
Replies	
  to	
  Reviewer	
  1	
  
	
  
On	
   conclusions	
   to	
   be	
   reconsidered:	
   p.	
   6481-­‐6482.	
   The	
   authors	
   interpret	
  
changes	
  in	
  the	
  ratio	
  of	
  mole	
  fractions	
  at	
  Mace	
  Head	
  (56N)	
  vs	
  Cape	
  Grim	
  (40S)	
  
over	
  time	
  as	
  suggesting	
  that	
  "the	
  pattern	
  of	
  emissions	
  is	
  changing	
  over	
  time"	
  
and	
   furthermore,	
   that	
   this	
   "implies	
  decreasing	
   emissions	
   in	
   the	
  NH	
  and/or	
  
increasing	
   emissions	
   in	
   the	
   SH".	
  While	
   this	
   ratio	
   is	
   influenced	
  by	
   the	
   inter-­‐
hemispheric	
  distribution	
  of	
  emissions,	
  it	
  is	
  also	
  influenced	
  by	
  the	
  magnitude	
  
of	
   emissions	
   relative	
   to	
   the	
   trace	
  gas	
  global	
  atmospheric	
  burden.	
  Consider,	
  
for	
  example,	
   constant	
  emissions	
   (NH	
  only)	
  of	
  a	
   long-­‐lived	
   trace	
  gas	
   into	
  an	
  
atmosphere	
   with	
   an	
   initial	
   concentration	
   of	
   zero.	
   Over	
   time,	
   the	
   NH/SH	
  
mixing	
   ratio	
  will	
   change	
  dramatically	
   (large	
   initially	
  and	
   then	
  decreasing)	
  
until	
   steady-­‐state	
   is	
   reached	
   (and	
   a	
   constant	
   N/S	
   ratio),	
   despite	
   emissions	
  
and	
   their	
   inter-­‐hemispheric	
   distribution	
   (NH	
   only)	
   being	
   constant	
   over	
   the	
  
entire	
  period.	
   I	
   imagine	
   that	
   this	
   influence	
   is	
   the	
  overriding	
   reason	
   for	
   the	
  
observed	
  change	
  for	
  this	
  ratio	
  over	
  time	
  that	
  the	
  authors	
  discuss.	
  Hence,	
  this	
  
section	
  needs	
  substantive	
  rethinking	
  and	
  revision.	
  
	
  
We	
   agree	
  with	
   the	
   reviewer,	
   the	
   interpretation	
  was	
   too	
   simplistic	
   and	
  will	
   be	
  
removed	
  from	
  the	
  text.	
  	
  
	
  
Furthermore,	
  the	
  discussion	
  on	
  lines	
  5-­‐18	
  (p.	
  6482)	
  is	
  confusing	
  and	
  should	
  
be	
   reconsidered	
   (and	
  whether	
   or	
   not	
   Table	
   2	
   is	
   a	
   useful	
   addition).	
   It	
   isn’t	
  
clearly	
   described	
   how	
   the	
   emission	
   ratio	
   of	
   HFC-­‐143	
   to	
   HFC-­‐32	
   in	
   an	
  
Australian	
   inventory,	
   or	
   derived	
   from	
   C.	
   Grim	
   (is	
   this	
   also	
   an	
   estimate	
   of	
  
"Australian"	
   emissions?)	
   help	
   the	
   reader	
   understand	
   NH	
   vs	
   SH	
   emission	
  
magnitudes	
  and	
  their	
  potential	
  variation	
  over	
  time.	
  
	
  
We	
   agree	
   with	
   the	
   reviewer,	
   the	
   discussion	
   of	
   the	
   Australian	
   inventory	
   is	
  
misplaced	
  and	
  will	
  be	
  removed	
  from	
  the	
  discussion	
  (as	
  will	
  the	
  associated	
  Table	
  
2).	
  
	
  
On	
  prior	
  emissions	
  and	
  their	
  uncertainty:	
  p.	
  6480,	
  lines	
  3-­‐18.	
  What	
  emissions	
  
from	
  UNEP	
  reports?	
   I	
  presume	
  you	
  mean	
  emissions	
  reported	
  to	
  the	
  UNFCCC	
  
here?	
   If	
   so,	
   why	
   are	
   UNFCCC	
   reported	
   values,	
   which	
   are	
   known	
   to	
   be	
  
underestimates	
  of	
  global	
  emissions,	
  used	
  with	
  EDGAR	
  estimates	
  to	
  constrain	
  
the	
  uncertainty	
  on	
  the	
  a	
  priori	
  emission	
  magnitudes	
  (30%)?	
  To	
  what	
  extent	
  
are	
  the	
  posterior	
  emissions	
  influenced	
  by	
  the	
  prior	
  emission	
  magnitudes	
  and	
  
their	
  uncertainty?	
  	
  
	
  
We	
   thank	
   the	
   reviewer	
   for	
  pointing	
   this	
  out.	
  A	
  priori	
   emissions	
  were	
  obtained	
  
from	
  EDGAR,	
  not,	
  as	
  stated,	
  from	
  the	
  UNFCCC	
  reports.	
  However,	
  we	
  did	
  use	
  the	
  
comparison	
   of	
   the	
   EDGAR	
   and	
   UNFCCC	
   emissions	
   growth	
   rates	
   to	
   derive	
   an	
  
order	
  of	
  magnitude	
  uncertainty	
  estimate.	
  We	
  acknowledge	
   that	
   this	
   is	
   likely	
   to	
  
be	
   a	
   relatively	
   poor	
   approximation	
   of	
   the	
   “true”	
   uncertainty	
   in	
   the	
   EDGAR	
  
dataset	
  (partly	
  because	
  of	
  the	
  under-­‐reporting	
  noted	
  by	
  the	
  reviewer).	
  However,	
  
we	
   do	
   not	
   find	
   that	
   the	
   choice	
   of	
   uncertainty	
   had	
   a	
   significant	
   impact	
   on	
   the	
  
conclusions	
  of	
   this	
  paper.	
  The	
  close	
  agreement	
  between	
  the	
  “optimized”	
  model	
  
and	
  the	
  observations	
  indicates	
  that	
  the	
  prior	
  emissions	
  estimate	
  had	
  a	
  relatively	
  



minor	
  influence	
  on	
  the	
  derived	
  emissions.	
   	
  We	
  have	
  modified	
  the	
  text	
  to	
  clarify	
  
which	
  a	
  priori	
  emissions	
  dataset	
  was	
  used.	
  
	
  
p.	
  6474	
  HFC-­‐23	
  has	
  a	
  lifetime	
  of	
  »50yr.	
  	
