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" S, %7$4. 1401 S "HSHIIHA-$%/$-"HS*#4.92, @S @ 1.42H#('$'2, 4H4$-"H#S C2-- 1#S DAHSE@HS. *$/°
CHSHIHA-$2'S.$' 2@, 202.4-%($2,$-"H#$%, @ %2, @$(.-#$%/$0+12/%2,$8%(7.9>

B 21#$-"#$1.-$ 0@HS " ##-SYo)#($34.,%2,)2.$5#1-#+$.7.9$. M GERFOH. ('$. @ %HS$. $4%9%612, @$-(#,*S
18H%@1.42.-2%, J$'%5H#$-"%0". *SOH#.($1.-#($7.'S(#H'+%, 28 1H$/%(S-"H#$#'- &12"5#,-$., *$ @ (%7-"$
HS8Y(TH@25%00,-.2,$ @1.42H#('>SE/-#($H)H( 1$+H(2%*$%/$ @1.42#($ @ (%7-"$.,*$*#4.9$5%'-$
TH@2.,$@1.42#('$+(%&.&19$40152, .-#$2,$52*$;KGG'SEL$*0(2, @3$-"#$C2--1#$DA#SE @H#>SM(
DAHSE @HS-"HS@ 1. 424 ('S -.(-H#$-%$4#4.9$. *$/2, . 11OSH *H*$.-$-"H$+(H'#, - TR AT >

B#$4.1401.-#*$8&%-"$-"H#$2'%'-.-24$. *$H#1.-24$ (#'+%, #$%/$-"#$0,1%.*2, @$%/$-"#$5%0,-.2,$ @:
B"#,$.$/%(4#51+%'2-2)#$%($ #@ .-2)#I$2'S . ++12#-%$-"#SN.(-"O'$'0(/. AH#HS-"#(#$2'S. $255#+2.-
A H1%(5.-2%,$ +(%o+%(-2%, . 13 -%$ -"HE KF2ANE &HS /%1 1% 7#*S &S BE2BHS 2'%'-.-24%

(H+%, H>$ "HSH#1.-24$*2'+1.A#5# -$2'S @ (.*0.119$ (HA%)HH*S.'S-"#SN.(-"$ . *P0O"-'$-%7.(*$ 2'%'-.-2
#Q0212&(205>$B"#,$2'%"-.-24$#Q02128&(205$2'$.4"2#)#*HS-"#(HS 721 1S&HS, % $H#1. - 245 #1%(5..-
(#$-"0'$8.'2.119$ - 7%$ 4.0HS %/$#1. - 24$ #//#4-'R$11J$1%.*2, @<0,1%.*2, @$ %/$ 24#$ 4.+ H$ 1S
59%)#5#,-'$4.0'#*$&9$-"#$1%.%2, @<0,1%%$2, @>$

I"#$2'%0'-.'9$2'$4.1401.-#*$72-"$. HIAT0'2-9%. - "#,%'+ " #(#$%/S ;> TS I, 6., *$., S#//#4-2)#$
#1.'-24$12-"%'+"#(#$-"24F#5 WGCS ?5>$ "#$#1.'-24$5%*#112, @$ ."O5#'S-"#$ "#.($ (2@2*2-9$ X$’

G>KU$;8<5>$1"2'$0,1%.%2, @$%/$-"#$8%(T#@2.,$ @1.424(SY)H($-"#$ 1. -SWGC GS . ('S 1#.*$-%
(-H$%/$0+12/-$2,S@1.42.-#*$.(#.'$%/$5%(#S$-". $S>G$55<9($2,$-"H#S$. (#.'$%/$5960,-.2, $@1.42#(">

30852--#*$ RIS G SHSEA4#+-BHB; S GSS>$ R<<*%2>%(@<;G>ZWSBE<EASGS

|
I"H$%%"$& (&) H+,-$8&)., %0/ D& 8 & BE 8 &8 &8 E8EBE:
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!
1.! Introduction

I"HS %8 H(H*$%, @%2, @$(.-H#$%/$0+12/-$2,$34.,+2,.)2.$2, 4(#. 'S/ (Yo5$6H(%$%, $-"#S TH-#(,$4%
89%6(7.95-%$B45$<9($2,$-"#$=.1-24$ 3#. BIGBDBHS;$ "% 7'S-"#S Y& H(H*$A0((#,-$0+12/-$2, SM#,A
96'4.%2.$.44%(*2, @$-%S$ -"#$ (#4#,-$ 8\|SGC_$I'#-al$#-$ . 1>HRIBNIHE 2245 0+12/-$2'$

@# #(.119$."05#*$-%$&HS-"#S (H01-$%/$ @1.42.1$2'%"-.'9$*04#S$- % $ 5# 1 -2HBBYAR- HER HBH$ 1
"HSS IHS 1.-$ (#5.2,'S %/$ -"H#S "0@HS @1.42#('$ S#1-#°$ .7.9$ .(%0,*$ F$ GGARAABI(S =V>$
LFTGI$A1.254*¢-" -$-"#SABH- 42. 13 0+12/-$2'$ 4.0H*S &IOS - 7%S$*2//#(#, -5 5490 ZHBU+%A
H-2.18.,5$% #$12 #.(3/.4-%(>SDC( H('$24H.$2'$*2 MBS 2'-# ,-$+24-0(HS @ 2)#, $&9$-"HS Y &A
H0).-2%,'S%/$-"HS H@1.42.-2%, HEDAHEB #$-21-'S . *$+(H#,-$ (-HS%/$0+12/-$*%6#'$, %-$ (#QO2(:
T%S*2UIH(H,-S5HA". 2’5 >SD-$" ' S&HE,$ YT $+#)2%0'19$ > @>SMPHL*?. . (HS: FFKISMPHL*2..(
E5.,-06)H$SG;KI$-" -$-"#SE2E -2, @$+. (. 5H-#('S/%($+ AIEH12 #$-21-'$.1'%S. (4S- A2 @$

+ (SH-H(SI%(S-"HS+(H H,-$(-#$%/$0$12/->$

N)#,$'%HSbC(,#(e'$2*#.$.&%0-$ ., $.%42-2%,.1$/.4-%6($2,$-"#SA0((#,-$ 0+12/-$5.9$-211$ 8#$)2.&
QO#-2%,$2'$"%7$'2@,2/24.,-$-"2 R/BUS. (LOHS5%-$%/$-"#$0+12/-$'2@,.154. $&HS#U+1.2 #*
2'%0'- -24 (H'+%, HS-%o$-"HSH@1.42.-2%,$./-H($-"H#S1.-$ 24#$. @H>Sh% TH)H(HS-"#S TH-$4%."-$%
89%(7.9$2'$-"#$5%"-$25+% (-, -$#UA#+-200MPHEES . ($#-$.1>$ISGGGIHSES.,-%)$. *SMP#1*?..($
ISG;WJIS$. *$MPH#1*?2. ($HRASS--#$/%0,*$-".-$-"2'$2'S.,$.(#.$ T"H(HS-"#S 5H#. O (S +(#H#,-$
(-H$%/$0+12/-$2'$2@,2/24.,-19$@ (#.-#($-". $-".-$+(#*24-#*$89$@1.42.1$2'%'- -24$5%*#1">

