIR
UDWLRSRR + SSWV VKRZV 7KH VLPXVIWUIRRQIVVWHIDR/R Q BV Y Dl (KIREXIKO |
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EURPREREKXR GDQFHYV JPHEXIIGWIPBOVYSRUWHG LQWR WKH P L'GLR HAK HWX G R
GXULQJ ERUHDTGRROWMHWRQ WKH ERWWRP XS LOYHQWRU\ E\ =LVND
FRDVW RI (DVW $VLD EXW KLJKHU PHDQ VNDD/XXWD FSH F 8 DFW DRQAD WU
LOQLWLDO EURPRIRUP FROQFHQWUDWLRQV LQ FKHPVFDROY W BROQRHBWE
RQ PDQ\ GLIIHUHQW IDFWRUV DQG REVHUYDV&ERWD OH WERGHHW KSHJ R DIU
SRVVLEOH EURPRIRUP FROQFHQWUDWLRQV LQWR DFFRN Q%N E02D(GBT(\VL
DQG +,*+ EURPRIRUP FRQFHQWUDWLRQV LQ XQGLOXWHG FRROLQJ ZD)\
Q FRPSDULVRQ

‘H HYDOXDWH RXU SUH GW-RERWRRV
UHVXOWY WR DYDL O D PADHIHRADVDALKF
$VLD RFHDQ DQG DWPRVSKHUH
&RPSDULVRBGWHIIGWKLGXDO FDPSDLJQV VXJIJHVW W K DRAL-R XU TIKY-HU B/ KHX
WKH 02'(5$7( VFHQDULR DJUHH YHU\ ZHOO PISWK J\WKH VRIEN HPRRYGCCHOL R € V
FDPSDLJQ D¥WHALIPTH/GH V E UR PR | RIUP VPR PIF € VZIMKMHURD@GNVFIUH SDQ F\ R
YDOXHV LV SRVVLEO\ UHODW HGS WHREMPFRSH UHY IGOQWDID BEWHQ W RH WKH\
IURP WKH FRDVW LQWR WKH RSHQ RFHDQ ZDWHUVDLOD[GRXPQYDWKXH V
KRZHYHU DJUHH YHU\ ZHOO ZLWK RXU HVWHPDMFD\QGDO\/ZH(GSSSFIQ\HQ{Q(I

—W—D—U—J—H—\N—H—G—P—H—D—\#X—UHPHOW FDPSDLJQV LQ QHDUO\ DOO FDVHV

MGG --")
—D—Q—G—R—EL\LFLUJFDAAH:R—Q-D—QA#W—X—G—I:H’V%SDJ\FH(CEG%Q [WKEQ:\RﬁPIDUi-LVR—QJRI RXU P
ZH H[SHFW LQLWLDO EURRRRURFROQFHQ@WWB W IHR QOVXW @R \EHRW ZIRIDQ W L

—J JLYHQ E\ WKH WZR VFHQDULRYV /2: DQG 02'(5%$7( ,Q FRQVHTXHQFH
RQ WKH +,*+ VPRGUWLHOD WK RVKHIRD M RDJQ @&/ \RRIOKE DMHAXOWYV EDVHG RQ
DUH SUHVHQWHG L&V WKLY N2XPPO®\02'(5$7( VFHQDULRY DOVR VXJJH
FRQFHQWUDWLRQV DQG DLU VHD IOX[HV ZKHQ FRPSBUWGHW R BIQL ¥W LH
VLJQLILFDQWO\ LQFUHDVH UHJLRQDO EURPRIRUBHJERQ®G D QH[WWH Q\R ZI>
RI DGGLWLRQDO DQWKURSRJHQLF EURPLQH VRXFDHS ZILIDX/ UHB VXG&KPF
WKH HYDOXDWLRQV

D—Q—G—P—H—KAAFH—[S—QQ—EQ#R—P—H—R—I—\M%HM—H—U—H—QFHV ZKHQ FRPSDUHG \W
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, : VVARN . 2= KLDOG ‘G)DUBLYQ—UFWRUH[
2XU SUHGLFWLRQV DQG WKHLU HYDOXDWHB@ODGMP\DWLHRWK@M\/ r /K&