  
	
  
Changed	
   the	
   text,	
   “HFCs	
   are	
   partially	
   fluorinated	
   hydrocarbons	
   that	
   have	
  
atmospheric	
   lifetimes	
   in	
  the	
  range	
  of	
  1-­‐50	
  years	
  (with	
  the	
  exception	
  of	
  HFC-­‐23	
  
and	
  HFC-­‐236fa	
  which	
  have	
  lifetimes	
  of	
  222	
  and	
  242	
  years,	
  respectively)…”	
  
	
  
L	
  21,	
  Reconsider	
  the	
  intent	
  of	
  this	
  sentence,	
  as	
  it	
  comes	
  across	
  as	
  misleading.	
  
The	
   US	
   reports	
   emissions	
   data	
   to	
   the	
   UNFCCC	
   even	
   though	
   it	
   didn’t	
   ratify	
  
Kyoto.	
  	
  
	
  
Changed	
   the	
   text,	
   “However,	
   countries	
   that	
   did	
   not	
   ratify	
   the	
   Kyoto	
   Protocol	
  
(Non-­‐Annex	
  I	
  or	
  developing	
  countries	
  and	
  the	
  USA)	
  were	
  not	
  required	
  to	
  submit	
  
national	
  HFC	
  data,	
  although	
  some	
  countries	
  such	
  as	
  the	
  USA	
  do”.	
  
	
  
L	
   23,	
   projected	
   for	
   what	
   year?	
   Is	
   this	
   sentence	
   and	
   the	
   following	
   one	
   a	
  
discussion	
  of	
  the	
  past	
  or	
  future?	
  
	
  
The	
  text	
  is	
  unclear,	
  and	
  has	
  been	
  changed	
  to	
  answer	
  the	
  reviewer’s	
  questions:	
  
	
  
“It	
  has	
  been	
  suggested	
  that	
  the	
  total	
  GWP	
  weighted	
  HFC	
  emissions	
  for	
  baseline	
  
scenarios	
  in	
  2050	
  will	
  be	
  ~4	
  times	
  larger	
  than	
  those	
  previously	
  reported	
  in	
  the	
  
Intergovernmental	
  …”	
  
 
 
 
Citations	
  are	
  limited,	
  and	
  often	
  include	
  only	
  those	
  associated	
  with	
  the	
  author	
  
team.	
  Important	
  points	
  related	
  to	
  HFCs	
  that	
  should	
  be	
  referenced	
  are	
  not.	
  
	
  
We	
  agree	
  with	
  the	
  Reviewer	
  and	
  have	
  now	
  included	
  additional	
  non-­‐author	
  team	
  
citations:	
  

Fang,	
  Xuekun,	
  BR	
  Miller,	
  and	
  SS	
  Su.	
  2014.	
  “Historical	
  Emissions	
  of	
  HFC-­‐23	
  
(CHF3)	
  in	
  China	
  and	
  Projections	
  upon	
  Policy	
  Options	
  by	
  2050.”	
  Environmental	
  
Science	
  &	
  Technology	
  23.	
  doi:doi.org/10.1021/es404995f.	
  
http://pubs.acs.org/doi/abs/10.1021/es404995f.	
  

Laube,	
  J.	
  C.,	
  P.	
  Martinerie,	
  E.	
  Witrant,	
  T.	
  Blunier,	
  J.	
  Schwander,	
  C.	
  a.	
  M.	
  
Brenninkmeijer,	
  T.	
  J.	
  Schuck,	
  et	
  al.	
  2010.	
  “Accelerating	
  Growth	
  of	
  HFC-­‐227ea	
  
(1,1,1,2,3,3,3-­‐Heptafluoropropane)	
  in	
  the	
  Atmosphere.”	
  Atmospheric	
  Chemistry	
  
and	
  Physics	
  10	
  (13)	
  (July	
  2):	
  5903–5910.	
  doi:10.5194/acp-­‐10-­‐5903-­‐2010.	
  
http://www.atmos-­‐chem-­‐phys.net/10/5903/2010/.	
  

Miller,	
  B.	
  R.,	
  and	
  L.	
  J.	
  M.	
  Kuijpers.	
  2011.	
  “Projecting	
  Future	
  HFC-­‐23	
  Emissions.”	
  
Atmospheric	
  Chemistry	
  and	
  Physics	
  11	
  (24)	
  (August	
  16):	
  13259–13267.	
  
doi:10.5194/acp-­‐11-­‐13259-­‐2011.	
  http://www.atmos-­‐chem-­‐phys-­‐
discuss.net/11/23081/2011/.	
  



Miller,	
  John	
  B.,	
  Scott	
  J.	
  Lehman,	
  Stephen	
  a.	
  Montzka,	
  Colm	
  Sweeney,	
  Benjamin	
  R.	
  
Miller,	
  Anna	
  Karion,	
  Chad	
  Wolak,	
  et	
  al.	
  2012.	
  “Linking	
  Emissions	
  of	
  Fossil	
  Fuel	
  CO	
  
2	
  and	
  Other	
  Anthropogenic	
  Trace	
  Gases	
  Using	
  Atmospheric	
  14	
  CO	
  2.”	
  Journal	
  of	
  
Geophysical	
  Research	
  117	
  (D8)	
  (April	
  19):	
  D08302.	
  doi:10.1029/2011JD017048.	
  
http://doi.wiley.com/10.1029/2011JD017048.	
  

	
  

Montzka,	
  S.	
  a.,	
  L.	
  Kuijpers,	
  M.	
  O.	
  Battle,	
  M.	
  Aydin,	
  K.	
  R.	
  Verhulst,	
  E.	
  S.	
  Saltzman,	
  
and	
  D.	
  W.	
  Fahey.	
  2010.	
  “Recent	
  Increases	
  in	
  Global	
  HFC-­‐23	
  Emissions.”	
  
Geophysical	
  Research	
  Letters	
  37	
  (2)	
  (January	
  29):	
  n/a–n/a.	
  
doi:10.1029/2009GL041195.	
  http://doi.wiley.com/10.1029/2009GL041195.	
  

	
  

Consider	
  updating	
  GWP	
  with	
  the	
  latest	
  IPCC	
  report	
  values,	
  and	
  lifetimes	
  with	
  
those	
  from	
  the	
  recently	
  published	
  SPARC	
  report. 

	
  
We	
  agree,	
  and	
  this	
  has	
  been	
  done	
  using	
  the	
  references	
  detailed	
  below:	
  
	
  
Myhre,	
  G.,	
  Schindell,	
  F-­‐M.	
  Breon,	
  W.	
  Collins,	
  J.	
  Fuglestvedt,	
  J.	
  Huang,	
  D.	
  Koch,	
  J.-­‐F.	
  
