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Abstract:	
   Environmental	
   problems	
   have	
   contributed	
   to	
   numerous	
   collapses	
   of	
  
civilizations	
   in	
   the	
   past.	
   Now,	
   for	
   the	
   first	
   time,	
   a	
   global	
   collapse	
   appears	
   likely.	
  
Overpopulation,	
   overconsumption	
   by	
   the	
   rich	
   and	
   poor	
   choices	
   of	
   technologies	
   are	
  
major	
  drivers;	
  dramatic	
  cultural	
  change	
  provides	
  the	
  main	
  hope	
  of	
  averting	
  calamity.	
  

1.	
  INTRODUCTION	
  

Virtually	
   every	
   past	
   civilization	
   has	
   eventually	
   undergone	
   collapse,	
   a	
   loss	
   of	
   socio-­‐
political-­‐economic	
  complexity	
  usually	
  accompanied	
  by	
  a	
  dramatic	
  decline	
  in	
  population	
  
size	
   [1].	
   Some,	
   such	
   as	
   those	
   of	
   Egypt	
   and	
   China,	
   have	
   recovered	
   from	
   collapses	
   at	
  
various	
  stages;	
  others,	
  such	
  as	
  that	
  of	
  Easter	
  Island	
  or	
  the	
  Classic	
  Maya,	
  were	
  apparently	
  
permanent	
   [1,2].	
   All	
   those	
  previous	
   collapses	
  were	
   local	
   or	
   regional;	
   elsewhere,	
   other	
  
societies	
   and	
   civilizations	
   persisted	
   unaffected.	
   Sometimes,	
   as	
   in	
   the	
   Tigris	
   and	
  
Euphrates	
   valleys,	
   new	
   civilizations	
   rose	
   in	
   succession.	
   In	
   many,	
   if	
   not	
   most,	
   cases,	
  
overexploitation	
  of	
  the	
  environment	
  was	
  one	
  proximate	
  or	
  an	
  ultimate	
  cause	
  [3].	
  

But	
  today,	
  for	
  the	
  first	
  time,	
  humanity's	
  global	
  civilization—the	
  worldwide,	
  increasingly	
  
interconnected,	
   highly	
   technological	
   society	
   in	
   which	
   we	
   all	
   are	
   to	
   one	
   degree	
   or	
  
another,	
   embedded—is	
   threatened	
   with	
   collapse	
   by	
   an	
   array	
   of	
   environmental	
  
problems.	
  Humankind	
  finds	
  itself	
  engaged	
  in	
  what	
  Prince	
  Charles	
  described	
  as	
  ‘an	
  act	
  of	
  
suicide	
   on	
   a	
   grand	
   scale’	
   [4],	
   facing	
   what	
   the	
   UK's	
   Chief	
   Scientific	
   Advisor	
   John	
  
Beddington	
  called	
  a	
  ‘perfect	
  storm’	
  of	
  environmental	
  problems	
  [5].	
  The	
  most	
  serious	
  of	
  
these	
  problems	
  show	
  signs	
  of	
  rapidly	
  escalating	
  severity,	
  especially	
  climate	
  disruption.	
  
But	
   other	
   elements	
   could	
   potentially	
   also	
   contribute	
   to	
   a	
   collapse:	
   an	
   accelerating	
  
extinction	
   of	
   animal	
   and	
   plant	
   populations	
   and	
   species,	
   which	
   could	
   lead	
   to	
   a	
   loss	
   of	
  
ecosystem	
  services	
  essential	
  for	
  human	
  survival;	
  land	
  degradation	
  and	
  land-­‐use	
  change;	
  
a	
  pole-­‐to-­‐pole	
  spread	
  of	
  toxic	
  compounds;	
  ocean	
  acidification	
  and	
  eutrophication	
  (dead	
  
zones);	
   worsening	
   of	
   some	
   aspects	
   of	
   the	
   epidemiological	
   environment	
   (factors	
   that	
  
make	
  human	
  populations	
   susceptible	
   to	
   infectious	
  diseases);	
   depletion	
  of	
   increasingly	
  
scarce	
   resources	
   [6,7],	
   including	
  especially	
   groundwater,	
  which	
   is	
  being	
  overexploited	
  
in	
   many	
   key	
   agricultural	
   areas	
   [8];	
   and	
   resource	
   wars	
   [9].	
   These	
   are	
   not	
   separate	
  
problems;	
  rather	
  they	
  interact	
  in	
  two	
  gigantic	
  complex	
  adaptive	
  systems:	
  the	
  biosphere	
  
system	
   and	
   the	
   human	
   socio-­‐economic	
   system.	
   The	
   negative	
   manifestations	
   of	
   these	
  
interactions	
   are	
   often	
   referred	
   to	
   as	
   ‘the	
   human	
   predicament’	
   [10],	
   and	
   determining	
  
how	
   to	
  prevent	
   it	
   from	
  generating	
  a	
  global	
   collapse	
   is	
  perhaps	
   the	
   foremost	
   challenge	
  
confronting	
  humanity.	
  

The	
   human	
   predicament	
   is	
   driven	
   by	
   overpopulation,	
   overconsumption	
   of	
   natural	
  
resources	
   and	
   the	
   use	
   of	
   unnecessarily	
   environmentally	
   damaging	
   technologies	
   and	
  
socio-­‐economic-­‐political	
  arrangements	
  to	
  service	
  Homo	
  sapiens’	
  aggregate	
  consumption	
  
[11–17].	
   How	
   far	
   the	
   human	
   population	
   size	
   now	
   is	
   above	
   the	
   planet's	
   long-­‐term	
  
carrying	
  capacity	
  is	
  suggested	
  (conservatively)	
  by	
  ecological	
  footprint	
  analysis	
  [18–20].	
  
It	
   shows	
   that	
   to	
   support	
   today's	
   population	
   of	
   seven	
   billion	
   sustainably	
   (i.e.	
   with	
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business	
  as	
  usual,	
  including	
  current	
  technologies	
  and	
  standards	
  of	
  living)	
  would	
  require	
  
roughly	
  half	
  an	
  additional	
  planet;	
  to	
  do	
  so,	
  if	
  all	
  citizens	
  of	
  Earth	
  consumed	
  resources	
  at	
  
the	
  US	
  level	
  would	
  take	
  four	
  to	
  five	
  more	
  Earths.	
  Adding	
  the	
  projected	
  2.5	
  billion	
  more	
  
people	
   by	
   2050	
  would	
  make	
   the	
   human	
   assault	
   on	
   civilization's	
   life-­‐support	
   systems	
  
disproportionately	
   worse,	
   because	
   almost	
   everywhere	
   people	
   face	
   systems	
   with	
  
nonlinear	
  responses	
  [11,21–23],	
  in	
  which	
  environmental	
  damage	
  increases	
  at	
  a	
  rate	
  that	
  
becomes	
   faster	
   with	
   each	
   additional	
   person.	
   Of	
   course,	
   the	
   claim	
   is	
   often	
   made	
   that	
  
humanity	
   will	
   expand	
   Earth's	
   carrying	
   capacity	
   dramatically	
   with	
   technological	
  
innovation	
  [24],	
  but	
  it	
  is	
  widely	
  recognized	
  that	
  technologies	
  can	
  both	
  add	
  and	
  subtract	
  
from	
  carrying	
   capacity.	
  The	
  plough	
  evidently	
   first	
   expanded	
   it	
   and	
  now	
  appears	
   to	
  be	
  
reducing	
   it	
   [3].	
   Overall,	
   careful	
   analysis	
   of	
   the	
   prospects	
   does	
   not	
   provide	
   much	
  
confidence	
   that	
   technology	
   will	
   save	
   us	
   [25]	
   or	
   that	
   gross	
   domestic	
   product	
   can	
   be	
  
disengaged	
  from	
  resource	
  use	
  [26].	
  

2.	
  DO	
  CURRENT	
  TRENDS	
  PORTEND	
  A	
  COLLAPSE?	
  

What	
  is	
  the	
  likelihood	
  of	
  this	
  set	
  of	
  interconnected	
  predicaments	
  [27]	
  leading	
  to	
  a	
  global	
  
collapse	
  in	
  this	
  century?	
  There	
  have	
  been	
  many	
  definitions	
  and	
  much	
  discussion	
  of	
  past	
  
‘collapses’	
  [1,3,28–31],	
  but	
  a	
  future	
  global	
  collapse	
  does	
  not	
  require	
  a	
  careful	
  definition.	
  
It	
   could	
   be	
   triggered	
   by	
   anything	
   from	
   a	
   ‘small’	
   nuclear	
  war,	
  whose	
   ecological	
   effects	
  
could	
   quickly	
   end	
   civilization	
   [32],	
   to	
   a	
   more	
   gradual	
   breakdown	
   because	
   famines,	
  
epidemics	
   and	
   resource	
   shortages	
   cause	
   a	
   disintegration	
   of	
   central	
   control	
   within	
  
nations,	
   in	
   concert	
   with	
   disruptions	
   of	
   trade	
   and	
   conflicts	
   over	
   increasingly	
   scarce	
  
necessities.	
   In	
   either	
   case,	
   regardless	
   of	
   survivors	
   or	
   replacement	
   societies,	
   the	
  world	
  
familiar	
  to	
  anyone	
  reading	
  this	
  study	
  and	
  the	
  well-­‐being	
  of	
  the	
  vast	
  majority	
  of	
  people	
  
would	
  disappear.	
  

How	
  likely	
  is	
  such	
  a	
  collapse	
  to	
  occur?	
  No	
  civilization	
  can	
  avoid	
  collapse	
  if	
  it	
  fails	
  to	
  feed	
  
its	
   population.	
   The	
   world's	
   success	
   so	
   far,	
   and	
   the	
   prospective	
   ability	
   to	
   feed	
   future	
  
generations	
   at	
   least	
   as	
   well,	
   has	
   been	
   under	
   relatively	
   intensive	
   discussion	
   for	
   half	
   a	
  
century	
  [33–40].	
  Agriculture	
  made	
  civilization	
  possible,	
  and	
  over	
  the	
  last	
  80	
  years	
  or	
  so,	
  
an	
   industrial	
   agricultural	
   revolution	
   has	
   created	
   a	
   technology-­‐dependent	
   global	
   food	
  
system.	
  That	
  system,	
  humanity's	
  single	
  biggest	
  industry,	
  has	
  generated	
  miracles	
  of	
  food	
  
production.	
   But	
   it	
   has	
   also	
   created	
   serious	
   long-­‐run	
   vulnerabilities,	
   especially	
   in	
   its	
  
dependence	
  on	
  stable	
  climates,	
  crop	
  monocultures,	
  industrially	
  produced	
  fertilizers	
  and	
  
pesticides,	
  petroleum,	
  antibiotic	
  feed	
  supplements	
  and	
  rapid,	
  efficient	
  transportation.	
  

