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 ello, my name i  Ken  il on. 

  am a retired water re ource  engineer.  

  li e in Victoria,  riti h  olumbia. 

  ha e followed the work of the  ntergo ernmental  anel on  limate 
 hange (    ) for many year . 

  hope thi   ideo,                      , will gi e you a better 
appreciation of the natural force  that ha e dri en climate change in 
the pa t and of how the e  ame natural force  are  till playing a role 
in climate change today. 

 he  ideo will al o examine  ome effect  that our  pecie  i  ha ing 
on climate change today. 
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 ur  ome –  here i  no other planet like it. 

 t i  a wonderful place.   an we pre er e it? 

 he pre ent dri e to adopt green energy mea ure  and achie e the 
 et Zero 2050 goal po e  major economic, en ironmental, 
technical, and political challenge  to all nation  in the immediate 
future. 

  am not going to go into detail  of the e  ariou  i  ue  today.  
 n tead,   want to focu  on the key claim by the  ntergo ernmental 
 anel on  limate  hange (the     ) and it   upporter  that our 
 pecie  ha  become a threat to the  u tainability of life on our 
 lanet. 

 hi   ideo will deal with the beha ior of the earth, the beha ior of 
climate, and the beha ior of our  pecie . 

 he pre entation i  in three part .   

 he fir t will deal with climate in the pa t, the  econd, with climate 
in the pre ent, and the third i  a  o t cript, li ting  ome of the major 
 hortcoming   of the     ’   xecuti e  anel. 
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 he      i  the  nited  ation  body for a  e  ing the  cience related to climate change. 

/ he      wa  created in 1988. 

/ t i  ue   ummary  eport  for  olicymaker  (    ) e ery 5 to 6 year . 
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 ur  lanet i  a giant heat engine fueled by radioacti e decay.2   he 
mantle below the earth’  cru t i  a  emi- olid material that con ect  
heat outward from the earth’  core to the earth’   urface.   

 

 t cau e  the tectonic plate  that the continent  are embedded in, to 
drift.   ometime  the plate  collide.   ometime  they di ide in two.  
 ometime  the mo ing tectonic plate  cau e earthquake , 
 olcanoe , and mountain building.   

 he  ocene  aximum 52 mya wa  one of  the warme t period  on the 
 lanet in the la t 600 myr.   

 t the  ocene  aximum, the  earth wa  ice free.   

 he  ndian tectonic plate wa  beginning to collide with the  ura ian 
tectonic plate.  

 bout 47 mya  outh  merica began to  eparate from the  ntarctic, 
opening Drake’   a  age, allowing  trong, cold circumpolar air and 
ocean current  to de elop around the  ntarctic.   

 he  ntarctic ha  the highe t a erage ele ation of all the continent 3. 

 bout 42 mya, the  ndian  late, which wa  thru ting under the 
 ura ian  late, began to create the  imalayan  ountain  elt. 

 hi  produced the  on oon condition   outh of the  imalaya , and 
the arid plain  north of the  imalaya  that  till exi t today.  

 bout 33 mya, glaciation began in the  ntarctic.  

 etween 25 and 15 mya, tectonic plate rearrangement  and 
mountain formation were pre alent.    
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 bout 3 mya, the   thmu  of  anama wa  formed, connecting  orth 
 merica and  outh  merica.   hi  cut off the  warm equatorial current 
between the  acific and  tlantic ocean . 

 hi  led to the creation of the  ulf  tream, which today keep  
northwe t  urope a  much a  15-20o   warmer in winter than it 
otherwi e would be.4 

 l o, about 3 mya, the  la ka mountain range ro e, reducing the flow 
of mild  acific air into northern  anada.4  

 bout 2 ½ mya, glaciation began in northern  anada.  

 t the la t  ce  ge  aximum 21 kya,  the earth experienced  ome of 
it  lowe t temperature  in the la t 600 myr.  

 n  ummary, the location of continent  and mountain range  can be 
major influence  on how air current  and ocean current  di tribute 
the exce   heat ab orbed from the  un in the tropic  to the polar 
region .   hi  affect  both regional climate  and global temperature . 
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 lthough the interior of the earth i   ery hot, the earth without 
greenhou e ga e  would ha e a  urface temperature of about -180  .7  

 here would be no life on the planet.  ith greenhou e ga e , the 
a erage  urface temperature i  about 150  . 

 he temperature on the  urface of the earth i  largely dependent on 
the amount of radiated energy that i  ab orbed by the earth daily from 
the  un.  