Lamargue,	
  D.	
  Lee,	
  B.	
  Mendoza,	
  T.	
  Nakajima,	
  A.	
  Robock,	
  G.	
  Stephens,	
  T.	
  Takemura	
  
and	
  H.	
  Zhang:	
  Anthropogenic	
  and	
  Natural	
  Radiative	
  Forcing.	
  In:	
  Climate	
  Change	
  
2013:	
  The	
  Physical	
  Science	
  Basis.	
  Contribution	
  of	
  Working	
  Group	
   I	
   to	
   the	
  Fifth	
  
Assessment	
  Report	
  of	
  the	
  Intergovernmental	
  Panel	
  on	
  Climate	
  Change	
  [Stocker,	
  
T.F.,	
  D.	
  Qin,	
  G.-­‐K.	
  Plattner,	
  M.	
  Tignor,	
  S.K.	
  Allen,	
   J.	
  Boschung,	
  A.	
  Nauels,	
  Y.	
  Xia,	
  V.	
  
Bex	
   and	
   P.M.	
   Midgley	
   (eds.)].	
   Cambridge	
   University	
   Press,	
   Cambridge,	
   United	
  
Kingdom	
  and	
  New	
  York,	
  NY,	
  USA.	
  
	
  
Ko,	
  M.,	
  P.	
  Newman,	
  S.	
  Reimann,	
  S.	
  Strahan	
  (Eds.),	
  SPARC	
  Report	
  on	
  the	
  Lifetimes	
  
of	
   Stratospheric	
  Ozone-­‐Depleting	
   Substances,	
   Their	
  Replacements,	
   and	
  Related	
  
Species,	
  SPARC	
  Report	
  No.	
  6,	
  WCRP-­‐15/2013.	
  	
  
	
  
The	
  introduction	
  contains	
  much	
  information	
  not	
  all	
  that	
  relevant	
  to	
  the	
  main	
  
point	
   of	
   the	
   paper.	
   Also,	
   why	
   are	
   emissions	
   derived	
   from	
   Culbertson	
  
tabulated	
   in	
   the	
   introduction	
   instead	
   of	
   being	
   discussed	
   (or	
   possibly	
  
displayed)	
   along	
   with	
   the	
   new	
   results	
   in	
   Figures	
   and	
   or	
   Tables?	
   (name	
  
misspelled	
  on	
  p.	
  6476,	
  line	
  5)	
  
	
  
We	
  feel	
  the	
  historical	
  mole	
  fraction	
  data	
  for	
  HFC-­‐143a	
  reported	
  in	
  the	
  Culbertson	
  
paper	
  was	
  an	
  important	
  addition	
  to	
  the	
  introduction	
  as	
  a	
  marker	
  for	
  the	
  type	
  of	
  
work	
  that	
  had	
  preceded	
  this	
  study.	
  	
  
It	
  was	
   initially	
  decided	
  not	
   to	
  present	
   the	
  Culbertson	
  HFC-­‐143a	
  emissions	
  data	
  
alongside	
   the	
   new	
   results	
   since	
   they	
   are	
   reported	
   as	
   average	
   calculated	
  
emissions	
   over	
   a	
   five-­‐year	
   period	
   and	
  not	
   as	
   annual	
   averages.	
   In	
   hindsight	
  we	
  
have	
  now	
  added	
  these	
  data	
  to	
  the	
  Figure	
  5	
  for	
  comparative	
  purposes.	
  
	
  	
  
Corrected	
  misspelling	
  on	
  p6475,	
  line	
  25	
  and	
  6476,	
  line	
  5.	
  



	
  
	
  

	
  
	
  

	
  
	
  
p.	
   6481,	
   It	
   is	
   stated	
   that	
   the	
   radiative	
   forcings	
   associated	
   with	
   these	
   two	
  
HFCs	
   are	
   estimated	
   with	
   the	
   AGAGE	
   12-­‐box	
   model.	
   I	
   don’t	
   believe	
   this	
   is	
  
entirely	
  accurate;	
  some	
  clarifying	
  text	
  is	
  needed	
  here.	
  
	
  
The	
   text	
   should	
   have	
   read:	
   “The	
   radiative	
   forcing	
   due	
   to	
   HFC-­‐143a	
   estimated	
  
using	
  the	
  global	
  average	
  mole	
  fraction	
  obtained	
  from	
  the	
  AGAGE	
  12-­‐box	
  model,	
  



was	
   1.7±0.04	
   mWm−2	
   in	
   2012.”	
   and	
   “The	
   radiative	
   forcing	
   due	
   to	
   HFC-­‐32,	
  
estimated	
   using	
   the	
   AGAGE	
   12-­‐box	
  model	
   global	
  mole	
   fractions,	
   was	
   0.7±0.02	
  
mWm−2	
  in	
  2012”.	
  We	
  have	
  corrected	
  this	
  in	
  the	
  text.	
  
	
  	
  
The	
  consideration	
  of	
  East	
  Asian	
  sources	
  of	
  these	
  gases	
  is	
  interesting	
  in	
  light	
  
of	
   the	
   discrepancies	
   in	
   global	
   emissions	
   derived	
   in	
   this	
   work	
   and	
   those	
  
reported	
   to	
   the	
   UNFCCC.	
   In	
   this	
   discussion,	
   the	
   years	
   associated	
   with	
  
emission	
   magnitudes	
   derived	
   in	
   the	
   regional	
   studies	
   need	
   explicit	
  
specification.	
  	
  
	
  
The	
   estimation	
  period	
   is	
   from	
  November	
  2007	
   to	
  December	
  2008,	
   I	
   have	
  now	
  
detailed	
  this	
  in	
  the	
  manuscript:	
  
	
  
“Li	
  et	
  al.	
  [2011]	
  reported	
  emission	
  estimates	
  for	
  East	
  Asia	
  (China,	
  S.	
  Korea,	
  Japan	
  
and	
  Taiwan)	
  for	
  the	
  period	
  between	
  November	
  2007	
  and	
  December	
  2008,	
  where	
  
the	
   emission	
   rates	
   for	
   each	
   country	
   were	
   estimated	
   using	
   an	
   interspecies	
  
correlation	
  method…”	
  
	
  
Are	
   there	
   any	
   independent	
   indications	
   that	
   the	
   methods	
   used	
   in	
   these	
  
regional	
   studies	
   provide	
   reliable	
   estimates	
   of	
   emissions	
   from	
   this	
   entire	
  
region?	
  Some	
  discussion	
  of	
  limitations	
  of	
  regional	
  studies	
  seems	
  necessary.	
  