1'2'G+ (B2, H-2@ - HS-"HS I HA-S%/$-"HS (#*04-2%, $%/$-"HIBI B2 $2,$8%(7.95/%($-"#$
+(#H,-$(-HS$%/$0+12/->$h%'-$%/$-"H$BY(TH@ 2., $@1.42#( STHHSH)H1%+$+0(2, @$. $4% 1 #(S
Vol HS+H(2%6*S., *$+(%8.&19$40152, -#+$2,$52*$:KGG'SELS0(2, @$-"#$E2-- 1#SDIHSE @#>

$
"#$%&'()*+,8&%-&.'1%&,&01'%21&'34'$/5"41'6"@VdBO%; 1<& al. (2016).
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E/-#($-"#SC2--1#SDAHS. QHS-"H(HS" ' $&H##,$.$' 2@, 2/24. -$(#04-2%,$%/$-"#$@1.42#(H$7"24"$72
1.,*$0+12/-$2,$8%-"$,%(-"#(,$.,*$'%0-"#(,$8%%7.9>$$

2.! Mountain glaciers

Most Norwegian mountain glaciers melted away during the Holocene Climatic
Optimum (HCO); as a consequence of warmer summer temperature (e.g. Nesje, 2009)
between 8 000 and 6 000 cal yr BP (e.g. Nielsen et al., 2018). Following this warm
period, glaciers started to reform during the Neoglaciation which started ~6 000 cal yr
BP and ended with the Little Ice Age some 300 years ago (e.g. Nesje, 2009 and
references therein).

E/-#($HH(1S+H#(2%* $%/S@1.42#(S@ (%T-"$., *$*#4.9$5%'-$%/$-"#$8% (TH@ 2., S BARLH('$+(%8&..
52,.-#$2,$-"#$C2-- 1#$DAHSE @#IBBPHIBR % TR EK GG 'SES HS@ 1.424('$ . (-#*$-%SHHA
4.9%.,*$/2, 119$H *#5.-$-"H#S+(#'#,-S@ 1. 42H#($-" 24 BHSH PSS H$. $5%6*#1$%/$-"#S@1.42#($

242 #'S@ (%T-"$. *$*H#4.9$2, $7"24" S THS."O5HS-" -$-"#S@1.42.13@ (% 7-"$'-.(-#*$.-$"$CCC$4. 1$¢
=V$.,*$@ (#755%5.U2505SWG G $9#. ('$. @%SI/%($5.U2505S#UA##2, @ $-"#S AU $MHES
HHIM2@>$SI>SM(%5SWGGSIH. (S @%S-"HS@1.42H('S - (-#°$-%$#4.9$2,$-"242 #'#'$1. ' S@2)#, ¢
EHIYo(HS+(HH,-$-.-0'$2'S.4"24)8*>$$

D,$-"#$5%*#112, @$-"#$@1.42#($@ (% GCEHHMBWED $4.159($=V$2'$."054#*$-%$-. 24$+1.4#$72-"
0,2/%(5$)#1%42-9H$'%$2'$-"#E*#4.9$/(%5SWG CEPAS 2(EHHB10-2%,$2,$%0($5%*#112, @$2'$
‘G$?75($-"2'$"2@"$'+.-2. 15(#'%10-2%,$2'$. $(HQO2(#5#,-$12,$.7+2-2%,$-%3$"2 @"$-#5+%(. 1$(#%10
Vo (*#($-9BBS(H.12'-24$5%*#112, @S%/$-"H#$2'V6'- -24$. *$H1. - 24S(H'+%6, HS*OHS-%$-"#S@ 1. 42#($4'
“HSC.-H#SN% 1% 458

"#$%"$&' (&)*#+,-$&).,%0/$& & & BEEEEEEEEE BREEEEEEEEELEEEEEEEEEEEEEEEEEEES

! 1$%!



& <=$2(%>??# @*A0?BHINS$ +*E&2F-+*F*CG"#,?H

"#$%8&'=)">3.&5'34'17&'$0532."0#'34'73$012"0'#52@"&%,) A2%B'+53& @353%%',7?3C," @&'1?" @B0&,,&,'&
(EE'7T'@37/2%&.'13'/%&,&01".29)

3.! Isostatic response

I"#$ 2'%'-.-24$ (#'+%, #$ -%$ -"#$ 1%.*$ %/$ -"#$ 4".,@2,@$ @1.42#($ 2'$ 2,$ %0($ '-0*9$ 5%*#1 1
2,4%5+(#"281#$)2'4%0 PH14#$2,$7"24"$-"#$) 2'4%'2-9$5.9%) . (957 2-"$*#+-"H$2>#>$-"#S+(Yo+1(-2
(#$4%,"-.,-$ 72-"2,$ 1.9#('S %/$).(2.&1#$ -"247 #">$ 148805 /102*$ 2'$ %)#(1.2,$ &9% ., #1.-24%
12-"%'+"#(#$%/$0,2/%(5$-"2472 #'>$I"#$5. - 1#$2'$ 4%, 2*#(#*$/0119$ .*2.&.-24{$,%$ &0%9.,49$ /%
JIHA-$-"HSI1%T$%-"H#($-"., $-"YHS (#1.-#*$-%S$-"#3$'0(/.4#$ 1% . *$ (#*2'-(280-2%, >$"#S5#-"%*$O'#*
2'$ *#4(2&#*$ 2,$ MP#1IBREE[HS ;FFKJS$ ., *$ MP#1%'2..($.,*$ g.-"1#'$ |, FFLIB&# -A2--2, @$
5%*#1$%/$S-"#S+(##,-$(.-#S%/B0+12/-$&. #*$%,$-"#S@1.42.1$" DYDY -SSP 1%, 00"+ " #(#$$
%I/$:>TSUSHE.$'S. *$.$7#.2$12-"%'+ " #(#$ 72-"$/1#U0(.1$ (2@ 2* P SESFIBHG2 ) #S 12 4%

-"242 #'$IHS:WGS?5ISIMPHLY 2. ($#-$.1>HS 0&BBEHELHS".'$.$)2'4%'2-9$9G8 §/.$8"#$
N.(-"i'$+.(.S#-#('$.(#$'2521.($-%$-"#S$+.(.5#-#('$/%0, *S#4D.I38BE(*S.(#. HS_3E>$=.#*$%,$