 lbedo i  a mea ure of the reflecti ene   of different  urface  on 
earth to incoming radiation from the  un.   

 ater dark  oil and fore t  can ab orb a lot of incoming radiation 
from the  un.   hi  warm  the earth.  he e  urface  ha e low 
 lbedo . 
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 ce,  now, and cloud  can reflect a lot of incoming radiation back into 
 pace without it e er warming the earth.   hey ha e high  lbedo . 

 hen a new ice age ad ance begin , glacier  and ice  heet  begin to 
grow in  ize.   heir local  lbedo  become increa ingly reflecti e .  hi  
i  a po iti e feedback mechani m that accelerate  the cooling 
proce  .  

 n an ice age ad ance, increa ing cloud co er can ha e a  imilar 
effect. 

 

 

If the summer sun cannot melt the snow from the previous winter, snow 

accumulates.  If this continues year after year, glaciers and ice sheets 

begin to grow. 
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 ur current ice age ha  de eloped in a  erie  of ice ad ance  and ice 
retreat .  e ha e had o er 50 of the e cycle   o far.
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 he timing of our ice ad ance  and retreat  i  determined by 3 
 ilanko itch  ycle  which de cribe three different a pect  of how 
the earth orbit  the  un.  

 ig. 3  how  the 3  ilanko itch  ycle . 

 he  ccentricity cycle on the left ha  a period of about 100,000 year  
a  the earth’  orbit around the  un become   lightly more elliptical, 
and then  lightly le   elliptical. 

 hen it  orbit i  at it  mo t elliptical, the earth i  clo e t to the  un, 
and it recei e  it  maximum incoming radiation from the  un due to 
eccentricity. 

 he  ilt cycle in the center ha  a period of about 41 thou and year .  
 t track  the tilt of the earth’  polar axi  from a minimum  alue of 
about 22.50 to a maximum  alue of about 24.50.  

 t maximum  ilt, the northern latitude  recei e their maximum 
incoming radiation from the  un due to tilt. 

 he  rece  ion cycle on the right mea ure  the wobble of the polar 
axi , and it  effect on the direction of the polar axi .   hi  determine  
the timing of the  ea on  of the year.   

 he  rece  ion cycle  arie  between 19 thou and year  and 26 
thou and year .  

 bout 21,000 year  ago at our mo t recent  ce  ge  aximum, the 
three  ilanko itch cycle  began to combine into a  trong warming 
pha e. 
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 hi  meant that the earth wa  clo e t to the  un due to  ccentricity, 
the  ilt wa  clo e to it  maximum  alue, and  rece  ion cau ed the 
polar axi  to be pointing directly at the  un in mid-December.   

 hi  maximized the incoming radiation from the  un reaching the 
northern latitude , and it maximized the  ummer melting of northern 
glacier  and ice  heet .   

 
 ig. 4  how  more detail of our current ice age which  tarted about 
2½ mya.   ach drop in the blue temperature graph mark  an ice age 
ad ance, and each ri e in temperature, an ice age retreat.  n the fir t 
1½ million year , each ad ance and retreat cycle la ted about 41 kyr. 
 ilt wa  the controlling factor. 

 n the pa t 1 million year ,  each ad ance and retreat cycle la ted 
about 100 kyr.   ccentricity wa  the controlling factor. 

 ig.4 he  a t 5  illion  ear 



 
 
 
 

12 
 

 he longer cycle  created more exten i e and deeper ice  heet . 

 

 
  

 ig. 5  how  the la t 350 kyr of our  ce  ge.   he red cur e  how  
temperature.   he blue cur e  how    2 concentration.  

 he  common pattern in the pa t 350 kyr i  for brief interglacial warm 
period  to be followed by about 100 kyr of declining temperature  to 
reach the  limit of another  ce  ge ad ance.   

 hi  i  followed by a  harp ri e of temperature to reach the  tart of 
another brief interglacial warm period, which in thi  ca e i  the 
 olocene interglacial, which i  the  nterglacial that we are currently 
li ing in. 
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 he preceding  emian interglacial about 125 kya wa  warmer than 
our current  olocene.  

 he e brief  nterglacial warm period  u ually la t 10 to 15,000 year .  
 ur current  olocene interglacial i  about 11,000 year  old. 