	
  
The	
   regional	
   studies	
   quoted	
   in	
   the	
   text	
   have	
   been	
   published	
   in	
   peer-­‐reviewed	
  
journals	
   and	
   detailed	
   discussions	
   of	
   the	
   regional	
   studies	
   and	
   associated	
  
limitations	
  are	
  reported	
  within	
  these	
  references.	
  	
  
	
  
	
  
Furthermore,	
   the	
   emission	
   Tables	
   mention	
   that	
   "Estimates	
   of	
   global	
  
emissions	
   based	
   on	
   ...measurements...collected	
   primarily	
   at	
   Trinidad	
   Head	
  
and	
  Cape	
  Grim	
  using	
  the	
  AGAGE...	
  model."	
  What	
  does	
  "primarily"	
  mean	
  here?	
  
Are	
   the	
   emissions	
   derived	
   from	
   results	
   only	
   at	
   these	
   two	
   sites	
   despite	
   the	
  
availability	
  of	
  data	
  at	
  many	
  more	
  sites?	
  This	
  should	
  be	
  explicitly	
  discussed	
  in	
  
the	
  methods	
  section.	
  
	
  
In	
  the	
  original	
  text	
  the	
  “primarily	
  “referred	
  to	
  the	
  fact	
  that	
  most	
  NH	
  flask	
  samples	
  
were	
  collected	
  at	
  Trinidad	
  Head,	
  but	
  other	
  flasks	
  collected	
  at	
  different	
  NH	
  sites	
  
were	
  also	
  analysed.	
  This	
  section	
  of	
  text	
  has	
  been	
  reworded	
  for	
  clarity:	
  
	
  
“Table	
  3.	
  Estimates	
  of	
  global	
  emissions	
  of	
  HFC-­‐143a	
  (Gg	
  yr-­‐1)	
  based	
  on	
  AGAGE	
  in	
  
situ	
   measurements	
   and	
   archived	
   air	
   samples	
   (the	
   NH	
   flasks	
   were	
   collected	
  
primarily	
  at	
  Trinidad	
  Head	
  and	
  the	
  SH	
  flasks	
  at	
  Cape	
  Grim)	
  using	
  the	
  AGAGE	
  2-­‐D	
  
12-­‐box	
  model.	
  Estimates	
  of	
   total	
   emissions	
  prior	
   to	
  November	
  2003	
  are	
  based	
  
only	
  on	
  archived	
  air	
  samples.	
  Also	
  shown	
  are	
  global	
  emission	
  estimates	
  derived	
  
from	
   UNFCCC	
   National	
   Inventory	
   Reports	
   (2012	
   submission),	
   and	
   from	
   the	
  
EDGAR	
  (v4.2)	
  database”.	
  
	
  
	
  
Figures	
  3	
  and	
  4,	
  an	
  indication	
  of	
  which	
  sites	
  are	
  being	
  represented	
  is	
  missing	
  
and	
  should	
  be	
  added.	
  Table	
  1	
  appears	
  a	
  bit	
  misleading	
  as	
  results	
  for	
  HFC-­‐32	
  



at	
   one	
   site	
   (as	
   in	
   Figure)	
   are	
   not	
   available	
   for	
   all	
   time	
   after	
   the	
  
measurements	
  began.	
  
	
  
These	
  figures	
  indicate	
  semi-­‐hemispheric	
  average	
  mole	
  fractions.	
  We	
  have	
  added	
  
the	
   following	
   lines	
   to	
   the	
   figure	
   captions:	
   “Semi-­‐hemispheric	
  monthly	
   average	
  
HFC-­‐X	
  mole	
   fractions	
   (30N-­‐90N:	
  blue,	
  0N-­‐30N:	
  green,	
  30S-­‐0S:	
  purple,	
  90S-­‐30S:	
  
red).	
  Averaged	
  observations	
  are	
  shown	
  as	
  data	
  points	
  with	
  error	
  bars.”	
  
	
  
Velders	
  et	
  al.,	
  2012	
  is	
  not	
  listed	
  in	
  reference	
  section.	
  
	
  
This	
  was	
  a	
  mistake,	
  we	
  have	
  now	
  added:	
  
	
  
Velders,	
   Guus	
   J	
  M,	
   A	
   R	
   Ravishankara,	
  Melanie	
   K	
  Miller,	
  Mario	
   J	
  Molina,	
   Joseph	
  
Alcamo,	
  John	
  S	
  Daniel,	
  David	
  W	
  Fahey,	
  Stephen	
  A	
  Montzka,	
  and	
  Stefan	
  Reimann.	
  
2012.	
   “Climate	
   Change.	
   Preserving	
   Montreal	
   Protocol	
   Climate	
   Benefits	
   by	
  
Limiting	
   HFCs.”	
   Science	
   (New	
   York,	
   N.Y.)	
   335	
   (6071)	
   (February	
   24):	
   922–3.	
  
doi:10.1126/science.1216414.	
  
http://www.ncbi.nlm.nih.gov/pubmed/22362993.	
  
	
  
Consider	
  changing	
  color	
  scheme	
  in	
  figures	
  1	
  and	
  2,	
  the	
  points	
  dominate	
  the	
  
colors	
   of	
   data	
   presented	
   in	
   the	
   figure,	
   but	
   not	
   the	
   colors	
   displayed	
   in	
   the	
  
caption.	
  
	
  
We	
  have	
  given	
  this	
  comment	
  close	
  consideration	
  and	
  have	
  decided	
  to	
  make	
  no	
  
changes	
  to	
  the	
  Figures	
  1	
  and	
  2.	
  We	
  feel	
   that	
   it	
   is	
  difficult	
   to	
  represent	
  so	
  many	
  
different	
  stations	
  data	
  on	
  one	
  plot,	
  but	
  the	
  colour	
  scheme	
  used	
  is	
  quite	
  clear	
  for	
  
each	
  site	
  with	
  or	
  without	
  the	
  points.	
  