Despite	
  those	
  food	
  production	
  miracles,	
  today	
  at	
  least	
  two	
  billion	
  people	
  are	
  hungry	
  or	
  
poorly	
  nourished.	
  The	
  Food	
  and	
  Agriculture	
  Organization	
  estimates	
  that	
  increasing	
  food	
  
production	
  by	
  some	
  70	
  per	
  cent	
  would	
  be	
  required	
  to	
  feed	
  a	
  35	
  per	
  cent	
  bigger	
  and	
  still	
  
growing	
   human	
   population	
   adequately	
   by	
   2050	
   [41].	
   What	
   are	
   the	
   prospects	
   that	
  H.	
  
sapiens	
   can	
   produce	
   and	
   distribute	
   sufficient	
   food?	
   To	
   do	
   so,	
   it	
   probably	
   will	
   be	
  
necessary	
   to	
   accomplish	
   many	
   or	
   all	
   of	
   the	
   following	
   tasks:	
   severely	
   limit	
   climate	
  
disruption;	
   restrict	
   expansion	
   of	
   land	
   area	
   for	
   agriculture	
   (to	
   preserve	
   ecosystem	
  
services);	
  raise	
  yields	
  where	
  possible;	
  put	
  much	
  more	
  effort	
   into	
  soil	
  conservation	
  [3];	
  
increase	
  efficiency	
  in	
  the	
  use	
  of	
  fertilizers,	
  water	
  and	
  energy;	
  become	
  more	
  vegetarian;	
  
grow	
   more	
   food	
   for	
   people	
   (not	
   fuel	
   for	
   vehicles);	
   reduce	
   food	
   wastage;	
   stop	
  
degradation	
   of	
   the	
   oceans	
   and	
   better	
   regulate	
   aquaculture;	
   significantly	
   increase	
  
investment	
   in	
  sustainable	
  agricultural	
  and	
  aquacultural	
  research;	
  and	
  move	
   increasing	
  
equity	
  and	
  feeding	
  everyone	
  to	
  the	
  very	
  top	
  of	
  the	
  policy	
  agenda.	
  

Most	
   of	
   these	
   long-­‐recommended	
   tasks	
   require	
   changes	
   in	
   human	
   behaviour	
   thus	
   far	
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elusive.	
   The	
   problem	
   of	
   food	
   wastage	
   and	
   the	
   need	
   for	
   more	
   and	
   better	
   agricultural	
  
research	
   have	
   been	
   discussed	
   for	
   decades.	
   So	
   have	
   ‘technology	
  will	
   save	
   us’	
   schemes	
  
such	
   as	
   building	
   ‘nuclear	
   agro-­‐industrial	
   complexes’	
   [42],	
   where	
   energy	
   would	
   be	
   so	
  
cheap	
   that	
   it	
   could	
   support	
   a	
   new	
  kind	
  of	
   desert	
   agriculture	
   in	
   ‘food	
   factories’,	
  where	
  
crops	
  would	
  be	
  grown	
  on	
  desalinated	
  water	
  and	
  precisely	
  machine	
  fertilized.	
  Unhappily,	
  
sufficiently	
   cheap	
   energy	
   has	
   never	
   been	
  produced	
  by	
   nuclear	
   power	
   to	
   enable	
   large-­‐
scale	
  agriculture	
  to	
  move	
  in	
  that	
  direction.	
  Nor	
  has	
  agriculture	
  moved	
  towards	
  feeding	
  
people	
  protein	
  extracted	
  from	
  leaves	
  or	
  bacteria	
  grown	
  on	
  petroleum	
  [43,	
  pp.	
  95–112].	
  
None	
   of	
   these	
   schemes	
   has	
   even	
   resulted	
   in	
   a	
   coordinated	
   development	
   effort.	
  
Meanwhile,	
  growing	
  numbers	
  of	
  newly	
  well-­‐off	
  people	
  have	
  increased	
  demand	
  for	
  meat	
  
[44],	
  thereby	
  raising	
  global	
  demand	
  for	
  feedgrains.	
  

Perhaps	
   even	
   more	
   critical,	
   climate	
   disruption	
   may	
   pose	
   insurmountable	
   biophysical	
  
barriers	
  to	
  increasing	
  crop	
  yields.	
  Indeed,	
  if	
  humanity	
  is	
  very	
  unlucky	
  with	
  the	
  climate,	
  
there	
  may	
  be	
  reductions	
   in	
  yields	
  of	
  major	
  crops	
  [45],	
  although	
  near-­‐term	
  this	
  may	
  be	
  
unlikely	
  to	
  affect	
  harvests	
  globally	
  [46].	
  Nonetheless,	
  rising	
  temperatures	
  already	
  seem	
  
to	
   be	
   slowing	
   previous	
   trends	
   of	
   increasing	
   yields	
   of	
   basic	
   grains	
   [45,47],	
   and	
   unless	
  
greenhouse	
   gas	
   emissions	
   are	
  dramatically	
   reduced,	
   dangerous	
   anthropogenic	
   climate	
  
change	
   [48]	
   could	
   ravage	
   agriculture.	
   Also,	
   in	
   addition	
   to	
   falling	
   yields	
   from	
   many	
  
oceanic	
  fish	
  stocks	
  because	
  of	
  widespread	
  overfishing	
  [49],	
  warming	
  and	
  acidification	
  of	
  
the	
   oceans	
   threaten	
   the	
   protein	
   supply	
   of	
   some	
   of	
   the	
   most	
   nutritionally	
   vulnerable	
  
people	
  [50],	
  especially	
  those	
  who	
  cannot	
  afford	
  to	
  purchase	
  farmed	
  fish.	
  

Unfortunately,	
   the	
   agricultural	
   system	
   has	
   complex	
   connections	
   with	
   all	
   the	
   chief	
  
drivers	
   of	
   environmental	
   deterioration.	
   Agriculture	
   itself	
   is	
   a	
   major	
   emitter	
   of	
  
greenhouse	
  gases	
  and	
  thus	
  is	
  an	
  important	
  cause	
  of	
  climate	
  disruption	
  as	
  well	
  as	
  being	
  
exceptionally	
   vulnerable	
   to	
   its	
   consequences.	
   More	
   than	
   a	
   millennium	
   of	
   change	
   in	
  
temperature	
   and	
   precipitation	
   patterns	
   is	
   apparently	
   now	
   entrained	
   [51],	
   with	
   the	
  
prospect	
   of	
   increasingly	
   severe	
   storms,	
   droughts,	
   heat	
  waves	
   and	
   floods,	
   all	
   of	
  which	
  
seem	
  already	
  evident	
  and	
  all	
  of	
  which	
  threaten	
  agricultural	
  production.	
  

Land	
  is	
  an	
  essential	
  resource	
  for	
  farming,	
  and	
  one	
  facing	
  multiple	
  threats.	
  In	
  addition	
  to	
  
the	
   serious	
   and	
   widespread	
   problems	
   of	
   soil	
   degradation,	
   sea-­‐level	
   rise	
   (the	
   most	
  
certain	
   consequence	
   of	
   global	
   warming)	
   will	
   take	
   important	
   areas	
   out	
   of	
   production	
  
either	
  by	
  inundating	
  them	
  (a	
  1	
  m	
  rise	
  would	
  flood	
  17.5%	
  of	
  Bangladesh	
  [52]),	
  exposing	
  
them	
   to	
   more	
   frequent	
   storm	
   surges,	
   or	
   salinizing	
   coastal	
   aquifers	
   essential	
   for	
  
irrigation	
  water.	
   Another	
   important	
   problem	
   for	
   the	
   food	
   system	
   is	
   the	
   loss	
   of	
   prime	
  
farmland	
   to	
   urbanization,	
   a	
   trend	
   that	
   seems	
   certain	
   to	
   accelerate	
   [53]	
   as	
   population	
  
growth	
  steadily	
  erodes	
  the	
  per	
  capita	
  supply	
  of	
  farmland.	
  

The	
   critical	
   importance	
  of	
   substantially	
  boosting	
   the	
   inadequate	
   current	
   action	
  on	
   the	
  
demographic	
   problem	
   can	
   be	
   seen	
   in	
   the	
   time	
   required	
   to	
   change	
   the	
   trajectory	
   of	
  
population	
  growth	
  humanely	
  and	
  sensibly.	
  We	
  know	
  from	
  such	
  things	
  as	
  the	
  World	
  War	
  
II	
  mobilizations	
   that	
  many	
   consumption	
  patterns	
   can	
  be	
   altered	
  dramatically	
  within	
   a	
  
year,	
   given	
   appropriate	
   incentives	
   [54].	
   If	
   food	
   shortages	
   became	
   acute,	
   then	
   a	
   rapid	
  
reaction	
   would	
   ensue	
   as	
   hunger	
   became	
   much	
   more	
   widespread.	
   Food	
   prices	
   would	
  
rise,	
  and	
  diets	
  would	
  temporarily	
  change	
  (e.g.	
  the	
  number	
  of	
  meals	
  consumed	
  per	
  day	
  or	
  
amount	
  of	
  meat	
  consumed)	
   to	
  compensate	
   the	
  shortage.	
  Over	
   the	
   long	
   term,	
  however,	
  
expanding	
  the	
  global	
  food	
  supply	
  and	
  distributing	
  it	
  more	
  equitably	
  would	
  be	
  a	
  slow	
  and	
  
difficult	
   process.	
   Even	
   though	
   a	
  major	
   famine	
  might	
  well	
   provoke	
   investment	
   in	
   long-­‐
needed	
  improvements	
  in	
  food	
  production	
  and	
  distribution,	
  they	
  would	
  take	
  time	
  to	
  plan,	
  
test	
  and	
  implement.	
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Furthermore,	
   agriculture	
   is	
   a	
   leading	
   cause	
   of	
   losses	
   of	
   biodiversity	
   and	
   thus	
   of	
   the	
  
critical	
   ecosystem	
   services	
   supplied	
   to	
   agriculture	
   itself	
   (e.g.	
   pollination,	
   pest	
   control,	
  
soil	
  fertility,	
  climate	
  stability)	
  and	
  other	
  human	
  enterprises.	
  Farming	
  is	
  also	
  a	
  principal	
  
source	
  of	
  global	
   toxification,	
  as	
  has	
  been	
  clear	
   since	
   the	
  days	
  of	
  Carson	
   [55],	
   exposing	
  
the	
   human	
  population	
   to	
  myriad	
   subtle	
   poisons.	
   These	
   pose	
   further	
   potential	
   risks	
   to	
  
food	
  production.	
  

