
GENERAL REPLY 

 

The authors thank the two reviewers for their constructive comments and helpful suggestions that have 

improved the manuscript. 

 

As mentioned by the both reviewers, the reconstruction method had some shortcomings, but the 

reviewers, especially reviewer #1, gave concrete and great suggestions to resolve them. The 

manuscript has been largely revised and improved along the suggestions. The authors describe first 

the revisions in the reconstruction method as a General Reply.  

 

 

The suggestions are as follows: 

(1) use of 10-year trajectory instead of 90-day, which can eliminate the remaining trajectories in the 

UTLS (k=5);  

(2) reconstruction of chemical passive tracers with evaluation of transport timescale (as the first step); 

and  

(3) reconstruction of chemical active tracers including chemical decay (as the second step).  

The authors have made these procedures and some relating revisions as follows. 

 

 

For point (1), as noted by the reviewers, the remaining trajectories in the UTLS (k=5) could be 

eliminated, i.e., it was confirmed that the all trajectories are categorized into any origins of k = 1, 2, 3, 

or 4 within 10 years (Note that the criteria have also been revised to avoid some shortcomings). In 

addition, the inversion method to estimate tracer mixing ratio for k=1 and 5 in the original manuscript 

could be also eliminated, i.e., the all tracers in the ExUTLS have been reconstructed only from their 

mixing ratios assumed in the high-latitude LT, mid-latitude LT, and tropical troposphere.  

 

For point (2), using the 10-year trajectory, Age of Air (AoA) as well as SF6 and CO2 distributions 

have been reconstructed from the trajectories including the “Tail correction” (e.g., Diallo et al., 2012). 

The CH4, N2O, CO have been also reconstructed without any chemical decay in this step. AoA has 

been also estimated using observed SF6 mixing ratios obtained by CONTRAIL, and then the two 

AoAs have been compared to correct transport timescale expressed in the trajectories.  

 

For point (3), the chemical active tracers, CH4, N2O, and CO, are finally reconstructed with simulating 

their chemical loss along an “average path” (Schoeberl et al., 2000). The use of the concept of average 

path was also suggested by the reviewer #1. Based on this concept, the authors believe that the active 



tracers have been successfully reconstructed together with estimation of seasonally depending their 

chemical loss rate.  

 

In relation to a suite of these revisions, the latter half of section 2.1 (Estimating the origin fraction and 

AoA), large part of section 2.2 (Air mass original composition and reconstruction) were significantly 

revised, especially section 2.2 was reorganized and a new subsections 2.2.1 and 2.2.2 were created for 

reconstructions of chemical passive and active tracers, respectively. The analyzing results, figures, and 

discussions were thus also changed in association with the revision of the reconstruction method, but 

the main thesis was essentially not changed.  
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The authors believe that the revised manuscript has been improved by incorporating the more 

appropriate reconstruction method. 

Point-by-point responses to the comments of individual reviewer are provided below. 

 

 

 

 

  



REPLY TO COMMENTS BY REVIEWER #2 

 

The author is grateful for the thorough review and constructive comments on the manuscript. All of 

the points raised by the reviewer have been addressed. The major revision was made following the #1 

reviewer’s comments, please see first the “General Reply” section. Point-by-point responses are 

provided below, in red text. 