	
  
	
  
	
  
Replies	
  to	
  Reviewer	
  2	
  
	
  
I	
   congratulate	
   the	
   authors	
   to	
   this	
   work,	
   which	
   reports	
   global	
   trends	
   and	
  
emissions	
  of	
  two	
  rapidly	
  increasing	
  greenhouse	
  gases	
  from	
  a	
  high	
  frequency	
  
observational	
  network.	
  In	
  that	
  it	
  addresses	
  very	
  relevant	
  scientific	
  questions	
  
within	
  the	
  scope	
  of	
  ACP.	
  It	
  also	
  presents	
  a	
  wealth	
  of	
  novel	
  data	
  and	
  reaches	
  
substantial	
  conclusions,	
  which	
  are	
  sufficiently	
  supported	
  by	
  the	
  high	
  quality	
  
data.	
   I	
   consider	
   the	
   scientific	
  methods	
   valid	
   but	
   not	
   clearly	
   outlined	
   in	
   all	
  
cases.	
   Another	
   weakness	
   is	
   the	
   inclusion	
   and	
   especially	
   the	
   lack	
   of	
  
comparison	
  to	
  other	
  published	
  mixing	
  ratio	
  time	
  series	
  of	
  these	
  two	
  gases.	
  	
  
	
  
The	
   text	
   has	
   been	
   modified	
   and	
   the	
   scientific	
   methods	
   outlined	
   more	
   clearly	
  
thanks	
  to	
  many	
  of	
  the	
  specific	
  comments	
  received	
  from	
  Reviewer	
  2.	
  
	
  
At	
   the	
   time	
   of	
   preparing	
   the	
   first	
   manuscript	
   there	
   were	
   no	
   other	
   published	
  
mixing	
  ratio	
  time	
  series	
  available	
  with	
  the	
  exception	
  of	
  Culbertson	
  et	
  al.,	
  for	
  HFC-­‐
143a.	
   The	
   Culbertson	
   time	
   series	
   (represented	
   as	
   annual	
   means)	
   generally	
  
covered	
   a	
   period	
   of	
   time	
  where	
   the	
  mixing	
   ratio	
  was	
   very	
   low	
   and	
   before	
   the	
  
rapid	
  rate	
  of	
  growth	
  started.	
   In	
  the	
  case	
  of	
  Cape	
  Meares	
  the	
  mixing	
  ration	
  only	
  



changed	
  from	
  0.2-­‐0.6	
  between	
  1978-­‐1990,	
  this	
  type	
  of	
  small	
  change	
  is	
  difficult	
  to	
  
show	
  in	
  Figure	
  1.	
  The	
  time	
  series	
  for	
  for	
  Point	
  Barrow	
  and	
  Palmer	
  Station	
  were	
  
also	
  very	
  short	
  (4-­‐5	
  data	
  points).	
  For	
  this	
  reason	
   it	
  was	
  decided	
  that	
  very	
   little	
  
useful	
   information	
   could	
   be	
   illustrated	
   on	
   the	
   mole	
   fraction	
   time	
   series	
   plot,	
  
shown	
  in	
  Figure	
  1.	
  	
  	
  
	
  
Until	
  recently,	
  we	
  were	
  unaware	
  of	
  the	
  HFC-­‐143a	
  data	
  presented	
  in	
  Miller	
  et	
  al.,	
  
2012,	
  it	
  would	
  be	
  useful	
  to	
  include	
  these	
  data	
  in	
  a	
  comparison	
  plot,	
  however,	
  we	
  
do	
  not	
  think	
  these	
  data	
  have	
  been	
  archived	
  for	
  general	
  access.	
  
	
  
We	
  are	
  unaware	
  of	
  any	
  other	
  published	
  time	
  series	
  of	
  HFC-­‐32.	
  	
  
	
  
The	
  same	
  is	
  partly	
  true	
  for	
  the	
  emissions.	
  The	
  overall	
  presentation	
  is	
  mostly	
  
well	
   structured,	
   clear,	
   and	
   concise.	
   Finally	
   I	
   suggest	
   including	
  a	
   link	
   to	
   the	
  
online	
  archive	
  of	
   the	
  actual	
  underlying	
  high	
   frequency	
  data,	
  at	
   least	
   in	
   the	
  
supplementary	
  material.	
  More	
  specific	
  comments	
  can	
  be	
  found	
  below.	
  
	
  
We	
   thank	
   reviewer	
   2	
   for	
   his	
   overall	
   positive	
   assessment.	
   A	
   link	
   to	
   the	
   AGAGE	
  
website	
  and	
  CDIAC	
  database	
  has	
  been	
  added	
  to	
  the	
  supplementary	
  information.	
  
	
  
P3,	
  l7:	
  As	
  of	
  which	
  year?	
  
	
  
In	
  2012,	
  this	
  year	
  is	
  mentioned	
  throughout	
  the	
  abstract	
  (L9,	
  12,	
  16),	
  so	
  I	
  do	
  not	
  
really	
  want	
  to	
  mention	
  it	
  again.	
  
	
  
P3,	
  l20-­‐22:	
  I	
  suggest	
  adding	
  “mainly”	
  as	
  there	
  are	
  some	
  other	
  uses.	
  
	
  
We	
  agree,	
  “mainly”	
  will	
  been	
  added.	
  
	
  
P4,	
  l10:	
  The	
  lifetime	
  of	
  HFC-­‐23	
  is	
  much	
  longer	
  than	
  50	
  years.	
  
	
  
Changed	
   the	
   text,	
   “HFCs	
   are	
   partially	
   fluorinated	
   hydrocarbons	
   that	
   have	
  
atmospheric	
   lifetimes	
   in	
  the	
  range	
  of	
  1-­‐50	
  years	
  (with	
  the	
  exception	
  of	
  HFC-­‐23	
  
and	
  HFC-­‐236fa	
  which	
  have	
  lifetimes	
  of	
  222	
  and	
  242	
  years,	
  respectively)…”	
  
	
  
P4,	
  l15:	
  These	
  GWPs	
  are	
  only	
  high	
  on	
  average.	
  
	
  
“Most	
  HFCs	
  currently	
  used	
  have	
  relatively	
  long	
  atmospheric	
  lifetimes	
  (e.g.,	
  HFC-­‐
134a,	
  with	
   a	
   lifetime	
   of	
   about	
   13	
   years)	
   and	
  GWPs	
   in	
   excess	
   of	
   1000,	
   and	
   are	
  
sometimes	
  referred	
  to	
  as	
  high-­‐GWP	
  HFCs”	
  [Velders	
  et	
  al.,	
  2014].	
  
	
  
P5,	
  l4:	
  If	
  that	
  second	
  period	
  starts	
  on	
  1	
  January	
  2013,	
  why	
  hasn’t	
  it	
  entered	
  
into	
  force	
  yet?	
  
	
  
Even	
   though	
  Parties	
   have	
   accepted	
   the	
  Doha	
   amendment,	
   the	
   amendment	
  will	
  
not	
  enter	
  into	
  force	
  until	
  at	
  least	
  75%	
  have	
  sent	
  in	
  an	
  instrument	
  of	
  acceptance.	
  