3.	
  WHAT	
  NEEDS	
  TO	
  BE	
  DONE	
  TO	
  AVOID	
  A	
  COLLAPSE?	
  

The	
   threat	
   from	
   climate	
   disruption	
   to	
   food	
   production	
   alone	
   means	
   that	
   humanity's	
  
entire	
  system	
  for	
  mobilizing	
  energy	
  needs	
  to	
  be	
  rapidly	
  transformed.	
  Warming	
  must	
  be	
  
held	
  well	
   below	
   a	
   potential	
   5°C	
   rise	
   in	
   global	
   average	
   temperature,	
   a	
   level	
   that	
   could	
  
well	
   bring	
   down	
   civilization	
   [56].	
   The	
   best	
   estimate	
   today	
   may	
   be	
   that,	
   failing	
   rapid	
  
concerted	
  action,	
   the	
  world	
   is	
  already	
  committed	
   to	
  a	
  2.4°C	
   increase	
   in	
  global	
  average	
  
temperature	
  [57].	
  This	
  is	
  significantly	
  above	
  the	
  2°C	
  estimated	
  a	
  decade	
  ago	
  by	
  climate	
  
scientists	
  to	
  be	
  a	
  ‘safe’	
  limit,	
  but	
  now	
  considered	
  by	
  some	
  analysts	
  to	
  be	
  too	
  dangerous	
  
[58,59],	
   a	
   credible	
   assessment,	
   given	
   the	
   effects	
   seen	
   already	
   before	
   reaching	
   a	
   one	
  
degree	
   rise.	
   There	
   is	
   evidence,	
   moreover,	
   that	
   present	
   models	
   underestimate	
   future	
  
temperature	
  increase	
  by	
  overestimating	
  the	
  extent	
  that	
  growth	
  of	
  vegetation	
  can	
  serve	
  
as	
  a	
  carbon	
  sink	
  [60]	
  and	
  underestimating	
  positive	
  feedbacks	
  [61].	
  

Many	
  complexities	
  plague	
  the	
  estimation	
  of	
  the	
  precise	
  threats	
  of	
  anthropogenic	
  climate	
  
disruption,	
   ranging	
   from	
  heat	
   deaths	
   and	
   spread	
   of	
   tropical	
   diseases	
   to	
   sea-­‐level	
   rise,	
  
crop	
  failures	
  and	
  violent	
  storms.	
  One	
  key	
  to	
  avoiding	
  a	
  global	
  collapse,	
  and	
  thus	
  an	
  area	
  
requiring	
   great	
   effort	
   and	
   caution	
   is	
   avoiding	
   climate-­‐related	
   mass	
   famines.	
   Our	
  
agricultural	
   system	
   evolved	
   in	
   a	
   geological	
   period	
   of	
   relatively	
   constant	
   and	
   benign	
  
climate	
   and	
  was	
  well	
   attuned	
   to	
   twentieth-­‐century	
   conditions.	
   That	
   alone	
   is	
   cause	
   for	
  
substantial	
   concern	
   as	
   the	
   planet's	
   climates	
   rapidly	
   shift	
   to	
   new,	
   less	
   predictable	
  
regimes.	
  It	
  is	
  essential	
  to	
  slow	
  that	
  process.	
  That	
  means	
  dramatically	
  transforming	
  much	
  
of	
   the	
  existing	
  energy	
  mobilization	
   infrastructure	
   [62]	
  and	
  changing	
  human	
  behaviour	
  
to	
  make	
  the	
  energy	
  system	
  much	
  more	
  efficient.	
  This	
  is	
  possible;	
  indeed,	
  sensible	
  plans	
  
for	
   doing	
   it	
   have	
   been	
   put	
   forward	
   [63,64],	
   and	
   some	
   progress	
   has	
   been	
   made.	
   The	
  
central	
  challenge,	
  of	
  course,	
  is	
  to	
  phase	
  out	
  more	
  than	
  half	
  of	
  the	
  global	
  use	
  of	
  fossil	
  fuels	
  
by	
   2050	
   in	
   order	
   to	
   forestall	
   the	
  worst	
   impacts	
   of	
   climate	
   disruption,	
   a	
   challenge	
   the	
  
latest	
   International	
  Energy	
  Agency	
  edition	
  of	
  World	
  Energy	
  Outlook	
  makes	
   look	
  more	
  
severe	
   [65].	
   This	
   highlights	
   another	
   dilemma.	
   Fossil	
   fuels	
   are	
   now	
   essential	
   to	
  
agriculture	
   for	
   fertilizer	
   and	
   pesticide	
   manufacture,	
   operation	
   of	
   farm	
   machinery,	
  
irrigation	
   (often	
   wasteful),	
   livestock	
   husbandry,	
   crop	
   drying,	
   food	
   storage,	
  
transportation	
  and	
  distribution.	
  Thus,	
  the	
  phase-­‐out	
  will	
  need	
  to	
  include	
  at	
  least	
  partial	
  
substitution	
  of	
  non-­‐fossil	
   fuels	
   in	
  these	
  functions,	
  and	
  do	
  so	
  without	
  greatly	
   increasing	
  
food	
  prices.	
  

Unfortunately,	
   essential	
   steps	
   such	
   as	
   curbing	
   global	
   emissions	
   to	
   peak	
   by	
   2020	
   and	
  
reducing	
   them	
   to	
   half	
   of	
   present	
   levels	
   by	
   2050	
   [66]	
   are	
   extremely	
   problematic	
  
economically	
   and	
   politically.	
   Fossil	
   fuel	
   companies	
  would	
   have	
   to	
   leave	
  most	
   of	
   their	
  
proven	
  reserves	
   in	
  the	
  ground,	
   thus	
  destroying	
  much	
  of	
   the	
   industry's	
  economic	
  value	
  
[67].	
   Because	
   the	
   ethics	
   of	
   some	
   businesses	
   include	
   knowingly	
   continuing	
   lethal	
   but	
  
profitable	
  activities	
  [68],	
  it	
  is	
  hardly	
  surprising	
  that	
  interests	
  with	
  large	
  financial	
  stakes	
  
in	
   fossil	
   fuel	
   burning	
   have	
   launched	
   a	
   gigantic	
   and	
   largely	
   successful	
   disinformation	
  
campaign	
   in	
   the	
   USA	
   to	
   confuse	
   people	
   about	
   climate	
   disruption	
   [69,70]	
   and	
   block	
  
attempts	
  to	
  deal	
  with	
  it	
  [71].	
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One	
  recurrent	
  theme	
  in	
  analyses	
  of	
  the	
  food	
  problem	
  is	
  the	
  need	
  for	
  closing	
  ‘yield	
  gaps’	
  
[72–74].	
   That	
   means	
   raising	
   yields	
   in	
   less	
   productive	
   systems	
   to	
   those	
   typical	
   of	
  
industrial	
   agriculture.	
   But	
   climatic	
   conditions	
   may	
   change	
   sufficiently	
   that	
   those	
  
industrial	
   high	
   yields	
   can	
   themselves	
   no	
   longer	
   be	
   sustained	
   [45].	
   Thus,	
   reducing	
   the	
  
chances	
   of	
   a	
   collapse	
   calls	
   for	
   placing	
   much	
   more	
   effort	
   into	
   genetic	
   and	
   ecological	
  
research	
  related	
  to	
  agriculture	
  [75]	
  and	
  adopting	
  already	
  known	
  environmental-­‐friendly	
  
techniques,	
   even	
   though	
   that	
  may	
   require	
   trading	
   off	
   immediate	
   corporate	
   profits	
   for	
  
social	
  benefits	
  or	
  long-­‐term	
  sustainability	
  [3].	
  

Rationalizing	
   energy	
  mobilization	
   alone	
  may	
  not	
   be	
   enough	
   to	
   be	
   enough	
   to	
  maintain	
  
agricultural	
   production,	
   let	
   alone	
   allow	
   its	
   great	
   expansion.	
   Human	
   water-­‐handling	
  
infrastructure	
  will	
  have	
  to	
  be	
  re-­‐engineered	
  for	
  flexibility	
  to	
  bring	
  water	
  to	
  crops	
  in	
  an	
  
environment	
   of	
   constantly	
   changing	
   precipitation	
   patterns	
   [51].	
   This	
   is	
   critical,	
   for	
  
although	
  today	
  only	
  about	
  15	
  per	
  cent	
  of	
  agricultural	
  land	
  is	
  irrigated,	
  it	
  provides	
  some	
  
40	
  per	
  cent	
  of	
  the	
  grain	
  crop	
  yield.	
  It	
  seems	
  likely	
  that	
  farming	
  areas	
  now	
  rain-­‐fed	
  may	
  
someday	
  need	
  to	
  be	
  irrigated,	
  whereas	
  irrigation	
  could	
  become	
  superfluous	
  elsewhere,	
  
and	
  both	
  could	
   change	
  more	
  or	
   less	
   continually.	
  For	
   this	
  and	
  many	
  other	
   reasons,	
   the	
  
global	
  food	
  system	
  will	
  need	
  to	
  quickly	
  evolve	
  an	
  unprecedented	
  flexibility,	
  never	
  before	
  
even	
  contemplated.	
  

One	
   factor	
  making	
   the	
   challenges	
  more	
   severe	
   is	
   the	
  major	
  participation	
   in	
   the	
   global	
  
system	
  of	
  giant	
  nations	
  whose	
  populations	
  have	
  not	
  previously	
  enjoyed	
  the	
  fossil	
  energy	
  
abundance	
  that	
  brought	
  Western	
  countries	
  and	
  Japan	
  to	
  positions	
  of	
  affluence.	
  Now	
  they	
  
are	
   poised	
   to	
   repeat	
   the	
  West's	
   energy	
   ‘success’,	
   and	
   on	
   an	
   even	
   greater	
   scale.	
   India	
  
alone,	
   which	
   recently	
   suffered	
   a	
   gigantic	
   blackout	
   affecting	
   300	
   million	
   people,	
   is	
  
planning	
  to	
  bring	
  455	
  new	
  coal	
  plants	
  on	
  line.	
  Worldwide	
  more	
  than	
  1200	
  plants	
  with	
  a	
  
total	
  installed	
  capacity	
  of	
  1.4	
  million	
  megawatts	
  are	
  planned	
  [76],	
  much	
  of	
  that	
  in	
  China,	
  
where	
  electricity	
  demand	
   is	
   expected	
   to	
   skyrocket.	
  The	
   resultant	
   surge	
   in	
   greenhouse	
  
gases	
  will	
  interact	
  with	
  the	
  increasing	
  diversion	
  of	
  grain	
  to	
  livestock,	
  stimulated	
  by	
  the	
  
desire	
   for	
  more	
  meat	
   in	
   the	
   diets	
   of	
   Indians,	
   Chinese	
   and	
   others	
   in	
   a	
   growing	
   global	
  
middle	
  class.	
  