  

   temperature  ro e and fell o er the la t 350,000 year , 
temperature led the ri e and fall of     by about 800 year . 

 hi   how  that temperature wa  the cau ati e factor dri ing thi  
proce  , not       

 he temperature and     were correlated.   

   temperature ro e, it  lowly warmed the ocean . 

   the ocean  began to warm, they outga  ed di  ol ed    , much 
a  a cold gla   of coke doe  when it i  remo ed from a refrigerator.   

 on er ely, a  temperature dropped,     di  ol ed from the 
atmo phere into the ocean  a  they become colder. 

 he recent ri e of     to 420 ppm today i  due primarily to the rapid 
ri e in   2 emi  ion  from the burning of fo  il fuel .   

 hi  i   omething new.   he   2  concentration ha  not been thi  high 
for  e eral million year .  

 he temperature and   2 correlation pattern prior to the  olocene 
ha  been di rupted.  

 hi  rai e  a que tion:  Doe  thi   udden ri e in   2   po e a 
 ignificant threat to the future of life on our planet?  
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 ccording to the       xecuti e  anel and it   upporter, the an wer 
i  ye .   e already ha e too much   2 in our atmo phere and we are 
at a  ignificant ri k of an imminent global warming apocalyp e. 

 efore we explore thi  i  ue further, we  hould perhap  look fir t at 
the flip  ide of the que tion.   an we ha e too little   2  in our 
atmo phere, and can that be a threat to life on our  lanet? 

 t the la t  ce  ge  aximum 21 kya,   2 concentration dropped to 
182 ppm.11   hi  low le el of   2 wa  a definite threat to life on our 
planet.  

 f the   2 concentration had dropped further to 150 ppm, mo t 
photo ynthe i  on the planet would ha e  hut down, and mo t life on 
the planet would ha e died.  

 e came  ery clo e to reaching that critical 150 ppm le el of   2 21 
kya. 

     2 wa  dropping toward the 182-ppm le el at the la t  ce  ge 
 aximum it wa  already ha ing an effect on life on thi   lanet.   

Vegetation in the high plain  of  orth  merica and   ia began to die 
off, producing large du t  torm  in the northern hemi phere.  

 he e du t  torm  in the northern latitude  would begin to coat the 
glacier  and ice  heet  with du t, thereby changing their  lbedo  
from being reflecti e of  incoming radiation from the  un to becoming 
ab orpti e of  incoming radiation.   

 hi  change in  lbedo would be a po iti e feedback mechani m, 
boo ting a melting proce   that wa  already being dri en by the 
 ilanko itch cycle . 
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 ig. 6  how   hat the  ce  ge  aximum looked like  21,000 year  ago, 
 he depth of the ice  heet in the  oronto area wa   2.1 km. 

 he  uperimpo ed height of the    tower at 1/4  of the depth of the 
ice  heet  how  how puny man’  effort  can be compared to the 
force  of nature.  

 he other citie  had ice  heet depth  of 0.9 km in   hicago, 1.25 km 
in  o ton, and 3.3 km  ontreal.  

   imilar ice  heet today would be a true climate apocalyp e in the 
northern latitude  that would cau e immen e di location,  uffering, 
conflict,  tar ation, and death.  

 he  aurentide ice  heet which co ered the e citie  21 kya  tretched 
from   lberta to the  tlantic.   
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 he  ordilleran ice  heet  tretched from the  ockie  to the we t 
coa t.   t left only the highe t mountain  on Vancou er   land  abo e 
the glacier  in the  trait of  eorgia and the  trait of Juan de  uca. 

 here were no fore t , no  almon  tream , and no people.  

 imilar glacier  and ice  heet  co ered  reenland, large area  of 
 urope,    ia, and the  ntarctic.  

 he large  olume water  tored in the glacier  and ice  heet  cau ed 
the  ea le el to drop about 150 metre .13 

  f all the glacier  and ice  heet  remaining in the world today melted, 
the  ea le el would ri e about 70 metre 14 abo e it  pre ent le el. 

 he e extraordinarily di rupti e change  in  ea le el in the pa t were 
all due to the operation of natural force , not man.   he e  ame 
natural force  are  till in play today.  
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 he focu  in  ig. 7 i  on   2 le el  o er the pa t 600 myr.  hi  gi e  u  
an opportunity to look for e idence of  dangerou ly high le el  of   2 
concentration that may ha e occurred in the pa t.  

 he da hed line acro   the bottom of the graph  how  a recent   2 
concentration le el of 380 ppm.     wa  mentioned in  ig. 5, the   2 
concentration dropped to 182 ppm, 21 kya.   