A	
  total	
  of	
  144	
  instruments	
  of	
  acceptance	
  are	
  required	
  for	
  the	
  entry	
  into	
  force	
  of	
  
the	
  amendment.	
  This	
  has	
  not	
  yet	
  happened.	
  	
  
	
  



See	
   https://unfccc.int/kyoto_protocol/doha_amendment/items/7362.php	
   for	
   a	
  
more	
  detailed	
  description	
  of	
  the	
  procedure.	
  
	
  
P5,	
   l9-­‐12:	
   It	
   might	
   be	
   worth	
   referencing	
   at	
   least	
   some	
   of	
   the	
   non-­‐AGAGE	
  
publications	
   “assessing	
   the	
  accuracy	
  of	
  globally	
  and	
   regionally	
  aggregated	
  
reductions	
   or	
   increases	
   in	
   emissions	
   of	
   individual	
   greenhouse	
   gases...”.	
  
Especially	
   since	
   the	
   term	
   “greenhouse	
  gases”	
   includes	
   studies	
  on	
  CO2,	
   CH4,	
  
and	
  N2O.	
  
	
  	
  
Reviewer	
  1	
  also	
  commented	
  on	
  this	
  issue.	
  We	
  agree	
  with	
  both	
  reviewers,	
  and	
  a	
  
broader	
  range	
  of	
  publications	
  is	
  now	
  referenced	
  (see	
  below).	
  
	
  
The	
  use	
  of	
   “greenhouse	
   gases”	
   in	
   the	
  original	
   text	
  was	
   too	
   general,	
   of	
   course	
   I	
  
agree	
  fully	
  that	
  there	
  is	
  a	
  wealth	
  of	
  excellent	
  studies	
  reporting	
  CO2,	
  CH4	
  and	
  N2O,	
  
however,	
   I	
   would	
   like	
   to	
   remain	
   focused	
   on	
   the	
   halogenated	
   GHGs,	
   and	
   have	
  
changed	
  the	
  text	
  to	
  clarify	
  this:	
  now	
  include	
  “individual	
  halogenated	
  greenhouse	
  
gases...”	
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P5,	
  l12-­‐13:	
  That	
  is	
  not	
  quite	
  true.	
  Both	
  HFC-­‐143a	
  and	
  HFC-­‐32	
  are	
  included	
  in	
  
Rigby	
  et	
  al.	
  (2014,	
  GRL).	
  One	
  of	
  the	
  main	
  messages	
  of	
  their	
  work	
  is	
  that	
  “half	
  
of	
  the	
  world’s	
  HFC	
  emissions	
  were	
  unaccounted	
  for	
  in	
  2011”.	
  
	
  



We	
  agree	
  with	
   the	
   reviewers	
   comment	
   that	
   the	
  HFC	
   emissions	
   as	
   a	
   total	
   have	
  
been	
  explored,	
  however,	
  no	
  detailed	
  global	
  emissions	
  information	
  relating	
  to	
  the	
  
individual	
  compounds	
  reported	
  here	
  have	
  yet	
  been	
  published.	
  	
  
	
  
Text	
  changed	
  to:	
  
	
  
“These	
  techniques	
  have	
  recently	
  been	
  applied	
  to	
  global	
  observations	
  of	
  HFCs	
  in	
  
general	
   [Rigby	
  et	
   al.,	
   2014]	
  but	
  not	
  used	
   to	
  explore	
   the	
   individual	
  estimates	
  of	
  
HFC-­‐143a	
  and	
  HFC-­‐32”.	
  
	
  
P6,	
   l4-­‐5:	
   Including	
   this	
   information	
   is	
  a	
   very	
  good	
   idea,	
  but	
  why	
   is	
   it	
   listed	
  
very	
  detailed	
  in	
  the	
  introduction	
  and	
  not	
  used	
  anywhere	
  else,	
  e.g.	
  to	
  compare	
  
to	
  AGAGE	
  emission	
  estimates	
  in	
  section	
  4.2?	
  Also,	
  why	
  is	
  the	
  work	
  of	
  Li	
  et	
  al.	
  
(2011,	
  EST,	
  cited	
  later)	
  and	
  Miller	
  et	
  al.	
  (2012,	
  JGR)	
  not	
  mentioned	
  here	
  (or	
  
compared	
  later)?	
  
	
  
When	
   this	
  manuscript	
   was	
   first	
   started	
   Li	
   et	
   al	
   and	
  Miller	
   et	
   al	
   had	
   not	
   been	
  
published,	
   the	
   Culbertson	
   data	
  were	
   included	
   here	
   to	
   provide	
   a	
   history	
   of	
   the	
  
current	
   measurements	
   to	
   date.	
   This	
   section	
   has	
   been	
   updated	
   to	
   include	
  
references	
  to	
  Li	
  et	
  al	
  and	
  Miller	
  et	
  al.	
  	
  
	
  
The	
   Culbertson	
   emissions	
   data	
   have	
   been	
   added	
   to	
   the	
   figures	
   and	
   discussed	
  
further.	
  
	
  
	
  
P6,	
   l12:	
   This	
   information	
   is	
   outdated.	
   The	
   SPARC	
   Assessment	
   (2013)	
  
recommends	
  a	
  lifetime	
  of	
  51	
  years	
  for	
  HFC-­‐143a.	
  
	
  
We	
  agree,	
  and	
  have	
  updated	
  the	
  lifetime.	
  
	
  
P6,	
   l20	
   and	
   p7,	
   l8:	
   Again,	
   instead	
   of	
   citing	
   outdated	
   work,	
   SPARC	
   (2013)	
  
would	
  be	
  better	
  here.	
  This	
  is	
  especially	
  puzzling	
  since	
  many	
  of	
  the	
  authors	
  of	
  
this	
  work	
  were	
  also	
  authors	
  of	
  the	
  SPARC	
  Assessment.	
  
	
  
We	
  agree,	
  and	
  have	
  now	
  cited	
  SPARC	
  (2013).	
  
	
  
P8,	
  l7-­‐8:	
  I	
  agree	
  that	
  the	
  calibration	
  procedure	
  is	
  well	
  established.	
  But	
  data	
  
specific	
  to	
  the	
  calibrations	
  of	
  these	
  two	
  gases	
  is	
  missing	
  here.	
  What	
  was	
  the	
  
precision	
   of	
   the	
   calibrations?	
   How	
   many	
   dilutions	
   were	
   prepared?	
   Which	
  
mixing	
  ratio	
  range	
  was	
  covered?	
  Was	
  linear	
  response	
  behaviour	
  confirmed?	
  