-"HE %&HHS 0&'2%#,44#$ 2,$ -"#$ .(#.$ .(%0,*$ -"#$ 1.2#$ \IBES#10, @S 1ISGGGI$ /%0,*$ -"#$

St -IR--2,@$+.(SH-H('S-YS&HS., SHIIHA-2)HSH#1.-24$12-"%'+"#(#S "DACFPSSHYH($.$5.,- 1#$
)2'4%'2-9$%/$%3.$'>%

I"H$ 2'06'-.-24% (H+%,'HS %/$ -"H#S$ "O5H*S *#4.9% %/$ -"#$ @1.42#4('$ /-#($ -"#$ C2--1#$ DA#S E@:
5OGHLIHS 72-"$S 548 N.(-'$ ("#%1%@9>$ I"#$ 4.1401.#*$ %,@%2,@$ 2'%'-.-24$ 0+12/-$ ©
HAH.'2, @S @1.42#('$2'$A1%'HS-%$SS55<($/%6($&%-"$, %6 (-"#(,$., *$'%60-"H#(,$. (1. $%/$8%(7.9$INV
I"HS-"HYo(#-24. 15+ (#'#,-$0+12/-$*0HS-%6$-"#$5%0,-.2, $ @ 1.42#('$*#4.9$2'$-"0'$'2 @ $124% -$4%5

CHSYOR HHS0+12/-$2,$-"% HS. (1. SIA>SM2@>$; I>SI"HS(#. %, $/%($-"2'$2@,2/24. .- SHFH#A-$2'$ 25

$

"#$%&'F)'G25@%$521&.'/%&,&01'%21&'34'$/5"41".$&'13",3,121"@'%&,/30,&'34'1?&'$0532."0#'34'73$012"0'
6"0'7789%:)'

"#$%"$&' (&)*#+,-$&).,%0/$& & & BEEEEEEEEE BREEEEEEEEELEEEEEEEEEEEEEEEEEEES
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$"HS *#4.95 %/$ -"#$ 5%0,-.2,$ @1.42#('$ - 24#'S +1.44$ 504"$ 41%'H($ -% S B($ 415 DHIS-SHS
(#1.U.-2%,$-254$/%($1%7$7.)#1#, @-"$*HEILRRE HS-"2'$'2@,2/24. - S#/[#4-$2'$'25+19$-".-$-"H#$
*4#4.9% %/$ -"#$ 5%0,-.2,$ @L.424('$ - 2#'S +1.44$ 504"$ 41%'H#($ -DEHBLH *+2-2%,$ -"H#$
(#1.U.-2%,$-254$/%($1%7$7.)#1#, @-"$ ARV H$5%0,-. 2, $ @ 1.42#( I$2'$504"$ 1% 7#($-"..$
1%($-"HSM#, %6'4. *2. $-O+HSABE . 42. 13" 0 @HS24HS " ##-'SI/%(S(#1.U.-2%, $-25#'$) >$7 . J#1#,@-"H$
MP#1*?2..($. *$E5. ,-%)H$SG KJI>

$

4.! Elastic deflections

B"#,$.$/%(4#$2'$.++124°$-%$-"HSN.(-"O'$'0(/. A#HS-"H#(#$2'S. $255#*2.-HSH1. - 24$*#1%(5.-2%, $+(
-2%,.1$-%$-"#$'-(#">SE15%'"-$.11$'%12*5(%4 2 S&H" JHSH#1.'-24. 1195 7"#,$-"#$.++12#*$/% (4#'S. (#
1.(@#HS. *$(#-0(,$-%$-"#2($% (2 @ BT HHS-HHS/ Y6 (4HS2'S(HEY0)H>SI"#S#1.-242-9$%/$.$4(9'-. 112 #
'012*$.(2H'S/(Y5$-"#$.4-2%,$%/$2, #(.-%524$/% (44 HE 7" 24" $-#,*$-%$5.2,-. 2, $#.4"$.-%5$2,$2-
12&(205$1.--244#$+9%6'2-2%6, >$KI64?' $&H" JHSQO2-H#S*2/[#(H#,-19$2, S (# +%, #$-%6$ . ++12#*$/%(4#'H
US-"HEHL.-24$+(Yo+H#(-24'$%/$-"H$(%47'>$g"., @# $2,$(%42$-9+#$72-"2,$-"#$4(0'-HS)#(-24.1199
6%,-. 119H$ 4%,-(2&0-#$ -%$ ).(2.-2%,'S 2,$ -"#S (#+%, #>$ I"HS #1.'-24%$ &#".)2%60($ %/$ .$ 5.-#(2. 19
4" (A-H(264#*$89+#42/92, @$-"H#SC . 5HO'$+. (IS4G $$

RO 55 P S s I

B D
I"#$%&'H)'155%,1%21"30'34'1?&"01&%%&521"30'+&1C&&0™,3,121"@'20.'&52,1"@".&45&@1"30,)'6J:'177&.'

&458@1"30K'6L:"77&."21&™,3,121"@".&45&@1"30K'6G:'&M$"5"+%"$7'&52,1"@".&45&@1"30'24 1 &% 04"
6A&M$"5"+%"$7",3,121"@". &A5& @b TN 184" 78

I"HS#1.-24$*2'+1.A#5# -$2'S@ (0. 119$(HAY)HH*S. $-"#IN.(-"$.*PO"-'$-%7 . (*$2'%'- -24$#Q021 2&(
05>$B"#,$2'%'-.-24$#Q02128&(205$2'$. 4" 24 H*HS-"#(HST2 1 1 $&HS, %$# 1. - 24$*#1%(5.-2%, >$I"#(#$
&.'24.119%-7%$4.0'H# $%/$H#1. - 24SH/ HARI|EL0,1% %2, @$%/$24#$4 +'HSISI$2'%'- .- 24$5%)#5#,
4.0'4#*$89$-"#$1%.%2, @<0,1%.*2,@>$!"2'$2'$2110"-(.-#$2, SM2 @O (HS[>SE-$-"#$1%.*2, @$%/$-"#
CHHST2L1S8HS. $2554#2. -HSHL. - 24S(H +%, HSIEI>SI HS 25542, -H#$2'%'- - 24$(H+%, #I=I$T7211$¢
A19% HEH Vo HSEHA. 0'HSY6/$.$/2, 2-#8)2'4%' 2-9$%/S-"H#$5.,- LH>SE/-#($2,/12, 2-#$-25HHS-"#$12-"%'+
(#.A"H'S. $#Q0212&(205$2'%'-.-24$+%'2-2%, SILIHS7"24"$5#.,'$-".-$-"#$'0(/. 4H$1%.*$2'$&.. 1., 4#*S:
&0%9. -$/%(4# >SCY TH(S+. (- $%/S-"#IN. (-"$721 1HS-"0'HS$, %6 SOBHIB (OB LS *