300 mya, the planet wa  in the grip of the Karoo ice age which la ted 
about 90 myr.   

 emperature  and   2 concentration  in the Karoo ice age were 
 imilar to tho e 21 kya, with both temperature and   2 being at their 
lowe t le el  in the pa t 600 myr.   

 he e two ice age  repre ented  e ere temperature and   2  
challenge  to the  ur i al of life on much of our  lanet. 

 he  ocene  aximum at 52 mya that we looked at in  ig. 1, had one 
of the highe t temperature  in the pa t 600 myr.  hi  occurred when 
the   2 le el wa  about 1,000 ppm.   

 he a erage   2 concentration o er the 600 myr time period of the 
graph wa  about 2,600 ppm, or about 6 time  higher than today’  
le el.   

 hi  illu trate  that there i  no fixed relation hip between   2 le el  
and temperature le el  o er long period  of time. 

 n the  ambrian period about 530 mya, there wa  an explo ion of 
complex new life form  in the ocean .   hi  wa  the fir t time that 
fo  il  were created that were  i ible to the naked eye.  

 he   2 concentration wa  about 7,000 ppm. 
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 hi  i  far abo e the 420-ppm  concentration that we are worrying 
about today in term  of global warming and it  potential effect on the 
 ur i al of  pecie .   

 ith regard to the impact of   2  le el  on human ,  common   2 
concentration in confined  pace  like theater ,  hopping mall  and 
in many commercial greenhou e  i  about 1,200 ppm.   

 t i   triking that the e   2 le el  are at about the  ame   2 le el a  
wa  pre ent at the  ocene  aximum when the earth wa  ice free. 

 n  ubmarine ,   2  crubber  are acti ated to keep   2 
concentration below 5,000 ppm.   

 hen we are out ide in open area , we inhale   2 today at a 
concentration of 420 ppm, and we exhale   2 at a concentration of 
40,000 ppm, i.e. a hundredfold increa e.   

 eople do not complain or  how di tre   about the 40,000-ppm le el 
of   2 in their lung  ju t a  they are about to exhale.  

 he e  ariou   alue  of   2 o er the pa t 600 myr  ugge t  that there 
i  little rea on for u  to be unduly alarmed o er our current   2 le el 
of 420 ppm. 
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 n  ig. 8, we look more clo ely at e ent  in our  olocene  nterglacial 
period. 

 ut before we get further into climate change i  ue ,   would like to 
 ay a few word  about our  pecie  and what it ha  been doing during 
the  olocene.   hi  can help to gi e u   ome per pecti e on climate 
i  ue  that we are dealing with in  ociety today. 

 griculture began about 11,000 year  ago.   he population of our 
 pecie  at that time wa  e timated to be about 10 million people.
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 ur forefather  were hunter  and gatherer , li ing in  mall,  cattered 
band  that  ur i ed the la t  ce  ge  aximum 21 kya. 

 he de elopment of agriculture wa  a momentou   tep forward in 
human de elopment, leading to a  teadily increa ing food  upply and 
to the ability to  tore food o er long period  of time. 
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 y the  oman era 2,000 year  ago, the population had expanded to 
about 300 million people.  

 ith the impro ed food  upply, our forefather  began to li e in  ettled 
communitie  which became town , citie , and nation  tate .  hey 
learned about the di i ion of labour, and how to  pecialize in ta k , 
leading to better tool  and to the de elopment of culture .  

 hey learned how to build pyramid  and aqueduct , and to e tabli h 
academie  to  tudy philo ophy, mathematic , and the nature of the 
natural world. 

 hey had al o, unfortunately, learned how to wage war  of conque t 
and plunder.   or the lo er  in the e war , the pro pect  were often 
bleak, quick death or  la ery. 

 y the 1920 , the population had reached about 2 billion people.   y 
then, we  had determined the dimen ion  of our world and had 
colonized mo t of it.   e had learned how to exploit the energy in 
fo  il fuel  and to create an indu trial re olution that led to a rapid 
increa e in the  tandard of li ing in the indu trialized countrie .  

  e had learned how to fly.   nd, we had already experienced our fir t 
 orld  ar, which dra tically affected the li e  of million  of people 
and the collap e of empire . 

 oday, our population i  about 8 billion people.  e ha e gone to the 
 oon, and we ha e de eloped an enormou  body of knowledge 
about our el e , our  lanet, the  olar  y tem and  pace. 

 e ha e al o had our  econd  orld  ar and ha e learned how to 
build and deli er hydrogen bomb . 
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 t i  clear that we  till ha e many flaw , but o erall, we are a 
remarkable  pecie .   