VRXUFH RI DOQWKURSRJIJHQLF EURPRIRUP 'HSHOU DQH RIH WHBVHEH DOW E
IURP WKH FRDVWDO UHJLRQV LQ 6RXWKHDVW DROGP (RVIWHIWKDR SR IWR
/KH ODUJHVW SDLWH BERWWHG LQ FRDVWD Q@ BRPISEOAV VORRY WKKRI =LMN
HVWLPDWHY EURPRIROWPR E PAMML RVKH RIDPH UHILRROHORIUMWMKHRLVVYLRQV
SURGXFHG EURPRIRUP LQ (DVW $VLD DUH PRWWRPDNHABVWOBBWHM SEIL
6WHPPOHU HW DO LQ WKHVH UHJLRQVHDBGFHAVIKWHID[ FRPIS@ UH
HVWLPDWHYV

| EURPRIRUP LV HOQWUDLQHG LQWR WKHROMUGMWRVISWHRE QW YH C
$WPRVSKHULF WUDQVSRUW VLPXODWLRQV VKRZA WK DM GW KMHQD QEREJBHED
EURPRIRUP IURP WKH (DVW &KLQD 6HD WRZDUGV WK W MRQR B RS2+ B K
UHJILRQ FROG SRLQW WURSRSDXVH WvazaHDQJm@\m&m\A_@HCEUUQmmF
HQWUDLQHGIRERKH DSSURILPWWH PROVE DSREEORE D W R O R JD 6 B OM®GLN
DQWKURSRJHQLFURPLWKHRIQRV(5%$7 ()REHWRHLRDPH FRQILIXUDWLRQ GXU
DPRXQWYV RI DQWKURSRJHQLF EURPRIRUP HPLWWH G LFYH W HWKHD \\CL\QW
PL[LQJ UDWLRSSRMDWP WKH FROG QRFEIQIWSMMHFOGDJ\AUN}WLRVEE:{W/WBPR
=LVNDHPLVVLRQVFOUMDRR O HUBIM DIBUF -

HPLVVLROV DOG ROOVVOLIKWO\ OHALY | E SSWR
ERWK VHODVRORPDU\ WKH KLJK DQWKURSRJHQLF EU:RIIQ)R)IHRZJFD(BIG’L\D\BLD:J
QRW HIILFLHQW O\ U HDFEHWKHAKMUDIWRASKSHRIFHH QL F EURP RVRD G M HFASH
WKH $VLDQ ZLQWHU PRQVRRQ LQWR WKH WURSL D\ QIP-@ WL RRYFHDLY KV K
DUHD RYHU WKLV DUHD &RPSDULVRQ ZLWK PHDVXUHPHWWN XSPWG
EURPRIRUP DJUHHV YHU\ ZHOO ZLWK WKH RE VAHW DURIFRR &K H. 10R'G B L
DUH LQFRNMGREBG DIJUHHPHQW VXJJHVWY WKDW DQWKURSR(JNGHR EURR
OHDG WR DQ DGGLWLRQDO VWUDW RV %KHK L FKHBDRWIDH\QPRIDGW RVR D E L

SSW %U
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7KLV VWXG\ IRFEXVHVY RQ VRXUFH JDV HQWUDLQ®WRW EBRRWO W KLHG G\WW L

HOWUDLQPHQW UHVXOWLQJ IURP DOQOWKURSRJIJHQLF EURRMRNEBURVVIRXW I

WRWDO VWUDWRVSKHULF EURPLOH FROWULEXWREAROFWRIEW VEQWWLIKD

S5LJEN\ DQG UHIHUHQFHV WKHUHLQ 7KHUHIRRIH) H H RHY\WW PBXWHL R/ &

VRXUFH JDV DQG SURGXFW JDVHV I1URP WKH (DVW DQGNRREKM HOHRWXK\ (

SSW %U &RPSDUHG WR D WRWDO VWUDWRYV S KHWREXAWE UR BLISYH % B C

S5LJEN\ WKH DQWKURSRJHQLF LOSXW HVWLPDWHG LQ WKLV VWXG)

2XU DQDO\WVHV VXJJHVWY WKDW DQWKURSRJHQLF E U RRRWKWHP EJFRPARX

LQ (DVW DQG 6RXWKHDVW $VLD E\ FRPSDUHXG WR MADKH EEHL VN BH F

WURSRVSKHULF EURPLQH EXGJHWY DQG R]JRQH FKHPWVIMOUR X:B NVOMX GH

LOQYHVWLIJDWHG LQ IROORZ RQ SURMHFEFWY @WIIHKH KW UH) AHWMW BIL IQMR IPH!

