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Abstract. In this article I will focus on the role of the ice-covered oceans, particularly the Arctic, because 
global warming affects the Arctic more than any other part of the world, and the decline in ice extent which 
this induces has serious feedback effects upon the entire global climate, including that of the non-polar 
oceans. 

1 Observed change and causes  
Huge chages have ccurred t the ice f the Arctic ad 
Atarctic ceas sice I started t study ice prperties i 
1970 The ice i the Arctic has shru i area ad 
thied by 50% s that tday the suer ice cver has 
y a quarter f the vue f the ice i the 1970s 
S it wi be ge Witer ice cver is as i retreat 
ad athugh it wi ast ger its surviva tie is w 
beig csidered i decades rather tha ieia The 
ice type has chaged as we i 1970 st f the Arctic 
ice cver was cpsed f utiyear ice which 
circuates withi the Arctic Basi fr ay years 
grwig steadiy thicer ad re defred with deep 
pressure ridges extedig t 50  depth r re  

 

Fig. 1. Thick multi-year ice in the Beaufort Sea, summer of 
1970s, showing high rugged topography, deep melt pools and 
many ridges. 

Tday st f the ice is firstyear ice which grws ad 
ets withi a sige year has itte ridgig ad exteds 
t a depth f y 15  r s 1 

 

Fig. 2. First-year ice in Arctic Basin today, showing 1 - 1.5 m 
ice with level surface and few ridges. 

The chage f ice type ca be ascribed t a chage f 
the wid syste prevaiig i the Arctic ad thus a 
chage i the patter f ice ti But re iprtat 
tha this is the fact that the ice is grwig uch re 
swy as a csequece f gba warig Addig 
carb dixide t the atsphere causes a teperature 
rise There is  way ut f this ccusi it is basic 
physics due t the ibaace betwee the fixed radiati 
iput fr the su ad a reduced utput f gwave 
radiati fr the surface f paet Earth due t 
absrpti f part f the utgig eergy by gases i the 
atsphere taby carb dixide ad ethae  A 
baace ca y be aitaied by a teperature rise f 
the paet  T dey this as figures ie the curret US 
presidet d is ai t deyig gravity r assertig that 
the Earth is fat  
 But a additia factr is at wr i the Arctic the 
scaed Arctic Apificati Effect It is fud that the 
Arctic is warig at 24 ties (tday 28 ties) the 
ea warig rate f the rest f the paet Thus the 
teperature f the Earth as a whe has icreased by 
abut 09C sice preidustria ties whie the Arctic 
has wared by 253C ay reass have bee 
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adduced fr this f which the st iey is that the 
extra heat absrbed i the Arctic is distributed thrugh a 
thier ayer f trpsphere tha i wer atitudes thus 
causig a greater teperature rise  ce this effect taes 
hd it is exacerbated by the fact that the retreat f sea 
ice causes a abed feedbac fr the repaceet f a 
sw r ice surface with a abed f 08 (fr fresh 
sw) by a water surface with a abed f ess tha 01 
But it ust be ephasied that histric teperature data 
shw that Arctic apificati preceded abed feedbac 
due t ice retreat thugh ice chages have ade the 
factr f apificati greater 

 

Fig. 3. Minimum Arctic sea ice volume (September) from 1979 
to 2011, showing loss of three-quarters of 1979 volume. 

2 Consequences  
The gba csequeces f this chage are very 
serius ad are aready shwig theseves They 
perate thrugh a series f psitive feedbac 
echaiss which ehace the rate f warig 
vera they destrate that Arctic warig is a driver 
fr gba chage ad is t ust a csequece The 
feedbacs icude 