 n a  eological time  cale, 11,000 year  i  only the blink of an eye. 
 ut within that period, we ha e gone from being an in ignificant 
 pecie  to being the dominant  pecie  influencing e ent  on the 
planet. 

 e ha e gone from de eloping a rudimentary agriculture 11,000 
year  ago to de eloping  hat     rtificial  ntelligence today. 

 t i  an extraordinary accompli hment.  

 opulation growth and climate change are tightly intertwined di i i e 
i  ue  at thi  time.   

 ne noteworthy de elopment i  that in all countrie  that ha e 
indu trialized and ha e rai ed their  tandard of li ing, they now ha e 
birth rate  by their nati e population  that are below replacement 
le el , and  ometime  by a  ignificant margin.  

 ll countrie  that ha e  ucce  fully indu trialized ha e had ready 
acce   to reliable and affordable fo  il fuel  upplie .   

 ll countrie  that wi h to retain high  tandard  of li ing in the future 
mu t continue to ha e ready acce   to reliable and affordable energy 
re ource .  

 hi   ugge t  that perhap  the mo t humane way to  tabilize the 
world’  growing population and deal with the problem  that it 
engender  i  to rapidly rai e the  tandard of li ing in all de eloping 
countrie .  

  hi  require  that all the e de eloping countrie  mu t find way  to 
get ready acce   to reliable and affordable energy re ource .   
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 urrent green energy technology, howe er, i  not reliable and cannot 
meet the energy need  for de eloping countrie  wi hing to de elop 
modern indu trial economie  for their citizen  now, or in the 
fore eeable future. 

 nd, therein, lie  one of the major dilemma  that i  confronting our 
 pecie  today.   hi  i  at the heart of political debate that i  underway 
o er climate change i  ue  and the de ire of billion  of people in the 
de eloping world who are  eeking a better  tandard of li ing than they 
pre ently ha e. 

 e will return later to further examine thi  que tion and it  
implication . 

 

 nd now, back to climate change to  ee what further in ight  we can 
gain into whether, or not, the planet i  at ri k of a climate cri i  from 
ri ing   2 emi  ion . 

  t the  olocene  limate  ptimum about 7,000 year  ago,  ummer 
temperature  in  anada were a  much a  4o   abo e pre ent.   

 o t glacier  and the la t remnant  of the ice  heet  di appeared.18   

  he tree line mo ed north.   t  ucktoyaktuk on the  hore  of the 
 rctic  cean, there wa  a  pruce  ore t.  

 t i  all  undra today.    

 attail  and  weet  ale grew in the wetland  in the fore t at 
 ucktoyaktuk.    

 he northern limit for  attail  today i   e eral hundred kilometer  to 
the  outh.19   
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 he e phy ical detail  pro ide  trong e idence that temperature  
were  ignificantly higher 7,000 year  ago than they are today.  

 oday’  temperature  are not unprecedented when proxy data from 
the  olocene   limate  ptimum are al o con idered.   

 t i  intere ting to note that polar bear D   ha  been traced back to 
about 500 kya.
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 hi  mean  that polar bear   ur i ed the higher temperature  of both 
the  olocene  limate  ptimum and the e en higher temperature  of 
the  emian  nterglacial. 

 olar bear  do not  eem to be at any ri k of imminent extinction today 
due to our current global warming. 

 he green line  n  ig. 8, i  the a erage of 6 borehole .   t define  the 
o erall temperature trend on the  reenland ice cap and the  anadian 
 rchipelago during the  olocene. 

 he green line i  a good example of the  ilanko itch cycle  in action. 
 he  rece  ion cycle topped out about 12 thou and year  ago.  he 
 ilt cycle topped out about 5 thou and year  ago. 

  he combined action of the three  ilanko itch  ycle  i  now 
downward and it will continue downward for about the next 14 
thou and year  before a minor re er al occur .21  

  t i  thi  downward path of the  ilanko itch cycle  that likely initiated 
the  tart of a new  period of glaciation about 5,000 year  ago.  

  he red line i  a  ingle borehole, but it i  confirmed by other proxy 
data from other  ource .  t  how  in more detail a roughly 1,000-year 
cycle of moderate temperature fluctuation  throughout the 
 olocene.  
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 he  inoan  arm  eriod, the  oman  arm  eriod, and the  edie al 
 arm  eriod were noted for their good crop  and creati e human 
de elopment .  