EURPRIRUP DPRXQWYV IRXQG LQ FKHPLFDOO\ WUHPR VWK)& FRRROHGBH QW W

IURP SRZHU SODQWYV LQ (DVW DQG 6RXWKHDVW SYVIYB DYDDQDHOH HAX

FROQFHOWUDWLRQV RI DOWKURSRJHQLF EURPRIRUPDR®GGDWERYSOHXQ

VLPXODWLRQV DQG WKH SDUDPHWHULVDWLRBGRL@WB WHKH IDW RRWV SaL

WLPHVEDOHYV XQFHUWDLQWLHY DULVLQJ IDB® RRHSDUAGNWRQVERQI

6LPLODUO\ JLYHQ WKH KLJK VDWXUDWLRQ RI DVHMWU RVI R IMQ LA RXRIP E

VHD I0X[ SDUDPHWHULVDWLRQ FDQ EH H[SHFWHG WR WHR(PDO® XQFW I

HVSHFLDOO\ UHJDUGLQJ WKH FROWULEXWLRQ RI DGWKURSR INHPXFOD R

KDYH EHHQ HYDOXDWHG LQ QXPHURXYV SUHYLRXV VWXGLBY W ) 5VVHKR/Z

H J )JXKOEUXHJJH HW DO /HIWPHLHU HW DO UHVXOW\W IVXIFP P&

XQFHUWDLQWLHY RI WKH EURPRIRUP FRQFHQWUDWIHR/QYVX0OQ\ XQHE X!

XQFHUWDLQWLHY E\ QHDUO\ D IDEFEWRU RI WZR EDVHG RQ FRPSDULQJ

2XU VWXG\ VXJIJHVWYV WKDW FXUUHQW ERWWRIF RO VENRRRREHBD LFOVR

PHDVXUHPHQW FDPSDLJQV LQ FRDVWDO VKHOI DQG R SH® REG HD @/ HX

GLVWULEXWLRQ RI DQWKURSRJHQLF EURPLOH WOXUHAHW XVHW DROH®DE

DV ZHOO DV WKH GLVLOQIHFWLRQ WHFKQLTXH FDQ BORNMRIKHOS WR EHV

:KLOH WKLV VWXG\ H[FOXVLYHO\ ORRNV DW & KSHR Z% BVS I QUREWRR RRON KF
VRXUFHY DOVR FRQWULEXWH WR ORFDO DQG OOREWQRHLP S\ODLRQYW RWU
FRPPHUFLDODKNVNKK SSURGXFH '"%3V LQ FKHPLFDOO\ W U HIRGHGWAKIHWSHILD E
SHQL QM@ -—HW DO -RORG EWOIODVW ZDWHU YROXPBHRHODNIKG HU

DUH JOREDOO\ QHJOLJLEOH FRPSDUHG WR FRRO@W § JEXDWHIQ YR RO
GLVFKDUJH ODDVYRHWRYMYBVVHWLQJ WKH WRWDO LPSDFW RI DQWKL
DUHD VXFK DV 6LQJDSRUH RU WKH 3HDUO 5LYHWUHDOWP HHWLRBH G O
DFFRXQW &RPSDULVRQ RI WKHVH WZR UHJLRQV GRRZ Q\DIKNDHW VD KR YEHU H
OHDGLQJ WR HPLVVLBONORR DQRAQ@AIDSRUH DQG K LQSWKGI BHDUO 5|
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02'(5%$7( )LIXUH E ZKLOH EURPRIRUP IURP EDODQS8W Z[5WRORERY WKS
WZR DUHDV O0DDBDV WHW SOAWHFW RXWJIJDVVLQJ GXULQJ WUHDWPHQW R
WRZHUV LQWR WKH DWPRMFKHKBIVFORW EMR@RFRRQWLILHG \HW DQG L\
FRROLQJ ZDWHU IURP SRZHU SODQWYV FDQ EH IMDQWKBRGRWROEH WHWRPQ
E\ IDU WKH ODUJHVW ZDWHU YROXPHV DQG LAKKB W RMHQW. EXWRLEQ BH J
DOQWKURSRJHQLF VRXUFHV VKRXOG EH FRQVLGHUHG DVPIWWBWYPRIQN\
BWPRVSKHEBURF@EOWIOX[HV