4.	
  DEALING	
  WITH	
  PROBLEMS	
  BEYOND	
  FOOD	
  SUPPLY	
  

Another	
  possible	
  threat	
  to	
  the	
  continuation	
  of	
  civilization	
  is	
  global	
  toxification.	
  Adverse	
  
symptoms	
  of	
   exposure	
   to	
   synthetic	
   chemicals	
   are	
  making	
   some	
   scientists	
   increasingly	
  
nervous	
   about	
   effects	
   on	
   the	
   human	
   population	
   [77–79].	
   Should	
   a	
   global	
   threat	
  
materialize,	
   however,	
   no	
   planned	
  mitigating	
   responses	
   (analogous	
   to	
   the	
   ecologically	
  
and	
   politically	
   risky	
   ‘geoengineering’	
   projects	
   often	
   proposed	
   to	
   ameliorate	
   climate	
  
disruption	
  [80])	
  are	
  waiting	
  in	
  the	
  wings	
  ready	
  for	
  deployment.	
  

Much	
   the	
   same	
  can	
  be	
   said	
  about	
  aspects	
  of	
   the	
  epidemiological	
   environment	
  and	
   the	
  
prospect	
   of	
   epidemics	
   being	
   enhanced	
   by	
   rapid	
   population	
   growth	
   in	
   immune-­‐
weakened	
  societies,	
  increased	
  contact	
  with	
  animal	
  reservoirs,	
  high-­‐speed	
  transport	
  and	
  
the	
  misuse	
   of	
   antibiotics	
   [81].	
  Nobel	
   laureate	
   Joshua	
  Lederberg	
  had	
   great	
   concern	
   for	
  
the	
   epidemic	
   problem,	
   famously	
   stating,	
   ‘The	
   survival	
   of	
   the	
   human	
   species	
   is	
   not	
   a	
  
preordained	
  evolutionary	
  program’	
  [82,	
  p.	
  40].	
  Some	
  precautionary	
  steps	
  that	
  should	
  be	
  
considered	
  include	
  forbidding	
  the	
  use	
  of	
  antibiotics	
  as	
  growth	
  stimulators	
  for	
  livestock,	
  
building	
   emergency	
   stocks	
   of	
   key	
   vaccines	
   and	
   drugs	
   (such	
   as	
   Tamiflu),	
   improving	
  
disease	
   surveillance,	
   expanding	
   mothballed	
   emergency	
   medical	
   facilities,	
   preparing	
  
institutions	
   for	
   imposing	
   quarantines	
   and,	
   of	
   course,	
  moving	
   as	
   rapidly	
   as	
   possible	
   to	
  
humanely	
   reduce	
   the	
   human	
   population	
   size.	
   It	
   has	
   become	
   increasingly	
   clear	
   that	
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security	
   has	
   many	
   dimensions	
   beyond	
  military	
   security	
   [83,84]	
   and	
   that	
   breaches	
   of	
  
environmental	
  security	
  could	
  risk	
  the	
  end	
  of	
  global	
  civilization.	
  

But	
  much	
  uncertainty	
  about	
  the	
  human	
  ability	
  to	
  avoid	
  a	
  collapse	
  still	
  hinges	
  on	
  military	
  
security,	
  especially	
  whether	
  some	
  elements	
  of	
   the	
  human	
  predicament	
  might	
   trigger	
  a	
  
nuclear	
  war.	
  Recent	
  research	
  indicates	
  that	
  even	
  a	
  regional-­‐scale	
  nuclear	
  conflict,	
  as	
   is	
  
quite	
   possible	
   between	
   India	
   and	
   Pakistan,	
   could	
   lead	
   to	
   a	
   global	
   collapse	
   through	
  
widespread	
   climatic	
   consequences	
   [32].	
   Triggers	
   to	
   conflict	
   beyond	
   political	
   and	
  
religious	
  strife	
  easily	
  could	
  include	
  cross-­‐border	
  epidemics,	
  a	
  need	
  to	
  gain	
  access	
  to	
  food	
  
supplies	
   and	
   farmland,	
   and	
   competition	
   over	
   other	
   resources,	
   especially	
   agricultural	
  
water	
   and	
   (if	
   the	
   world	
   does	
   not	
   come	
   to	
   its	
   energy	
   senses)	
   oil.	
   Finding	
   ways	
   to	
  
eliminate	
  nuclear	
  weapons	
  and	
  other	
  instruments	
  of	
  mass	
  destruction	
  must	
  move	
  even	
  
higher	
   on	
   civilization's	
   agenda	
   [85],	
   because	
   nuclear	
   war	
   would	
   be	
   the	
   quickest	
   and	
  
surest	
  route	
  to	
  a	
  collapse	
  [86].	
  

In	
   thinking	
   about	
   the	
   probability	
   of	
   collapse,	
   one	
   must	
   obviously	
   consider	
   the	
   social	
  
disruptions	
  associated	
  with	
  elements	
  of	
  the	
  predicament.	
  Perhaps	
  at	
  the	
  top	
  of	
  the	
   list	
  
should	
   be	
   that	
   of	
   environmental	
   refugees	
   [87].	
   Recent	
   predictions	
   are	
   that	
  
environmental	
  refugees	
  could	
  number	
  50	
  million	
  by	
  2020	
  [88].	
  Severe	
  droughts,	
  floods,	
  
famines	
  and	
  epidemics	
  could	
  greatly	
  swell	
  that	
  number.	
  If	
  current	
  ‘official’	
  predictions	
  of	
  
sea-­‐level	
   rise	
   are	
   low	
   (as	
   many	
   believe	
   they	
   are),	
   coastal	
   inundations	
   alone	
   could	
  
generate	
  massive	
  human	
  movements;	
  a	
  1	
  m	
  rise	
  would	
  directly	
  affect	
  some	
  100	
  million	
  
people,	
  whereas	
   a	
   6	
  m	
   rise	
  would	
   displace	
  more	
   than	
   400	
  million	
   [89].	
   Developing	
   a	
  
more	
   comprehensive	
   system	
  of	
   international	
   governance	
  with	
   institutions	
  planning	
   to	
  
ameliorate	
  the	
  impacts	
  of	
  such	
  catastrophes	
  would	
  be	
  a	
  major	
  way	
  to	
  reduce	
  the	
  odds	
  of	
  
collapse.	
  

5.	
  THE	
  ROLE	
  OF	
  SCIENCE	
  

The	
  scientific	
  community	
  has	
  repeatedly	
  warned	
  humanity	
   in	
   the	
  past	
  of	
   its	
  peril	
   [90–
102],	
   and	
   the	
   earlier	
  warnings	
   [93,103–107]	
   about	
   the	
   risks	
   of	
   population	
   expansion	
  
and	
  the	
   ‘limits	
  to	
  growth’	
  have	
  increasingly	
  been	
  shown	
  to	
  be	
  on	
  the	
  right	
  track	
  [108–
111]	
   (but	
   see	
  Hayes	
   [17]).	
  The	
  warnings	
   continue	
   [109,112–119].	
   Yet	
  many	
   scientists	
  
still	
   tend	
   to	
   treat	
   population	
   growth	
   as	
   an	
   exogenous	
   variable,	
   when	
   it	
   should	
   be	
  
considered	
  an	
  endogenous	
  one—indeed,	
  a	
  central	
  factor	
  [120].	
  Too	
  many	
  studies	
  asking	
  
‘how	
  can	
  we	
  possibly	
   feed	
  9.6	
  billion	
  people	
  by	
  2050?’	
  should	
  also	
  be	
  asking	
   ‘how	
  can	
  
we	
  humanely	
  lower	
  birth	
  rates	
  far	
  enough	
  to	
  reduce	
  that	
  number	
  to	
  8.6?’	
  To	
  our	
  minds,	
  
the	
  fundamental	
  cure,	
  reducing	
  the	
  scale	
  of	
  the	
  human	
  enterprise	
  (including	
  the	
  size	
  of	
  
the	
  population)	
  to	
  keep	
  its	
  aggregate	
  consumption	
  within	
  the	
  carrying	
  capacity	
  of	
  Earth	
  
[121],	
   is	
   obvious	
   but	
   too	
   much	
   neglected	
   or	
   denied.	
   There	
   are	
   great	
   social	
   and	
  
psychological	
  barriers	
  in	
  growthmanic	
  cultures	
  to	
  even	
  considering	
  it.	
  This	
  is	
  especially	
  
true	
   because	
   of	
   the	
   ‘endarkenment’—a	
   rapidly	
   growing	
   movement	
   towards	
   religious	
  
orthodoxies	
   that	
   reject	
   enlightenment	
   values	
   such	
   as	
   freedom	
   of	
   thought,	
   democracy,	
  
separation	
   of	
   church	
   and	
   state,	
   and	
   basing	
   beliefs	
   and	
   actions	
   on	
   empirical	
   evidence.	
  
They	
  are	
  manifest	
  in	
  dangerous	
  trends	
  such	
  as	
  climate	
  denial,	
  failure	
  to	
  act	
  on	
  the	
  loss	
  of	
  
biodiversity	
   and	
   opposition	
   to	
   condoms	
   (for	
   AIDS	
   control)	
   as	
   well	
   as	
   other	
   forms	
   of	
  
contraception	
   [122].	
   If	
   ever	
   there	
  was	
  a	
   time	
   for	
  evidence-­‐based	
   (as	
  opposed	
   to	
   faith-­‐
based)	
  risk	
  reduction	
  strategies	
  [123],	
  it	
  is	
  now.	
  

How	
   can	
   scientists	
   do	
  more	
   to	
   reduce	
   the	
   odds	
   of	
   a	
   collapse?	
  Both	
  natural	
   and	
   social	
  
scientists	
   should	
   put	
   more	
   effort	
   into	
   finding	
   the	
   best	
   ways	
   of	
   accomplishing	
   the	
  
necessary	
  re-­‐modelling	
  of	
  energy	
  and	
  water	
  infrastructure.	
  They	
  should	
  develop	
  better	
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ways	
  of	
  evaluating	
  and	
  regulating	
  the	
  use	
  of	
  synthetic	
  chemicals,	
  a	
  problem	
  that	
  might	
  
abate	
  somewhat	
  as	
  availability	
  of	
  their	
  fossil	
  fuel	
  sources	
  fades	
  (even	
  though	
  only	
  about	
  
5%	
   of	
   oil	
   production	
   flows	
   into	
   petrochemical	
   production).	
   The	
   protection	
   of	
   Earth's	
  
remaining	
  biodiversity	
   (especially	
   the	
   crucial	
  diversity	
  of	
  populations	
   [124,125])	
  must	
  
take	
  centre	
  stage	
  for	
  both	
  scientific	
  specialists	
  and,	
  through	
  appropriate	
  education,	
  the	
  
public	
   [126,127].	
   Scientists	
  must	
   continually	
   call	
   attention	
   to	
   the	
  need	
   to	
   improve	
   the	
  
human	
   epidemiological	
   environment,	
   and	
   for	
   control	
   and	
   eventual	
   elimination	
   of	
  
nuclear,	
   chemical	
   and	
   biological	
   weapons.	
   Above	
   all,	
   they	
   should	
   expand	
   efforts	
   to	
  
understand	
  the	
  mechanisms	
  through	
  which	
  cooperation	
  evolves	
  [128],	
  because	
  avoiding	
  
collapse	
  will	
  require	
  unusual	
  levels	
  of	
  international	
  cooperation.	
  