1 A abed feedbac Abed is the fracti f 
icig sar radiati which is iediatey refected 
bac ut it space Fr fresh sw  ice it is 8090% 
fr etig ice i suer 4060% ad fr pe water r 
tudra it is ess tha 10% As sea ice retreats the aut 
f sar radiati retaied by the Earth’s surface 
icreases This appies bth t sea ice ad t sw 
which is as i retreat sice regis previusy thught 
f as characteristicay swcvered such as Aasa 
rther Siberia ad the Caadia Arctic isads are 
w swfree by eary suer We have recety 
shw that sw ad ice abed chage tgether cause 
a icrease f 40% i the eergy absrbed by the Earth 
i reati t the effect f C2 ae a assive chage 
2 

2 Acceerated et fr Greead Befre the 
1980s itte r  et ccurred  the Greead ice 
sheet which has a eevati f 23  ad is therefre 
very cd thrughut the year The et bega arud 
the edges f the ice sheet at w atitude w it ccurs 
a ver the ice sheet surface i suer autig t 
300 cu  per year The et water wrs its way dw 

thrugh the ice sheet thrugh fissures ad arge et 
hes w as uis which trasprt atet heat it 
the iterir ad base f the ice sheet ehacig gacier 
fw ad iceberg discharge The resut is that Greead 
is w a bigger surce f gba sea eve rise tha the 
et fr a ther gaciers cbied pus rise due t 
warig f the ceas et fr the Atarctic ice sheet 
is begiig t ad ptetiay ca bece greater tha 
et fr Greead because f the greater surface area 
This has caused a radica updatig f estiates f sea 
eve rise by the year 2100 which was estiated as 30
60 c i the Furth IPCC assesset ad up t 90 c i 
the Fifth (2013) Tday ew discveries ad 
bservatis f ice sheet prcesses have ed t a rage f 
estiates which aw a pssibiity abeit sa f a rise 
f 2  by 2100 3 This wud be catastrphic fr 
casta cities wrdwide icudig Veice i Itay ad 
as fr desey ppuated casta wads such as 
Bagadesh where fd defeces cat be affrded 
ad destructive str surges are icreasigy iey 

3 A ptetiay serius ethae threat The wide 
ctieta sheves which ccupy e third f the Arctic 
cea aiy the seas rth f Siberia have depths f 
y 50100  ad are w icefree i suer Sar 
radiati heats up the water t severa degrees (re 
tha 5C ad I have easured 11C i 2014) This 
thaws a prtective ayer f perafrst  the seabed 
which has existed sice the ast Ice Age such a thaw 
ever ccurred whe the regi was icecvered eve i 
suer (up uti 2005) esurig sea water teperatures 
bew 0C The preset et f seabed perafrst 
perits a pressure reease which aws ethae 
hydrates i the uderyig sediets t disitegrate it 
ethae gas which frces its way up via fissures w 
as tais it the water cu ad hece t the 
atsphere The fear is that the whe prtective ayer 
wi be st awig a huge puse f ethae t eerge 
i a shrt tie If ust 8% f the ethae i the 
sediets ces ut quicy we have cacuated that 
this wi cause a iediate warig f 06C 
wrdwide which wud be catastrphic 4 

4 A icrease i extree weather evets These 
have bee ccurrig with icreasig frequecy sice 
2005 (the first year f extesive sea ice shriage i 
suer) ad csist f perids f extree heat r cd 
i idrther atitudes A faus evet i Eurpe was 
the Beast fr the East perid f extree cd i eary 
2018 The cause appears t be eaderig f the 
etstrea frery a sharp wid budary betwee par 
ad trpica air which is w reduced i stregth 
because f warig f the par air ass which wers 
the teperature differece betwee the tw air systes 
5 The eaders created by wid swig aw cd 
air t get further suth ad ht air t get further rth at 
differet gitudes The extree tepra variabiity is 
a threat t crp prducti which is st itesive i 
teperate rther atitudes ad the ipact is iey t 
get wrse at a tie whe wrd ppuati ctiues t 
icrease rapidy 