$FNQRZOHGJHPHQWYV

7KH 2*&0 PRGHO GDWD XVHG IRU WKLV VWXG\ ZHUHKNRQWE&H SR YE
IUDPHZRUN E\ WKH 1DWLRQDO 2FHDQRJUDSKLF &HQWUK &RXWKDBP3$E
/| 1HZ DQG FROOHDJXHV IRU PDNLQJ WKH GDWXODWDLLRO@\E @ HU AKFH 2*1&0
SBHUIRUPDQFH &RPSXWLQJ &HQWUH DW WKH §KUWKWUP® $I9 EDH FZKW K
%ODQNH DQG 1LFRODV *ULPD IRU UHDOLVLQJ DG BQERE YALAIHYI KM |
ZLWK WKH VHW XS RI WKHS$$5GSPO GI\Q WIKIDRIONPH @M. 'RQDOG % ODNH IR
EURPRIRUP PHDMAWHYWRX®WV ZDV FDUULHG RXW ZLWKLQ WKHHMPW\WRH
VWUDWRVSKHULF R]JRQH OD\HU IURP $QWKURSRJHQLF 9HWXVEYKRK
JRUVFKXQJVIJHPHLQVFKDIW ")* *HUPDQ 5HVHDUFK )RXQ&B WP KRC
*HPHLQVFKDIW DQG WKH *(20$5 +HOPKROW] &HQWUH IRU 2FHDQ 5HVH

$XWKRU FRQWULEXWLRQ

-0 ZURWH WKH PDQXVFULSW SHUIRUPHG WKH /DJUDQJDQ@HRJHRDRHG
/IDJUDQJLDQ VLPXODWLRQV LQ WKH DWPRVSKHUH 67 GHKFK CCRRHG W
GHYHOMISHBVHDUFK TXHVWLRQ DQG JDYH LQSXW RQ WKH R EONH YOIV
PRGHO GDWD DQG JDYH LQSXW RQ WKH RFHDQ VLPXODWLRQV $00O D:

7KH DXWKRUV GHFODUH WKDW WKH\ KDYH QR FRQIOLFW RI LQWHUHV\

'‘DWD DYDLODELOLW\

'DWD IURP WKH $5,%$1( DQG )/(;3%$57 VLPXODWLRQV PRIHUEYBRQGEQH B
.2586 $4 GDWD DUH DYDLODEOH IURP KWWSV Z7Z7ZZTDQe(bLdDUF QDVD JR
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S5HIHUHQFHYV

$OORQLHU $ 6 .KDODQVNL 0 &DPHO 9 PIQEKBRUPEDGLBQ &K SWRFX F WLV
&RDVWDO 1XFOHDU 3RZHU 6WDWLRQ@V ODARIBRBOXW ;% XO0O

$VFKPDQQ - DQG B6LQQKXEHU % 0 & REQMMDLERMWL RIGR R MNUHDUWY RAKSRUHAY IOAL EM B
FRQVWUDLQWYV $WPRV &KHP 3&RWL DFS

$VFEKPDQQ - 6LOQQKXEHU % 0 S$WODRGHOLQD & 6H KDXDI@WHIR LW ORI YHU\ V
WURSLFDO XSSHU WURSRVSKHUH DQG ORZHU VWUDW®RRISKHUH DIVBPRYV &KHP

$VKIROG 0 - 3\0OH - $ B5RELQVRQ 0% 6' OOHIXDIQY) 6 ADGDRRDK $ $ 8QJ
<RQJ 6 ( DQG +DUULV 1 5 3 5DSLGMRUDYRSWEW RHKBVWURLSLFY SRDORY
GRL DFS

%ODQNH % $UKDQ O ODGHF * DQG 5RFKHXDOW RADLDRO :BWE D QAWK B VL QL DV
&LUFXODWLRQ ORGHO - 3K\V 2FHDQRJU + GRL7(! &2

%RXGMHOODED ' 'URQ - 5HYHQNR * '@RBAGDUQRWRRG BRXGRIQQHW FRQF
DQG ILVK RI DQ LQGXVWULDOLVHG ERPXOXDS$®RH FRA\O R UD@IFW H € [ B R OXGEQWRY 6
GRL M VFLWRWHQY

% XWOHU - + LQJ ' % /REHUW - ¥ 60RBQWDOO6 %$ ' <YRQZIHFANL 1 - ORQ
DQG (ONLQV - 2FHDQLF GLVWULEXWLROMR/FD QERIPFL VOLIRREIVO Rb NRKIRAR\ KG1LP
GRL *%