Is	
  it	
  too	
  late	
  for	
  the	
  global	
  scientific	
  community	
  to	
  collect	
  itself	
  and	
  start	
  to	
  deal	
  with	
  the	
  
nexus	
  of	
  the	
  two	
  complex	
  adaptive	
  systems	
  [129]	
  and	
  then	
  help	
  generate	
  the	
  necessary	
  
actions	
   to	
  move	
   towards	
   sustainability?	
  There	
   are	
   certainly	
  many	
   small-­‐scale	
   science-­‐
based	
   efforts,	
   often	
   local,	
   that	
   can	
   provide	
   hope	
   if	
   scaled	
   up	
   [121].	
   For	
   example,	
  
environmental	
  non-­‐govenmental	
  organizations	
  and	
  others	
  are	
  continually	
  struggling	
  to	
  
halt	
   the	
   destruction	
   of	
   elements	
   of	
   biodiversity	
   (and	
   thus,	
   in	
   some	
   cases,	
   of	
   vital	
  
ecosystem	
  services	
  [7]),	
  often	
  with	
  success.	
  In	
  the	
  face	
  of	
  the	
  building	
  extinction	
  crisis,	
  
they	
   may	
   be	
   preserving	
   nuclei	
   from	
   which	
   Earth's	
   biota	
   and	
   humanity's	
   ecosystem	
  
services,	
   might	
   eventually	
   be	
   regenerated.	
   And	
   some	
   positive	
   efforts	
   are	
   scaling	
   up.	
  
China	
  now	
  has	
   some	
  25	
  per	
   cent	
   of	
   its	
   land	
   in	
   ecosystem	
   function	
   conservation	
   areas	
  
[130]	
   designed	
   to	
   protect	
   both	
   natural	
   capital	
   and	
   human	
   well-­‐being.	
   The	
   Natural	
  
Capital	
   Project	
   [131]	
   is	
   helping	
   improve	
   the	
  management	
   of	
   these	
   areas.	
   This	
   is	
   good	
  
news,	
   but	
   in	
   our	
   view,	
   many	
   too	
   few	
   scientists	
   are	
   involved	
   in	
   the	
   efforts	
   needed,	
  
especially	
   in	
   re-­‐orienting	
   at	
   least	
   part	
   of	
   their	
   research	
   towards	
   mitigating	
   the	
  
predicament	
  and	
  then	
  bringing	
  their	
  results	
  to	
  the	
  policy	
  front.	
  

6.	
  THE	
  NEED	
  FOR	
  RAPID	
  SOCIAL/POLITICAL	
  CHANGE	
  

Until	
  very	
  recently,	
  our	
  ancestors	
  had	
  no	
  reason	
  to	
  respond	
  genetically	
  or	
  culturally	
  to	
  
long-­‐term	
   issues.	
   If	
   the	
   global	
   climate	
   were	
   changing	
   rapidly	
   for	
   Australopithecus	
   or	
  
even	
  ancient	
  Romans,	
  then	
  they	
  were	
  not	
  causing	
  it	
  and	
  could	
  do	
  nothing	
  about	
  it.	
  The	
  
forces	
  of	
  genetic	
  and	
  cultural	
  selection	
  were	
  not	
  creating	
  brains	
  or	
  institutions	
  capable	
  
of	
   looking	
   generations	
   ahead;	
   there	
   would	
   have	
   been	
   no	
   selection	
   pressures	
   in	
   that	
  
direction.	
   Indeed,	
  quite	
   the	
  opposite,	
   selection	
  probably	
   favoured	
  mechanisms	
   to	
  keep	
  
perception	
  of	
  the	
  environmental	
  background	
  steady	
  so	
  that	
  rapid	
  changes	
  (e.g.	
  leopard	
  
approaching)	
   would	
   be	
   obvious	
   [132,	
   pp.	
   135–136].	
   But	
   now	
   slow	
   changes	
   in	
   that	
  
background	
   are	
   the	
   most	
   lethal	
   threats.	
   Societies	
   have	
   a	
   long	
   history	
   of	
   mobilizing	
  
efforts,	
  making	
  sacrifices	
  and	
  changes,	
   to	
  defeat	
  an	
  enemy	
  at	
   the	
  gates,	
  or	
  even	
   just	
   to	
  
compete	
   more	
   successfully	
   with	
   a	
   rival.	
   But	
   there	
   is	
   not	
   much	
   evidence	
   of	
   societies	
  
mobilizing	
  and	
  making	
  sacrifices	
  to	
  meet	
  gradually	
  worsening	
  conditions	
  that	
  threaten	
  
real	
  disaster	
   for	
   future	
  generations.	
  Yet	
   that	
   is	
  exactly	
  the	
  sort	
  of	
  mobilization	
  that	
  we	
  
believe	
  is	
  required	
  to	
  avoid	
  a	
  collapse.	
  

Perhaps	
   the	
   biggest	
   challenge	
   in	
   avoiding	
   collapse	
   is	
   convincing	
   people,	
   especially	
  
politicians	
   and	
   economists,	
   to	
   break	
   this	
   ancient	
   mould	
   and	
   alter	
   their	
   behaviour	
  
relative	
   to	
   the	
   basic	
   population-­‐consumption	
   drivers	
   of	
   environmental	
   deterioration.	
  
We	
  know	
  that	
  simply	
  informing	
  people	
  of	
  the	
  scientific	
  consensus	
  on	
  a	
  serious	
  problem	
  
does	
  not	
  ordinarily	
  produce	
  rapid	
  changes	
  in	
  institutional	
  or	
  individual	
  behaviour.	
  That	
  
was	
   amply	
   demonstrated	
   in	
   the	
   case	
   of	
   cigarettes	
   [68],	
   air	
   pollution	
   and	
   other	
  
environmental	
  problems	
   [69]	
   and	
   is	
  now	
  being	
  demonstrated	
   in	
   the	
  obesity	
   epidemic	
  
[133]	
  as	
  well	
  as	
  climate	
  disruption.	
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Obvious	
   parallels	
   exist	
   regarding	
   reproduction	
   and	
   overconsumption,	
   which	
   are	
  
especially	
  visible	
  in	
  what	
  amounts	
  to	
  a	
  cultural	
  addiction	
  to	
  continued	
  economic	
  growth	
  
among	
   the	
  already	
  well-­‐off	
   [134].	
  One	
  might	
   think	
   that	
   the	
  mathematics	
  of	
   compound	
  
interest	
   would	
   have	
   convinced	
   everyone	
   long	
   ago	
   that	
   growth	
   of	
   an	
   industrialized	
  
economy	
  at	
  3.5	
  per	
  cent	
  annually	
  cannot	
  long	
  continue.	
  Unfortunately,	
  most	
   ‘educated’	
  
people	
  are	
  immersed	
  in	
  a	
  culture	
  that	
  does	
  not	
  recognize	
  that,	
  in	
  the	
  real	
  world,	
  a	
  short	
  
history	
   (a	
   few	
   centuries)	
   of	
   exponential	
   growth	
   does	
   not	
   imply	
   a	
   long	
   future	
   of	
   such	
  
growth.	
  

Besides	
   focusing	
   their	
   research	
   on	
  ways	
   to	
   avoid	
   collapse,	
   there	
   is	
   a	
   need	
   for	
   natural	
  
scientists	
  to	
  collaborate	
  with	
  social	
  scientists,	
  especially	
  those	
  who	
  study	
  the	
  dynamics	
  
of	
  social	
  movements.	
  Such	
  collaborations	
  could	
  develop	
  ways	
  to	
  stimulate	
  a	
  significant	
  
increase	
   in	
   popular	
   support	
   for	
   decisive	
   and	
   immediate	
   action	
   on	
   the	
   predicament.	
  
Unfortunately,	
   awareness	
   among	
   scientists	
   that	
   humanity	
   is	
   in	
   deep	
   trouble	
   has	
   not	
  
been	
   accompanied	
   by	
   popular	
   awareness	
   and	
   pressure	
   to	
   counter	
   the	
   political	
   and	
  
economic	
  influences	
  implicated	
  in	
  the	
  current	
  crisis.	
  Without	
  significant	
  pressure	
  from	
  
the	
   public	
   demanding	
   action,	
   we	
   fear	
   there	
   is	
   little	
   chance	
   of	
   changing	
   course	
   fast	
  
enough	
  to	
  forestall	
  disaster.	
  

The	
   needed	
   pressure,	
   however,	
  might	
   be	
   generated	
   by	
   a	
   popular	
  movement	
   based	
   in	
  
academia	
  and	
  civil	
   society	
   to	
  help	
  guide	
  humanity	
   towards	
  developing	
  a	
  new	
  multiple	
  
intelligence	
  [135],	
  ‘foresight	
  intelligence’	
  to	
  provide	
  the	
  long-­‐term	
  analysis	
  and	
  planning	
  
that	
   markets	
   cannot	
   supply.	
   Foresight	
   intelligence	
   could	
   not	
   only	
   systematically	
   look	
  
ahead	
   but	
   also	
   guide	
   cultural	
   changes	
   towards	
   desirable	
   outcomes	
   such	
   as	
   increased	
  
socio-­‐economic	
  resilience.	
  Helping	
  develop	
  such	
  a	
  movement	
  and	
  foresight	
  intelligence	
  
are	
  major	
  challenges	
  facing	
  scientists	
  today,	
  a	
  cutting	
  edge	
  for	
  research	
  that	
  must	
  slice	
  
fast	
  if	
  the	
  chances	
  of	
  averting	
  a	
  collapse	
  are	
  to	
  be	
  improved.	
  