NL.-24$*#/1#4-2%,$2'$.$/0,4-2%, $%6/$-"#$7 JH1#, @-"$%/$-"#$1%.*HS.,*$. 1'%6$%/$-"H#$#1.- 24+ ("
HS A(0'->$ I'HS (H+%, H#)D0/$ ., $ 2,4%5+(#" 28 1HS #1.'-24$ 5#205% -%$ .$ '0(/. A4S 1%.%$ %/$ 7.)#
,05&#($2$2'$1g.-"1#H$; FKEZIRS

"#$%"$&' (&)*#+,-$&).,%0/$& & & BEEEEEEEEE BREEEEEEEEELEEEEEEEEEEEEEEEEEEES
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"#$%&'N)'0%&,&01'&52,1"@'%&,/30,&'13'1?&'7&51"0#'34'1?&'73$012"0'#52@"&%,'6"0'7789%:)’'

$

$
THHSY R'S-"HS"#.(S2@2*2-9HS@$2'$-"HS@ (1) 2-OHS"$2'S-"#$-"247 #"SYeBSHEIIE IS, *$
-9, $-"#$59%6+#112, @$THS" JHS0#S"#.(S (2 FDIWS 85" >SI " #$5#-"%*$/%($-"#$4.1401.A
-2%,'$2'SHHA(284#*$2, SMPH1*2... (3| SEIICLIAN.-#+$%, @%2, @$#1.'-24$0+12/-$*04#$-%6$-"#$0,1%.*
2,@$%I/$-"#$5%0,-.2,$@1.424('$".'$.$5.U2505$2,$, %(-"#(,$8% (H9SUISE B2, $'960-"#(,$

8%(7.9%%/$G>"$55<9($IMB@>2J>$
%

5.! Total response of unloading of mountain glaciers

"#$-%-. 13 +(#'#,-$0+12/-$*0#3$-%B-"#$4%582,#*$2'%"-.'93. *$#1.'- 245 (#'+%, #S IM2@'$WS.,*$ ZJ!
*#4.92, @$5%0,-.2,$@1.424#('$2'$)H(9$41% #$-%$ SFLEBBE(BTH11$.'$'%0-"#(,$8%(7.9%
IM2@>$%J>$
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I"#$%&'P)'G25@%$521&.'@37+"0&.",3,121"@'20.'&52,1"@'/%&,&01'$/5"41".$&'13'$0532."0#'34'#52 @ "&%,'3:
52,1'FEE'9&2%,)'2:'&44&@1"-&'&52,1"@'5"1?3,/?&%&'1?"@B0&,,'Q&'R'FE'B7S'+:'43%'Q&'RTE'B7)'

6.! Discussion

B#S$")#S$. 5. $#4%, *SN. (-"$("#% 1% @IS TBBIS-"242#(SH//#4-2)HSH1.-24$12-" %'+ H(HSIHSYS
TG$?5($/($Y$ZEBEIS&HA . OHSMPHI*2..($.,*$=%, #) 2231 SGSGIS/%0, “$#) 2*#, 4#$%/$.$+%"2&.1
2,A(#. 452, SIHSI%($.1-#(,.-2)#19$.$'2@,2/24. -$-#4-%,2454%5+% #,-J5-%7 .(*$-"#3$,%(-"#(,5%"-$+
%/$8%(7.952,$-"#2($'-0*9$ %/$ -"H#S . +#S-(.,' @ (#'2%,>$ V(HH,-$-%-.1$ 0+12/-$/%($ ,%(-"#(,$ 8%
72-"$. $5%6*#1$%0/$-"24 24 (SHII#A-2)HS12-" Y+ #(#$-"247 #'$2'$:>Z$558 9 ($IM2 @>$"&J>

IHHS.(H$'2@,2/24.,-$0,4#(-.2,-24'$2,$-"# #$4.1401.-2%,'HS "W T #H(HS(H1.-#$+(25.(2@H-%6$-"#$-
06/$-"#$5.U2505$@1.42.-2%, H$.,*$-%$-"#$5.@, 2-0*#$%/$-"#$5.U2505$244#$-"242 #'#>$1"#$@ 1
+0(2,@$ -"H#$ BHY@1.42.-2%,$ 4", @H*S Vo) #($ -25HS . *$ -"H(HS THHS H)H(1$2,-#(52--#,- +#(2%*$
#U-#,2)#$ @1.42#('$18# P#HS SGGFI>$mO($5%*#112, @$2'S (ZH2 SV SSBEALES S 1. 424 ( HS
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The Intergovernmental Panel on Climate Change (IPCC) classifies the human influence on our
climate as extremely likely to be the main reason of global warming over the last decades. Partic-
ularly anthropogenic emissions of carbon compounds, with carbon dioxide (CO,) as the main
culprit and methane (CHy) as a distant second, are made responsible for the observed temperature
changes, while any natural forcings are almost completely excluded.

This post summarizes the results of three studies [1-3] addressing the question, how much human
or native emissions can be made responsible for the observed increase of Greenhouse Gases
(GHQ), in particular the rising mixing ratio of CO; in the atmosphere.

I. Control of Atmospheric CO:: Relation of Carbon 14 to the Removal of CO:

In a first study we perform an in-depth analysis on the record of atmospheric *CO,, an isotopic
tracer of COs, to better understand how CO; is removed from the atmosphere [1].

The observed CO; evolution, inclusive of its annual cycle, has recently been reproduced in nu-
merical simulations [4-7]. They show, how the abundance of CO; in the atmosphere is controlled
by a competition between two opposing influences, the feed of CO through emission, and its
removal through absorption, both at the Earth’s surface. This competition governs time-mean
CO,, where absorption figures centrally. It determines if and how fast CO, grows, as well as the
magnitude of its perturbation, e.g., by anthropogenic emission. Yet, actual observations of CO,
absorption are scarce. However, the impact of global absorption on atmospheric CO> is repre-
sented in carbon 14, an isotope of atmospheric carbon that has been observed in the troposphere
since the 1950s [8].

Carbon 14 has a radioactive decay time of 8267 years (e-folding time). On time scales of rele-
vance, the operation of '*CO is virtually identical to that of the preponderance of carbon dioxide
molecules, '2CO,, comprised chiefly of the stable isotope carbon 12. Dynamical, chemical, and
thermodynamic processes acting on those two isotopes of CO; (including those in the biosphere)
are, for practical considerations, indistinguishable.