	
  
The	
   reviewer	
   raises	
   some	
   valid	
   points	
   about	
   the	
   calibration	
   procedure.	
   These	
  
points	
   have	
   been	
   addressed	
   in	
   the	
   following	
   text	
   and	
   in	
   the	
   reply	
   to	
   the	
   next	
  
question:	
  
	
  
“The	
  measurements	
   at	
   each	
   AGAGE	
   site	
   are	
   reported	
   relative	
   to	
   the	
   SIO-­‐2007	
  
gravimetric	
  calibration	
  scale	
  (as	
  dry	
  gas	
  mole	
  fractions	
  in	
  pmol	
  mol-­‐1).	
  The	
  SIO-­‐
2007	
  scale	
  is	
  based	
  on	
  five	
  stable	
  primary	
  calibration	
  standards	
  in	
  zero	
  air	
  with	
  
prepared	
   values	
   of	
   5-­‐6	
   ppt,	
   each	
   containing	
   ~20	
   torr	
  water	
   vapour.	
   Repeated	
  



measurements	
   indicated	
   that	
   the	
   relative	
   standard	
   deviation	
   of	
   the	
   scale	
   was	
  
0.56%	
  (HFC-­‐143a)	
  and	
  0.49%	
  (HFC-­‐32).	
  The	
  estimated	
  absolute	
  accuracy	
  of	
  the	
  
calibration	
  scale	
  for	
  both	
  compounds	
  is	
  ~2-­‐3%”.	
  	
  
	
  
P8,	
  l17-­‐18:	
  Does	
  that	
  mean	
  that	
  the	
  actual	
  precision	
  of	
  the	
  standards	
  run	
  at	
  
each	
  individual	
  instrument	
  was	
  not	
  considered,	
  including	
  changes	
  over	
  time?	
  
Does	
  it	
  also	
  mean	
  that	
  the	
  precision	
  was	
  not	
  dependent	
  on	
  the	
  actual	
  
concentration	
  in	
  the	
  standard?	
  0.10	
  ppt	
  would	
  mean	
  >10	
  %	
  for	
  HFC-­‐32	
  in	
  
2003.	
  
	
  
The	
   text	
   states	
   that	
   the	
   typical	
   precision	
  was	
   calculated	
  at	
  0.10	
  ppt.	
  Of	
   course	
  
this	
  value	
  varies,	
  and	
  is	
  dependent	
  on	
  a	
  number	
  of	
  factors	
  such	
  as	
  how	
  well	
  each	
  
instrument	
   is	
   running,	
   and	
   the	
   mole	
   fraction	
   present	
   in	
   the	
   current	
   working	
  
standard.	
   The	
   text	
   has	
   been	
   altered	
   to	
   add	
   extra	
   information	
   and	
   clarify	
   the	
  
original	
  statement:	
  
	
  
	
  
“Working	
   standards	
   were	
   prepared	
   for	
   each	
   AGAGE	
   station	
   by	
   compressing	
  
ambient	
  air	
  into	
  35L	
  electropolished	
  stainless	
  steel	
  canisters	
  (Essex	
  Cryogenics,	
  
Missouri,	
  USA)	
  using	
  a	
  modified	
  oil-­‐free	
  compressor	
  (SA-­‐3,	
  RIX	
  California,	
  USA).	
  
An	
   exception	
   to	
   this	
  was	
   the	
   Cape	
  Grim	
   station,	
  where	
   the	
  working	
   standards	
  
were	
  filled	
  using	
  a	
  cryogenic	
  filling	
  technique.	
  Working	
  standards	
  were	
  filled	
  to	
  
50-­‐60	
   bar	
   and	
   had	
   a	
   working	
   life	
   of	
   approximately	
   two	
  months.	
   Such	
   a	
   rapid	
  
turnaround	
   of	
   working	
   standards	
   resulted	
   in	
   minimal	
   sampling	
   and	
   detector	
  
non-­‐linearity	
  issues	
  since	
  the	
  ambient	
  mole	
  fractions	
  and	
  working	
  standard	
  mole	
  
fractions	
  were	
  very	
  similar.	
  Measurement	
  precision	
  (1σ)	
  was	
  determined	
  as	
  one	
  
standard	
  deviation	
  of	
   the	
  ratio	
  of	
  each	
  standard	
  response	
  to	
  the	
  average	
  of	
   the	
  
closest	
  in	
  time	
  preceding	
  and	
  subsequent	
  standard	
  responses.	
  	
  The	
  typical	
  daily	
  
precision	
   for	
  each	
  standard	
  varies	
  with	
  respect	
   to	
  mole	
   fraction,	
  at	
   the	
  5-­‐6	
  ppt	
  
level	
   it	
   was	
   calculated	
   to	
   be	
   0.10	
   ppt.	
   The	
   daily	
   precision	
   value	
   was	
   used	
   to	
  
estimate	
   the	
   precision	
   of	
   the	
   in	
   situ	
   measurements.	
   The	
   analytical	
   systems	
  
showed	
  no	
  sign	
  of	
  blanks	
  and	
  were	
  determined	
   to	
  be	
   linear	
  over	
   the	
  0.3-­‐5	
  ppt	
  
and	
  0.2-­‐7	
  ppt	
  range	
  for	
  HFC-­‐143a	
  and	
  HFC-­‐32	
  respectively”.	
  
	
  
	
  
P11,	
  l5:	
  Over	
  what	
  period	
  was	
  that	
  rate	
  of	
  increase	
  calculated?	
  
	
  
We	
  have	
  now	
  included	
  an	
  additional	
  line	
  explaining	
  how	
  the	
  growth	
  rate	
  was	
  
calculated	
  “The	
  growth	
  rate	
  was	
  calculated	
  from	
  the	
  optimized	
  model-­‐derived	
  
global	
  mean	
  mole	
  fractions.	
  Monthly	
  global	
  growth	
  rates	
  were	
  smoothed	
  using	
  a	
  
Kolmogorov–Zurbenko	
  filter	
  with	
  a	
  0.7	
  year	
  smoothing	
  window	
  and	
  4	
  filter	
  
passes,	
  leading	
  to	
  an	
  effective	
  smoothing	
  window	
  of	
  1.4	
  years.	
  The	
  mean	
  growth	
  
rate	
  centered	
  on	
  July	
  2012	
  for	
  HFC-­‐143a	
  was	
  1.4±0.04	
  ppt	
  yr−1.”	
  	
  
	
  
P11,	
  l5-­‐12:	
  So	
  how	
  do	
  these	
  numbers	
  compare	
  with	
  Culbertson	
  et	
  al.	
  (2000),	
  
Culbertson	
  et	
  al.	
  (2004),	
  and	
  Greally	
  et	
  al.	
  (2005)?	
  
	
  



The	
  numbers	
  compare	
  well	
  with	
  Greally	
  et	
  al.	
  (2005),	
  as	
  he	
  was	
  using	
  AGAGE	
  
data	
  with	
  the	
  same	
  calibration	
  scale.	
  There	
  is	
  an	
  offset	
  between	
  the	
  Culbertson	
  
data	
  –	
  most	
  likely	
  due	
  to	
  calibration	
  differences.	
  
	
  
	
  
P11,	
  l12:	
  This	
  should	
  be	
  ppt/year.	
  
	
  
The	
  reviewer	
  is	
  correct	
  –	
  this	
  was	
  a	
  typo	
  and	
  has	
  been	
  fixed.	
  
	
  
P11,	
  l26-­‐27:	
  While	
  I	
  agree,	
  that	
  it	
  is	
  important	
  to	
  cite	
  other	
  AGAGE	
  papers	
  
and	
  do	
  not	
  question	
  their	
  excellence:	
  Again,	
  this	
  is	
  not	
  a	
  very	
  representative	
  
sample	
  of	
  the	
  literature	
  available	
  on	
  inter-­‐hemispheric	
  gradients	
  of	
  
anthropogenic	
  trace	
  gases.	
  
	
  
We	
  agree	
  –	
  several	
  further	
  important	
  references	
  have	
  been	
  included:	
  
	
  

Montzka,	
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  Research	
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  and	
  J	
  Schwander.	
  2010.	
  “Rapid	
  
Growth	
  of	
  HFC-­‐227ea”	
  (March).	
  

	
  
	
  
P12,	
  l3-­‐4:	
  I	
  don’t	
  agree.	
  Emissions	
  might	
  also	
  shift	
  within	
  hemispheres	
  as	
  
demonstrated	
  by	
  Montzka	
  et	
  al.	
  (2009)	
  for	
  HCFCs.	
  
	
  
The	
  reviewer	
  is	
  correct;	
  this	
  interpretation	
  was	
  too	
  simplistic	
  and	
  has	
  been	
  
removed	
  from	
  the	
  text.	
  
	
  
P12,	
  l3-­‐18:	
  Most	
  of	
  this	
  discussion	
  is	
  on	
  emissions.	
  I	
  suggest	
  moving	
  it	
  to	
  
section	
  4.2.	
  Also,	
  why	
  is	
  the	
  discussion	
  on	
  regional	
  emissions	
  limited	
  to	
  
Australia	
  and	
  Asia?	
  
	
  
The	
  focus	
  of	
  this	
  manuscript	
  is	
  to	
  publish	
  a	
  global	
  analysis,	
  however,	
  some	
  
inclusion	
  of	
  regional	
  analyses	
  are	
  useful	
  in	
  highlighting	
  the	
  discrepancies	
  
between	
  estimates	
  derived	
  from	
  observations	
  and	
  estimates	
  derived	
  from	
  
National	
  inventory	
  accounting	
  (or	
  some	
  such	
  bottom	
  up	
  method).	
  For	
  example	
  
the	
  Asian	
  estimate	
  of	
  HFC-­‐32	
  from	
  Li	
  et	
  al.,	
  is	
  greater	
  than	
  100%	
  of	
  the	
  global	
  
estimates	
  derived	
  from	
  bottom	
  up	
  methods	
  (UNFCCC	
  and	
  EDGAR).	
  I	
  think	
  this	
  is	
  
an	
  interesting	
  point	
  to	
  highlight.	
  



	
  
P12,	
  l20:	
  I	
  suggest	
  deleting	
  the	
  first	
  “of”.	
  
	
  
Agree	
  –	
  this	
  was	
  a	
  typo	
  and	
  has	
  been	
  fixed.	
  
	
  
P12,	
  l23:	
  This	
  is	
  inconsistent	
  with	
  Table	
  3	
  and	
  the	
  conclusions,	
  both	
  of	
  which	
  
suggest	
  that	
  emissions	
  only	
  started	
  in	
  1981.	
  
	
  
We	
  agree	
  with	
  the	
  reviewer.	
  The	
  figures	
  quoted	
  in	
  the	
  text	
  were	
  incorrect	
  and	
  
have	
  now	
  been	
  corrected	
  to	
  be	
  consistent	
  with	
  the	
  information	
  reported	
  in	
  Table	
  
3	
  and	
  the	
  conclusions.	
  	
  
	
  
P13,	
  l12:	
  Citing	
  a	
  UN	
  presentation	
  is	
  not	
  a	
  traceable	
  (nor	
  a	
  peer-­‐reviewed)	
  
reference	
  and	
  in	
  my	
  opinion	
  inappropriate	
  here.	
  
	
  
This	
  point	
  was	
  only	
  brought	
  up	
  by	
  reviewer	
  2.	
  If	
  the	
  editor	
  would	
  like	
  this	
  
reference	
  removed	
  I	
  will	
  do	
  so.	
  
	
  
P22,	
   t2	
   and	
   p29,	
   f5:	
   Why	
   are	
   the	
   Culbertson	
   and	
   the	
   Miller	
   emissions	
   not	
  
shown	
  here?	
  
	
  
The	
  Culbertson	
  emissions	
  data	
  have	
  been	
  added	
  to	
  the	
  plot.	
  The	
  Miller	
  estimate	
  
is	
   a	
  US	
   estimate	
   and	
   adds	
  no	
  particular	
   benefit	
   to	
   the	
   plot.	
   The	
  Miller	
  work	
   is	
  
however,	
  included	
  in	
  the	
  modified	
  discussion.	
  
	
  
P25	
  -­‐	
  28:	
  Why	
  is	
  there	
  no	
  comparison	
  to	
  other	
  published	
  work	
  in	
  any	
  of	
  these	
  
figures	
  (e.g.	
  Culbertson	
  et	
  al.	
  and	
  Miller	
  et	
  al.)?	
  
	
  
The	
  Culberson	
  data	
  for	
  HFC-­‐143a	
  are	
  not	
  global	
  data	
  and	
  only	
  cover	
  a	
  short	
  time	
  
period.	
   As	
   such	
   they	
   are	
   not	
   particularly	
   informative	
  when	
   added	
   to	
   the	
  mole	
  
fraction	
   plot	
   (Figure	
   3).	
   The	
   Miller	
   mole	
   fraction	
   data	
   are	
   for	
   the	
   US	
   and	
  
therefore	
  not	
  particularly	
  useful	
  to	
  compare	
  to	
  global	
  averages.	
  	
  
	
  
	
  
	
  
	
  
	
  