If	
   foresight	
   intelligence	
  became	
  established,	
  many	
  more	
   scientists	
   and	
  policy	
  planners	
  
(and	
   society)	
   might,	
   for	
   example,	
   understand	
   the	
   demographic	
   contributions	
   to	
   the	
  
predicament	
   [136],	
   stop	
   treating	
   population	
   growth	
   as	
   a	
   ‘given’	
   and	
   consider	
   the	
  
nutritional,	
   health	
   and	
   social	
   benefits	
   of	
   humanely	
   ending	
   growth	
   well	
   below	
   nine	
  
billion	
  and	
   starting	
  a	
   slow	
  decline.	
  This	
  would	
  be	
  a	
  monumental	
   task,	
   considering	
   the	
  
momentum	
  of	
   population	
   growth.	
  Monumental,	
   but	
   not	
   impossible	
   if	
   the	
  political	
  will	
  
could	
  be	
  generated	
  globally	
   to	
  give	
   full	
   rights,	
   education	
  and	
  opportunities	
   to	
  women,	
  
and	
   provide	
   all	
   sexually	
   active	
   human	
   beings	
  with	
  modern	
   contraception	
   and	
   backup	
  
abortion.	
  The	
  degree	
   to	
  which	
   those	
  steps	
  would	
  reduce	
   fertility	
  rates	
   is	
  controversial	
  
[137–139],	
  but	
  they	
  are	
  a	
  likely	
  win-­‐win	
  for	
  societies	
  [140].	
  

Obviously,	
   especially	
   with	
   the	
   growing	
   endarkenment,	
   there	
   are	
   huge	
   cultural	
   and	
  
institutional	
  barriers	
  to	
  establishing	
  such	
  policies	
   in	
  some	
  parts	
  of	
   the	
  world.	
  After	
  all,	
  
there	
  is	
  not	
  a	
  single	
  nation	
  where	
  women	
  are	
  truly	
  treated	
  as	
  equal	
  to	
  men.	
  Despite	
  that,	
  
the	
  population	
  driver	
  should	
  not	
  be	
   ignored	
  simply	
  because	
   limiting	
  overconsumption	
  
can,	
   at	
   least	
   in	
   theory,	
   be	
   achieved	
   more	
   rapidly.	
   The	
   difficulties	
   of	
   changing	
  
demographic	
   trajectories	
  mean	
   that	
   the	
   problem	
   should	
   have	
   been	
   addressed	
   sooner,	
  
rather	
   than	
   later.	
   That	
   halting	
   population	
   growth	
   inevitably	
   leads	
   to	
   changes	
   in	
   age	
  
structure	
  is	
  no	
  excuse	
  for	
  bemoaning	
  drops	
  in	
  fertility	
  rates,	
  as	
  is	
  common	
  in	
  European	
  
government	
  circles	
  [141].	
  Reduction	
  of	
  population	
  size	
  in	
  those	
  over-­‐consuming	
  nations	
  
is	
  a	
  very	
  positive	
  trend,	
  and	
  sensible	
  planning	
  can	
  deal	
  with	
  the	
  problems	
  of	
  population	
  
aging	
  [142].	
  

While	
   rapid	
   policy	
   change	
   to	
   head	
   off	
   collapse	
   is	
   essential,	
   fundamental	
   institutional	
  
change	
  to	
  keep	
  things	
  on	
  track	
  is	
  necessary	
  as	
  well.	
  This	
  is	
  especially	
  true	
  of	
  educational	
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systems,	
   which	
   today	
   fail	
   to	
   inform	
   most	
   people	
   of	
   how	
   the	
   world	
   works	
   and	
   thus	
  
perpetuate	
   a	
   vast	
   culture	
   gap	
   [54].	
   The	
   academic	
   challenge	
   is	
   especially	
   great	
   for	
  
economists,	
   who	
   could	
   help	
   set	
   the	
   background	
   for	
   avoiding	
   collapse	
   by	
   designing	
  
steady-­‐state	
  economic	
  systems	
  [107,134,143],	
  and	
  along	
  the	
  way	
  destroying	
  fables	
  such	
  
as	
  ‘growth	
  can	
  continue	
  forever	
  if	
  it's	
  in	
  service	
  industries’,	
  or	
  ‘technological	
  innovation	
  
will	
   save	
   us’.	
   Issues	
   such	
   as	
   the	
   importance	
   of	
   comparative	
   advantage	
   under	
   current	
  
global	
   circumstances	
   [144],	
   the	
   development	
   of	
   new	
   models	
   that	
   better	
   reflect	
   the	
  
irrational	
  behaviour	
  of	
   individuals	
  and	
  groups	
  [145],	
  reduction	
  of	
   the	
  worship	
  of	
   ‘free’	
  
markets	
   that	
   infests	
   the	
   discipline,	
   and	
   tasks	
   such	
   as	
   making	
   information	
   more	
  
symmetrical,	
   moving	
   towards	
   sustainability	
   and	
   enhancing	
   equity	
   (including	
  
redistribution)	
   all	
   require	
   re-­‐examination.	
   In	
   that	
   re-­‐examination,	
   they	
   would	
   be	
  
following	
  the	
  lead	
  of	
  distinguished	
  economists	
  [146–148]	
  in	
  dealing	
  with	
  the	
  real	
  world	
  
of	
  biophysical	
  constraints	
  and	
  human	
  well-­‐being.	
  

At	
   the	
   global	
   level,	
   the	
   loose	
   network	
   of	
   agreements	
   that	
   now	
   tie	
   countries	
   together	
  
[149,150],	
   developed	
   in	
   a	
   relatively	
   recent	
   stage	
   of	
   cultural	
   evolution	
   since	
   modern	
  
nation	
   states	
   appeared,	
   is	
   utterly	
   inadequate	
   to	
   grapple	
  with	
   the	
  human	
  predicament.	
  
Strengthening	
   global	
   environmental	
   governance	
   [151]	
   and	
   addressing	
   the	
   related	
  
problem	
   of	
   avoiding	
   failed	
   statehood	
   [152]	
   are	
   tasks	
   humanity	
   has	
   so	
   far	
   refused	
   to	
  
tackle	
   comprehensively	
   even	
   as	
   cultural	
   evolution	
   in	
   technology	
   has	
   rendered	
   the	
  
present	
   international	
   system	
   (as	
   it	
   has	
   educational	
   systems)	
   obsolete.	
   Serious	
   global	
  
environmental	
   problems	
   can	
   only	
   be	
   solved	
   and	
   a	
   collapse	
   avoided	
   with	
   an	
  
unprecedented	
  level	
  of	
  international	
  cooperation	
  [122].	
  Regardless	
  of	
  one's	
  estimate	
  of	
  
civilization's	
  potential	
  longevity,	
  the	
  time	
  to	
  start	
  restructuring	
  the	
  international	
  system	
  
is	
  right	
  now.	
  If	
  people	
  do	
  not	
  do	
  that,	
  nature	
  will	
  restructure	
  civilization	
  for	
  us.	
  

Similarly,	
  widely	
  based	
  cultural	
  change	
  is	
  required	
  to	
  reduce	
  humanely	
  both	
  population	
  
size	
   and	
   overconsumption	
   by	
   the	
   rich.	
   Both	
   go	
   against	
   cultural	
   norms,	
   and,	
   as	
   long	
  
feared	
   [153],	
   the	
   overconsumption	
   norm	
   has	
   understandably	
   been	
   adopted	
   by	
   the	
  
increasingly	
   rich	
   subpopulations	
   of	
   developing	
   nations,	
   notably	
   India	
   and	
   China.	
   One	
  
can	
  be	
  thrilled	
  by	
  the	
  numbers	
  of	
  people	
  raised	
  from	
  poverty	
  while	
  being	
  apprehensive	
  
about	
   the	
   enormous	
   and	
   possibly	
   lethal	
   environmental	
   and	
   social	
   costs	
   that	
   may	
  
eventually	
   result	
   [154,155].	
   The	
   industrial	
   revolution	
   set	
   civilization	
   on	
   the	
   road	
   to	
  
collapse,	
   spurring	
   population	
   growth,	
   which	
   contributed	
   slightly	
   more	
   than	
  
overconsumption	
  to	
  environmental	
  degradation	
  [136].	
  Now	
  population	
  combined	
  with	
  
affluence	
  growth	
  may	
  finish	
  the	
  job.	
  

Needless	
  to	
  say,	
  dealing	
  with	
  economic	
  and	
  racial	
  inequities	
  will	
  be	
  critically	
  important	
  
in	
  getting	
   large	
  numbers	
  of	
  people	
   from	
  culturally	
  diverse	
  groups	
   [156]	
   to	
   focus	
   their	
  
minds	
   on	
   solving	
   the	
   human	
   predicament,	
   something	
   globalization	
   should	
   help	
   [157].	
  
These	
   tasks	
   will	
   be	
   pursued,	
   along	
   with	
   an	
   emphasis	
   on	
   developing	
   ‘foresight	
  
intelligence’,	
   by	
   the	
   nascent	
  Millennium	
   Alliance	
   for	
   Humanity	
   and	
   the	
   Biosphere	
   (the	
  
MAHB;	
  http://mahb.stanford.edu).	
  One	
  of	
  its	
  central	
  goals	
  is	
  to	
  try	
  to	
  accelerate	
  change	
  
towards	
  sustainability.	
  Since	
  simply	
  giving	
  the	
  scientific	
  facts	
  to	
  the	
  public	
  will	
  not	
  do	
  it,	
  
among	
  other	
  things,	
  this	
  means	
  finding	
  frames	
  and	
  narratives	
  to	
  convince	
  the	
  public	
  of	
  
the	
  need	
  to	
  make	
  changes.	
  

We	
  know	
  that	
  societies	
  can	
  evolve	
  fundamentally	
  and	
  unexpectedly	
  [158,	
  p.	
  334],	
  as	
  was	
  
dramatically	
   demonstrated	
   by	
   the	
   collapse	
   of	
   communist	
   regimes	
   in	
   Europe	
   in	
   1989	
  
[159].	
   Rather	
   than	
   tinkering	
   around	
   the	
   edges	
   and	
   making	
   feeble	
   or	
   empty	
   gestures	
  
towards	
  one	
  or	
   another	
  of	
   the	
   interdependent	
  problems	
  we	
   face,	
  we	
  need	
   a	
  powerful	
  
and	
   comprehensive	
   approach.	
   In	
   addressing	
   climate	
   change,	
   for	
   instance,	
   developing	
  
nations	
  need	
  to	
  be	
  convinced	
  that	
  they	
  (along	
  with	
  the	
  rest	
  of	
  the	
  world)	
  cannot	
  afford	
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(and	
   do	
   not	
   need)	
   to	
   delay	
   action	
   while	
   they	
   ‘catch	
   up’	
   in	
   development.	
   Indeed,	
  
development	
  on	
   the	
  old	
  model	
   is	
   counterproductive;	
   they	
  have	
  a	
  great	
  opportunity	
   to	
  
pioneer	
  new	
  approaches	
  and	
  technologies.	
  All	
  nations	
  need	
  to	
  stop	
  waiting	
  for	
  others	
  to	
  
act	
  and	
  be	
  willing	
  to	
  do	
  everything	
  they	
  can	
  to	
  mitigate	
  emissions	
  and	
  hasten	
  the	
  energy	
  
transition,	
  regardless	
  of	
  what	
  others	
  are	
  doing.	
  