This feature makes carbon 14 a unique tracer of atmospheric CO, and provides an unrivalled
means, through which to understand key mechanisms controlling the evolution of atmospheric
CO.. Once CO:; is introduced into the atmosphere, whatever influence is experienced by one iso-
tope is experienced by the other. Owing to this property and its artificial enrichment by nuclear
testing, '*C is central to estimates of CO, absorption, which vary widely. Absorption, in turn, is
essential to understanding changes of atmospheric CO,.

During the 1950s and early 1960s, atmospheric testing of nuclear devices sharply enriched "*C
in the stratosphere. Through the atmospheric circulation, '*C-enriched air in the stratosphere was
subsequently transferred into the troposphere. By 1963, when the Nuclear Test Ban Treaty

Science of Climate Change https://doi.org/10.53234/scc202212/16
297



M. Salby, H. Harde: What Causes Increasing Greenhouse Gases?

(NTBT) was implemented, tropospheric '*C had increased by nearly 100%. The NTBT virtually
eliminated the anomalous nuclear source of '*C, leaving its perturbation of '*C to decline through
absorption and overall '*C to return to its unperturbed equilibrium abundance. Represented in the
decline of "*C is the removal of all CO,, through its absorption at the Earth’s surface.

Our analysis of the '*C record reveals that in addition to long-term behavior it is also important
to consider short-term changes that have been largely ignored. Those changes exhibit the under-
lying mechanisms responsible for the observed decline of atmospheric "*CO, and, thereby, for
removal of overall CO,. They represent effective absorption that is considerably faster than ap-
pears in the average decline of '*CO,, initially and also later in its long-term decline.

This means we have to distinguish between direct absorption with an absorption time of only
about 1 yr, and an effective absorption with an absorption time t.sr up to 10 yrs, the latter depend-
ing on the degree of re-emission of previously absorbed CO; back from the Earth's surface to the
atmosphere [6].

Fluctuations of emission operating on time scales of only a couple of years introduce anomalous
CO; that falls within the short-time regime, i.e., before re-emission can intensify and offset direct
absorption. Such perturbations will therefore experience effective absorption that is fast, compa-
rable to direct absorption. On the other hand, emission that varies slowly or is invariant will in-
troduce anomalous CO; that falls within the long-time regime, when re-emission has intensified
and offsets direct absorption. Such perturbations will therefore experience effective absorption
that is slow, operating at only a fraction of the pace of direct absorption.

The average decline of "*CO, is slowed initially by periodic re-enrichment from the stratosphere,
which offsets direct absorption at the surface. Finally, however, its decline is slowed by re-emis-
sion of absorbed '*CO, from the surface, which likewise offsets direct absorption. Based on these
fundamental principles and solving the coupled balance equations for the stratosphere, the tropo-
sphere and Earth's surface this reproduces the observed evolution of '*CO,, on long as well as
short time scales.

Applying the same considerations to anthropogenic emission of CO, recovers effective absorption
that is an order of magnitude faster than the mean decline of '*CO,. The difference follows from
magnified disequilibrium between the atmosphere and the Earth’s surface. While *CO, was per-
turbed impulsively by nuclear testing, the absorption of anthropogenic CO; is perturbed continu-
ously by fossil fuel emission. This continuous anthropogenic emission maintains a disequilibrium
between the atmosphere and the surface. Thereby, it inhibits a larger offset of direct absorption
by re-emission and thus, results in faster effective absorption of anthropogenic COx.

Altogether, the observed behavior of '“CO, provides an upper bound on the anthropogenic per-
turbation of atmospheric CO,, which can only contribute a few percent of the observed increase.

From the IPCC’s own estimates of extraneous carbon reservoirs, the anthropogenic contribution
to increased CO> has been shown to be no more than 15% - 35% [4 - 7]. The present analysis does
not rely upon such estimates and shows that the anthropogenic perturbation must even be smaller.

I1. Control of Atmospheric COz: Influence of Tropical Warming

In the second part of this three-pronged study we explore an important natural influence that like-
wise figures in the control of atmospheric CO; [2]. Surface processes which regulate emission
and absorption of CO; depend intrinsically upon temperature. Many, like soil respiration, even
increase exponentially with temperature, typical of Arrhenius temperature dependence that oper-
ates in chemical reactions underpinning surface processes.

Global temperature today is ~0.7 K warmer than it was half a century earlier. The most reliable
record of global temperature is the satellite record from the Microwave Sounding Unit (MSU)
suite of instruments [9], which retrieves temperature with homogeneous and near-global sampling
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of the Earth. It indicates that over much of the Earth, surface temperature underwent no systematic
(e.g., ubiquitous) heating during the last four decades, over which it was observed by MSU. Per-
ceptible heating was only introduced by just two brief intervals, both not more than about two
years long: one preceding the El Nifio 1997, the other the El Nifio 2016. Such heating in 20 years
separated steps would be virtually impossible by continuously emitted anthropogenic GHG,
which are mainly released in the northern midlatitudes.

Exceptional, however, is surface temperature in the tropics, where temperature systematically
increased during the four decades observed by MSU. The sustained increase is also mirrored in
the independent record of anomalous sea surface temperature from the Hadley Centre [10].

Owing to the dependence on temperature of physical and chemical processes that regulate CO»
emission, CO, must have experienced a parallel influence. This can directly be scrutinized by
investigating the interdependence of the observed temperature records and the net CO, emission,
the component of emission that actually changes CO, and is derived from the measured concen-
tration in the atmosphere as the instantaneous rate of change of CO,.

As widely accepted reference we rely on the measurements of CO, at Mauna Loa, Hawaii [8],
which are largely free of local distortions, at least till November 2022. They approximate the
global abundance of CO,, which, on time scales longer than a month, is well mixed over the free
atmosphere.

Thermally-induced emission, especially from tropical land surface is found to represent much of
the observed evolution of net CO; emission. It accounts for sporadic intensifications of net emis-
sion that operate on interannual time scales, notably, during the episodes of El Nifios, and equally
well for the long-term intensification during the last half century. Jointly, these unsteady compo-
nents of net emission determine the thermally-induced component of anomalous CO, and closely
track the observed evolution of CO; (see also Part 11, Figure 1).

The veracity with which the thermally-induced component reproduces the observed evolution of
CO; has two important implications: (i) Tropical land temperature should be a robust predictor of
atmospheric CO,. By contrast, other contributions to net emission which operate incoherently
with the temperature afford virtually no predictive skill. Such is the case for anthropogenic emis-
sion, upon which climate projections of the IPCC rest. (ii) The anthropogenic perturbation of CO,
must be so small to lie almost within the noise of calculation. It can represent but a few percent
of increased CO». That, in turn, requires a removal time, which must be of order only a year.
Anthropogenic COs is then removed from the atmosphere almost as fast as it is introduced, sharply
limiting its accumulation in the atmosphere (see Part I).