'HH ' 3 8SSDOD 6 0 G6LPPRQV $ REDMIMKL/IBUGQEUBROB 3% DOPDVHGD
3 %HFKWROG 3 %HOMDDUV $ & O0%WRUPQQ@H WHUHOYR®L&EORWDJIDQL 5

+DLPEHUJHU / +HDO\ 6 % +HUVEDFKNGOEHIP 3( 9 KOWINWHQODWULFDUGL
6DQ] % 0 ORUFUHWWH - - 3DUN % 7DBRGBEWR &% GHKBPEORW - 1 DQG !
UHDQDO\VLVY FRQILJXUDWLRQ DQG SHUIRBPPDIQFH R OMKWHHRGDRVD BRVLPLOL
GRL ™

'XVVLQ 5 %DUQLHU % %URGHDX / DQG@I OROHQIS..$5 025&KH OO/NL)Z
'5$..$5 0\2FHDQ 5HS $SULO  +

(QJHO $ 5LJE\ 0 /HDG $ %XUNKROGHIRLGHNDXHUQDOBAHY % ' +RVVDLQ
DQG <DR % 8SGDWH RQ 2]RQH '"HSOHWLQJ 16 XEW WWDHWWM W R "8A\K HD@QRQ WU KiHDL
6FLHQWLILF $VVHVVPHQW Rl 2]RQH 'HSOHWLRQ URMREW Ct Z]RYRUSNHYRD UF|

JLHKQ $ 4XDFN % +HSDFK + )XKOBU<0JH$VBODNHIW PHUIGHUU-GIHURRK ' HOLY't
VKRUW OLYHG VXEVWDQFHV IURP WKH Z3DXUN Q@ GALIOHY) $2HHD WX R PMKHPR\Q V B R/
+ GRL DFS

JLHKQ $ 4XDFN % 6WHPPOHU , SRIWMNDQARHDRAIGVHDVRODOOVPUHVROYHG R
GHOLYHU\ IURP WKH WURSLFDO ,QGLDQ 2FHDQ DNQ&XKHFPW3IKD/FLILF WR WK
GRL DFS e D

JLHKQ $ 4XDFEN % ODUDQGLQR &W$IDDQRGEUO®IMA RI IHID BKFRRIWNV /LYHG 6 XE

2FHDQ WR WKH 6WUDWRVSKHUH - *HRSK\VGBHV $WPRYV E
JRIHOTYLVW ( DQG .U\WHOO O I1DWXUDORPFRIRQG PD QY KMKRIS RJW §/IHRDOON SJ
EDVLQ - $WPRV &KHP GRL %)

JRUVWHU & 6WRKO $ DQG 6HLEHUW 3 3DQ PHWHWDIQDVDICR Q DRIWAHR@YH 6 W
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HYDOXDWLRQ - $SSO OHWHRUROGROLPDWR®O0

JXKOEU<JJH 6 4XDFN % 7HJWPHLHU 65DBEPOPE § DHHGEDBKIHWU BKIZKH FR
KDORFDUERQV WR PDULQH DQG IUHH WURSRYVSKHRRVF RBIKWHMRYHNAVWKH WUR
GRL DFS

+H = <DQJ * 3 IX ; | DQG =KDQJ VYHWRLUVMIXLHXWRRGGKORQRIRUP
WHWUDFKORURHWK\OHQH FKORURGLEURPRPWWHKDOOQMVD @& LEQDR PIRDRERPULQ WK
+ GRL M HQYSRO D

+H = <DQJ * 3 DQG /X ; [ '"WRWULBDXWHWR ®Y DPRGDWHDH KDORFDUERQV LC
&KHPRVSKHUH * GRL M FKHERVSKHUH

+HO] * 5 6XJDP 5 DQG 6LJOHR $ & XOKHRH 2DWHIG EN B DB/RIZRIQYVSRIDHWV X V
(QYLURQ 6FL 7HFKQRGRL HV D

+RVVDLQL 5 ODQWOH + &KLSSHUILHOGLWNDB )ORQVDRND % $.U-JBIRHU 37HJ
6DOD 6 (QJHO $ %|QLVFK + .HEHU 7& 2&DF /RSBLOPV :DUZ2ZEGYyXH] /LD
ORRUH ) OLOOHU % 5 ODUpPFDO 9 GLAKDOSWLENSU . 'RUWIDOXDWLQJ JOF
ELRJHQLF EURPRFDUERQV $WPRV +&KHPGRK\V DFS