With	
  climate	
  and	
  many	
  other	
  global	
  environmental	
  problems,	
  polycentric	
  solutions	
  may	
  
be	
  more	
  readily	
  found	
  than	
  global	
  ones.	
  Complex,	
  multi-­‐level	
  systems	
  may	
  be	
  better	
  able	
  
to	
  cope	
  with	
  complex,	
  multi-­‐level	
  problems	
  [160],	
  and	
  institutional	
  change	
  is	
  required	
  at	
  
many	
   levels	
   in	
   many	
   polities.	
   What	
   scientists	
   understand	
   about	
   cultural	
   evolution	
  
suggests	
  that,	
  while	
  improbable,	
  it	
  may	
  be	
  possible	
  to	
  move	
  cultures	
  in	
  such	
  directions	
  
[161,162].	
  Whether	
   solutions	
   will	
   be	
   global	
   or	
   polycentric,	
   international	
   negotiations	
  
will	
   be	
   needed,	
   existing	
   international	
   agencies	
   that	
   deal	
   with	
   them	
   will	
   need	
  
strengthening,	
  and	
  new	
  institutions	
  will	
  need	
  to	
  be	
  formed.	
  

7.	
  CONCLUSIONS	
  

Do	
   we	
   think	
   global	
   society	
   can	
   avoid	
   a	
   collapse	
   in	
   this	
   century?	
   The	
   answer	
   is	
   yes,	
  
because	
   modern	
   society	
   has	
   shown	
   some	
   capacity	
   to	
   deal	
   with	
   long-­‐term	
   threats,	
   at	
  
least	
   if	
   they	
   are	
   obvious	
   or	
   continuously	
   brought	
   to	
   attention	
   (think	
   of	
   the	
   risks	
   of	
  
nuclear	
  conflict).	
  Humanity	
  has	
  the	
  assets	
  to	
  get	
  the	
  job	
  done,	
  but	
  the	
  odds	
  of	
  avoiding	
  
collapse	
   seem	
   small	
   because	
   the	
   risks	
   are	
   clearly	
   not	
   obvious	
   to	
  most	
   people	
   and	
   the	
  
classic	
   signs	
   of	
   impending	
   collapse,	
   especially	
   diminishing	
   returns	
   to	
   complexity	
   [28],	
  
are	
   everywhere.	
   One	
   central	
   psychological	
   barrier	
   to	
   taking	
   dramatic	
   action	
   is	
   the	
  
distribution	
  of	
  costs	
  and	
  benefits	
  through	
  time:	
  the	
  costs	
  up	
  front,	
  the	
  benefits	
  accruing	
  
largely	
  to	
  unknown	
  people	
  in	
  the	
  future.	
  But	
  whether	
  we	
  or	
  more	
  optimistic	
  observers	
  
[17,163]	
   are	
   correct,	
   our	
   own	
   ethical	
   values	
   compel	
   us	
   to	
   think	
   the	
   benefits	
   to	
   those	
  
future	
  generations	
  are	
  worth	
  struggling	
   for,	
   to	
   increase	
  at	
   least	
  slightly	
   the	
  chances	
  of	
  
avoiding	
  a	
  dissolution	
  of	
  today's	
  global	
  civilization	
  as	
  we	
  know	
  it.	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  



	
   11	
  

Authors'	
  profile	
  

Paul	
   Ehrlich	
   is	
   a	
   Professor	
   of	
   Biology	
   and	
   President	
   of	
   the	
   Center	
   for	
   Conservation	
  
Biology	
  at	
   Stanford	
  University,	
   and	
  Adjunct	
  Professor	
  at	
   the	
  University	
  of	
  Technology,	
  
Sydney.	
  His	
  research	
  interests	
  are	
  in	
  the	
  ecology	
  and	
  evolution	
  of	
  natural	
  populations	
  of	
  
butterflies,	
  reef	
  fishes,	
  birds	
  and	
  human	
  beings.	
  

Anne	
   Ehrlich	
   is	
   a	
   Senior	
   Research	
   Scientist	
   in	
   Biology	
   at	
   Stanford	
   and	
   focuses	
   her	
  
research	
  on	
  policy	
  issues	
  related	
  to	
  the	
  environment.	
  

Acknowledgements	
  

We	
   are	
   especially	
   grateful	
   to	
   Joan	
   Diamond,	
   Executive	
   Director	
   of	
   the	
  MAHB,	
   for	
   her	
  
ideas	
   on	
   foresight	
   intelligence,	
   and	
   to	
   the	
   Beijer	
   Institute	
   of	
   Ecological	
   Economics	
   for	
  
two	
  decades	
  of	
  provocative	
  discussions	
  on	
  topics	
  related	
  to	
   this	
  paper.	
  This	
  paper	
  has	
  
benefited	
  from	
  comments	
  from	
  Ken	
  Arrow,	
  Scott	
  Barrett,	
  Andy	
  Beattie,	
  Dan	
  Blumstein,	
  
Corey	
  Bradshaw,	
  Greg	
  Bratman,	
  Paul	
  Brest,	
  Jim	
  Brown,	
  Bob	
  Brulle,	
  Gretchen	
  Daily,	
  Lisa	
  
Daniel,	
   Timothy	
   Daniel,	
   Partha	
   Dasgupta,	
   Nadia	
   Diamond-­‐Smith,	
   Tom	
   Dietz,	
   Anantha	
  
Duraiappah,	
  Riley	
  Dunlap,	
  Walter	
  Falcon,	
  Marc	
  Feldman,	
  Rachelle	
  Gould,	
  Larry	
  Goulder,	
  
John	
   Harte,	
   Mel	
   Harte,	
   Ursula	
   Heise,	
   Tad	
   Homer-­‐Dixon,	
   Bob	
   Horn,	
   Danny	
   Karp,	
   Don	
  
Kennedy,	
   Michael	
   Klare,	
   Simon	
   Levin,	
   Jack	
   Liu,	
   David	
   Lobell,	
   Doug	
   McAdam,	
   Chase	
  
Mendenhall,	
  Hal	
  Mooney,	
  Fathali	
  Moghaddam,	
  Dennis	
  Pirages,	
  Graham	
  Pyke,	
  Gene	
  Rosa,	
  
Lee	
  Ross,	
  Jose	
  Sarukhan,	
  Kirk	
  Smith,	
  Sarah	
  Soule,	
  Chris	
  Turnbull	
  and	
  Wren	
  Wirth.	
  Two	
  
of	
  the	
  best	
  and	
  most	
  thorough	
  anonymous	
  reviewers	
  we	
  have	
  ever	
  encountered	
  helped	
  
us	
   improve	
  the	
  manuscript.	
  The	
  work	
  was	
  supported	
  by	
  Peter	
  and	
  Helen	
  Bing	
  and	
  the	
  
Mertz	
  Gilmore	
  Foundation.	
  

Footnotes	
  

	
   	
   †	
  An	
  invited	
  Perspective	
  to	
  mark	
  the	
  election	
  of	
  the	
  author	
  to	
  the	
  fellowship	
  of	
  
the	
  Royal	
  Society	
  in	
  2012.	
  	
  

	
   	
   Received	
  November	
  28,	
  2012.	
  
	
   	
   Accepted	
  December	
  7,	
  2012.	
  
	
   	
   ©	
  2013	
  The	
  Author(s)	
  Published	
  by	
  the	
  Royal	
  Society.	
  All	
  rights	
  reserved.	
  
	
  

http://rspb.royalsocietypublishing.org/content/280/1754/20122845.full.pdf	
  
	
  	
  
References	
  

1. 	
   Diamond	
  J.	
  2005	
  Collapse:	
  how	
  societies	
  choose	
  to	
  fail	
  or	
  succeed.	
  New	
  York,	
  NY:	
  
Viking.	
  Search	
  Google	
  Scholar	
  

2. 	
   Morris	
  I.	
  2011	
  Why	
  the	
  west	
  rules	
  for	
  now:	
  the	
  patterns	
  of	
  history,	
  and	
  what	
  they	
  
reveal	
  about	
  the	
  future.	
  New	
  York,	
  NY:	
  Picador.	
  Search	
  Google	
  Scholar	
  

3. 	
   Montgomery	
  DR.	
  2012	
  Dirt:	
  the	
  erosion	
  of	
  civilizations.	
  Berkeley,	
  CA:	
  University	
  
of	
  California	
  Press.	
  Search	
  Google	
  Scholar	
  

4. 	
   Brown	
   J.	
   2012	
   Mankind	
   must	
   go	
   green	
   or	
   die,	
   says	
   Prince	
   Charles.	
   The	
  
Independent	
   (London).	
   See	
   http://ind.pn/R5WZgl	
   (accessed	
   23	
   November).	
  
Search	
  Google	
  Scholar	
  

5. 	
   Sample	
  I.	
  2009	
  World	
  faces	
   ‘perfect	
  storm’	
  of	
  problems	
  by	
  2030,	
  chief	
  scientist	
  
to	
   warn.	
   The	
   Guardian.	
   See	
  
http://www.guardian.co.uk/science/2009/mar/18/perfect-­storm-­john-­



	
   12	
  

beddington-­energy-­food-­climate.	
  Search	
  Google	
  Scholar	
  
6. 	
   Klare	
  MT.	
  2012	
  The	
  race	
   for	
  what‘s	
   left:	
   the	
  global	
   scramble	
   for	
   the	
  world‘s	
   last	
  

resources.	
  New	
  York,	
  NY:	
  Metropolitan	
  Books.	
  Search	
  Google	
  Scholar	
  
7. 	
   Heinberg	
  R.	
  2007	
  Peak	
  everything:	
  waking	
  up	
  to	
  the	
  century	
  of	
  declines.	
  Gabriola	
  

Island,	
  BC:	
  New	
  Society	
  Publishers.	
  Search	
  Google	
  Scholar	
  
8. 	
   Gleeson	
   TT,	
   Wada	
   YY,	
   Bierkens	
   MFP,	
   van	
   Beek	
   LPH.	
   2012	
   Water	
   balance	
   of	
  

global	
   aquifers	
   revealed	
   by	
   groundwater	
   footprint.	
   Nature	
   488,	
   197–200.	
  
(doi:10.1038/nature11295)	
  CrossRefMedlineWeb	
  of	
  Science	
  

9. 	
   Klare	
  MT.	
   2001	
  Resource	
  wars:	
   the	
   new	
   landscape	
   of	
   global	
   conflict.	
  New	
  York,	
  
NY:	
  Henry	
  Holt.	
  Search	
  Google	
  Scholar	
  

10. 	
  Ehrlich	
   PR,	
   Ehrlich	
   AH.	
   2012	
   Solving	
   the	
   human	
   predicament.	
   Int.	
   J.	
   Environ.	
  