5 There is a decrease i the stregth f the Atatic 
therhaie circuati eadig t cer water ff 
W Eurpe ad warer water i the Guf f exic 
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This ccurs because the circuati a wrdwide 
phee drive by teperature ad saiity 
differeces ver the cea requires arrw siig 
regis fr ctiuity (ustifyig its tite f the Gba 
cveyr bet) A iprtat siig regi i the far 
rther Atatic used t be a sa area arud 75 
0W beeath a feature w as the dde ice tgue 
where suthward fwig ice fr the Arctic was 
diverted ut it the Greead Sea by a ffshre ridge 
Withi this regi ew ice used t grw i witer i the 
fr f pacae ice which grws very fast because 
wid ad waves prevet the frati f ctiuus 
sheets s that heat fw fr cea t atsphere 
ctiues udiiished The rapid ice frati caused 
reecti f brie fr the ew ice icreasig the 
desity f the surface water ad awig it t si t 
deep eves (2500  r re) i the fr f rtatig 
circuar cyiders caed chieys which we have 
studied itesivey 6 Tday ciate warig has 
caused ice prducti t cease i the dde s this fr 
f cvecti has stpped des predict a weaeig 
f the whe Atatic thehaie circuati which wi 
ea that ess war water is trasprted rth t the 
seas ff W Eurpe whie the icreased p f war 
surface water eft i the trpica Atatic wi ead t 
greater itesity f hurricaes i the Caribbea ad 
suther US 

3 Actions that are needed 
What ca we d abut a this The resuts shw that a 
aiduced ciate chage effects are itercected 
we cat isate e phee such as sea ice 
retreat A recet reprt which shws that e ii 
species are i dager f exticti as destrates 
hw we have destryed ur paet’s ife supprt syste 
by idess devepet ad isuse f techgy The 
acceerated chages i gba ciate which ca be 
traced bac t a particuar rigiatig chage  sea ice 
retreat  are aspects f a vera gba warig which 
is acceeratig Ad there is  etup t the rate at which 
we are isutig the paet despite edess reprts fr 
IPCC ad the Paris ciate agreeet f 2015 there is 
 reducti at a i the rate f expetia rise f the 
C2 eve i the atsphere as destrated by the 
bservatry  aua a i Hawaii which has ept 
recrds sice 1958 The curve bega at 320 pp 
(iediate pstgacia eve was 280) a dest rise 
ver atura eves but by this year (ay) it had reached 
415 ad is acceeratig i its rate f rise Gba 
teperature rise is csey tied t carb dixide rise 
(with ethae w addig abut a quarter t the 
warig) s the preset icrease is a recipe fr disaster 

The reaity is that despite the prises ade by 
atia gverets at the tie f sigig f the Paris 
agreeet the grwth f idustry ad trasprt ad the 
discfrts ad cst ivved i ay serius attept t 
reduce greehuse gas eissis ea that we cat 
expect ay f the gas f Paris (teperature rise iited 
t 2C by reducig et eissis t er by 2060) wi 
be et The prbe is that because carb dixide is 

gived i the ciate syste (hudreds f years due 
t recycig betwee atsphere cea si ad pats) 
we wi have  way f cig r restrig a 
preidustria ciate by reducig C2 eissis The 
C2 ust des t g away  a iprtat pit fte t 
recgised by the pubic  s reduced eissis ust 
ea a ctiued thugh swer warig it the 
idefiite future    

 

Fig. 4. Week 14-20 April 2019, 413.59 ppm. Curve of 
atmospheric carbon dioxide concentration, from Mauna Loa 
observatory in Hawaii, showing rise from 310 ppm in 1958 to 
416 ppm in 2019. 

 What d we d The yug Swede Greta Thuberg 
has ispired a ew geerati f yug pepe t 
evireta acti Erus eergy has bee 
reeased by this ispirig step But it is vita that the 
eergy be depyed i the st prductive way S far 
s Thuberg has taed f the eed fr eissis 
reducti ad ideed this is iprtat give ur 
cpete faiure t ae ay s far whe easured  a 
gba scae But we ca see fr the abve that 
eissis reducti ca y sw gba warig t 
abish it Tw strategies have bee prpsed t g 
beyd this pit 

1 Geegieerig defied as the use f techica 
eas t icrease refecti f eergy fr the paet 
ad thus c the ciate It is a shrt ter sticig 
paster i the sese that it y wrs whist the radiati 
aageet techique is beig appied ad it des 
thig t restrai the grwth f C2 i the atsphere 
s that se ther effects assciated with C2 ctiue 
uabated taby acidificati f the ceas The st 
paiess techique is arie cud brighteig 
whereby dre ships are used i a arge array i the 
cea I each ship sea water is puped up ta asts 
ad ut thrugh a fie e s as t iect tiy water 
partices abut e icr acrss it the bases f 
arie stratus cuds As each partice evaprates it 
eaves a tiy sat crysta which is f a sie t ae the 
cud whiter (w as the Twey effect) with the 
vera effect beig deed as sigificat i cig 
the gba ciate s g as a few hudred ships are 
used des have bee de f hw differet 
gegraphica distributis f ships ca cause 
ccetrated regia effects eg the expasi f 
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Arctic sea ice iits which wud serve t reduce bth 
abed feedbac ad the dager f a ethae utbrea 
7 The rigiatr f this idea is h atha with the 
ivative techgy beig desiged by Stephe Sater 
f Ediburgh Uiversity A aterative techique is t 
reease fie pwder it the stratsphere which spreads 
ut i the upper atsphere ad refects radiati bac 
it space A disadvatage here is that the prcess ay 
be cstrued by the pubic as air puti r pisig 
whie the ipact is crude ad ipssibe t target 

 

Fig. 5. Design by Stephen Salter (University of Edinburgh) of 
drone ship to pump sea water up inside Flettner rotors to be 
injected via a fine nozzle into the bases of marine stratus 
clouds. 

2 Direct Air Capture (DAC) The y rea 
suti t gba warig is revig C2 fr the 
atsphere Gig t er eissis is t eugh We 
eit se 41 bii ts f carb it the atsphere 
each year If we ca reve at east this quatity we ca 
start t tae the atsphere bac t its preidustria eve 
ad restre ur frer ciate Reducti f eissis 
ust eas that we have ess t reve each year  C2 
reva is a giat prbe i cheistry physics ad 
techgy but  greater tha that f buidig a huge 
bb ut f a reacti which was previusy y 
bserved ag sige ats i a abratry as i the 
ahatta Prect  Sw ethds icude refrestati 
(which ay we t happe because gba frests are 
beig destryed at a uprecedeted rate) Direct air 
capture is a fast ethd desiged t eep up with ur 
carb reease with a etwr f wrdwide pats The 
prbe iediatey is t decide what t d with a huge 
aut f carb dixide e pti is t pup it 
udergrud it basat rcs which wi react with ad 
thus fix the C2 as a sid (Ciewrs a Swiss 
cpay with a pat i Icead) Ather is t create a 
usefu prduct preset pit pats pa t create 
artificia ieste (Bue Paet) which ca be used fr 
rad buidig r usig cprducti f hydrge fr 
sar pwer ad eectrysis ad the create frs f 
artificia fue (Carb Egieerig Squaish BC 
Caada) It is hped that thrugh techgica research 

the price ca be brught dw t $40 per t reved 
i the sae way as sar eergy prices have bee 
wered by 99% thrugh techgica research The ai 
is t get C2 ccetrati bac t 350 pp ad restre 
a stabe ciate which wi give us a breathig space t 
tace a the ther prbes f aid 

These questis are treated i the b A Farewe 
t Ice 8 (Itaia trasati Addi ai Ghiacci 
Bretti Brighieri Tri 2018) The ethae 
feedbac ad the direct air capture suti are bth 
treated extesivey i a ew fi Ice  Fire (HB 
2019) directed ad arrated by eard DiCapri 
which was reeased i ue 2019 
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