 he temperature dip  following the e high , e pecially at the bottom 
of the  ittle  ce  ge  about 300 year  ago, were time  of great turmoil 
and hard hip. 

   condition  wor ened,  u picion grew that diabolical force  were 
at work.    con en u   oon de eloped that witche  mu t be the 
 ource of all the  tar ation and  mi ery that people were 
experiencing.   

 hi   oon became a hy teria, leading to witch trial , coerced 
confe  ion , and to the cruel death  of ten  of thou and  of innocent 
women.    

 he per ecution  were particularly cruel and numerou  between 
1588 and 1600 and between 1620 and 1650, which were the time  of 
the mo t extreme cold and the mo t dreadful  torm .22 

 

 e emerged from the  ittle  ce  ge about 1860 and we are fortunate 
to be li ing in our current moderate  odern  arm  eriod. 
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 ig. 9  how  yearly  un pot number .  he  aunder  inimum and the 
Dalton  inimum were two particularly cold period  in the  ittle  ce 
 ge.  

 hey were noted for their great crop lo  e , wide pread  tar ation, 
and for the fact that there wa  little or no  un pot acti ity during the e 
 ery cold period .  

 t ha  been realized  ince then that  un pot acti ity i  linked to 
regular  ariation  in the magneto phere of the  un.   

 hen the magneto phere i   trong, the  olar wind emanating from 
the  un partially block  the flux of co mic ray  coming into the upper 
atmo phere where they create cloud conden ation nuclei.   
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 hi  reduce  the formation of cloud  and the albedo of the earth, 
allowing it to recei e more incoming radiation from the  un, thereby 
warming the earth.  

 he  un’  magneto phere ha  doubled in  trength  ince 1900. 

 hi  i  likely a major cau e of mo t of the warming that ha  occurred 
 ince 1900.24   

Variation  in the magneto phere of the  un are al o the mo t likely 
explanation for the roughly 1,000-year warming and cooling cycle  
that we  ee in the red cur e o er the  olocene.  

 hen the  un’  current warming pha e end  and it goe  into another 
cooling pha e, thi  will become another negati e natural force 
affecting climate change in addition to the downward trend that i  
already underway with the  ilanko itch cycle . 

 hi  would be the next downward  tep to be expected from the green 
graph  hown in  ig. 8.   t would likely rai e e en more  e ere 
challenge  for the population then than were experienced in the  ittle 
 ce  ge.   t lea t by then, they will know that it i  not witche  that are 
cau ing their trouble .  

 he      ha  largely ignored the beha ior of the  arth’  
magneto phere and it  effect  on cloud formation and the re ultant 
warming and cooling of the  arth.   hey ha e focu ed in tead on 
 ariation  in  olar irradiance, which  arie  by only a  mall amount 
o er time.   

 n a  ide note, Dr.  enrik   en mark, who wa  the  ead of  un-
 limate  e earch at the Dani h  ational  pace  entre, de eloped 
much of the theory of the effect of the  un’  magneto phere on cloud 
formation and the effect that thi  ha  on the earth’  climate. 
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 e wa  later joined in hi  re earch by Dr.  ir  ha i , an   raeli   tro 
 hy ici t who wa  in e tigating what effect the incoming flux of 
co mic ray  and iron meteorite  into the earth’  atmo phere ha  on 
climate change on earth.   

Dr.  ha i  found that the flux of co mic ray  and meteorite  had a 
notable increa e in  trength about e ery 150 myr. 

 hi  coincide  with today’  current ice age, al o with a  harp 
temperature drop about 150 mya, with the Karoo ice age 300 mya, 
and with another  harp temperature drop about 440 mya. 

 ach of the e drop  in temperature coincided with our  olar  y tem 
pa  ing through one of the  piral arm  of our  ilky  ay galaxy and of 
being expo ed to a higher flux of co mic ray  and iron meteorite  in 
the proce  .   

 hi  increa ed flux of co mic ray  penetrating into the upper 
atmo phere likely created more cloud co er and a higher  lbedo, 
cau ing the earth to cool.25 

 hi  i  an intere ting theory a  it could al o explain two po  ible 
incident  of  nowball earth condition   prior to 600 mya.   

 n  ummary, natural force  ha e had major effect  on climate change 
in the pa t.  ntil  ome  ignificant change occur  in the location of 
the continent , or the location and  ize of current mountain range , 
or the amount of radiation recei ed from the  un, or in the flux of 
co mic ray  coming into our upper atmo phere, we will likely remain 
trapped in our current ice age.  

 