 
�
>YBP@LNBTaP�N=;;PYB�=Y�hGPLA=YLW�NSL@LNBP@TABTNA�=4�NSP;TNLW�LYO�OdYL;TNLW�B@LYA>=@BA�TYB=�
BSP�PcB@LB@=>TNLW�C>>P@�B@=>=A>SP@P	W=bP@�AB@LB=A>SP@Pj�Md�K=TNST�>YLT�PB�LW��
�
6Y=Yd;=CA�FP4P@PP� )�
�
FPNPTaPO�LYO�>CMWTASPO1�)�?LYCL@d�)
(0�
HSP� >L>P@� Md� >YLT� PB� LW�� TYaPABTRLBPA� BSP� LT@�;LAA� N=;>=ATBT=Y� =4� BSP� PcB@LB@=>TNLW� C>>P@�
B@=>=A>SP@P� LYO� W=bP@� AB@LB=A>SP@P� �PcIHAG"#� LYO� @PWLBPA� B=� 8DCHF6>A� TY�ATBC�
=MAP@aLBT=YA�=4�APaP@LW�B@LNP�RLA�A>PNTPA��P�R�#�8 �#�C)D#�G;-#�8D#�8D)"��HSP�4=NCA�=4�BSP�
ABCOd� WTPA�=Y�APLA=YLW�aL@TLBT=YA�TY�LT@�;LAA� 4@LNBT=YA�LYO�;TcTYR�@LBT=A�� >Y�>L@BTNCWL@#� TB� TA�
4=CYO�BSLB�APLA=YLWTBd�TY�8 �#�C)D�LYO�G;-�;TcTYR�@LBT=A�TA�N=YB@=WWPO�Md�B@LYA>=@B�4@=;�BSP�
OPP>�AB@LB=A>SP@P#�OCP�B=�BSP�W=NLBT=YA�=4�BSP�;LTY�NSP;TNLW�ATY9�@PRT=YA#�bSP@PLA�8D�LYO�
8D)�L@P�;LTYWd�N=YB@=WWPO�Md�B@LYA>=@B�4@=;�BSP�B@=>TNLW�B@=>=A>SP@P��
HSP� LT@�;LAA� LYO� B@LNP@� N=;>=ATBT=Y� =4� BSP� PcIHAG� TA� =4� >L@BTNCWL@� @PWPaLYNP� 4=@� RW=MLW�
NWT;LBP�OCP�B=�BSP�@LOTLBTaP�NSL@LNBP@TABTNA�=4�BSTA�@PRT=Y�� PYNP#�BSP�>@PAPYB�ABCOd�4TBA�bPWW�
TYB=�BSP�AN=>P�=4�68E��HSP�>L>P@�TA�bPWW�b@TBBPY�LYO�>@PAPYBPO#�LYO�BSP�NC@@PYB�WTBP@LBC@P�TA�
L>>@=>@TLBPWd� OTANCAAPO�� >� @PN=;;PYO� >CMWTNLBT=Y� L4BP@� BL9TYR� TYB=� LNN=CYB� BSP� APaP@LW�
N=;;PYBA�MPW=b#�bSTNS�>�@PRL@O�A=;PbSP@P�MPBbPPY�;LU=@�LYO�;TY=@��
�
�
9PBLTWPO�N=;;PYBA1�
(��>YTBTLWTeLBT=Y1�HSP�B@LUPNB=@d�TYTBTLWTeLBT=Y�TA�A=;PbSLB�CYNWPL@�B=�;P��>Y�BSP�@PA>PNBTaP�BPcB�
>L@B�TB�TA�ALTO#�BSLB�MLN9�B@LUPNB=@TPA�L@P�TYTBTLWTePO�MPBbPPY�
�(�
�OPR�:#�MCB�BSP�N=@@PA>=YOTYR�
;TR��(�AS=bA�TYTBTLWTeLBT=Y�W=NLBT=YA�4=@�
�
-
�OPR�:��E)	A)."�� =b�TA�BSP�TYTBTLWTeLBT=Y�O=YP�
PcLNBWd5�
�
;TR��(�TY�BSP�=@TRTYLW�;LYCAN@T>B�bLA�Y=B�N=@@PNB��HSP�4TRC@P�SLA�MPPY�N=@@PNBPO�� � �
�



)��B=OPW�;PLAC@P;PYB�N=;>L@TA=Y1�HSP�8DCHF6>A�;PLAC@P;PYBA�L@P�;LTYWd�4@=;�GTMP@TL��
 =b� TA� BSP� ;=OPW�;PLAC@P;PYB� N=;>L@TA=Y� O=YP#� PcLNBWd� LB� BSP� ;PLAC@P;PYB�
W=NLBT=YA	BT;PA#�=@�UCAB�LaP@LRPO�=aP@�A>PNT4TN�@PRT=YA5�>�b=CWO�ACRRPAB�B=�Pc>WLTY�BSTA�NWPL@Wd�
OT@PNBWd�L4BP@�BSP�OPAN@T>BT=Y�=4�BSP�B@LUPNB=@d�TYTBTLWTeLBT=Y��E)"��
�
>YOPPO#�TB�N=CWO�MP�OPATRYPO�B=�@PWPLAP�B@LUPNB=@TPA�PcLNBWd�LB�BSP�;PLAC@P;PYB�W=NLBT=Y	BT;P�
LYO� TB� ;Ld� ;L9P� OT@PNBWd� N=;>L@TA=Y� bTBS� BSP� 8DCHF6>A� ;PLAC@P;PYBA2� BSTA� ABCOd#�
S=bPaP@#� LBBP;>BA� B=� @PN=YAB@CNB� A>LBTLW�PcBPYOTYR� LYO� CYT4=@;� A>LBT=BP;>=@LW� B@LNP@�
OTAB@TMCBT=YA� LA� bPWW� LA� BSPT@� B@LYA>=@B#� BSP@P4=@P#� bP� NS==AP� B=� P;>W=d� BSP� R@LBTYR�
TYTBTLWTeLBT=Y�� ;=WW=bTYR� BSP� ACRRPABT=Y#� BSP� ABLBP;PYB� h6WBS=CRS� B@LUPNB=@TPA� N=CWO� MP�
@PWPLAPO�LB�BSP�PcLNB�8DCHF6>A�;PLAC@P;PYB�W=NLBT=YA�LYO�BT;PA#�BSP�R@LBTYR�TYTBTLWTeLBT=Y�
TA�P;>W=dPO�MPNLCAP�BSTA�ABCOd�LBBP;>B�B=�=MBLTY�CYT4=@;�A>LBT=BP;>=@LW�B@LNP@�OTAB@TMCBT=YA�
LA�bPWW�LA�BSPT@�B@LYA>=@BA�Md�NL>TBLWTeTYR�=Y�BSP�8DCHF>6A�;PLAC@P;PYBAj�SLA�MPPY�LOOPO�
TY�E)#�A
(44�TY�BSP�@PaTAPO�;LYCAN@T>B��
�

��FPN=YAB@CNBT=Y�;PBS=O1�>B�b=CWO�MP�R==O�B=�;PYBT=Y��L@=CYO�E�	A(
"�BSLB�:?���)"�S=WOA�
=YWd� 4=@� A>PNTPA� bSTNS� L@P� NSP;TNLWWd� TYP@B� LW=YR� BSP� B@LUPNB=@TPA�� 8LY� d=C� RTaP� A=;P�
?CLYBTBLBTaP� TY4=@;LBT=Y� S=b� bPWW� BSTA� LAAC;>BT=Y� S=WOA� 4=@� BSP� A>PNTPA� LYO� @PRT=YA�
N=YATOP@PO�SP@P5�EP@SL>A�A=;P�=4�BSP�OT44P@PYNP�MPBbPPY�@PN=YAB@CNBT=Y�LYO�;PLAC@P;PYBA�
�P�R�#�;TRA��.�(
"�TA�@PWLBPO�B=�YPRWPNBTYR�NSP;TAB@d�P44PNBA5�
�
6A� OPAN@TMPO� TY� BSP� <PYP@LW� FP>Wd#� BSP� @PN=YAB@CNBT=Y� ;PBS=O� SLA� MPPY� @PaTAPO�� HSP�
NSP;TNLWWd�LNBTaP�A>PNTPA�L@P�@PN=YAB@CNBPO�BL9TYR�BSP�NSP;TNLW�OPNLd�TYB=�LNN=CYB�� �
�
���D@TRTY�;TcTYR�@LBT=A��E�	A)/"1�JSd�Y=B�CATYR�STRSP@�LWBTBCOP�TY�ATBC�;PLAC@P;PYBA��P�R�#�
4@=;� MLWW==YA#� <P=>SdATNL	 LW=	:F)	���� LT@N@L4BA"� =@� RW=MLW� ALBPWWTBP� =MAP@aLBT=YA� 4=@� BSP�
@P4P@PYNP�;TcTYR�@LBT=A5�6B�WPLAB�BSP��TYaP@AT=Y�;PBS=O��=CBWTYPO�MPW=b�N=CWO�MP�aLWTOLBPO�
bTBS�ACNS�OLBL��
�
6A�OPAN@TMPO�TY�BSP�<PYP@LW�FP>Wd#�BSP�@PN=YAB@CNBT=Y�;PBS=O�SLA�MPPY�@PaTAPO��>Y�LAA=NTLBT=Y�
bTBS�BSP�@PaTAT=Y#�BSP��TYaP@AT=Y�;PBS=O��SLA�MPPY�PWT;TYLBPO�� �
�
,��BTYT;L�TY�B@LNP@�OTAB@TMCBT=YA�L@=CYO�
.
#�TY�A>@TYR	AC;;P@��E.	A)(44"1�>�O=�Y=B�BSTY9�
BSPAP�;TYT;L�L@P�UCAB�L@BT4LNBA�=4�BSP�@PN=YAB@CNBT=Y��HSP�4LNB�BSLB�A>@TYR	AC;;P@�B@LYA>=@B�
=4�d=CYR�B@=>TNLW�LT@�AB@PYRBSPYA�4T@AB�L@=CYO�
/
��

##� WPLOTYR�B=�L��ALYObTNS��AB@CNBC@P�
bTBS�=WOP@�LT@�;LAAPA�MPW=b�TA�N=YATABPYB�bTBS�@PNPYB�4TYOTYRA�Md�#@LCAP�PB�LW���)
(/"��APP�P�R��



BSPT@�;TR��(�"�LYO�EW=PRP@�LYO�7T@YP@��)
(-"��P�R�#�BSPT@�;TR��."��
>Y� LR@PP;PYB�bTBS� BSPAP�>L>P@A#�;TR��0	(
� AS=b�PaTOPYNP� 4=@� AB@=YRPAB�>=WbL@O� B@LYA>=@B�
LM=aP�LM=CB�
/
##�NLCATYR�BSP�;TcTYR�@LBT=�;TYT;L�MPW=b��>�b=CWO�ACRRPAB�B=�OTANCAA�BSPAP�
OTAB@TMCBT=YA�;=@P�L>>@=>@TLBPWd��
�
HSLY9�d=C�4=@� BSTA�TY4=@;LBTaP�N=;;PYB�LYO�ACRRPABT=Y��HS=CRS�BSP�ALYObTNS�AB@CNBC@PA�
SLaP�NSLYRPO�BSPT@�LA>PNBA�OCP�B=�BSP�@PaTAT=Y�=4�@PN=YAB@CNBT=Y�;PBS=O#�BSPd�SLaP�L>>PL@PO�
LB�L@=CYO�
,
�#�LA�AS=bY�TY�;TR��(.��;=WW=bTYR�LM=aP�ACRRPABT=Y#�BSP�4=WW=bTYR�ABLBP;PYBA�
SLaP�MPPY�LOOPO��E0#�A(
�(."1�h>Y�>L@BTNCWL@#�LWW�4TaP�NSP;TNLW�A>PNTPA�AS=b�;TYT;L�LB�g
,
�
#�Y=@BS�=4�-
k�C�P?CTaLWPYB�WLBTBCOP��HSPAP�;TYT;L�;TRSB�MP�4=@;PO�Md�@P;LTYOP@�=4�BSP�
OPP>�AB@LB=A>SP@TN�LT@�;LAAPA�bSTNS�bP@P�B@LYA>=@BPO�OC@TYR�A>@TYR��HSP�B@LNP@�;TYT;L�YPL@�
g
,
�#�LB�STRS�P?CTaLWPYB�WLBTBCOPA�MPRTY�4=@;TYR�TY�?CYP��HSTA�hALYObTNSj�AB@CNBC@P�TY�BSP�
:cIHAG�SLA�MPPY�@P>=@BPO�Md�EW=PRP@�LYO�7TYP@��)
(-"�4=@�AC;;P@�LYO�Md�#@LCAP�PB�LW��
�)
(/"�4=@�A>@TYR��>Y�LR@PP;PYB�bTBS�BSPT@�ABCOTPA#�BSP�ALYObTNS�AB@CNBC@PA�NLY�AS=b�PaTOPYNP�
4=@�AB@=YR�>=WPbL@O�B@LYA>=@B�LM=aP�g�

�##�WPLOTYR�B=�;TcTYR�@LBT=�;TYT;L�LB�W=bP@�LWBTBCOPA�j� �
�
-��H@LUPNB=@d�;PBS=O1�#TYP;LBTN�B@LUPNB=@TPA�AS=b�AB@=YRP@�OTA>P@AT=Y�N=;>L@PO�B=�OTLMLBTN�
B@LUPNB=@TPA� �P�R�#� GNS=PMP@W� PB� LW�#� )


"�� 6@P� BSP� @PACWBA� >@PAPYBPO� SP@P� @=MCAB� LWA=� 4=@�
OTLMLBTN�B@LYA>=@B5�6B�WPLAB�TYNWCOP�L>>@=>@TLBP�OTANCAAT=Y�TY�GPNB����
���AT;TBLBT=YA�=4�BSP�
NC@@PYB�ABCOd�"��
�
HSP�LCBS=@A�SLaP�Y=B�CAPO�OTLMLBTN�B@LUPNB=@d#�A=�bP�O=�Y=B�Pc>WTNTBWd�9Y=b�S=b�;CNS�BSP�
@PACWBA�NSLYRP��>YABPLO#�ABLBP;PYBA�hH@LUPNB=@d�@PACWBA�LWA=�RPYP@LWWd�OP>PYO�=Y�BSP�aP@BTNLW�
N=YOTBT=Y#� T�P�#� 9TYP;LBTN� �P;>W=dPO� Md� BSP� NC@@PYB� ABCOd"� =@� OTLMLBTN� �P;>W=dPO� Md#� 4=@�
PcL;>WP#�9TLWW=�PB�LW�#�)
(."��E@PaT=CA�ABCOTPA�ACRRPAB�BSLB�CATYR�9TYP;LBTN�B@LUPNB=@TPA�WPLOA�
B=�L�AB@=YRP@�OTA>P@AT=Y�LYO�A=;PbSLB�d=CYR�MTLA� TY�6=6�PABT;LBPA�N=;>L@PO�bTBS�CATYR�
OTLMLBTN�B@LUPNB=@TPA��P�R�#�GNS=PMP@W�PB�LW�#�)