+RVVDLQL 5 &KLSSHUILHOG 0 3 OROQWEGNIH®J $ $DBFISHQRRRNVWMKBRUW OLY
FOLPDWH WKURXJK GHSOHWLRQ Rl VWUDWRGRKHULF RJRIQRI 1DW *HRVFL

+RVVDLQL 5 3DWUD 3 . /HHVRQ B B /.USQGBWRIZDNG *- $EWAKLUEDOW § 7
/ %HOLNRY ' $ %|QLVFK + &DWRIHQWHUQIHO S$KRIPMH 8 )XKOE U +DIHU L6V
1 5 3 +RPPHO 5 .HEHU 7 .U<JHU WRYHGQDIDQW®OH7 + 0OMNOXV * 3 0L
ORRUH ) 1DYDUUR 0 $ 2UDP ' ($ 3#4XDFWWKFNBRELQWRQHS$-' 6DLNDZD
6 G6LQQKXEHU % 0 7DJXFKL 6 7HJWPELBQG6=LVINDVWHUS$ BX®@W L LROR/GRHC
KDORJHQDWHG YHU\ VKRUW OLYHG VXRVWDQEF\HPLYNQR&QRPDHG6WURSRVQHEH
HVWLPDWH RI WKH VWUDWRVSKHULF VRXRJF3KIDV LQMHFWERQ RGREWRPLQ M FS

($ .H\ ZRUOG HQHUJ\ \QOMD WQWWIFYIHQF\
($ .H\ ZRUOG HQHUJ\ \QOMD WQWWIFYIHQF\

-HQQHU + $ 7D\ORU & - / YDQ 'RRORUL@PIMELRDEDSVRIGXFWYE LQ FKORI
(XURSHDQ FRDVWDO SRZHU VWDWLRQV GFOLU (®YLURQ 5HV
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7TDEOH %YURPRIRUP FRQFHQWUDWLRQV PHDYGDE® EFERROOWHUZNVDASOHYGI
OHDVXUHPHQWY LQ WKH SRZHU SODQW HKH COQHQ W XADIGUAHD MWUH W R VE BMIXP RD P\S|

Power plant effluent/ near outlet| Surroundings Location Reference

pg L1t nmol L* pg Lt nmol L*

90-100 356-396 1-20 4-79 Gothenburg, Sweden, Kattegatt Fogelqvist, 1991
9-17 3567 0.1-5 0.420 North Sea Jenner, 1997
8-27 32-107 n/a n/a English Channel Allonier, 1999
124 495 1-50 4-200 Youngkwang, South Korea, Yellow Seg Yang, 2001
20-290 791147 0-54 0-214 Kalpakkam, India, Bay of Bengal Rajamohan, 2007
12-41 47-162 n/a n/a Kalpakkam, India, Bay of Bengal Padhi, 2012

19 75 0.5-2.2 2-9 Gulf of Fos, France, Mediterranean Boudjellaba, 2016
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a) Conc LOW b) Conc MODERATE
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40°N 40°N
30°N 30°N
20°N 20°N
10°N 10°N

Eq Eq
10°S 10°S

90°E 110°E 130°E 150°E 90°E 110°E 130°E 150°E
[pmolm?2h] [pmol m2h7]
[ ‘ | s I ‘ |
0 500 1000 1500 2000 2500 >3000 0 500 1000 1500 2000 2500 >3000

c) Flux HIGH d) Flux Ziska2013
40°N 40°N
30°N 30°N
20°N 20°N
10°N 10°N

Eq Eq
10°S 10°S

90°E 110°E 130°E 150°E 90°E 110°E 130°E 150°E
[omolm?Zh™] [pmolm?h]
- Is . | [ T . \
0 500 1000 1500 2000 2500 >3000 0 500 1000 1500 2000 2500 >3000

JLIXUH $QQXDO PHDQ DLU VHD IOX[RRI WHRPRKRWHM MFIB@BOLRY D /2DVE 02
ZHOO DV G WKH DLU VHD IOX[ FDOFXODW bGBAHWRHU XFIS&SMAYE ® R FHO ZIKQ &/ D W R
SbQHO D F VKRZV WKHRS DWKAKBY ZXHMMW HPLVVLRQV DUH ORFDWHG



a) Atm_mr LOW JJA b) Atm_mr MODERATE JJA
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a) Atm_mr LOW DJF b) Atm_mr MODERATE DJF
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Atm_mr Ziska2013-Mixed JJA, Subtropics
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