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2[IPCC AR5, 2013, Table 6−8] [Garg et al., Atmos. Env., 2011, Fig. 1]
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[Patra et al., JMSJ, 2016, Fig. 5]
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631-541 hPa

541-464 hPa

464-398 hPa

398-341 hPa

341-287 hPa

287-237 hPa

◼ TIRG^G•GWFþGoGMG• ð�ØGUGŠGMFþ(­�ØFÿ
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GOSATFþGoGMG•5„%$ ð�Ø�(�xFþ�_��Fø�è0É0Ž�Ò

?<20 ppb

NTLFøCLAFûFÚFáG��…/²GoGMG• ð�ØFþ4��¹�’�ÍFþ�š3Q H�GcGwGGGAGCG•GeGxG•G>F¸
GOSAT-TIRH��±�¼'¨�M�™ H�FM̧IROC4-ACTMFĢOSAT-SWIR XCH4H�

+ß'5�µFøGOSATFþ ð�Ø�j�(



◼ 2000-2020�ºFþ
²#+ G‰8•�æ�9FþGoGMG•Fþ
�p�-0Ž�ÒG"���‹ H�GCGd3FøFþ4�� H�F¹


²#+)r GoGMG•�:��5�FÜ 2000-2005�º
FÛG�2015-2020�ºF÷42 Tg/yr �Q�•

◼ �!G0GFG0�…�V0{ �GUGŠGMFþ�<#ÝF÷GoGMG•
�p�-�N��Fþ�Y&����öFÜ 5−20%�*�ö F¹
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²#+3��
–GoGMG• ð�ØFþ9×(­�Ø�_��Fø0Û�oGCGdGTGŠGl1H�1H�

GOSATFø�±�¼3z3æGpGUGyFþGoGMG•Fþ�È�¹G‰5„%$
3z3æ4#&ìFþ�š3QG‰0Û�o

◼MIROC4−ACTM FøGOSAT −TIRFþXCH4Fû�PFéG�
�W4Š�P�v�jFþ�$�Z"áFÜ �§GpGUGyFø�šG	FöG�FÔ�M+´F¹

◼ 9× ð�ØGoGMG•Fþ5„%$3z3æG_GMGŠG•FÜMIROC4-ACTM
FøGOSAT-TIRF÷3ÆFÔ"I�©G"�âFôF¹

MIROC4-ACTMFþGoGMG•5„%$3z3æFÿG�G�#'��$× F¹

XCH4Fþ�Ø(��š�·Fû�PFéG��›�™FþGoGMG• ð�Ø�š�·Fþ�$�Z

GOSAT-TIR MIRC4-ACTM

�§GpGUGy

GoGMG•Fþ9×�ØG‰�ì6ë
�•8��W H�Arid India H�

Belikov et al., 
Remote Sens., 2021
Belikov et al., submitted to JGR

MIRC4-ACTM GOSAT-TIR

[Chandra et al., ACP, 2017]
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°G‰� �ìFéG�FãFøF÷FĢ�G�(ýFÛ
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2012       2013      2014      2015     2016
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Bisht et al., JGR, 2021

�‘�¶�m�2FþG2G•G^GŠGG0Ž�ÒFûG�G��p�-�N��

Patra et al., JMSJ, 2022
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Chandra et al., JMSJ, 2021

LETKFGgGŠGGFþGUGŠGM� �ìGEGGGTGnFþ6ä$Îδ13C-CH4Fþ2��
–GjGQG=GGGpGUGyFþ6ä$Î

158•�æFûFÚFáG�GoGMG•Fþ�…�V0{ �GUGŠGM� �ì�‹Fþ�º6ë)r GoGMG•GcGwGQG=GG
Fþ�Ø(�GCG2G=GyH�%?�ÍF�̧¦�S�N���Í F�̧¦�‹�N���Í H�F¹

Bisht et al., in preparation

�í��#+Fþ δ13C-CH4Fþ�ì(Ô�4GEGmGsGzGŠGEGuG•H�0{ ��Í
FøGpGUGy�ÍH�EDGER v4.3.2H�FĢpGUGy�ÍH��d���<�� ;
GIG=GMGŠG"�Ÿ�GH�H�Fø
²#+Fþ)r�<��5�FþG0G\GlGxGŠH�F¹

◼G�G�(ýFÛFÔ'56ëGGG?GŠGyF÷�p�-�N��FÜ�•+�F¹

◼ �¨FßFþ8•�æF÷F�̧N�� FçFïGoGMG•Fþ�¦�‹�N��GcGwGQG=GGFÜ
%?�ÍGcGwGQG=GGFøG�FÔ�M+´G"&gFçFöFÔG�F¹

◼ LETKF GEGGGTGnFÜ�…�V0{ �GUGŠGMFþ� �ìFþG�F÷�±7c
FþGoGMG•GcGwGQG=GGFþ'56ëG_GMGŠG•Fþ
Ì#' FÜ�•+� F÷FÒG�
FãFøG"&�1�F¹GOSATGUGŠGM� �ì��9‚G����‹ F¹

LETKFGEGGGTGnFûG�G��p�-�N��Fþ���\�öG"&�1�

◼EDGERG2G•GgG•GVGxH�v4.3.2H�Fþ�d��
�<�� ;GIG=GMGŠFþG6GmGQGEGuG•G"�Ÿ�G
FéG�FøGpGUGyFø0{ �Fþ�M+´FÜ�5�•F¹

G2G•GgG•GVGxFþfugitive emission
H� ƒ�d�<�� H�Fþ4#�±0Û�oG"&g�@

◼GoGMG•�p�-�N��Fþ9×�Ø�ìG"% �æFéF¹
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⚫ �g �u�pFøG�FÇH4#Õ�B5� 164� >> 34� H�4O
–4
/œ�pH�

⚫ �u,
Fþ�Â�ØFÿ F�̧u�p
²!c(ò5�Fø�w�–Fú2�Fþ%&6õ H��‘�W H�F¹
⚫CH4#Õ�B5�Fþ�-4Ä�I�ÊFøFçFö�È�æ0Û�oFû�q#Ý�•+�F¹

0

10

20

30

40

50

0 10 20

L
*
 V

a
lu

e

Total carbon contents（gC/kg d.s.）

�u,
Fø�u�p
²!c(ò�µ5�Fþ6õ�€

GCGdGTGŠGl1: GOSAT/GOSAT-2FûG�G�
²#+3��
–GoGMG• ð�ØFþ9×(­�Ø�_��Fø0Û�oGCGdGTGŠGl1H�2H�



%Ê'2% �† �!G0GFG0F÷�…�VGoGMG• ð�ØFøGcGwGQG=GGFþ� �ì4�)F0{ �G"���‹FçFĢoGMG• ð�ØFÚG�G�GcGwGQ
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※8¼3ÿFþ�s8jH�GpGUGy0Ž�ÒFþ6ä���ì6ëG"�ö =FûFçFï�›�ì6ëFþ�±�¼GoGMG• ð�ØG�8¼3ÿFþ�šG"#ÝFÔFö0Ž�Ò



�! G0GFG0F÷GcGwGGGAGCG•GeGxG•G>G"���‹FçFĢoGMG• ð�ØFÚG�G�CO ð�ØFþ9×(­�Ø0£ �
H�GoGMG•Fÿ?<2 ppb Fþ(­�ØH�FøGoGMG•�ó��!c(ò� �)�/�š H�δ13C-CH4H�Fþ9×(­�Ø�(�Ò H�?<0.1‰�è�WFþ
(­�Ø H�G"/œFÖF¹FíG�FîG�FþGUGŠGMFþ�Ø(��š�·Fø%&6õFÛG��ì%¼!Þ�q2s ;F�̧¤#Õ"@2s ;'¼FþGoGMG•Fþ
�<�� ;Fþ�(7³ G‰0Û�oG"/œFÖF¹"IFûF�̧!G0GFG0FûFÚFáG�δ13C-CH4Fþ�Ø(��š�·Fþ0{ �Fÿ�a#ú�6FøFúG� F¹
FåG�FûF�̧“G�G�FïGUGŠGMG"�ÚGCGdGTGŠGlFû�f�jFçF�̧±�¼3z3æGpGUGyFþ0£'ìGUGŠGMFÚG�G�GOSATF¸
GOSAT-2Fþ0{ �GUGŠGMFþ�š3QG‰0Û�oFû�q#ÝFéG�F¹
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�!G0GFG0�æFþ�±�¼�pGoGMG• ð�Ø�lG�6õ4�"@2AFþ9×(­�Ø0£ �GCGdGTGŠGl5

Nomura et al., Atmos. Chem. Phys., 2021
Terao et al., 2022, doi:10.17595/20220301.001 -016

GoGMG• ð�Ø�š�·Fû%&6õFçFïδ13C-CH4�š�· G"0{ �
GpG•GGGŠG•� #”Fø3°���g�ÂG"*ƒ�ÖFçFï�Ø(��
�(
F÷GoGMG•�<�� ;G"0Ž�Ò

CO

δ13C-CH4

CH4

G:G•GFGG
�v�æ'5�¼

&Å�Ø
'��8


ä�Ø
'��8

CO

δ13C-CH4
CH4

GXG2GYGMGŠGyNTLFøGAGmGwCLAFþ6×�‡
0{ �GUGŠGMG"1=�e$Î/²H�GUGŠGM
¶6ä

CH4  ð�Ø
CLA
NTL

CH4�º�š�ì"á

2018�º 9�vFÛG�δ13C-CH4�(�ÒG"���‹

�! G0GFG0Fþ ��
� �ÝG:GG0{ �F÷ �q6×GzGAGŠGW



&Å�Ø-52.6?<0.8‰ 


ä�Ø -46.5?<0.8‰ 

3û�º -53.8?<0.3‰ 
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GoGMG• ð�ØFøδ13C-CH4FþG;GŠGxG•G>GeG{GQGV
0Ž�ÒFÛG�FĢoGMG•�<�� ;Fþδ13C-CH4FÜ���d G‰
�Ø(�F÷$�FúG�FãFøG"$Î0bF¹
⚫ NTLFÿ�Ø(��š�ìFÜ!“Fß F-̧53.8?<0.3‰

⚫ CLAFÿ&Å�ØH�-52.6?<0.8‰H�Fø
ä�Ø
H�-46.5?<0.8‰H�F÷�Â%‘Fû$�FúG�F¹

⚫ CO0{ �Fÿ CLA
ä�ØFþ!Þ!•�Q�•G"&g�@F¹

�<�� ;�–Fþ δ13C-CH4G"F�̧¤#Õ"@2s ;-60‰F�̧ì%¼!Þ�q
2s ; -40‰FĢ^G2G8GlGG!Þ!•2s ;-25‰Fø�ì�� FéG�Fø

⚫EDGARG2G•GgG•GVGxFÛG��N �FåG�G�
�<�� ; δ13C-CH4FÿG2G•GW:-55.4�%-53.9‰F¸
G^G•G>GwGUGEGs:-57.6�%-57.2‰F¹

⚫NTL0{ � )��Ý FÿEDGARG2G•GgG•GVGxFø
3ÆFÔ�ÍFðFóFïFÜFÇLA0{ �)��Ý FøFÿ�±FÝFß
$�FúFóFïF¹

⚫EDGARFÿG^G•G>GwGUGEGsFþG^G2G8GlGG
!Þ!• H�G�FçFßFÿ�ì%¼!Þ�qH�FþGoGMG•�:��G"
4#�`0Û�oFçFöFÔG��•+��öFÜFÒG�FãFøG"&g�@F¹

0{ �FÛG��“G�G�FïGoGMG•�<�� ;Fþ@Ó13C-CH4

EDGARFÛG��N �FçFïGoGMG•�<�� ;Fþ@Ó13C-CH4

G2G•GW G^G•G>GwGUGEGs

�±�¼0{ �FÛG�G2G•GgG•GVGxG�Fþ&g�@

�!G0GFG0�æFþ�±�¼�pGoGMG• ð�Ø�lG�6õ4�"@2AFþ9×(­�Ø0£ �GCGdGTGŠGl5



#”�C�;'Ç'¼G�Fþ2	"©

17
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