In relation to CO;, what is responsible for that warming is immaterial. Its influence on CO> should
not be confused through circular reasoning. The observed warming, which forces increased CO»
through intensified net emission, cannot itself be the result of increased CO,. Otherwise, anoma-
lous CO> and net emission that forces it would have increased twice as much as was observed: (1)
the increase required to produce the observed warming plus (ii) the thermally-induced response
to that warming, which, irrespective of what caused the warming, induces an intensification of
net emission that is nearly identical to what is observed.

The direction of causation is also clear from the interdependence of net emission and temperature
- for interannual fluctuations as well as for the long-term increase. In addition to having strong
coherence with temperature, the two unsteady components of net emission have the same phase
relationship to temperature, both varying in phase with temperature. The strong coherence and
in-phase relationship to temperature reveal that, irrespective of time scale, changes of tropical
temperature induce simultaneous changes of CO> net emission.

Under the opposite direction of causation, were the observed changes of tropical temperature in-
duced by changes of CO,, they would result in a fundamentally-different phase relationship. The
time scale of thermal damping, which drives temperature towards thermal equilibrium, is only a
couple of weeks. It is much shorter than both unsteady time scales. Through anomalous radiative
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forcing, the comparatively gradual changes of CO» would therefore induce simultaneous changes
of temperature, in phase with CO,. However, net emission, which changes CO,, must lead CO»
by a quarter cycle. Net emission would thus also lead temperature by a quarter cycle - behavior
contradicted by their observed in-phase relationship. Net emission of CO,, which determines
anomalous COs, is forced by changes of tropical temperature - not vice versa.

ITI. Theory of Increasing Greenhouse Gases

In the third and culminating part of this trilogy we investigate the physical mechanisms, through
which observed warming can produce the observed evolution of CO» [3].

Our preceding studies on nuclear-perturbed carbon 14 [1] and on thermally-induced emission,
notably in the tropics [2], were inspired by numerical simulations which, on the basis of observed
temperature, were able to reproduce the observed evolution of atmospheric CO,, including its
annual variation and stepwise increase [4 - 6]. In this contribution we integrate these findings and
explore the underlying physical mechanisms in an in-depth analysis by calculating the net emis-
sion of tropical oceans and land as response to temperature variations.

The conservation law governing atmospheric CO,, supported by the observed temperature de-
pendence of surface fluxes and observed temperature in the tropics, is then used, first to calculate
the time-varying response of CO; net emission and as integral the atmospheric concentration or
mixing ratio 74, which can directly be compared with measurements at Mauna Loa [7].
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Figure 1: Observed increase of CO: (Green), compared against the calculated increase (Purple) that
lies mostly beneath observed CO., but emerges near the end of the record. Plotted separately is the
contribution from thermally-induced emission (Blue) and from anthropogenic emission (Magenta).

In Figure 1 is displayed the observed increase of 74 (Green). Superimposed is the calculated anom-
alous CO; that is forced by the total emission (Purple - almost completely covered by the Green
Graph). It closely tracks the observed evolution of anomalous CO,. Almost as closely tracks the
calculated component of thermally-induced CO> (Blue).

Also superimposed in Fig. 1 is the anthropogenic component of anomalous CO, (Magenta). Com-
paratively small, it tracks the instantaneous equilibrium level of anthropogenic CO,. With an ef-
fective absorption time of about 1 yr, as this results from an independent analysis of the induced
anthropogenic CO; changes, relative to mean net emission during the Mauna Loa era, the anthro-
pogenic component represents not more than 4% (see also Part I).

Like carbon dioxide emission, also CH4 emission increases with temperature. It too is emitted by
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biomass, chiefly through anaerobic processes that operate in well-irrigated regions like wetlands,
and those influences magnify CH4 emission particularly from tropical land, where biomass and
precipitation are abundant.

The simultaneous intensification of CO, and CH4 emission is precisely what is expected from
observed warming in the tropics. Therefore, this single physical mechanism provides a unified
understanding of the joint increase of these greenhouse gases, one that follows naturally from
thermally-induced emission.

Altogether we find a strong correspondence to observed net emission that follows theoretically
from behavior in the tropics - not in the extratropics, where anthropogenic emission is concen-
trated. Independently, the same correspondence to observed net emission follows empirically
from anomalous temperature in the tropics (see Part II), as well as from a time-lag analysis of
anomalous CO; [11].

In both theoretical and empirical evaluations, thermally-induced emission of CO; represents in-
terannual intensifications of net emission, notably during episodes of El Nifio. Represented
equally well is the long-term intensification of net emission during the last half century. The
strong correspondence to observed changes indicates that, although operating on disparate time
scales, both unsteady components of CO; net emission share the same physical mechanism.
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Abstract

Present day treatises dealing with weather and climate often use seemingly physical quantities,
while they are in fact averages of such. Inserting these into formulas is physically not permitted.
It leads to an assumption of the magnitude of the so-called ‘greenhouse effect’ several tens of K
off. The often-used explanation of the ‘average temperature of the earth’ of 288 K is physically
untenable. Another widely accepted property of the greenhouse, the ‘back radiation’, violates
elementary thermodynamics. A well-insulated, sun-heated home is a better model. It would
diminish the role of atmospheric CO2. Air in general is a fairly strong insulator and also a good
heat transporter depending on mass motion and latent heat. The article presents theoretical and
experimental arguments in support of these statements.

Keywords: Greenhouse effect; averaging temperatures; opaque and transparent media; sun-
heating.
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1. Introduction

The notion ‘the earth’s climate’ is vague and non-physical. There is no measurable quantity
associated with it. We can take local measurements of temperature (T), pressure (P), humidity,
precipitation, incident radiation (Ieff), etc., but these quantities vary, not only with geographic
location, but also with time, altitude, and depth. Several quantities only have a definite meaning
in a well-defined volume and in a state of equilibrium, which on earth rarely prevails. One can
calculate averages over locations and time periods, but such values have little overlap with the
human experience on Earth. The local climates of Greenland and the Sahara are very different.
Moreover, taking averages has no physical meaning.

In response to societal requests, meteorologists have developed admirable techniques, that, with
certain probability in a limited time interval, will predict T, precipitation, wind force, etc.
Weathermen translate those forecasts into terms such as ‘fair in the morning with showers in the
afternoon followed by a cool night’. International co-operation, better measuring techniques,
increasing the number of weather stations, balloons, radar, satellites, greatly improved computa-
tion facilities, and additional knowledge of the atmospheric transport processes allow for an
extension in the time interval for which forecasts have some validity.

This time interval is now approximately a week. (In fact, when comparing predictions with later
measurements and by utilising probability theory, the forecasts have significance over a longer
range. However, to a farmer, a 55% chance of frost after 8 days and a 45% chance of a heat
wave is useless).