2�9TLWW=�PB�LW�#�)
()"��HSP@P4=@P#�CATYR�OTLMLBTN�
B@LUPNB=@TPA�TY�BSTA�LYLWdATA�;TRSB�@PACWB�TY�L�N=@@PNBT=Y�4LNB=@��!"""�=4�3(�,�j�SLaP�MPPY�LOOPO�
TY�GPNB����
��E(�#�A(��"��
�
G>PNT4TN�LYO�BPNSYTNLW�N=;;PYBA1�
E(	A)01�;LdMP�MPBBP@��LB	LW=YR�BSP�ACMB@=>TNLW�UPB�5�
8SLYRP�;LOP�LA�ACRRPABPO��
�
E
	A)
1�����bSP@P�>H�ALBTA4TPA����5�
8=@@PNBPO��



� �
E
	A)/1�JSLB�TA�BSP��LNBCLW�aLWCP��bSLB�TA�@P4P@@PO�B=�SP@P5�DMAP@aLBT=YA5�JSTNS5�
>B�TA�@P4P@@PO�B=�=MAP@aLBT=Y��GBLBP;PYB�hLNBCLW�aLWCPj�SLA�MPPY�NSLYRPO�B=�h=MAP@aPO�aLWCP�j�
�
E.	A)01�bL@P�i4�bP@P�
8=@@PNBPO��
�
E0	A(
441�HSP�APYBPYNP��>Y�LOOTBT=Y������A=CYOA�CYNWPL@�B=�;P���>�ACRRPAB�@Pb=@OTYR��
HSP�APYBPYNP�SLA�MPPY�@Pb=@OPO�B=�h>Y�LOOTBT=Y�B=�APLA=YLW�aL@TLBT=YA� TY�=@TRTY�4@LNBT=YA#�
APLA=YLW�aL@TLBT=YA�TY�BSP�B@LNP@�;TcTYR�@LBT=A�TY�=@TRTY�@PRT=YA��;TR��(�"�LWA=�L44PNB�NSP;TNLW�
OTAB@TMCBT=YA�TY�BSP�:cIHAG�j��E(
#�A)��),"�
�
E0	A(01�AS=bY�i4�AS=b�
8=@@PNBPO��
�
E(
	A)/441� >� O=YfB� CYOP@ABLYO� BSP� OPAN@T>BT=Y� =4� ;TR�� (,4��JSLB� E9;� TA� TYBPR@LBPO� SP@P�
�B@LYATB�BT;P�>O45"��JSLB�TA�BSP�CYTB�=4�BSP�d�LcTA5�EWPLAP�NWL@T4d�LYO�T;>@=aP�BSP�OPAN@T>BT=Y��
HSP� TYBPR@LBT=Y� TA� O=YP� 4=@� LRP� A>PNB@C;#� A=� ABLBP;PYB� hBSP� aLWCP� BSLB� TA� NLWNCWLBPO� Md�
TYBPR@LBT=Y�=4�hLRP�A>PNB@C;j��E9;"j�bLA�LOOPO�TY�E()#�A(��� �
�
E()	A.1�HSP�EW=PRP@�LYO�7T@YP@�@P4P@PYNP�NTBPO�SP@P�TA�Y=B�TY�BSP�@P4P@PYNP�WTAB��
HSP�@P4P@PYNP�SLA�MPPY�LOOPO�� �
�
E()	A)
1�Y=Y�WTYPL@�
8=@@PNBPO��
�
�
>Y�LOOTBT=Y�B=�LM=aP�@PaTAT=Y�4=WW=bTYR�BSP�@PaTPbP@Af�N=;;PYBA#�BSP�LCBS=@A�SLaP�LOOPO�YPb�
6>>PYOTc��6>>PYOTc�7�LYO�@PWLBTYR�Bb=�4TRC@PA"�TY�BSP�@PaTAPO�;LYCAN@T>B�B=�aTACLWTeP�WL@RP�
>P@A>PNBTaP�=4�APLA=YLW�aL@TLBT=Y�TY�:cIHAG�� �
�
FP4P@PYNPA1�
#@LCAP�PB�LW���)
(/"#�6B;=A��8SP;��ESdA�#�(/#�-
,.�-
.
�� �
GNS=PMP@W�PB�LW���)


"#�?��<P=>SdA��FPA#�((/#�9
��
�


