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)0 '2%$6 RU )0 © HIKWQ ) XQAIRQO RALIHG' 2 $6

S8R 8 QYHWAW R / HEHWMU 8 QWMG . IQIGRP

85" 8 VHUS HTXIUHP HQN' REXP HQW

102 © RS0 HMRIRRI IFDCR U DQ] DURQ

PE &ROP QDYHIIHG* +* SURGXFW KHH ; &2 DQG; &+

* HQHUDAEH LQMRQV

Essential climate variable (ECV): $Q( &9 IV D SK\ EDOFKHP IFDORUEIR®J IFDOYDUDE®! RUD JURXS Rl GNHG YDUDEGN \KDWAMFD®
FROMEX\MV \R \H FKDUDRMUL DIRQ R ( DUV FIP DM %RMUN_HADO

Climate data record (CDR) 7KH86 1 DURQDCS HVHDURK &RXQFI015& GHIGHVD&' 5 DVDWP HVHIHV R P HDVXUHP HQW R VXITIELHQW
GQIW FROMMMP  DQG FRQIDXIW \R GHMUP 1QH FTP DV YDUDELOMY DQG FKDQIH 1 DMRGDCE HVHDUFK & RXQFIO

Fundamental climate data record (FCDR): $ IXQGEDP HOQBCF®PP DMCADWUWHRG ) &' 5 VD&' 5 R FDIEWDMG DQG TXDOW FROURGIG
CDW GHVIQHG\R DIBZ WH JHCHIMRQ R KRP RIHGHRXV SURGXFW WDWDUH DFFXUDWM DQG BE®! HQRXJI K |RUFTP DM P RQURUQ)

Thematic climate data record (TCDR): $ \WHP DW FO° DM DWW UHFRWG 7&' 5 VD GQ P HVHIHY R DQ HWHQIDAFTP D YDUDE®!
(&9 : HYFKHN

Intermediate climate data record (ICDR): $QIQMP HADM F@P DM DWW UHRG &' 5 WD7&' 5 ZKIFK XQEHJ RV UHIXOQUDQG
FROWMMQAXSEDWY © HWFKHAN IRUH DP S®! EHFDXVH W EHQ) JHQHIDWG E\ D VDW@M VHQVRUIQ RSHIDWRQ

Satellite data processing levels: 7KH1$6$ ( DU 2 EVHNQ) 6\\VWP (26 GWQIXMWKHY V[ SIRFHWIQ) GIYHY R VDW@M CDVU
WQIQ IRP /HYHO / WR/HHO / DVIR®ZV 3DINQRQHWDO

/ 8 QSUIRFHWHG LOAKP HONED\D
/' $  8CBURFHWHG IQMKP HQAEDWY DRQIMGH DQFIEY IQRWP DURQ
/ % ' DB SURFHWHG\R VHQURUXQW JHR GFDWG FDIEUDWG VSHRDADGDGQRH DQG VROUWDGDGRH

/ ' HUYHG JHRSK\ VEDOYDUDEBN HJ ; &2  RYHURQH REW
/ * HRSK\ VIEDOYDUDE®BN DYHUDI HG LQ WP H DQG P DSSHG RQ D J BEDOBRQI WGH OMWYGH KRUJ RQBOI UG
/ 0 RGHR\EXWEHUYHG B\ DWP IDMRQ R REVHIYDURQY RUYDUDEGN GHUYHG IURP P XQ@B®I P HDVXUHP HONV RUERW

Absolute systematic error or systematic error: &RP SRCHONR P HDVXUHP HONHURUWDWQ UHS@-DW P HDVXUHP HQIW UHP DIQV FROQARQA
RUYDUHV 1Q D SUHARWE®! P DQOHU 1 RM \KDWM VAP DUF HUWRU UHHLY/ R \WH DEVRGWM VA VAMP DU HUIRU 1Q FROADWYR UHOMYH \A VAMP DU
HURU CHICHGEHBZ ) RIWVDW@M * +* (&9 SURGXFW HVSHAD® \WWH UHOMYH A VWP DU HURULY [P SRUBQN

Relative systematic error, relative accuracy or relative bias: ,GHQFDOZ W 6\ VAMP DI HURU EXVWDIVMUELDY FRUHRKRQ DQG Z MRXW
FRMGHUIQ] D SRMEGI J BEDCRIVHWRYHD@P HDQEIDV 5 HEFW \WH [P SRUBQFH R VSDUWD@® DQG WP SRID@ FRUHDWG HURY/ VSDUIR
WP SRIDCEIDVHY - & RP SXWG IURP \VABIQEDUE GHYIDWRQY R VSDUMDADQG WP SRUDCEIDVHY

Bias: ( W DM Rl D\ WP DM P HDVXUHP HONHUWRU

Precision: 0 HDVXUH Rl UHSURGXFIELDN RUBHSHDWELDW R WH P HDVXUHP HQAZ MRXVWIH HUHGFH \R DQ LOM DURCDOAMNIQEDLE VR \KDW
SUHAMRQLY D P HDVXUH R \WH IDQGRP DQG QRWIH Vi P DM HUIRU 6 XIMDE®! DYHDILQ) RN \WH DQGRP HURUFDQ P SURYH WH SUHFIMIRQ R
WH P HDVXUHP HOAEXWERHY CRAHIBEQVK \WH \A AP DI HURUR! \WH REVHIYDURQ &0 8* 596

1 RM 3UHFAMRQLY TXDQMHG Z M \WH WBQEDIG GHYIDIRQ VP D R WH HURUGMUMEXUIRQ

Stability: 7HP R\WMQIQYRNHG Z W UAVSHPWR BQJ \MP UHFRBY Z KHQ QR DEVROW WBIQEDLS 1V DYDIDE®! \R TXDQMAYHD HABEQAK \KH
A VWP DU HURU WH ELDV GHIQQ) \WH WP H GHSHQGHQWRUIQMKP HOWGHSHQGHQW G HIHQRH EHE HHQ WWH REVHYHG TXDQIWY DQG \KH
WKH YDOH &0 8* 59

1 RM 6 WELDV UHTXWHP HON FRYHULQMUDQQXDCHURUFKDQIHV | WH FKDQIH LQ WWH DYHUDI H EIDV IURP RQH \ HDUVR DQRWHULY O HUWDQ
\KH GHIQHG YDOHV WH FRUHVSRQAQ) SURGXPWERHY QRWP HHVIKH \AWDELOW UHTXIUHP HQW

Representativity ( [ \MQ/WR Z KIFK DQ DYHUDIH R D VHWR P HDVXUHG YDOHY FRUHVSRQGY W \WWH WKH DYHUDIH HJ - RYHUD JUG FHO WV

P SRUBQNZ KHQ FRP SDUQY Z W RUDWIP IOMEY 1O P RGHY 0 HDVXUHP HQW DUH WSIFD@ DYHUDI HG RYHUGLHIHQAKRUW RQBCDQG YHWFDO

VDBV FRP SDUHG \R P RCHAIHGYV | \WH P HDVXUHP HQW DUH VP DEUVFD®! \KDQ \WH P RGHAOWY 1P SRUBOQW7 KH VDP SGRJ VADWMI\ FDQ DOR
DIIHANKLY \WMP &0 8* 5%

Threshold requirement: 7KH\KUHVKRG LV \WH @P MWDWZ KIFK \WH REVHYYDMIRQ EHFRP RV IOHTHRXYDADQG LY CRARI XVH IRURTP DWW UHDWG
DSSODMRYY &0 8* 5%

Goal requirement: 7KHJRDQV DQ IGHDAHTXILHP HOADERYH Z KIFK IXUKHULP SURYHP HQW DUH CRAMCHFHWDY &0 8* 5%

Breakthrough requirement: 7KHEUWDNKURXIK LV DQ IQMP HADWM GIYHCEHE HHQWH \WUHVKRG DQG JRDO UHTXIWHP HOQW ZKIEK 1L
DFKIHYHG  Z RX@ UHVXGNQ D VJ QULIEDQAR SURYHP HONRUWH \BAJ HWG DSSTDMRQ 7 KH EUHDNKURXIK GIYHCP D\ EH FROVIGHIHG DV DQ
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RSWP XP IURP D FRWMEHCHIVBRIOMR YIHZ Z KHQ SDQUQ) RUGHMIQQ) REVHIIQI WWWMP V &0 8* 5%

Horizontal resolution: $UHD RYHUZ KIFK RCH YDGH Rl \WH YDUDE®! IV IHSUIHVHOIMYH Rl &0 8* 59
Vertical resolution: +HJIJKWRYHUZ KIFK RCH YDGH Rl \WH YDUDE®! LV UHSUHVHOBMYH R 2 QD XVHG IRUSURILBGI GDW &0 8* 5%
Observing Cycle RWRevisit Time 7HP SRIDOUHTXHQR DWZ KIFK \WH P HDVXUHP HQW DUH UHTXIWWHG &0 8* 59%

XCO, column-averaged dry-air mole fraction of atmospheric carbon dioxide DPRXQW &2 H SIHHWHGIQP RBV 1QWH YHW¥FX
FRAP QGAYIGHGE\ \WH DP RXQAR Y DIUDORH SIHWHGIQP RBNV 1Q \WDWHMFDOFRAP Q

XCH,4 column-averaged dry-air mole fraction of atmospheric methane DP RXQNR &+ H SUHHWHGIQP RBV 1QWH YHMFDGFRAP (
GAYIGHGE\ \WWH DP RXQAR QY DIU DOR H SIHWHGIQP RBNV  1QWDWHWDOFRAP Q

Column averaging kernel: 7KH FROP QDYHUDILQ) NHUHOYHMFEDOSURILB! BHSUHVHON WH VHOUMYIW R \KH UAHYHG: &2 RU; &+ \RWH
WKH P RO! [UDFIRQ GHSHQAQ) RQ DAMYGH 9 DAXHV QHDURGH DUH IGHDCDQG IQEFDW WDVWKH IQOHQFH R \WH D SURWLLY P IQP DO

A priori profile: 7KH&2 RU&+ D SURWSURIIBI HSUHVHON \WH NQRZ BIGJH R \WH YHWFDCSURILBI R \WH QY DIUP RBIH HDARQRI &2 RU
&+ EHRUHWH P HDVXUHP HOAMG6 HH 5 RGIHY/ IRUD P RH GA\MIBIG H SOQDVRQ

Observations for Model Intercomparison Project Obs4MIPs KHHDOROBS4MIPS |V DQHIRWWR P DNH REVHYDMRCDOEDW P RUH
DFFHWIE®! | RUFTP D P RGHCHYDSDWRQ GHYHBRSP HOADQG UHWVHDUK $Q2 EV 0,3V RI2 %6 0,36 COWVHWY D OBVHNWMAKQED®
DO QHGZ W F@P DM P RGHOEDW DQG IRGZ 1Q) DWW VSHALLIFDWRQY FRQUMMQAZ W WH &0 ,3 & RXSBIG 0 RGHQQMUFRP SDUVRQ 3 URWIFW
ABQEDUE RXVSXWG HH KWBY  SFP GLIWXE IRREV 0,3V IRUP RUH GHMIAGIG lQARUWP DIRQ

Glint observation mode 9IHZ1Q) JHRP H XVHGE\ VRP H VDW@MM LOAKP HQW Z KHUH \WH GHWMRRUSRION \RZ DUG WH GUHRRQ R \KH
VSHREXOWD UHERMG VXQUIKWLH WH YIHZ 1QJ ] HQMW DQJ G DQG VROU] HQW DQI ® DUH DSSWR] P DWM® HTXDO7 KLY P RGH LV XVHG IRU
PHOVUQ] &2 DQG&+ RYHUZ DWMUVXUDFHV VXFK DVWWHRAHDQ Z KIFEK KDYH &Z UH ORI 1Q WH VSHRRDOH] IRQ XVHG IRUWH
UHHYDCR WHVH JDVHV % REVHIQ] 10Q JENP RCH WH IQAWIKP HQAP HDVXUHV D KL KHUUH GG UDADQRH FRP SDUHG R RKHUYIHZ 1Q)
JHRP HHY  HOKDQFIQU \WH VL. CDARUWH J DV UHWNHYDY

Inter-algorithm spread 1AS $ORWMP R DORWKP WBQGEDUG GHYIDWRQR WH JUGER| DYHIDIHY IRUDDVHVR /  DORWP YV, WOQIRWP V
DERXVERMQNDAH] IRQDARUMAP SRUIDOA VAP DUFF XQFHUBAIQIAV

Mean Local Time (MLT): ( [ SHWWMRQR WP HILYHQE\ WH KRXUDQI®I R \WH P HDQ SRUMRQRI \WH 6 XQ SAVDQRIVHWR  KRXWY

( [ HEXYH ViXP P DU

7KLY GREXP HOWY \WH$ ORIMP 7 KHRUAMFDOYDMY' RFXP HOV$79%  IRU SURGXFW: &2 B2 %6 0,36 DQG; &+ B2%6 0,36 Y
JHQHUDWIG IQWWH IUDP HZ RINR! \WH & RSHUQIEXV & @ DM &KDQIH6HYIEH & 6 KWBY FIP DM FRSHEEXVHX ) RU& 6 D@UWH QXP EHU
R VDW@M GHUYHG ( WHQUDGR. @ DWW 9DUDE®! ( &9 GDV SURGXPW DUH J HGHUIDWMG DQG P DGH DYDIDE®! YID WH & RSHOIEXV & @ D' D\
6\RIH &' 6 KWBV FGV FIP DM FRSHUIEXV HX

7KLV GREXP HOWGHVAUEHY KRZ \BZR VDM@M GHUYHG DW RVSKHUE FDERQGR] IGH &2 DQGP HKDQH &+ /  SURGXPW KDYH EHHQ
JHQHDWG &2 DQG&+ DUH P SRUIQNBHKRAHJIDWHY * +*  7KHER: &2 B2%6 0,36 DQG: &+ B2 %6 0,36 SURGXAW DU
FROP Q DYHIDJHG QY DIUP RBHIWDAIRQVR &2 DQG&+ GHQRWGDV: &2  IQSDWSHUP LGRQ SSP DQG; &+  1Q SDIW SHUEIGRQ
SSE UAVSHRIYHD 7KHVH\ER ; * +*  SURGXPW DUH JHQHIDMGE\ WH,QAMAM R ( QVILRQP HQBCBK\VIEV ,83 8 QYHWAW R %4HP HQRG
EHKDOR WH& 6 ,Q\WH IRGZ Q) KLY SIRWPWY LHHIHG\R DV& 6 * +* SURWIPW: LWKIQ KLY SIRMPWDOR P IG WRSRVSKHUE &2 DG &+
SURGXPW DUH JHQHIDIMG 7 KHVH P IG WRSRVSKHUE &2 DQG&+  SURGXPW DUH QRAGHVIFUEHG 1Q WY GREXP HOWEXWQ GHAFDWMG VHSDUDW
GRAXPHQW $79% 0 7+ +* 34$5 0 7* +* DQG38* 6 0 7* +*

7KH; &2 B29%6 0,36 DQG; &+ B29%6 0,36 SIRGXKFWDUHP HIHGP X@VHORU; &2 DQG; &+ /HYHO /  SURGXFWZ LK P RQKO
WHDQG 7 7 VSDUDOHVROMRQ JHQHIDWG XMQI DQHQHP EGI RN IQAYIGXDODMMM VHORU HYHO /| SUIRGXFW 7TKHMER; * +* GDE
SURGXPW KDYH EHHQ JHQHIDIMG 1URP \KH VDWM@M IQANKP HQN 6 &,$0 $&+< RQERDUG( 19,6$7 7$162 ) 76 * 26$7 7$162 ) 76
*26$7 ;&2 DWG; &+ SIRGXFW ) RUSIRGXFW &2 B2 %6 0,36 DOR/HYHO SIRGXFWIRP 1$6$V2&2 P MRQKDYHEHH
XVHG DV IQBXWBURGXPW

TKHWH; &2 B2%6 0,36 DQG; &+ B2%5 0,36 SURGXFW UHVXOWRP P HJIQJ \WH IQAYIGXDD  ICBXVBURGXFW XMQJ \KH ( QvHP E®I

0 HADQ$ORWKP (00$ ,QEURDGWPV \WHP HJIQ) DORMP JUGVDO@ SURGKFWWRDPROKO® z[ 2zJUGDQGVHBRW IRUHDRK
JUGFHOWH/  SURGXKFWKDWARUHVSRQGY W WH P HADQ R \WH J UGGHG LOBXWBURGXFW 7KHRXABXVR (00 $ WVDPHJUHG/  IQMP HADW
SURGXPWKDWFRQMIQV \WH VRXQAQIV R WH IQAYIGXDO  ICEXWBURGXFW WDWZ HUH VHERWG IURP WH P HUIQ) DORWKP  LH IRUHDFK JUG
FHORCH DORWAP ZDVVHBRWMG DQGWH/  VRXQAQIV FRUHVSRQAQ) \R WKLY DORWKP EHFRP H SDWWRI WH P HUHG/  SUIRGXFW

7KHP HJHG/  SIRGAWY DIDIQIUGEHG \R FUDM\KH/ 2% 0,36 SIRGFWZKHTXDOVR \WH/ 2% 0,36 SURGFW IV GRVRUEHG G
3485 ;% +*

7KLY GRAXP HQAGHVRUERY WH IQSXWEDWI DQG WH DORUKP XVHG\R JHQHIDWM WH/  SURGXFW 7 KH DORWKP KDV EHHQ GHYHBSHG DAKH
8 QYHWAW R %4UHP HQ * HWP DQ DQG KDV DOR EHHQ XVHG IQWH SDVR JHQHUIWG SUHYIRXY YHWIRQY Rt \WHVH SIRGFW HJ $79%
;¥ +* PDIQ 348$5;* +* PDQ 38%6;*+* PDQ
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0 MRQV DQG, QAKP HQW

6 DIM@M UDGIDQFH REVHYDMRQY IQ\WH 1 HDU,QUDUIHG 6 KRW DYH,QUDBHG 1,5 6: ,5 VSHADAWHIIRQIQQDAU GRZ (Z DG BRNGQJ  DQG
JENREVHYDURQ YIHZ 1Q) P RGHY DUH VHQUMYH \R D RVSKHUE &2 DQG&+  FRGFHQUDMRQ FKDQI HV Z W J RRG VHQUMYIW GRZ Q\R \KH

( DU/ VXUDFH  EHFDXVH VROUWUDGIDURQ UH GIFMG DVWKH ( DUV VXUDFH I REVHYHG 7 KHVH P HDVXUHP HQW SHUP YR REWBIQ *\RBO
FROP QLQRWP DIRY EXWER CRASHP VR REIIQ GHEIBG IQRWP DURQRQ\WH YHWFDCBWRIGN R &2 DQG&+ 7KH&2 DQG&+
SURGXPW GHUYHG IURP \KHVH VDIM@AV DUH FROP Q DYHIDIHG QY DIUP RBI IDAMRQVR &2 DQG&+ GHRMGDV; &2 HJ IQSSP DQC
- &+ HJ IQSSE

,QWH IRBZ 1IQ] \NH VOW@M LOAMKP HOV XVHGWR JHOHIDW ; &2 DQGRU; &+ CDWW SURGXFW DUH EUHO GAVFUEHG

&XUWHO® CDW [URP IRXUIQAKP HQV + 6&,$0 $&+< (19,6$7 7$162 )76 * 26$7 7$162 )76 *26%$7 DQG2&2  KDYHEHHC
XVHG\R JHHDW WH ; &2 DQG; &+ GOV SURGXFW GHVFUEHG LQ KLY GRFXP HQWVHH 7DE®!

Table 1: 2 YHYIHZ R WHNH FKDIDRMMIFY R WH [RXUVDWM@M VHOVRY XVHG\R JHQHDM\WH ; &2 DQG; &+ CDWW SURGXFW $©@
VHORY SHURWP CDAUREVHYDMRQY R UHGRMG VROUWDGADIRQIQWH 1,5 6: ,5 VSHARDAHI IRQ DWP RGHUDW \R KL K VSHRADAHVRGMRQ

6 DWIAVAH = 6 HQVRU 0 LWIRQ 6 SDVIDOUHVROMRQ &RP P HQW
" XUDVIRQ

(19,6%7 6&,50 $&+< DFLRW WDRN NP [ * @EDCFRYHUDI H QDAUP RGH REVHYDUIRQY DIMU

NP DBQJ \WDFN DV

*26%7 7$162 )76 NP FALF®! * @EDOFRYHIDOHZ WD G\ UHSHDWA FBI EXW
RQIRQ) OUH JDSV GXH QRQ FRQUHPXWIYH VDP ST

*26%7 7$162 )76 NP FALFE! 6P IDUDV* 2 6$7 EXWZ M RSP [ HG VFDQ SDWA.D
RURQ

282 282 NP [ NP * @EDZ KD @D UHSHDWA FBI EXWDUH JDSV
RQRQ GHWQURZ VZDK NP

6&,$0 $&+< ROERDUG(19,6%7

6&,$0 $&+< 6&DYAQ ,P DIIQJ $EVRSWRQ VSHAWRD HMUIRUS \W RVSKHUE & KDWRJUDSK<  %6XUWRZ V/ HWDO YRYHQUP DQQ HADO

ZDVD VSHAWRP HMURQ( 6$ V(19,6$7 VDMMM WERYHUHG WH VSHPRDOHI IRQIURP \KH XGAD YIRBMR \WH 6,5
VSHADAWIIRY QP P DWP RCHDM\VSHADOHMROMIRY QP QP DQGREVHYHG \WH ( DUV Dl RVSKHUH 1Q YDURXV
YIHZ I JHRP HHY QDAEU @P E DQG VRDUDQG GQDURFFXAIMRY ( 19,6$7 Z DV RQ D VXQ WV GFKURGRXY RUEMZ KRVH GHVFHQEIQ) QRGH
FURWHG \WH HTXDRUGQHDU KRXW 0 HDQ/ RFDOYIPH 0/7

) RUD JRRG JHHIDCRYHYIHZ RQ6&,$0 $&+< VHHKWBY ZZZ IXS XQLEWHP HQGH VFIDP DFK\ DQG
KWBY  HDWIK HVD LOWHRI DWZ Dy IQMKP HQW VAIDP DFK\ - 6&,$0 $&+< SHIP IWHG \WH UAIHYDCR ; &2 HJ 5 HXWUHWDO

6 FKQHMQJ HADO DQG; &+ HJ 6FKGHMQ HWDO ) IDQNHQEHU HWDO IURP DSSURSUDM VSHPRDOUH] IRQV 1Q \KH

6: 5 DIRXQG —P DQGWH1,5 2 $ EDQGDW QP XVHGWRREWIQWH QY DIUFROP QXVIQJ \WH NGRZ Q@Y DIUP RGB! IIDAIRQ R
DW RVSKHUE R\ JHQ VHH7DE®  7KHJWRXQGS[HOMIHZDVWSIED® NP DBQ WDFNDQG NP DFURW WDFN DQG WH VZ DX Z IGK
ZDVDERAW NP 7KHUH Z HUH QR DFLRW WDFN J DSV EHE HHQWH J URXQG SI HY EXVWKHUH Z HUH JDSV DBQ) WDFNDV 6&,$0 $&+ <

RSHUDWG RQD SDWR \WH WP H DSSWR 1Q QDAUREVHYDURQ P RGH

Table 2: 6&,$0 $&+ < VSHAWDAEDQGY XVHG IRUWH UHHYDCR! ; &2 DQG; &+

%DQG : DYH®IQJ VK LDQIH 5 HVROMRQ QP @
QP @

UDQG

UDQG

7$162 )76 RQERDUWG* 26%7 DQG7$162 )76 RQ* 26%$7

7$162 ) 76 IVD) RXUHU7WDQURP 6SHARP HMU ) 76 RQERDUG\KH - DSDGHVH* 2 6$7 VDW@M . X] H HAWDO 7KH

* UHHQKRXVH * DVHV 2 EVHYIQ) 6 DM@M %8. , * 26$7 1V \WH Z RUGV IAVSDFHRUDIWQ REEMEHAFDWMG \R P HDVXUH WH FRGFHQRDIRQY
R FDUERQ GR] [GH DQGP HXDQH IURP VSDFH 7 KH VSDFHRUDIVZ DV @XGRKHG VXFFHWIX@ RQ- DOXDY DQG KDV EHHQ RSHIDIY
SURSH® VIGFH\WHQ * 2 6$7 FRYHY \WH BHBIYDQAR2 &+ DQG2 DEVRBMRQEDQGVIQWH 1,5 DQG6: ,5 VSHAMDOMIIRQ DV QHHGHG

KWBY FRQGHQFH HFP Z | IOABDI HV YIHZ SDIH DRIRY SDIHG


https://www.iup.uni-bremen.de/sciamachy/
https://earth.esa.int/eogateway/instruments/sciamachy
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IRUDFFXUDM ; &2 DQG; &+ UHWHYDOIQ DCAMRQ* 2 6$7 DOR FRYHY D @UH SDWWR \WH 7 KHWP DQQUWS HG 7,5 VSHADAHIIRQ 7KH

VSHAMDOHVROMRQR 7$1 62 ) 76 IV P XFK KLJKHUFRP SDIHG\R 6 &,$0 $&+< DVFDQEHWHHQIQ7DE®I DQG7DE®  DQG\WH JURXQG
S[HYDHWDBU NP FRP SDHGWRVHYHIDO NP IRUG&,$0 $&+< +RZHYHUIQFROMDWIR 6&,$0 $&+< \WH* 2 6$7 VFDQ SDWAS,
FROAMW Rl QRQ FROVHEXWIYH LQAYIGKDO) IRXQG SIL HY LH  \WH VFDQ SDWHD LY QRWIDS 1UHH ) RUD JRRG JHQHIDGRYHWYIHZ. DERXW 2 6$7
VHHDORKWE ZZZ JRDWIHV JR I8 HQ

*26$7  6XWRHDO IV \WH IRBZ RQVDM®M\R* 2 6$7 DQGLV YHY VP IDUR* 26$7 * 26$7  Z DV VXFFHWMX® OXQKHG
2 AREHU *26$7 ;&2 DQG; &+ UMHYDY DIHQRZ DORIGFOGHGIQWHE 6 * +* &' 5 YRW* 26$7 DQG* 26$7 DU
RQD VXQ Wt GFKURQRXV REEMZ KRVH GHVFHQAQ) QRGH FIRWHV WHHTXDRUDW ~ 0/7

&RFHOQ) ; &2 DQG; &+ UAMBYDAURP * 26$7 DQG* 26$7  VHHDOR 1 RsCHADO

Table 3: 7$162 )76 DQG7$162 )76 VSHADCEDQGY XVHG IRUWKH UHWHYDCR! ; &2 DQG; &+

%DQG : DYH®IQIVK LDQIH >QP @ 5 HVROXVIRQ >QP @
UG
%D
%G
2&2
1$6$ V2 EMQ) &DERQ2 EVHYDRY  2&2 P IMRQ &UWVS HADO Y%RHVIK HADO KDV EHHQ VXFFHWIX® OXQFKHGIQ
- X0 7KH2&2  3URWPVSUP DU VAIHQRH REMIPIYH L \R FROFWKH |IAWSDFH EDVHG P HDVXUHP HQW RI DWW RVSKHUE FDUERQ

QR IGH Z W \WH SUHAMRQ UAVROMRQ DQG FRYHUDI H QHHGHG \R FKDUDFWAL H W VRXUFHV DQG VIGNY DQG TXDQM WHUYDUDELDY RYHUMWH
VHD\RDR FBI 2 &2 10HVIQD VXQ W GFKURQRXYV QHDUSRDURIEIVZ W D JURXS R ( DIW RUEIMZY VDW@MY Z M VA GHU IMIFE VAIHQRH
REMIPYHV Z KRVH DVFHQEQ) QRGH FURWHV WH HTXDVRUGHDU KRXW0 /7 1 HDUJBEDGFRYHII H R \WH VXQIWBRMRQ R ( DK L
SRYIGHGE\ WIVREMRYHUD  GD\ UHYROMRQY UHSHDWA FBI 2 &2 VMQI B! LQAMKP HQAQFRISRIDMY WWUHH KLI K UHVRGMRQ J UMDY
VSHRARP HWY GHVLI GHG \R P HDVXUH WH QHDUIQIUDUHG DEVRISMIRQ R VXUDFH UH BIPWMG VXQI KWE. FDUERQ AR IGH DQG P RBFXOUR \ JHQ
28&2 FRYHY VSHAWDCEDQGY VHH7DE®! M\H6&,$0 $&+< DQG* 26$7 EXVR &2 KDV P XFK VP DIBUJ IRXQG S HY NP

VFDB! DQGDP XFK VP DBUVZ D ZION DSSI NP FRP SDUHG\R6&,$0 $&+< 282 CHIHY; &2 EXWRW &+ ' HEIORQ

2&2 DHDORJILYHQRQKWEY RFRY 1BOCDVDJRY
Table 4: 2&2  VSHAMDCEDQGY

%DQG : DYH®IQI VK WDQIH 5 HVRGVIRQ >QP @
QP @

WG $% 2 EDQG
WG : &2 ZHN&2 EDQG

WG 6&2 WRY &2 EDG

,QBX\WDQG DX] LMY DWW
6DIMDM/ GDW

6 HYHDOALHHQY &2 DQGRU; &+ UHWHYDORUWP VH MVRUG&,$0 $&+< * 26$7 * 26$7 DQG2&2  ZKIFK DUH SDUD®

XQGHUDRIYH | XUKHUGHYHBSP HONQ REHIR P HHWKH GHP DQAIQI XVHUUHTXILHP HQW IRUXMIQ) \KHVH GDVD SURGXFW \R REWTIQ VRXUFH

VIQW IQRWP DIRQ LH IRUP DNQJ \WHP XVHXQRUVXUDFH 1G] LQYHWIRQY 6 SHFLFD® Z H P DNH XVH RN \WH DORUKP V DQG FRUHVSRQAQ)

D SIRGXFW OAMGIQ7DE®!  DQG7DE®! 7 KHVH SURGXFW DUH XVHG E\ \WH ( QVHP EGI0 HADQ$ORWKP (00 $ H SOICHG IO 6 HAIRQ
IQRDMVQI®!/  SURGXPWZ KIFK 1V \KHQ XVHG \R JHQHIDWM \WH JUGGHG/  SURGXFW

Table 5: 6 DM@M GHUYHG/  ICBXWED SIRGXFW XVHG R IHCHDM\KH/ Y ; &2 SURGXPW7 KH WDEG! QAV \KH VDM@AM LOAKP HOMKE
QP HDQG YHWRQR! \WH/ DORUKP  \WH IQAMARQ DQG UHDWMG UH HIHQRHV

6 DVHAVH , QVUXP HOW =~ $QRUVKP  SLRGXFWDQG YHWIRQ ,QVWIMXVIRQ | 5 HIHUHQFH
QXP EHU

68,30 $&+< %6 Y 83 5 HXWUHWDO

*26$7 1(6Y FEF 1,(6 <RVKIGD HWDO

KWBY FRQGHQFH HFP Z | IOABDI HV YIHZ SDIH DRIRY SDIHG


http://www.gosat.nies.go.jp/en/
https://ocov2.jpl.nasa.gov/
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28&2
28&2
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Table 6: 6 DM@M GHUIYHG/

6&,$0 $&+<
*26%7
*26%7
*26%7

*26%7

*26%7

*26%7

*26%7

*26%7
*26%7
*26%7

*26%7
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S5SHPRIH& Y

8R )3Y

$&26 Y U
)28&$/ Y
1$6$ Y
)28&$/ Y
1(6Y
5HP RTHE Y

)2&$/ Y

LOSXWEDMY SURGXFW XVHG R JHQHUIDW \WH /Y

Y $ORWKP 7KHRUAFDO/DMY' REXP HQNV$7%

6521

8K

95N VDO
' HW HY HWDO

&RIDQHNDO

2 ' HOHWDO
1 RsGHVWDO
. HOAWDO

5 HXWURWDO

<RWKIGD DQG2 WKIR

. UMD HADO
1 RsGHVWDO

DORUKP  \KH LOAMAMRQ DQG UHDWG UH HUIHGRHY

QDP HDQG YHWIRQR \WH/

6 DVHQEVH , QUMUXP HQW =~ $ ORUVKP  SLRGXFWDQG YHWIRQ
QXP EHU
:)0' Y 83
)2&%$/)3Y 83
)2&$/ 35Y 83
1,(6Y EF 1,06
S5HPR7H& )3 Y 6521
S5HPR7H& 35 Y 6521
8R )3Y 8R
8R 35Y 8R
)2&%$/)3Y 83
)28&$/ 35Y 83
S5HPR7H& )3 Y 6521
S5HPR7H& 35 Y 6521
1,(6Y 1,(6

*26%7

, QUIMKVIRQ

5 HIHUHQF H

6 FKQHMQ) FWDO
1 RsHVDO

1 RsGWVDO
<RWKICD HVWDO

%N HADO
' HW HWY HADO

%N HADO
' HW HY HADO

&RIDQHNDO

&RIDQHNDO

1 RsGHWDO
1 RsGHWDO

. UMQD HWDO
. MQD HWDO

<RWICD DQG 2 WKIR

7 KH EDVIE URWHYDCBUCHS®! VR REWMIQ \WWH CDMD SURGXFW OAMG IQ 7DEGI DQG7DE®! LV \WH VDP H

$ VDWM@®M LOAKP HOWP HDVXUHY EDFNVFDIWHUHG VRDUDGDIRQ IQ HDUIQUDHG 2 DQG&2  RU&+  DEVRUSMIRQ EDQGV

$ WDADWYH WDQUHUSGV IQAKP HQAP RGHO IR DU P RGHO LV X\M) HG \R VIP XD\ \KH VDM@ P HDVXUHP HQVRUD VHAR NQRZ Q
SDUDP HMY SDUDP HMUYHRRU DQG XQNQRZ Q SDUDP MY \ADAM YHRRU
$ QLOVHWIRQ P HKRG \WHV \R [1QG \WH ABAM YHRRUZ KIEK UHVXOV 1Q WH EHVDI UHHP HOAEHE HHQ VIP XOWG DQG P HDVXUHG

WDADHV

7 KH UAHYHG VWM YHRVRULY DWXP HG VR BHSUHVHOAKH WKH  RUP RWMINHO DWW RVSKHUE \AIVM

KWBY FRQGHQFH HFP Z | IOABDI HV YIHZ SDIH DRIRY SDIHG

&RSHQEXV. QRZBIGIHYDWMH  «

D

YRHVFK DQG$ QDQG

7D ®UHWDO

; &+ SURGXFW7 KH \WEG! QAV \WH VOWM [QAKP HOAMKE

YRHVFK DQG$ QDQG

YRHVFK DQG$ QDQG
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+RZ HYHU ZKHQJRQJ 1QR P RUH GABIOWWH DORUKP V KDYH GMIPWARQFHSWMDOGL HIHQRHY \WH DORUKP V DUH RSP 1] HG IRUGLIHIHQWV
QAP HQNV 6&,30 $&+< * 26$7 *26$7 RU2&2  7KH DU EDVHG RQGLHHQMEVRIBURQ EDQGY XVH QLI HHQNQYHWRQ

P HXRGY RSWP DAHIP DIRQ 7INKRQRY 3 KI@SV GDWWTXDUHY  DQG DUH EDVHG RQ G HHQASK\ VIEDCDWXP SWRQV RQ \WH UDGIDUYH
DQVIHUIQ VFDWHUQ) DWW RVSKHUHV ) RUH[ DP SBI VR FDTBIG IX@BK\ VIEV DORUKP V H STFM® DFFRXQVRU P XUB®! VFDWHIQ) DW

P RBFXGNV DHIRVRY DQGRUFBXGV B\ KDYIQ) ABMY YHRRUHBP HQW VXK DV FEBXG Z DIWMUSDW. FBXG RS KH. KWDQG DHIRVRCRSWFDO
WIENHW 7KH; &2 $&26 DQG) 2 &$/ DORUKP V OAMGIQ7DEGI RUWH; &+ 5HPR7H ) 3 DQG) 2&$/ ) 3 DORUMKP V QAMGIQ
7DEGI  DUHIQABGFHV Rl IX@SK\ VIEV UAMHYDIDORUKP V- UH HUHGFHY DUH SURYIGHG [Q WH FRUMVSRQAQ) \BE®!I $ QRIKHUH DP SOI IV \WH
QKVBDX SR\ P HKRG Z KIFK DWXP HV \WDVWBKRRQ SDWW BIQI\KV DUH P RALHG VP IOWD IQWH&2 DQG2 RU&+ DEVRSWRQEDQGY
DQG WDWADWAIQ) UHDWG HIHAW FDQRHCRX\WZ KHQ GAYIGIQ) WH BHMHYHG &2  RU&+ DQG2 FROP QV\RFRPSXWM; &2 RU; &+
7KH; &+ 8R 35 5HPR7H& 35 DQG) 2&$/ 35 DORUMKPV QAMGIQ7DEGI DRQ Z M \WHUFRWHVSRQAQ) UHHWHQFHY DUH LOABIGFH\

R SR\ P HKRG UAIHYDDORIKP V $ GAMRCD® \WWH DORUP V XVH GLIHHOMBUH DQG SRWMBUIRFHWIQD IIGMY HJ  FEXG GHMARQ | URP
2 $ EDQGRUIRP D FBXG DQG DHIRVRAP DIHU

2 \WHUGDVD

: HXVHWH 6P SBIF/ ,P DR®JIFDD RGHORUDW RVSKHUE&2 DQG&+ 6/,0 1RsCHWDO DV FRP P RQD SURWL
ZKHQKDWP RQJ LQJ WH GUIHHQW  LOSXWEDWD VHW 6 HRAIRQ
6/,0 &2 DQG&+ XVHP RGHOEDVHG FIP DRI IHV \R HWIP DM \WH VSDUWDOEMMEXWRQ DQG DQQXDCR FBIR! &2 DQG &+

UHVSHRAYHD 6/ ,0 &2 XVWHV&2 P ROIDARQIQRP DIRQIRP &$0 6 JBEDR2 DW RVSKHUF IQHMRQY U &KHYD@HUHWDO
&KHYD@HU 6/,0 &+ KDVEHHQGHUYHGIWRP &$0 6 JBEDGR+ DWW RVSKHIF IQHUMRQY U 6HIHY HWDO

YRW 6/ ,0 &2 DQG6/,0 &+ XWH KHIKWD\ HY CHICHGIQVXFK DZ D \WDWHDRK @\ HUFRQBIQV \WH VDP H QXP EHUR QY
DIUP RBFX®NV

$CEAMRQD® 6/,0 DAWWW \WH XVHG FIP DW®RJ [HV |RUWH DQOXDQI UIRZ \K

6/,0 &2 DQG&+ UHSURGXFH OUH VFDB! IHDWUHAY VXFK DV IQMUKHP VSKHUE J UDAHQN DQG VHDVRQDCR FBN Z HOFRP SDUHG \R \WHU
XQGHWDIQ) P RGHYDQG7&&2 1 7RBCG.DEERQ&ROP Q2 EVHYIQ) 1 HERIN 1 RHGHWDO +RZHYHUG6/,0 &2 DQG&+ DUIHRQD
HP SIUFD® H WDSROMZY [URP SDWDYHIDIHG P RGHBIG&2 DQG&+ [IHBV 1 HZ RUFKDQIIQ) SKHQRP HQD FDQQRWEH Z MMIQ6/ .0 &2
DG &+

6 FDO@Y R WH UHSRUMG/  XQFHUBIQWAY DQG YDEEDWRQLYW CROHZ W 7&&2 1 * * * 1 XCFK HDO / DXIKQHURWDC
DV HHHQFH DWW VHW7 &&2 1 SBRIGV; &2 DQG; &+ JURXQG EDVHG ULHHYDY Z KIFK FDQ AUHAW® EH FRP SDUHG Z W \WH

FRUHVSRQEQ) VDW@M EDVHG UHWHYDY

$SORUMKP V

2 YHY1HZ

2 XURXUWHQNNQRZ GG H DERXWHH VRXUFHV DQGMOQW R DW RVSKHUF &2 DQG&+ V@ MWGE\ WH VSDWHHW R KLIKO DFFXUDW DQG

SUHFVH P HDVXUHP HQW R WHVH [P SRUBIQAI BHHGKRXVH JDVHY HJ - 6 \MSKHQV VDO " XH W WHUSRWQID® QHDUJ GEDCFRYHID -
DQG VHOUMYIW GRZ Q\R \WH VXUDFH VDIM@M EDVHG; &2 DQG; &+ FROP QDYHUHGY DIUP RBI IDAIRQR DW RVSKHIE &2  DQG

&+  UAIHYDY 1Q\WH QHDUIQUDUHG DUH SURP IMQJ FDQEGDWY VR UHGXFH H IMIQ) . VRXUFH VIQN XQPHWBIQWAY 1L DFFXUDM DQG SUHRVH

HQRXJK HJ 5D\ QGHUDQG2 %4IHQ +RXZ HIQJ HWDO 0 IBUHWDO &KHYD@HUHVWDO

$ WBUAVHOMHYHIDAQGHSHQGHQ® GHYHBSHG; &2 DQGRU; &+ UMWHYDDORWAP VH IMVRUG&,$0 $&+< 6&DQQAQI ,P DIIQ)

$ EVRISUIRQ VSHANRD HAMUR! $ W RVSKHUE &+ DURIUDSK<  %6XWIRZ \VV HADO YRYHQUP DQQ HWDO * 2687 * UHHQKRXVH IDVHV
2 EVHYQ) 6$7 MMM <RNRI HWDO *26$7 * UHQKRXVHJIDVHV 2 EVHYIQ) 6$7\M@M 6 XV HWDO DQG2&2 2 EEMQY
&DIERQ2 EVHYDRY  &UVS HWDO WH7DE®I DQG7DEGI IRMRHXHGIRU(00$Y &2 DQG(00$Y &+
UHVSHAIYHD $ KMRY R FKDQI HV Z W BHVSHPVR SUHYIRXV® J HQHUDWG GDVHW FDQEH IRXQG Q38 * 6 ; * +*

$ QUANHYDOMDP V 11QG HQFRXUDJIQ) YDIEDMRQ UHVXOV Z KHQ FRP SDUQ) Z WKW 78821 © XQFK HWDO | DXIKQHUHWDO

JURXQGEDVHG) 76 ) RAUHUMDQVIRWP VSHARP HMU P HDVXUHP HOV VHHUHHHCRHVIQ7DEGT DQG7DEGI 7KIVIRVDBRQ Z IW
D JRRG IQMUDORIWKP DI UWHHP HONDW &&2 1 VWMV

+ RZ HYHU \WH IQMUDORUAP DI UHHP HOARIWQ GHREHY Z KHQ UHP RWM IURP YDEEDWRQ VWMV EHFDXVH R GILIHHQRHV 1Q \WH OU H \VFD®B! EIDV
SDWAQV R WH IQAYIGXDD  GDWB VHW 1Q VXFK BHIIRQV 6 XFK ELDVHV FDQ EH D FUMFDAMVXH IRUVXUDFH 1] IQYHWRQY DQG \KH XVHU
UHTXILHP HQW DUH GHP DQAQ) DV DQH DP S®I 0 IGIUHWDO DQG & KHYD@HUHWDO IRXQG \WDWIHJ IRQDCEIDVHV R D IHZ \MQXY
R DSSP FDQDM@HDG KDP SHUVXUDFH 1G] IQYHWRQY 7KLY IQAFDWY WDWDWHWMQI DQ DORUKP V/ TXDOV VKRXG QRAEH EDVHG RQ

FRP SDUVRQV DIDIQA &&2 1 ABMRQV RQD 0 DQ UHIIRQV RN \WWH Z R SUIAVHQWP RUH FRP STFDWMG  UMMHYDOFRQGMRQY FRP SDUHG \R
GFDIRQY DIRXQG7&&2 1 IMRQY ,QJHQHIDOMP V' H DP SBNV Rl UHJ IRQV Z W FRP STFDWG UHMHYDOFRQGMRQY DUH GHVHW  RUUHIIRQY
Z W KLJ K DHIRVROBDG RUIUHTXHQARFFXWHQFH R VXEYIME®! FILIXV FBXGY + LK VROU] HQW DQI GV RUYIHZ IQJ ] HQW DQI®N DOR P DNH
UHMHYDY P RUH FRP STFDWIG 1Q J HQHUDO+ RZ HYHU \WH VSHALLLE UHMHYDOGILEXGHAY GHSHQG RQ \WH LQGHSHQGHQAHMHYDIDO RIMP \/ 7KH

7&&2 1 QHE RN GRHY CRWRYHUVRP H R KLY JHOHID® FRP STFOWMG UHIHYDOFRQAMRQY GDAQJ W D OFNRI J URXQG WKWK P HDVXUHP HOW
Z KIFK FRX@ EH XVHG R MGIH WH DORUMEP V SHURUWP DORH 1OQ WHVH UHIIRQY

' lYHUIQ) P RGHOHVXOV DUH FRP P RQW P DQ  VAHQMEF QVHS@HY HJ $WDXRDQG1 HZ 5| WWMUHWDO DQG P XFK DWHQUIRQ
DQG HIRWNDUH GHYRWMG iR WL \RSIE RQ WH VXEMPWR Z HDIKHUDQG FIP DM P RGH@EY  + HUWH WH AYHJ HCOFH Rl WH P RGHOHVXOV DUMHY QR

KWBY FRQGHQFH HFP Z | IOABDI HV YIHZ SDIH DRIRY SDIHG


https://confluence.ecmwf.int/x/HS-OIQ
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RQD IURP AKPWMUDGIELL HIHQFHV R \WH GlLIHUHQWP RGHY EXVDOR IURP WH QRQEHDUM R \WWH P RGHCHTXDMRQY Z KIFK FDQ BDG W GlLIHUKQY
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ZKHH6( 20  HHYR\WWH6( 20 FRP SXWWGDFFREQ) R ( TXDMRQ R WH LW DORUP 1QD JIYHQJIUG FHDDQG 1 IV WH

QXP EHUR DORUKP V IQWH JUGER]

+  SRMQIDO/SDIR \MP SRIDCEIDVHY HIP DG IURP 78&2 1 FR BFDMRQY DV CHICHGIQ34 $5 ; * +*
+ WHQXPEHUR / DORUKP VFRQMEXU \R \KH P HADQ FDBXOMRQ

" XH R IQEHSHQGHQADORUWKP  GHYHBSP HON' GlLIHIHQWEK\ IEDCDSSURDFKHY DQG DWXP SWRQY GLIHUHQMBUH DQG SRAWMBURFHQD 1IGMY/
DQG GXH R \WH GlLIHHQNQAMKP HQW Z H H SHANHDMYHO LQGHSHQGHQWEIDY SDWHDY 7KLY IV VXSSRWWGE\ ) UXUH  DQG) UXWH  ZKIFK
VKRZ  XQFRUHDWG RXAEHY LQ YDURXY UHIIRQV LH  MWHHP V XQINHD \WDWDODORUP V SURGXFH \WH VDP H EIDV Z MMIQRCH JUGER] 7KL
[P SOV \WDWAP IQUDYHDI HY Z WIQ RQH JUG ER| FDQJLYH XV P RUH FRQIIGHQRH LQ \WH LOGALYIGXDOUHWIHYDY Z MIQ WLV JUG ER|

2 Q\WH RNHUKDQG @ H IQMUDORUMP VSUHDGY LQAFDW UHIIRQY Z W P RUH GLLILEXGDQG XQRHWBAQ UHMHYDOFRQAMRQY 7KHHRM ZH
IQMSUANKH HQMHP EGIVSUWHDG LH  \WWH ABIQEDUG GHYIDWRQ DV XQRHWBIQWN GXH \R UHI LRCDCUHMHYDCEIDVHY $ QH, DP S®I LV JIYHQLQ) LI XU
DQG) UXWH  VKRZ IQ) OUHUIQMUDORIAP VSUDGV IRU; &2 DQG; &+ IQWHWRSIEV DQGIQ$MVID P RAD UHP RM IRP 7&&2 1 VMV

7KLY SDWQ LV \WMP SRID® P RH RUGW WEEG! LH VP IOUDOR IRUVXE SHIRGY
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Figure 8: $YHDIH IQMUDORMKP VSUHDG + \RS DQGH SHAMG DYHIDIH IQMUDORIKP VSUHDG GXH \R P HDVXUHP HQ

QRVH ERWRP IRU(00$ &2
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Figure 9: $YHIDIH IQMUDORUWKP VSUHDG * WS DQGH SHRAMG DYHUDIH IQMUDORUWKP  VSUHDG GXH R P HDVXUHP HQ
QRWH ERWRP IRJ(O0O0 $ &+

* HOHDARQRI GDIO (00 $ /  1LBV

7KH(00$/ GO SURGXFW FROMWWR IQAYIGXDOVRXQAEQIV UMIHYHG E\ DORUKP V Z KIFK FDQFKDQIH IRP JUGER] \RJUGER DQG

P RON\R P ROM

YUXH  VKRZV\KH UHDMYH GDW Z HIKW5' © DQG\WH QXP EHUR VRXQAQIV SHUP RQKIRU; &2 DQG; &+ UHVSHAMWHD +RZ \WH
5': IVEHIGHG Y H SDIQHG IQ GHBICE\ 5 HXA\MUHWDO QWKRWWHS5' : IV GHIQHG DV \WH UHDWYH QXP EHUR VRXQAQIV Z HIK\MG
Z W \WH FRUAVSRQAQ) VTXDUH R WH IQYHWH XQRHUBIQW 0 RUH VSHALED® WH5' 1V FRP SXWG IURP \KH LOMI UDWIG GV Z HI KWRU
HDFK P RQKMP DQG/ SWRGXFS ' : p g DV

| —
% U%

ZKHH 1, IVWH VFDBIG IQAYIGKDORXQAQ) HIRUR HDFK VRXQAQ) LIQP RQK P DQGIRUSIRGXAVE 7KH5' : IVKH,' : p 5 GRIP DO HG

B\ WHPD[IPXP YDOHR \WH,' : IRUDGP RQNVDQG/ SURGXFW 7KHS5' : 1V DQXQUBM TXDQMW

5': IVKUKILD WHDWHD OUHQXP EHUR VRXQAQIV FROMEXW R WH ( 0 0 $ SURGXPWDQG LL WHVH VRXQAQIV KDYH HDWHD &Z

XQFHUBIQW FRP SDUHG R WH RHUFRQUEX\W) SIRGXFW 7KH5' © R D SURGXPWY D P HDVXUH R KRZ P XFK IQRP DIRQRQ; &2 RU

: &+ WLV SURGXPWARQUEX\MV R WH ( 0 0 $ SURGXPWIHDMYH \R \WH RNHUFRQUEXU) SURGXFW $V FDQEHVHHQIWRP ) UXUWH  DQG

YUXH — WH6&$0$&+< % 6' DQG6&,$0$&+<: )0’ SURGKFW DUH\WHRQD SIRGXKFWIRU; &2 DQG; &+ UHVSHAIYHD XQMD

HDUD ZKHQWH* 2 6$7 WP HVHIHV WIW $VFDQDOREHVHHQIQ) UXWH  2&2 GRPICDMVIQWWPVR 5' : DQGQXP EHUR
VRXQAQIV IURP REZDGVIRY; &2 7KIVIVEHDXVH2 &2  SURVIGHV P XFK P RUH GDVB Z W WSIED@® EHWHUXQRHUBAQN FRP SDUHG W

\WHRWKHU * 26$7 SUIRGXKFW

) RIS SUO YUXH WRZVWH(00$; &2 WS DQG; &+ ERWRP YDGHV DV ZHODV \WH FRUHVSRQAQ) VHEIRMG P HADQ
DORUWKP  SURGXFW
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Figure 10: (00 $ QR D@ HG UHOMYH CDI Z HI KWEURSRMIRQDOR ™ 1 DQG QXP EHUR VRXQAQIV SHUFRQNEXWY /  CDW SURGXFW
DORWP DQGP ROMIRU; &2

- SCIAMACHY WFMD v4.0 - GOSAT FOCAL-FP v3.0 ~ GOSAT FOCAL-PR v3.0
- GOSAT NIES v03.05bc - GOSAT RemoTeC-FP v2.3.8 - GOSAT RemoTeC-PR v2.3.9
GOSAT UoL-FP v7.3 GOSAT UoL-PR v9.0 — GOSAT-2 FOCAL-FP v3.0

- GOSAT-2FOCAL-PRv3.0 - GOSAT-2 RemoTeC-FP v2.1.0- GOSAT-2 RemoTeC-PR v2.1.0
GOSAT-2 NIES v02.00
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Figure 11: (00 $ QRUP D) HG UHDMYH CDWY Z HJ KWBURSRUMRGDOR ™ 1, DQG QXP EHUR! VRXQAQIV SHUFRQUEX\WY /  CDVD SURGXFW
DORWNP DQGP RQNMIRU; &+

EMMA v4.6.C02 04/2019

Algorithm
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» GOSAT-2 NIES v02.00 ® GOSAT-2 RemoTeC v2.1.0
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EMMA v4.6.CH4 04/2019
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Figure12: (00$/ ;&2 RS DQG; &+ ERWRP DQGFRUHVSRQEQ) VHBFWMG DORUKP W KWIRUS SUD
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*UGGQI RIWH(00$/ GDWRMWIHHDMWHILQODO 2%6 0,36 IRWP DARXVEBXWLBNV

7KH/ CDBSWRGXFW; &2 B29%6 0,36 DQG; &+ B2%6 0,36 DUHIHQHDMGE VSDWDO [ f DQGWMP SRIDOP RQKO JUCAQ) R
WH FRUIMVSRQAQ) (00 $/ CDWEDVHV 7KHJUGAQ) 1V EDVHG RQ DUWP HIF XQZ HIKWG DYHU Q) R DOVRXQAQIV ID@Y QD JUG ER|
) RUFDFK JUGER  Z H FRP SXWW WH ABIQGDUG HURUR \WH P HDQ B\

ALAAA

6 - Uy,
ZKHH™  LIV\WWHQXP EHUR VRXQAQIV Z \WIQ\WWH JUG ER] DQG Uy, WH FRUHRAMG  UHSRUMG WRFKDWIF XQFHUBIQMY R \WH VRXQAQIV ,Q
RUBHUWR BHGXFH QRVH Z IKIQWH BIYHO - SURGXFWZ H IIBMURXW UG ERf HV Z WL * P DGU SSP IRU; &2 RUU SSE IRU

; &+ UHVSHRAYHO

WMCH; &2 RU; &+ WHIIQDOBIYHO SURGXPWDOR LQFOIGHY \WH QXP EHUR VRXQEIQIV XVHG IRUDYHUII Q) \KH DYHUDIH FROP Q
DYHUDIIQ) NHGHOWH DYHU H D SURILSURIGH \WH ABQEDUE GHYIDWRQR WH DYHIIHG; &2 RU; &+ YDOHV DQG DQHIP Db IRUWH
RBOKGFHMBAQWN

Ina'sn'n's'n)

b & u

+HH U, UBHSUHVHOW WH LIOMUDORUWKP  VSUHDG FRP SXWGE\ ( 0 0 $ DYHUDIHG RYHUWH VRXQAQIV Z \WIQD JUGER ) RUFDVHV IQFAAQ)
RQO® RHDORWKP U, IV HSOFHGE\ TXDADWD® DAAQ) \WH HP DM R WH \VSDWDADQG VHDVRQDCDFFXWDR GHWUP ICHG IURP \WH
7&&2 1 YDEDMRQ VHH34 $5 ; * +* 7KLY IV RQD WH FDVH GXUQJ WH 6 &,$0 $&+ < RQD SHURG DWKH EHIIQing of th HWP H
VHIHV VHH) UXUWH and Figure 5

2 X\@WDW

7 KH RABXWEDWD SURGXFW DUH FROP Q DYHIHG QY DIUP RBHIDAIRQVR! &2 DQG&+ GHORWG; &2  IQSDW SHUP IGRQ SSP DG
- &+  1QSDW SHUEIGRQ SSE SOV UHDAWG TXDQMEAY VXFK DV XQFHUBIQW DYHDILQ) NHUHY DQG D SURILSURIBY DP RQJ RKHWY

7DEGI SWRYIGHVDQRYHVEHZ R WH/ ; &2 DQG; &+ GO SURGXRW 7 KH SURGXFWRWP DWY GHVIFUEHG 1Q \WWH 3 URGXRV VHU* XIGH DQG
6 SHALFDWRQ 38* 6 GRAXPHQN38* 6 ; * +*

Table 7: 2YHXHZ ; &2 DQG; &+ 2% 0,36 COW SURGXFW 7 KH VHQVRY XVHG IRUMH IQBXW  SURGXFW DUH QAMG 1Q WH VHFRQG
FRAP Q 7KH WILG FROP QWKRZ V \WH SURGXPAWHIRQ QXP EHY GDWV DQG SHIRGY FRYHIHG B\ WH SURGKFW  DQG WH CDWMV 1Q Z KIFK HDFK
Rl WWH SURGXFW KDV EHFRP H DYDIOE®! 1Q \WH & RSHQIEXV & @ D' DV 6 \RUH

3WRGXFW' 6 HOVRUV 3 IRGXFWYHWIRQ &RP P HQW
$ YDL.DELDN
7HP SRUWDO
FRYHDJH
;&2 B2%6 0,36 0 HJHG Y " HF O HJHG/ ; &2
6&,$0 $&+< SURGXPWQ
*26%7 *26%7 296 0,36
2&2 IRP DW
7THP SRUIDO
UHVRGMRQ P RQKO®
6 SDWDAHVRAWRQ
R R
; &+ B2%6 0,36 0 HJHG Y " HF 0 HJUHG/ ; &+
6&,30 $&+< SURGXPNQ
*26%7 *26%7 2% 0,36
IRWP DW
7HP SRIDO
UHVRGMRQ P RQKO®
6 SDUDAHVRAWRQ

R[R

7TKHWH/  SURGXFW KDYH EHHQ JHQHIDWG B\ JUGAECQ) \WH FRUHVSRQEQI /' (0 0 $ SUIRGXFW

7KH/ (00 $ SURGXPW DUH LQMP HADWM SURGXPW WDWARQEIQ 1RUHDFK VIQ) B VDM@ | RRSUQAJI URXQG S HO \WWH P DIQ SDUDP HMU
HJ ;&2 RU, &+ IWXQRHIBIQN IW DYHUIIQ) NHOHIDQG IW D SURILSURILGH IQ DEAMRQ \R RKHUIQRWP DURQ P RAWRWED
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JHRBFDWRQ DQG WP H IQRP DIRQ OWYGH GQIWGH WP H
7KH; &2 B2% 0,36 DQG; &+ B2%6 0,36 SIRXFWFRMWR PRQKO® f[ fJUSCHG/ ; &2 RU; &+ CDWFRP SXWGIRP \WH
FRUHVSRQAEQJ ( 0 0 $ CDWEDVHY $ CAMRCD® WH RABXWIBN IGFOIGH J UGEHG LQIRUWP DIRQ DERXVKH QXP EHUR! DYHDI HG VRXQAQIV
FROP QDYHUIIIQ) NHOHY D SURILSIRIGN WIQEDWGGHYIDIRQR ; &2 RU; &+  DQGDQHWIP DWW R \WH RBOKQRHUBIQW DFFRXQIDY 1R
P HDVXUHP HOACRIVH SOV SRIMQIDO/SDMIDCDQG RUWP SRUDCEIDVHY ) RUGHIBLY RQWH SURGKPWRWP DWHH 38 * 6 ; * +*
JRUNHHDP SBIR $XIXW  JUXH WKRZV: &2 \RS DQG; &+ ERWRP DV ZHODV WH FRUHVSRQAQ) \RIBOKGFHIBIQW Z KIFK
1V DOR SURYIGHG [Q \WH GDWB SURGXPWIBN
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Figure 13: 7RS ; &2 B2% 0,36 IRIBXIXW  GIWDQG W XQFHUBIQN WKWFRP SXWMG IURP WH UMIHYDOQRIVH DQG ( 0 0 $W QM.
DORUWKP \SUWDG * WD\ DUHDV IQGFDM \WH DEVHQFHR GDW KWW RAHDQ CDINJWD.  OQG %RWRP 6DPHIRU; &+ B29%6 0,36

$ ANQRZ BIGP HQV

: HDFNGRZ BIGIH SIHYIRXV IXQAQ) B\ \WH ( XURSHDQ6 SDFH$JHQR (6% YID &P DW &KDQIH ,QUIDIYH &&, SURMFW +* &&, 7KIV
IXQEQ) VI QUEDQ® HKDQFHG WH TXDDW R \WH UHMHYDCDO RUMP \/ DQG UHDWG GRAXP HQBMRQ 7 KLY UHVXGMG IQ P RUH P DYUH CDWD
SURGXPW DV QHHGHG | RUDQ RSHUIDMRQDCBURHIPWXFK DV \WH & RSHQIEXV & @ DM &KDQIH6HYIEH & 6 : H DOR DFANQRZ BIGIH \WH
DYDIDEIWR * 2 6$7 DQG* 2 6$7 CDW SURGXFW YIDWH ( 6$ * 2 6$7 7KILG3 DWVO0 MRQ 730  DUKIYH

: HDUHDORYHY JUDDMXORWH* 26$7 * 26$7 \WDP VIQ- DSDQ FRP SUMQJ WH - DSDQ$ HIRVSDFH ( [ SRIMRQ$IHCR -$; $  WH

1 DIRCDQQUMAM IRU( QVILRGP HQBGEWAHY 1,(6 DQGWHO IQWY R WWH ( QYLRQP HQWO 2 (- IRUSIRVIGQ) DFFHW \RWWH * 2 6$7 DQG
*26$7 /HYHO DQG/ HYHO GDWD SUIRGXFW

: HDOR DFNQRZ BIGIHWH DYDIDEIOWR! 2 &2/ HYHO DQG/ HYHO ; &2 CDWSIRGFWIRP 1$6$ Z KIFK KDYH EHHQ XVHG IRUWH
JHHDIRQR \WWH; &2 B2 %6 0,36 SIRGXFPW7KLY SIRGKAWDORIQFOGHV2 &2 ; &2 UHMHYHG DV QY %P HQZ W \WH) 2 &$/
DORUWKP 7KH) 2 &$/ DRIV Z RXG QRAKDYH EHHQ SRME®I Z IWRXWXQAQ) IURP 8 QYHWAW R 94HP HQ IURP \KH ( 8 + SURVIFW
&+(  JWDQNDIUHP HQW DQGO(5,) < * UDQADIUHP HQW IURP (63 YIDSURWPW +* &&, DQGIWRP (80 ( 76$7
SURMFVY 2 &$/ &2 0

TKH7&&21 COWZHHREWICHGIURP WH7&&2 1 ' DW$ UFKIYH KRAMG E\ &DAOMFK $7$ DWKWBY  \RWFRQEDW RU

5 HHHPHV

ATBD XGHG main, 2023: %FKZIW 0 %DW$ IRHVK + RYVERU 7 &WHYRMHUG 'LIRD $ +DW\DPS 2 3 /DQEW -
OH®DF 1 3DNHU5 5HXWMUO 6FKCHMQI : HIHO2 S$ORMKP 7KHRUAMFDO/DMY' RFEXP HON$7%  + 0 DIQ GRFXP HQARU

* UHHKRXWH* DV * +* &2 &+ CODEUWA' 5 & 6 SIRMPW& 6 B DB/RAMB /5 Y /1IN
KWBY 7277 IXS XQLEWHP HOGHFDUEROBIKI GRFV& 6 &' 5 B & 6 B DB/RMB : 3 B$7% *+*B0$.1BY SA
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ATBD MTGHG, 2024 &UHYRMHU& OH®BDF 1, & 6 * BHHKRX\VH* DV * +* 07&2 Y 078+ Y $SORUKP 7 KHRUAIFDC
YDV RFXP HON$79%

Araujo and New, 2007: $UDXR 0 % DQG1HZ 0 ( QuHP EGI IRMFDWI R VSHAHY GMMEXWRQY 7UHQGV ( FRO( YRO +

AR MUHH

Boesch et al., 2011: YR-MK + ' UDONHU% &RQQRU'  &WS DQG& 0 I@BU* GEDORKDUDAMU] DIRQRI &2 FROP Q UHHYDY [URP
VKRUX DYH QI UDUHG VOW@IM REVHYDMRQV R WH 2 UEIMEY) & DUERQ2 EVHYDWY P WRQ 5 HP RM 6 HMQJ

Boesch and Anand, 2017: + %RHVFKDQG- $CDQG $ORWKP 7 KHRUMEDOYDMY' RFXP HOV$79% +$11(; $ IRUSIRGXKFW
&2 B*26B2&)3 &+ B*26B2&)3 &+ B* 26B2&35 &RSHOEXV &M DWM&KDQIHG6HYIFH & 6 SURVIPWRQVDW@M GHUYHG
( WHQIDCE (P DW 9DUDE®! ( &9 * UHHQKRXVH* DVHV &2 DQG&+ GDWSUIRGXKFW SIRWFV 6B DB/ RW 9HWIRQ

Bojinski et al., 2014: YRUON_L6 0 9HVADHWM 7 & 3HMIRQ & 5IFKWU$ 6IPPRQV 0 =HP S 7KH&RCFHSWR ( WHQIDCR. @ D\

9DUDEBV IQ6 XSSRWR &P DM 5 HVHDUFK $ SSTFDMRQY DQG3RIF. 9%X@$ P HU 0 HWRU 6 RF + $ YDIDE®I DW

KWB RXICDO DP HAVRF RUJ GRLSA %$06 '

Bovensmann et al., 1999: %RYHQPDQ + I9XUWRZV - 3 9XFKZIW 0 )UHIEN - 1RsO6 5RIDQRY 9 9 &KDQFH . 9 DQG
*RHGH$ 6&,3$0 $&+< +0 MRQ2 EMPRYHV DQG0 HDVXUHP HQW RGHV - $WRV 6FL +

Burrows et al., 1995: 9XUWRZV - 3 +| QO ( *RHH$ 3 + 9MHU+ DQG)UENH :  6&,$0 $&+< + 6 FDQQQ ,P DIIQY

$ EVRISUIRQ 6 SHARP HMUIRUS W RVSKHUE & KDWRIWDSK! $ PV $ VWIRQDXW +

Butzetal., 2011: %V $ * XHOW6 +DVHNDPS 2 6FKHSHY ' * D@$ $EHQ, ) DQHEHJ & +DWDXQ - 0 7UQ +
.X|H$ . HSSHOBGN * 7RRQ* : XQK ' : HQEEHJ 3 ' HXWFKHU1 * WM ' ODFDBQID 5 0 HAWHYFKP IGA- 1 RKRWV

- DQG: DH\H 7 7TRZDGDFFXIDM &2 DQG&+ REVHYDMRQVIWRP * 26%$7 * HRSK\V 5HV / HW  /
KWBV GRLRU * | &

Chevallier et al., 2005: &KHYD@U) ) MKHUO 3H@ 3 6HUDUG IRXVIXHA3 %PRQ) &KpAQ $ DQG&IDY 3 ,QHUKY &2

VRXUAHYV DQGMQNV IRP VDW@IM REVHYDMRQY 0 KRG DQG DSSTHMRQW 72 96 CDW - RXUCDAR * HRSK\ VIFEDCh HVHDURK $\W RVSKHUHV
KWBYV GRLRU @

Chevallier et al., 2007: &KHYD@HU) %3HRQ) 0 DQG5D QU3 - &ROUMEXWROR WH 2 UEEMQ) &DUERQ2 EVHYDWRY R \KH
HAP DIWRORI &2 VRXUFHV DQGMQW 7 KHRIAWFDOAXG 1Q D YDUDMRCDGEDUY DWP IOMRQ IUDP HZRWIN - * HRSK\V 5 HV '
R -

Chevallier et al., 2010: &KHYD@HU) &IDV 3 &RED 7 - $DWR 7 $QEHIRQ % ( YRXVIXHW3 %XQ\H ( *  &IDMUM® /
(VDNL< JUKBK O *RPH $ *RPH 3HDH $ - +DV|SID/ . XPPHO3 % /DQHQHOV 5 / /HXHEHUHUO 0 DFKICD 7
ODUQDQ) ODNXHE + ORUXt - $ OX\NDL+ 1DNDDZD 7 3H@ 3 5DPRHWO 5IMHU/ 6DZD < 6FKPIGAD  6\MHBI /
39D 6% OHPHXGIQS 7 : RM 6 DQG: RW ' &2 VXUDFHIG[ HY DW UG SRQAFDBI P DMGIRP DJBEDO  \ HDU

UHDQDOMY R DW RVSKHUE P HDVXUHP HQW - RXUIDCR! * HRSK\ VIFDCB HVHDURK KWBV GRLRU 3

Chevallier, 2013: &KHYD@HU) 2 QWWH SDUDEBID DIRQ R DWW RVSKHUE IQYHWRQVR &2 VXUDFH 10] HV Z \IQ D YDUDMRQDAUDP HZ RN
* HRVAHQME 0 RGHO HYHBSP HQW + KWV GRLRU JPG

CMUG-RBD, 2012: &P DIMO RCHBR) 8 VHU* URXS 5 HTXILHP HON YOVHIH' RAXP HQW HOHDE® 1P EHJ (6$ & DM
&KDQIH,QUDWYH &&, 9IHURQ ' HF / IGN_KWBV F@P DM HVD IO HAD GREXP HON &0 8* B B85' BY SO

Cogan etal., 2012: &RIDQ$ - URHFK + 3DNHUS - )HQ) / 3DBHUS , UDMEU- ) / ' HXWAKHUL 0 0 DFDBQID, 5
1RKMRWV- 5RKO& : DUHH 7 DQG: XQFK ' $W RVSKHUE FDUERQ G| IGH UMHYHG IURP \KH * UHHQKRXVH JDVHV 2 EVHYIQD
6$7HMM * 2 6$7 &RPS!JINRQZIWJURXQGEDWG?&&21 REVI—U(DWQ/D(IE*(ZG &KHP P RGHOFDBXOMRQY - * HRSK\V 5 HV

$WRV ' KW8V GRLRU -

Crisp etal., 2004: &S ' $WV5 0 %HRQ) 0 %URZQ/ 5 9XUWRZV - 3 &IDIV 3 &RQRU% - 'RH 6 & )XW , <
-DFRE' - 0lBU& ( 2 %HQ' 3DZVRQ6 5DQCHVRQ - 7 5DIQHU3 6DDZMK 5 6 6DQEHUG 3 6HQ % 6\MSKHQV *
/| 7DV33 7TRRO* & : HQEHJ 32 : RW 6 & <XQ) </ .XDQ = &KXCDVDPD % 6SWIXH * : HW 3 3R®FN 5
.HORQ' DQG6FKIRD6 7KH2 MY &DERQ2 EVHYDRY 2 &2 PIWRQ $GY 6 SDFH5HV

Crisp etal., 2017: &WS ' 3RBFN+5 S5RMHEHI 5 &KDSW / /HH5$0 2\DXVR)$ ) DQNHEHJI & 2 ' HD&:
YAXHIJH & - ' RDQ * % FN‘DO?KHRQR.EB/\SFURLPWRIWZLEBNJ]&DERQZE\A—U/DMM 28&2  IQMKP HONDQG W
UWDARP HUFD® FDIEUDWG SURGXFW $\W RV 0 HDV 7HK

Detmers, 2017a: 5 ' HWHY $ORUKP 7KHRMFDO/DWY' REXP HON$7% +$11(; %IRUSIRGXFW&2 B* 26B65) 3
&+ B* 26B65)3 &RSHIFXV &I DM &KDQIHGHYIEH & 6 SURVIPWRQ VDW®AM GHUYHG ( WHQUDGE.@P DM 9DUDE®! ( &9
* PHQKRX\VH* DVHV &2 DQG&+ CDWSUIRGXFW SIRWA 6B DB/ RW 9HWIRQ

Detmers, 2017b: 5 ' HFHY $ORMP 7KHRIAWFDO/DMY' RFEXP HOW$7% +$11(; & IRUSIRGKFV&+ B* 26B6535 &RSHWIEXV
&@ DM &KDQIH6HVEFH & 6  SURWPNRQ VDW@M GHUYHG ( WHQIDCR. @ DW 9DUDE®! ( &9 * UHHQKRXWH* DVHV &2 DQG&+ CDW

SIRGXFW SIRMFW&. 6B DB/ RW 9HMRQ

Frankenberg et al., 2011: ) IDQNHQGEHU & $EHQ , %HJDP DVFKL 3 I-N‘m*CREIIFR(XPQDYHDJI-GPI-Mm%Pl[IQ] DRV [URP
R DVGHIYHGIWRP 6&,$0 $&+< 7UWHQGV DQG YDUDEIMY - * HRSK\V 5HY GRL

Hagedorn et al., 2005: +DIHERQ 5 ' REOV5HHY ) DQG3DPHU7 7KHUWDMRCD®! EHKIQG \WWH VXFFHW Rl P XGWP RGHCHOWHP EBV IC
VHDVRQDARHDWR) + , %DOMEF FRQFHSW7THOV $ + R M [

KWBY FRQGHQFH HFP Z | IOABDI HV YIHZ SDIH DRIRY SDIHG
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& 6 * BHHKRXWH* DV * +* &2 &+ Y S$ORMP 7KHRHWDO/DMY' REXP HOV$7%  &RSHOQEXV. QRZGIGIHYDWH  «

Houweling et al., 2004: +RZHEY 6 %HRQ) 0 $EHQ, S5RGHEHN& * GRUO +HPDQQ 0 DQG&IDY 3 ,QYHWH P RGHIY
R &2  VRXUFHV DQGMVIQN XVIQ) VDW@M DB D i QNHUFE IQMUFRP SDUVRQR! P HDVXUHP HOWMFKQITXHY DQG WHUSHURUP DQFH DV D

IXQRAMRQ R VSDFHDQGWP H $W RV &KHP 3K\V + R DFS

Kiel etal.,2019: . IHO0O 2' HD& : )MHU% (@HIQ $ 1DWDU5 ODF RDG & * DQG: HQEHJ 3 2 +RZ EIDV
FRUHAIRQJRHV Z IRQ) P HDVXUHP HOAR ; &2  DIHRKG B\ HURGHRXV VXUDFH SUHWXUH AP DMV $W RV 0 HDV 7HFK +
KWBV GRLRU DP W a

Kharin and Zwiers, 2002: . KDUQ 9 DQG=ZIHY ) &P DM SIHAFWRQY Z WK P X@P RGHCHQHP EBV - & @ DM +

R &3: 0(! &2

Krisna et al., 2021: 7UMP RQR&DQAD . UMD ,OH$EHQ / IDQIKDL: X 2 WR+DVHNDP S - RFKHQ/ DQGIWD ( 6$ & @ DM &KDQIH , QUIDUYE

30V &&, $ORMP 7KHRUMIDODWY' RFXP HON$79% OHWIRQ  +) ROWHSHPR7HE ; &2 DQG; &+ *26$7 6521 ) XO
3K\VEV3URGXFW &2 B* 2 B65)3 DQG&+ B*2 B65)3 9HWRQ IRUH ( WWHQIDCE: @ DWW 9DUDE®! ( &9 * UHHQKRXVH * DVHV
* 4% KWBV ZZZ IXS XQLEWHP HQGH FDEERGBIKJ GRAV* +* &&,SOV&5' 3 $796 Y Bt +*

&&,B&2 B&+ B*2 B65)3BY S S sG®

Kuze etal., 2009: . {H$ 6XW + 1D\DWPD O DQG+DPD]D\NL7 7KFLPDCII;GQ—IJJLQLDJ!—G\A—QRJIRUF[1ERQRE\A—UDJRC
) RAUHUMDQVRIP VSHAMRP HAMURQWH * UHHQKRXVH * DVHV 2 EVHYIQJ 6 DIM@AM |RUJ UHHQKRXVH JDVHV P RQARUQ) $SSO2 SW +

Kuze et al., 2016: . X H$ 6XW + 6KRPL. .DZDNDPL6 7DQDND 0 8HED < ' HIXFKL$ <RWKIGD - <DPDPRWR < . DER\C
) 7D®U7 ( DQGEYXM + / 8SADMRQ* 26$7 7$162 ) 76 SHURWP DQFH RSHIDMRQY DQG GO SURGXFW DIVMUP RUH\WWDQ  \ HDWY/ IC
VSDFH $W RV 0 HDV 7HK R DPwW

Laughner et al., 2024: /DXJKQHU- / 7RRQ* & OHQERYD - 3HW & S5RKH 6 : XK' UDYIHU- ) * W' : 7
+HNNCHQ 3 . HHOQW 5 ) . 1HOO .IYL5 S5RKO& 0 6\MSKHQV % % YDIHU% & &KHQ + &KRL< ' HXWFKHU1 0
"EDQL- 3 *WRW - +HARPPHU% -HWN 3 /DHPPHO7 /DQ; OFHH( OF. DQ. OI®U- ORICR, 1RKROV-
2KIDPD + 3RMG' ) SHMYHUO 51V + SRXVRIHQRXV & 6KD O . BKIRPL. 6WRQY . 6XWPDQQ 5 7p < 9HDIFR
9% : RV 6 & =KRX 0 DQG: HQQEHJ 3 2 7KH7RWBC&DERQ&RGP Q2 EVHYIQ) 1 HERWNV * * * A\ YHVIRQ ( DW 6\ W
6FL' DI + KWBV GRLRU HWG

Miller et al., 2007: 0 IGBU& ( &WS' 'HARD 3/ 20HQ6 & 5DQCHYRQ - 7 OIFKDDNS$ 0 $OKDBG$ 5D QHU3 -DFRE
- 6XQKDIDEYDP 3 -RHV' %$ 'HQQ $ 6 1IFKRD O ( 'RH 6 & 3DZVRQ6 % VK + &RQRU% - ) XQ ,
< 2%HQ' 6DDZMK 5 - 6DQEHU6 3 6HQ % 7DV 3 7RRQ* & : HQEHJ 32 : RW 6 & <XQ </ DQG/DZ 5

0  3UHFMRQUATXIWHP HQNV IRUVSDFH EDVHG; &2 DWW - * HRSK\V 5HV ' R -
National Research Council, 2004: 1 DIRQDC HVHDUK &RXQRIO& TP DM’ DWBF5 HFRWGV IURP ( QYILRQP HQBICE DM@V ,QMUP 5 HSRW
SS 6% "2, A CKWBY GRLRU a

Noél et al., 2022: 6 1RSO0 5HXWUO 9XFKZLYV - YRFKDWBAMO +IOHU2 6 FKQHMQ + YRYHQWP DQQ - 3 9XWRZV $ ' L1RD
5- 3DINHU+ 6XW < <RKICD 0 9%XVFKPDQQR 1 0 ' HXWFKHU' * )HWV @ 7 *UWIMW ) +DWH5 . YL & /IX, O RICR -
IRNROWW< 6 2K + 2KIDPD & 3HWL' ) 3RMWG 0 S5HMIHU& 5RKO& S5RXVRIHRXV 0 . 6KD . 6KIRPL. 6WRQ 5
6XWPDQR < 7p 9% 9HDIFR 0 9UHNRXWV DQG7 : WSWJWJMIW*ZG$7HXE*26$? XMQJ \WH
) 2&$/ DORIMP $WRV 0 HDV 7THK KW8YV GRLRU DPW

ODelletal.,, 2012: 2 ' HD& : &RQRU% % WK + 2 %HQ' ) WDQNHEHJ & &DWIQR 5 &KWMVO ( GHIQ ' ) MKHU%
*XQRQO OF XIH - 0l®U& ( 1DADM9 2\DXVR) 3RBON , 6P\W 0 7DI@®U7 7RRQ* & : HQUEHJ 3 2

DQG XQK ' 7KH$&26 &2 UAIHYDIDORUAKP + 3DW ' HVFUSWRQ DQG YDAEDWRQ DI DIQANWA QRHIF REVHIYDMRQY $W RV 0 HDV
7THK + &R DPW

Parkinson et al., 2006: 3DINQ/RQ & $ : DGDQGO . IQ) ( DU 6 AHQAH 5 HHUHQRH + DQEGERRN 1$6% : DWKIQIWQ' &
PQAR MTGHG, 2024: &UIHYRMHU& OH®BDF 1 & 6 * HHKRXWH* DV * +* 07&2 Y 07&+ Y 3 URGXFW XD
$WHWP HOM HSRW34 $5
PQAR XGHG main, 2023: %XFKZW 0 %DW $ OHGBDF 1 9RHVK + &UHYRMHU& ' LIRD $ YRYGRU 7 +DVWHNDPS 2 3
S5HXAMUO 6 FKQHMQJ : HIHO2 3 URGXRW XDOW $ WHWP HQM HSRW34 $5  + 0 DIQ GRAXP HONRUY UHHQKRXWH* DV * +* &2
&+ OWUWVE' 5 [ ION KWBV ZZZ IXS XQLEWHP HQGHFDUEERBIKI GRAV& 6 &' 5 B

& 6 B DB RAMB& 5 B34$5B*+*B0%$,1BY SAd

PQAR XGHG, 2024: 5HXWUJ 0 ) XHOMVSQADGH % %XFKZIWV 0 & 6 * WHHCKRXWH* DV * +* &2 &+ Y  3URGKFRWM XDOW
$SWHWP HOB HSRW34$5 & 6 SRMAW. 6 B DB /5

PUGS MTGHG, 2024: &UNYRMHU& OHBDF 1 & 6 * UBHKRXH* DV * +* 07&2 Y 07&+ Y 3 URGXAVB VHU* XICH
DQG 6 SHALIFDURQ 38* 6

PUGS XGHG main, 2023: %FKZIW 0 %DW$ 9RHVK + RV 7 &HYRMHU& ' LIRD $ +DWH\DPS 2 3 /DQEW -
OHEBOF 1 3DUNHUS S5HXWMUO 6 FKCHMQ) : HIHO2 3 WRGXFV VHU* XICGH DQG 6 SHALFDMRQ 38* 6 + 0 DIQ GRFXP HONVRU

* UHHKRXWH* DV * +* &2 &+ CODEUWA' 5 & 6 SIRMFW. 6 B DB/RAMB /5 /ICN

KWBV ZZZ IXS XQLEWHP HQGHFDUEERCBIKI GRFV& 6 &' 5 B & 6 B DB/ RMB& 5 B38*6B*+*B0$,1BY Sd
PUGS XGHG, 2024: 5HXWU 0 ) XHOMV$QADCH % 9XHKZIW 0 & 6 * HHKRXWH* DV * +* &2 &+ Y  3URGXKHRB8 WU
* XICHDQG 6 SHALFDWRQ 38* 6 & 6 SIRMFW 6 B DB /5 /1IN KWBV FRQGHQFHHRP ZI IQW + I5* Z

Rayner and O'Brien, 2001: SIJQ-US- DQG2 %HQ ' 0 7KHXWDVR WP RMO VHOHG &2  FROFHOMDMRQ CD [Q VXUDFH
IQHMRQY * HRSK\V 5 HV / HW/ +

KWBY FRQGHQFH HFP Z | IOABDI HV YIHZ SDIH DRIRY SDIHG
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Reuter et al., 2010: 0 S5HXMUO 9XFKZIW 2 6FKQHMQ) - +HPDQQ + %RYHQP DR - 3 9XURZV $ P HWRG IRUP SIRYHG
68,30 $&+< &2 UMHYDAQWH SUHVHQH R RSWD® \KIQ FBXGV $\W RVSKHUE 0 HDVXUHP HWWHFKQTXHV

Reuter et al., 2011: 0 5HXMU+ YRYHQPDQQ 0 YXFKZLN - 3 UXUWRZV % - &RQQRUL 0 ' HXWFKHU' : 7 * UL -
+HPDQ * . HSSHOSON - 0 HWHYFKP IGN- 1 RKMROVE 3HWL - 5REIQURQ 2 6FKQHMQI 9 6KHEFN 9 OHD|FR 7 : DIQH\H 3
2 HQQEHJ ' XQFK 5 HMHYDCR DW RVSKHUE &2 Z W HQKDQRHG DFFXWDR. DQG SUHAMRQIWRP 6&,$0 $&+< 9DIEDMRQZ W) 76
PI—DW(LI!-PI—QND(IEFFPSIJINRQZMPRG—QH-W&/ RXUDCR * HRSK\ VIEDCS HVHDUFK. $ W RVSKHUAY ' R

Reuter et al., 2013: 0 5HXWMU+ % VK + YRYHOPDQ $ %00 IXFKZIW $ XNV - 3 9XURZV & : 2 ' HD6 * XH®W2
+DWH\DPS - +HPDQQR 1 . INKFKL6 2 WKFKHSNRY 5 3DUNHUG6 3IHIHU2 6FKQHMQ) 7 <R\RW DQG< <RWKIGD $ RONIRWR
GHOYHUVDW@AM UHHYHG DW RVSKHUF &2 FRGFHQRADMRQVY IRUVXUDFH 1G] LQYHWRQY \WH HQVHP EGI P HADQDORWKP (00 $

$W RVSKHUEF &KHP M DQG3 K\ VEV GRL DFS

Reuter et al., 2016: 0 5HX\WMU+ YRYHOMPDQQ 0 9XFKZIWY - 3 9XWRZV - +HPDQ 2 6 FKQHVQ $ORWKP 7 KHRUWFDO/DMY
' RPPHQMOHMRQ $7% Y  7KH%HP HQ2 SWP DO WP DIRQ' 2$6 % 6' DORUWKP IRUKHUHWHYDR ; &2 IRUWH ( WHQIDO
&0 DM ODUDE®! ( &9 * UHHKRXWH* DVHV * +*

Reuter et al., 2017a: 0 5HX\MUO0 9XFKZIW 2 6 FKQHMQ) 6 1 RsO9 5R] DQRY + %RYHQWP DQQDQG- 3 ¥XUWRZV $ ) DW$ W RVSKHUF
7WFH* DV 5 HAHYDARUA+\ SHYSHADQQWKP HONV$ SSUR] 1P DM 0 XQB®! 6 FOWMUQ)  3DW 5 DADYH 7 WDQUHUDQG D 3 RMQIDCR &2
; &2 5 HAUHYDGE HXS 5 HP RM 6 HMQ) R W

Reuter et al., 2017b: 0 5HXMUIO 9%XFKZIWV 2 6 FKQHMQ) 6 1 RsO+ %RYHQWP DQQDQG- 3 9XURZV $ ) DWS\F RVSKHUE 7WDFH* DV
5 HUHYDARU+ \ SHYSHAWDQ QAKP HQWV$ SSUR P DU 0 XSG 6 FOWMUQ) 3DW $SSTFDMRQ\R; &2 5HUHYDY IRP 2&2  5HP RW

6 HOMQJ R W

Reuter et al., 2020: 0 5HX\MJUO0 9%XFKZLV 2 6FKQHMQ) 6 1RsO+ YRYHQPDQQ - 3 IXURZV + YRHVK $ ' L1RD - $QDQG
5- 3DNHU3 6RPNXW/ : X 2 3 +DVHDPS , $EHQS$ . XH + 6XWR . 6KIRPL< <RKIED , ORIR ' &WS &: 2 ' HO-
1RKMRWE 3HWL7 : DWHNH 9$ OHDIFR 1 0 ' HXWFKHU' : 7 *WIM 5 . IYL' ) 3R®EG ) +DMH 5 6XWPDQQ <9 7p .
BWRQY 6 SRAKHO . 6KD O 'HOD/lgWH ' * YHWV 7 ,DFL& 0 5RHKO& 5HWMKHUDQG' 6FKHSHY ( QUHP EG EDVHG
VDM@M GHUYHG FDUERQ QR [GH DQG P HWDCH FROP Q DYHUIHG G DIUP R®! [UDPURQ GD VHW IRUFDUERQ DQG FTP DM

DSSTGDIRQYY $WRV 0 HDV 7THFK KWBV ZZZ DW RV P HDV \WMFK QGHW a

Reuter et al., 2021: 0 SHXMJO +IOHU6 1RsO0 9XFKZLV 2 6FKQHMQI + Y%RYHQP DQQ DQG- 3 WXUWRZV (6$ &IP DM
&KDQIH,QUDWYH 30V &&, $ORUKP 7KHRUMFDOD/DWY' RAXP HBHWRQ $7% Y SHUHDR ; &2 IRP WH2&2  VDMQ@h
XVIQJ \WH ) DW$\F RVSKHUE 7UDFH * DV'5 HWHYDO) 2 &$/  IRUNH ( WHQIDCR. @ DM 9DUDE®! ( &9 * UHHQKRXVH* DVHV * +*

KWB ZZZ IXS XQLEWP HQGH FDUERQBIK] GRFV* +* &&,SOIV&5' 3 $7% Y B* +* &&B&2 B2& B)2&$BY SO

Rétter et al., 2011: 5| WHU5 3 &DUMU7 5 2GMHQ - ( DQG3RWMU- 5 &URS FIP DM P RGHY QHHG DQRYHIKDXO1 DWE @
&KDQIH +

Rodgers, 2000: 5RGIHY & ' ,QvHYHO HXRGV IRUS\W RVSKHUE 6 RXQAQ) 7KHRY DQG3WDAIWFH : RWIB6 FAHQIME 3 XEQKIQ)
6 1QJ DSRUA

Segers et al., 2022: 6HIHY $ 6WMQ\H 7 ' HVFUSWRQR WH &+ ,QYHWRQ 3 URGXFIRQ
&KDIQ KWBY DWW RVSKHUH FRSHUQIEXV HX VIV GH DXOVIGN &3$06 B 6& B
&+ B BSURGXRIRCBFKDICB&+ BY SA

Schneising et al., 2011: 6 FKQHMQ 2 9%XHZIW 0 S5HXWUO  HWDO / RQ WP DQDOMY R FDUERQ GH 1GH DQG P HIKDCH FRAP Q
DYHIDIHG P RBI [UIDAKRQY UHWHYHG IURP 6&,$0 $&+< $WRV &KHP 3K\V

Schneising et al., 2018: 2 6 FKQHMQI DQGWH( 6% &&, * +* SIRWPWMOP ( 6$ * UHHQKRXVH* DVHV & @ DM & KDQIH , QUIDRYH
* +* BFFL &ROP QDYHDIHG&+ IWRP 6&,$0 $&+< JHHDMGZIMW WH: )0' DORWMP &+ B6&,B: )0' YHWRQ &HQWH IRL

( QVMRCP HQEO DIv$ CDOMY GDW Rl FMIAMRQ KWBY  FDMBEI XH FHGD DF XN XXIG DD H E | FE FQG HD?

Stephens et al., 2007: 6\WWSKHQV % % * XWH . 5 7DQV 3 3 6ZHHQH & 3HMY : %UXKZIGU/ &IDV 3 5DP RGHWO
YRXVIXHW3 1DNDDZD 7 $RNL6 ODRKICD 7 (QRH * 9IQQFKHANR 1 /ARG - -REDQ$ +HPDQQ 0 6KEMRYD 2

/DQHQH@V 5 / 6WHBI / 3 )WQFH 5 - DQG' HQQQ $ 6 : HDNCQRUKHD DQGVRQ WRSIFDADQG FDUERQ XSVENH [URP YHUIFDX
SWRIBNV R DW RVSKHUF &2 6 AHQFH * R VHHQFH

Suto et al., 2021: 6X\WR + . DERND ) . INXFKL1 . QAWMRQ5 2 %XW $ +DXQO0 9%XIM + 6KIRPL. ,PDL+ DQG. XIH $
7 KHUWP DADQG CHDUQI UDUHG VHOQVRUIRUFDUERQ REVHYDMIRQ ) RXUHUMDOVMRWP VSHRRP HMU - 7$162 ) 76 RQWH* UHHQKRXVH IDVHV
2EVHNQI 6$7HAM * 26$7 GXUQ) W AW HDUIQ REMWSW RV 0 HDV 7HK + KWBV GRLRU DPwW

a

Taylor etal., 2022: 7D®U7 ( 2' HD& : &WS' .XHS$ /IQGTYMAV+ : HQEHJ 3 2 &KDWAMH $ * XQRQ 0 ( GHUQ
$ )MKHU% . HOO 1HORQ5 5 OHUH®RS 2WMPDQ * &KHYD@HU) 3DBHU3 , )HY / ' HXWFKHUL 0 ' XEH 0
JHW * *DRD2 ( *WIM' : 7 +DWH) WAL/ 7 .IM5 /IX& 'HODIQW O ORIR, 1RKRV- 2K < 6
2KIDPD + 3RMG' ) SHMYHUO0 BFKQHGHUO 5RHKO& 0 6KDO . BKIRPL. B6WRQY . 6XWPDQQ5 7p <
OHDIFR 9 $ QUNRXWIV 0 : DUH\H 7 DQG: XK ' $Q \HDUWFRGR ; &2 HWP DMV GHIYHGIRP * 2 6$7 P HDVXUP HON

XMQI WH1$6$ $&26 YHVIRQ UAHYDCDORWKP ( DU 6\VWW6FL' DI * KWBV CRLRU HWG a

Tebaldi and Knutti, 2007: 7HEDGL & DQG. QAUM/5  7KHXVH R WH P XGUP RGHCHQUHP E®! 1Q SUREDEIMANF FP DM SURVIFIRQY 3 KBV
7WQV 5 6RF $ + R VAW
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& YRWMFX 9 *WDI $ . HVFKEDXPHUS . WRO0 S5REHW 3 5RXIO/ 6\WM®D 5 7DUDVRQ / 7KXQV 3 9UQDW( DQG: IQG 3
6 NODQG XGFHWBIQW R D UHJ IRQDADIUTXDOW P RGHCHQWHP E®I $\W RV ( QVILRQ + AR MDD RVHQY

Werscheck, 2015: : HYFKHN O (80 ( 76$7 6 DIMMA$ SSTFDMRQ) DAIMV RQ &P DM 0 RQWUQ) & 6 &P D' DVl 6 \RUH Z RINWKRS
5HDAQ) 8. 0 DK A KW ZZZ HEP Z 1 IQANWMY GH DXGVGBN HIEUDY H M) VROMRQY HXP HWDVWDWMDA
DSSTDMRQ | DARMY F@P DM P RQMRUQ S@ &

Wunch etal. 2010: : XQFK ' 7RRQ* & : HQEHU 3 2 : RV 6 & GWSKHQY % % ) IVFKHUO / SFKIQR 2 $EWKIH - %
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$ ODFDWQID 5 ODFKIGD 7 ODWXHED + ORRM) ORIR, 3DIN 6 SREQRQ - S5RKO& 0 60ZD < GKHEFN 9
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Wunchetal., 2011: : XQFK ' 7RRQ* & %DYIHU- ) / : DWHQHOHUS $ 1RWMROV- &RQRU% - * WM ' : 7 6KHEN
9 DQG: HQEHJ 3 2 7KH7RBDERQ&RIP Q2 EVHYIQ) 1 HERWIN 7&&21 3KIO7TUDQ/ 5 6RF $ +

R VAW

Wunch etal. 2015: : XQFK ' 7RRQ* & 6KHB®AN 9 ' HXWFKHU1 0 /IX ; )HW * : HQEHJ 32 7KH7RWUGRDERQ
&ROP Q2 EVHYIQJ 1 HERUNV * * * ' DIFIHWMIRQ &DUEERQ' IR IGH ,QRWP DIRQ$ QDOMY & HQMU 2 DN5 IGIH 1 DWRQDO DERIDRY
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7 P SRYHP HONR \WH UHUHYDODORUMP IRU* 26$7 6: ,5 ; &2 DQG; &+ DQGWHUYDEEDIRQXVQ) 7&&2 1 CDI $\W RV 0 HDV
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7KL GRFXP HQWKDV EHHQ SIRGXFHG LQ WH FROW Rl WH & RSHWIFXV &P DM &KDQIH6 HYIFH & 6
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