There is a difference between our tacit implicit knowledge of the climate and the capacity of
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meteorology to predict the weather. Suppose that on December 2ond we wish to predict the
temperature around noon on January 31 . Meteorology is unable to provide an answer. Howev-
er, we all know that, in all probability, it will be colder by then, despite the sun being higher in
the sky end of January. In order to get some idea about the evolvement of the physical parame-
ters, processes other than those taking place in the atmosphere alone play a key role. Changes in
solar activity, the role of the biosphere, and the oceans covering about 70% of the surface of the
earth should be considered.

The retention of heat within our oceans and the Earth’s solid surface is vital for the energy bal-
ance of our planet. The effects on the distribution of parameters such as P,T over location and
time are major. These influences are handled as perturbations on the atmospheric circulation
models in current computations. However, there is evidence that relevant relaxation times might
stretch over periods of hundreds of years. Ice core measurements on glacial cycles show that
rise and fall of atmospheric CO, concentration lags about 700 years behind rise and fall of at-
mospheric temperature. The ocean needs time to warm up before it releases its dissolved CO,.
Major influences of this kind are unsuitable to be dealt with by perturbation theory.

The term ‘the Earth’s temperature’ is frequently used, while the concept is an ill-defined fallacy.
The temperature of the Earth’s core is about 5000 K. The air temperature about 10 km above the
surface is usually around 223 K. That is roughly the same as the temperatures in the polar re-
gions at ground level. Elsewhere, temperatures may reach 323 K. In scientific papers 288 K is
often mentioned as the average surface temperature. As we shall demonstrate in sections 2 and
3, this value is not explained through physics, or rather, the explanation is wrong. This value of
288 K is the starting point for hypotheses on temperature change and its causes. It is the unsolid
base for public discussions and government measures, referred to as the average of station tem-
peratures 2 m above ground. There is some fuzziness about the inclusion of polar regions, partly
due to the scarcity of data available. It remains unclear how one can scientifically justify how to
compare measurements at sea level with those in mountainous regions and on high-level plat-
eaus.

2. Averaging temperatures and Stefan-Boltzmann (SB)

In a nutshell, the current assumption about the ‘temperature of the Earth’ is the AGW (anthro-
pogenic global warming) hypothesis. A solid black sphere at our distance from the Sun with
albedo o = 0,3 and emissivity € = 1 absorbs and emits equal amounts of radiation. It would have
a stable temperature of 255 K, according to Stefan-Boltzmann’s Law, leff = ¢ T4 (the SB- con-
stant, 6 = 5,67.... 10 Wm'zK'4).

The measured averaged temperature of the Earth (2 m) is 288 K. The difference of 33 K is
bridged by the atmospheric greenhouse effect, a radiative phenomenon mainly provided by H,O
and CO,. Adding to the latter raises the temperature. The strength of the CO, contribution is
discussed in terms of CO» sensitivity and is said to be about +1 K in case of doubling of the CO,
concentration. This temperature increase is subsequently re-enforced by more H,O vapour into
the atmosphere, referred to as a positive ‘forcing’ or feedback, resulting in a combined effect
between +1,5 K and + 4 K. Other influences that may affect temperature are either not consid-
ered or assumed to remain constant.

However, this AGW hypothesis, rests on two assumptions: first, the solid black sphere
distributes the energy received from the Sun uniformly over its surface, i.e. everywhere
and all times the same temperature prevails; secondly, the sphere is opaque and may be
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treated as a SB-radiator, while the Earth is merely a (semi-)transparent body. This sec-
ond point will be dealt with in section 3.

Assuming a completely equalised temperature over the total radiative surface of the
Earth is clearly disregarding the observations. Due to a lack of data concerning the real
temperature distribution, we look at the opposite extreme of a completely uniform tem-
perature. That would be every square meter at any moment in equilibrium with the there
and then incoming solar energy; or at 3 K, the temperature of the universe in dark plac-
es. Such a sphere would also maintain a constant average surface temperature. Properly
calculated, with the same o and ¢ like in the case of the uniform temperature, we find an
average temperature T = 145 K. Please note the difference 255 K and 145 K. This
shows that a small change in temperature distribution would have a dramatic effect on
the average temperature.

A picture of the radiation balance used in the AGW hypothesis is given in Figure 1. It
underlines the role of greenhouse gases and shows a so-called ‘backradiation’ of 342
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Figure 1. Radiation balance (AGW) with an appreciable role for greenhouse gases. (Wild et al. 2013).

The depicted back radiation is a physical curiosity, or oddity if you like. In the troposphere, the
temperature normally decreases with altitude. According to the second law of thermodynamics,
heat and thermal radiation do not flow against a temperature gradient. Mixing collective phe-
nomena with quanta is tricky.

In conclusion, it is not correct to consider the temperature of 255 K as the base from which the

greenhouse effect does its ‘beneficial’ work, namely, to raise the average temperature of the
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Earth to 288 K. The greenhouse effect should either bridge a much wider gap than 33 K, per-
haps even 40-60 K wider, or other factors should be invoked to make up for the deficit. If the
400 ppm CO; in the atmosphere, as well as the H,O vapor, would make up 83 K instead of 33
K, a doubling of the CO, concentration would have a much stronger effect than the current 1 K
predicted. In the last few years we have seen a steady decline in the estimated forcing in climate
literature. We therefore reject the possibility of CO; as the main cause for an extensive green-
house effect.

3. Opaque and transparent media

Many papers and textbooks on the climate issue treat the Earth as a solid opaque medium, radi-
ating according to SB. The atmosphere and the oceans, however, are partly transparent. The
solar energy penetrates. It passes through them and is absorbed following a general absorption
law 14 =I, e™, in which k is a frequency dependent coefficient and d is the distance. The AGW
hypothesis accounts for this effect only when dealing with the atmosphere. The greenhouse
gases are supposed to block most infrared radiation, with a temperature augmentation of 33 K as
a result. The oceans, however, are treated in a different way, although their heat capacity ex-
ceeds by far that of the atmosphere. In order to restore the energy balance in the oceans, the
dissipated energy (at a depth of 100+ m) has to be transported back to the surface, and ultimate-
ly back to space. Since water has a high absorption coefficient for the relevant frequency range,
this transport is mainly achieved by slow mass movement with help from conduction. At the
surface, the options for transport are: evaporation, conduction, radiation and again mass move-
ment. On solid ground the effect is different, but also there we have energy retainment,
wich causes a radiative behaviour quite different from that of an opaque black body in
which the surface temperature is determined by incoming light and immediate balancing
SB-radiation.

These processes result in higher internal temperatures of turbid medium bodies than in solid
opaque ‘SB-bodies’. Since the transport processes and the interaction of different frequencies
with matter are complicated, we have not been able to make verifiable estimates of the size of
the effect. However, rough calculations (le Pair 2018) suggest that the turbidity effect is large
enough to waive possible doubt on its determining influence on the temperature at all spatial
locations relevant for climate on Earth.

We must therefore conclude that the AGW hypothesis and accompanying models are incom-
plete and undeserving of ‘theory’ status due to the unaccountability of the oceanic phenomenon
and its smaller, solid-surface counterpart.

4. Origin of the greenhouse assumption

The greenhouse CO; supposition originated around 1975. The Earth had just gone through a 30
year cooling period, lasting from 1940 — 1972. Observe Figure 2; the GISS-NASA records of
Arctic temperatures. After 1975 we entered a period in which atmospheric CO, and temperature
seemed to rise at the same rate.

During those 30 years, climate scientists warned about an incoming ice age. They ad-
vised to decrease fossil fuel consumption in order to avoid this fate, see Figure 3.

Please note that the atmospheric CO- concentration in those days was rising as well, albeit at a
slightly slower pace.
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Figure 2. Arctic temperature variance relative to the year 1974, www.giss.nasa.gov.

Figure 3. Climate warning in 1971. Less fossil fuel consumption would prevent the ice age.
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5. Ultimate test of the model

The real test for the AGW climate models is a comparison with experimental results. After all, a
model may be a useful tool even if it contains mistakes. When some errors cancel each other,
the instrument may still provide a useful rule of thumb. Observe the example of AGW projec-
tions of the tropical ‘mid-tropospheric’ temperatures as predicted by 32 model runs, used by the
International Climate Panel IPCC. Figure 4 depicts these projections, alongside the satellite and
balloon measurements during the period 1979 — 2018.

The atmospheric CO; content is the sole factor that determines the AGW model results. Fur-
thermore, these models are parametrized to account for effects such as cloud formation, for
which no hard physical laws exist. Even the IPCC has reservations about the long-term predic-
tive power of complex climate models containing a multitude of non-linear coupled integro-
differential equations. In any case, the predictions displayed in Figure 4 differ too much from
the experimental satellite and balloon data available to be considered reliable theoretical predic-
tions. The average model outcome shows a warming of 1,1 K during period 1979-2018. In the
same period, the measurements show 0,4 K. This disparity disqualifies the predictive quality of
the models. No real solid physical proof justifying the causal relationship between CO, and
temperature exists, thus this result should come as no surprise. The only evidence presented
consists of probabilistic calculations, which have been criticised by renowned statisticians due
to the uncertainty of the data and shortage of time series.

Perhaps the most serious criticism of the AGW hypothesis is its assumption that no other natural
phenomena cause climatological change except for atmospheric CO,. We know from reliable

Figure 4. Comparison between AGW-model results and actual measurements. Explanations in
the picture. J.R. Christy’s, UAH, series ended 2014. We added later data provided by Roy Spen-
cer of the same experiments, the black dots.
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proxies that European temperatures in the Medieval Warm Period were higher than at present
(e.g. glaciers were smaller then). At the moment, the world is recovering from the Little Ice
Age, which was not a regional, but a world-wide event. It ended around 1670, after which proxy
temperatures indicated a steady rise; long before industrialisation set in and humanity began to
use fossil fuel in significant quantities. Moreover, the AGW claim that the only driver of warm-
ing is atmospheric CO> has been falsified. M. Lockwood (1999) revealed that the Sun’s coronal
magnetic flux increased by a factor of 2,3 (!) since 1901. Our prime heating source has under-
gone changes in some way.

The IPCC have also presented model calculations on the Arctic Sea ice extent (Eisenman et al.
2011). The 21 model runs show the percentage of minimum sea ice compared to the mean dur-
ing the period 1980 — 2000. The runs cover all possibilities between 10% to 100% reduction in
the period 2020 — 2100 (!). This does not deserve the qualification ‘theory building’. It is merely
a clumsy approach that declares the target to be whatever you hit afterwards. Whatever it may
be, it is not physics.

Thus, by comparing AGW model results with the best measurements available in various areas,
we may reject the CO, hypothesis without reservations. CO, may be influential, or it may not
be. In any case, its role is overestimated.

6. Our Sun-heated home

With the greenhouse hypothesis rejected, the question arises: which theory describes the ob-
served changes in the Earth’s physical observables? Changes clearly occur. The rising sea level
is the phenomenon which may well be the most conclusive indicator of the Earth’s rising tem-
perature. The level increase is caused by melting land ice and by the thermal expansion of the
oceans. Nothing suggests that the ocean basin is shrinking due to tectonic movement, or that
other esoteric causes are to blame. 15,000 years ago, the sea level was 120 m lower than at pre-
sent.

The records from Dutch coastal stations are possibly the most trustworthy records to exist. They
show a steady rise of 19 ¢cm per century' during a period of some 150 years. Accidentally, this
concurs with NOAA’s world-wide average of coastal station data®. Due to tectonic movements,
Dutch soil is sinking at a rate of roughly 4 cm per century, while the soil is rising in Scandina-
via. Big land masses and ice masses make the sea’s less level than is often thought. However,
there is general consensus that sea levels rise, providing significant evidence to support global
warming.

It is an undeniable fact that without oceans, atmosphere, O>, N», H,O, CO, CH4 and some other
rare gases our planet would be much less pleasant to inhabit. They act as insulators, radiation
shields, heat transporters, heat storage and more, thus globally affecting temperatures, whether
averaged or not.

The surplus energy collected in oceans and the Earth’s surface is transported to higher atmos-
pheric layers and, ultimately, out to space. Due to their low density, gases are notoriously bad

! https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml1?id=150-031

2 https://tidesandcurrents.noaa.gov/sltrends/sltrends global.html
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radiation emitters. Instead, the upper layers of the atmosphere are suitable insulators to keep us
warm.

In section 3 we argued that in order to obtain temperatures significantly higher than those above
a simple opaque surface irradiated by the Sun, one would not need infrared shielding as such.
The effect of turbidity on the temperature distribution can be quite powerful. We visualise the
Earth, our home, as a lone sphere orbiting the Sun wrapped in turbid blankets of water and air.
On its path through space and time, it periodically catches different amounts of solar energy,
which it accumulates, keeps, disperses, stores, re-emits and keeps as heat, bioenergy, chemical
energy, and fossil energy for later use. Some processes take a second, other millions of years. It
is much like keeping ourselves warm under a cosy cover in a cold night with a hot water bottle
that is occasionally refilled.

How all these mechanisms really function in detail is not yet known. The processes are far too
many and too complex. However, their existence is irrefutable. The future of young physicists is
not without opportunity for new discoveries.

Nieuwegein, Monnickendam
2019 09 23.
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