Stud.	
  69,	
  557–565.	
  (doi:10.1080/00207233.2012.693281)	
  CrossRef	
  

11. Ehrlich	
   PR,	
   Holdren	
   J.	
   1971	
   Impact	
   of	
   population	
   growth.	
   Science	
  171,	
   1212–
1217.	
  (doi:10.1126/science.171.3977.1212)	
  FREE	
  Full	
  Text	
  

12. Holdren	
  JP,	
  Ehrlich	
  PR.	
  1974	
  Human	
  population	
  and	
  the	
  global	
  environment.	
  Am.	
  
Sci.	
  62,	
  282–292.	
  MedlineWeb	
  of	
  Science	
  	
  

13. Dietz	
   T,	
   Rosa	
   E.	
   1994	
   Rethinking	
   the	
   environmental	
   impacts	
   of	
   population,	
  
affluence	
  and	
  technology.	
  Hum.	
  Ecol.	
  Rev.	
  1,	
  277–300.	
  Search	
  Google	
  Scholar	
  	
  

14. Rosa	
  EA,	
  York	
  R,	
  Dietz	
  T.	
  2004	
  Tracking	
  the	
  anthropogenic	
  drivers	
  of	
  ecological	
  
impacts.	
  Ambio	
  333,	
  509–512.	
  Search	
  Google	
  Scholar	
  	
  

15. Dietz	
  T,	
  Rosa	
  EA,	
  York	
  R.	
  2010	
  Human	
  driving	
  forces	
  of	
  global	
  change:	
  dominant	
  
perspectives.	
   In	
   Human	
   footprints	
   on	
   the	
   global	
   environment:	
   threats	
   to	
  
sustainability	
   (eds	
   Rosa	
   EA,	
   Diekmann	
   A,	
   Dietz	
   T,	
   Jaeger	
   CC),	
   pp.	
   83–134.	
  
Cambridge,	
  MA:	
  MIT	
  Press.	
  Search	
  Google	
  Scholar	
  	
  

16. Alcott	
  B.	
  2010	
  Impact	
  caps:	
  why	
  population,	
  affluence	
  and	
  technology	
  strategies	
  
should	
   be	
   abandoned.	
   J.	
   Cleaner	
   Prod.	
   18,	
   552–560.	
  
(doi:10.1016/j.jclepro.2009.08.001)	
  CrossRefWeb	
  of	
  Science	
  	
  

17. Hayes	
  B.	
  2012	
  Computation	
  and	
  the	
  human	
  predicament.	
  Am.	
  Sci.	
  100,	
  186–191.	
  
(doi:10.1511/2012.96.186)	
  CrossRefWeb	
  of	
  Science	
  

18. Wackernagel	
  M,	
  Rees	
  W.	
  1996	
  Our	
  ecological	
   footprint:	
   reducing	
  human	
   impact	
  
on	
   the	
   Earth.	
   Gabriola	
   Island,	
   BC:	
   New	
   Society	
   Publishers.	
   Search	
   Google	
  
Scholar	
  

19. Global	
   Footprint	
   Network	
   2012	
   World	
   footprint:	
   do	
   we	
   fit	
   the	
   planet.	
   See	
  
http://www.footprintnetwork.org/en/index.php/GFN/page/world_footpri
nt/.	
  	
  

20. Rees	
  WE.	
  In	
  press.	
  Ecological	
  footprint,	
  concept	
  of.	
  In	
  Encyclopedia	
  of	
  biodiversity	
  
(ed.	
  Levin	
  S),	
  2nd	
  edn.	
  San	
  Diego,	
  CA:	
  Academic	
  Press.	
  Search	
  Google	
  Scholar	
  

21. Harte	
   J.	
   2007	
   Human	
   population	
   as	
   a	
   dynamic	
   factor	
   in	
   environmental	
  
degradation.	
  Popul.	
  Environ.	
  28,	
  223–236.	
   (doi:10.1007/s11111-­007-­0048-­3)	
  
CrossRefWeb	
  of	
  Science	
  

22. Liu	
   J,	
   Daily	
   G,	
   Ehrlich	
   PR,	
   Luck	
   G.	
   2003	
   Effects	
   of	
   household	
   dynamics	
   on	
  
resource	
   consumption	
   and	
   biodiversity.	
   Nature	
   421,	
   530–533.	
  
(doi:10.1038/nature01359)	
  CrossRefMedline	
  	
  

23. Yu	
  E,	
  Liu	
  J.	
  2007	
  Environmental	
  impacts	
  of	
  divorce.	
  Proc.	
  Natl	
  Acad.	
  Sci.	
  USA	
  104,	
  
20	
  629–20	
  634.	
  (doi:10.1073/pnas.0707267104)	
  Abstract/FREE	
  Full	
  Text	
  

24. Rosner	
   L.	
   2004	
  The	
   technological	
   fix:	
   how	
   people	
   use	
   technology	
   to	
   create	
   and	
  
solve	
  problems.	
  New	
  York,	
  NY:	
  Routledge.	
  Search	
  Google	
  Scholar	
  

25. Huesemann	
  M,	
  Huesemann	
   J.	
  2012	
  Techno-­fix:	
  why	
   technology	
  won't	
   save	
  us	
  or	
  
the	
   environment.	
   Gabriola	
   Island,	
   BC:	
   New	
   Society	
   Publishers.	
   Search	
   Google	
  
Scholar	
  

26. Brown	
  JH,	
  et	
  al.	
  2011	
  Energetic	
  limits	
  to	
  economic	
  growth.	
  BioScience	
  61,	
  19–26.	
  
(doi:10.1525/bio.2011.61.1.7)	
  CrossRefWeb	
  of	
  Science	
  

27. Liu	
  J,	
  et	
  al.	
  2007	
  Complexity	
  of	
  coupled	
  human	
  and	
  natural	
  systems.	
  Science	
  317,	
  
1513–1516.	
  (doi:10.1126/science.1144004)	
  Abstract/FREE	
  Full	
  Text	
  



	
   13	
  

28. Tainter	
   JA.	
   1988	
   The	
   collapse	
   of	
   complex	
   societies.	
   Cambridge,	
   UK:	
   Cambridge	
  
University	
  Press.	
  Search	
  Google	
  Scholar	
  

29. McAnany	
   PA,	
   Yoffee	
   N.	
   2010	
  Questioning	
   collapse:	
   human	
   resilience,	
   ecological	
  
vulnerability,	
  and	
  the	
  aftermath	
  of	
  empire.	
  New	
  York,	
  NY:	
  Cambridge	
  University	
  
Press.	
  Search	
  Google	
  Scholar	
  	
  

30. Tainter	
   J.	
  2006	
  Archaeology	
  of	
  overshoot	
  and	
  collapse.	
  Ann.	
  Rev.	
  Anthropol.	
  35,	
  
9–74.	
  (doi:10.1146/annurev.anthro.35.081705.123136)	
  CrossRef	
  	
  

31. Butzer	
  KW,	
  Endfield	
  GH.	
  2012	
  Critical	
  perspectives	
  on	
  historical	
  collapse.	
  Proc.	
  
Natl	
   Acad.	
   Sci.	
   USA	
   109,	
   3628–3631.	
   (doi:10.1073/pnas.1114772109)	
  
Abstract/FREE	
  Full	
  Text	
  

32. Toon	
   O,	
   Robock	
   A,	
   Turco	
   RP,	
   Bardeen	
   C,	
   Oman	
   L,	
   Stenchikov	
   G.	
   2007	
  
Consequences	
   of	
   regional-­‐scale	
   nuclear	
   conflicts.	
   Science	
   315,	
   1224–1225.	
  
(doi:10.1126/science.1137747)	
  Abstract/FREE	
  Full	
  Text	
  

33. Paddock	
   W,	
   Paddock	
   P.	
   1967	
   Famine:	
   1975!	
   Boston,	
   MA:	
   Little	
   Brown	
   &	
   Co.	
  
Search	
  Google	
  Scholar	
  

34. Brown	
   LR.	
   1968	
   Seeds	
   of	
   change:	
   the	
   green	
   revolution	
   and	
   development	
   in	
   the	
  
1970s.	
  New	
  York,	
  NY:	
  Frederick	
  A.	
  Praeger.	
  Search	
  Google	
  Scholar	
  	
  

35. Bardach	
   J.	
   1968	
   Harvest	
   of	
   the	
   sea.	
   New	
   York,	
   NY:	
   Harper	
   and	
   Row.	
   Search	
  
Google	
  Scholar	
  	
  

36. Borgstrom	
   G.	
   1969	
   Too	
   many.	
   Toronto,	
   Canada:	
   Collier-­‐Macmillan.	
   Search	
  
Google	
  Scholar	
  	
  

37. Frankel	
  O,	
  Agble	
  WK,	
  Harlan	
   JB.	
  1969	
  Genetic	
  dangers	
   in	
   the	
  green	
  revolution.	
  
Areas	
  (FAO)	
  2,	
  35–37.	
  Search	
  Google	
  Scholar	
  	
  

38. Pirie	
  NW.	
  1969	
  Food	
  resources,	
  conventional	
  and	
  novel.	
  Baltimore,	
  MD:	
  Penguin.	
  
Search	
  Google	
  Scholar	
  	
  

39. Ryther	
  JH.	
  1969	
  Photosynthesis	
  and	
  fish	
  production	
  in	
  the	
  sea.	
  Science	
  166,	
  72–
76.	
  (doi:10.1126/science.166.3901.72)	
  FREE	
  Full	
  Text	
  	
  

40. Daily	
  GC,	
  Ehrlich	
  PR.	
  1990	
  An	
  exploratory	
  model	
  of	
  the	
  impact	
  of	
  rapid	
  climate	
  
change	
   on	
   the	
   world	
   food	
   situation.	
   Proc.	
   R.	
   Soc.	
   Lond.	
   B	
   241,	
   232–244.	
  
(doi:10.1098/rspb.1990.0091)	
  Abstract/FREE	
  Full	
  Text	
  

41. Food	
   and	
  Agriculture	
  Organization	
   (FAO)	
  2009	
  How	
   to	
   feed	
   the	
  world	
   in	
   2050.	
  
See	
  
http://www.fao.org/fileadmin/templates/wsfs/docs/expert_paper/How_t
o_Feed_the_World_in_2050.pdf.	
  Rome,	
  Italy.	
  

42. Weinberg	
   AM.	
   1969	
   Nuclear	
   energy	
   and	
   the	
   agro-­‐industrial	
   complex.	
   Nature	
  
222,	
  17–21.	
  (doi:10.1038/222017a0)	
  CrossRefWeb	
  of	
  Science	
  

43. Ehrlich	
  PR,	
  Ehrlich	
  AH.	
  1970	
  Population,	
  resources,	
  environment:	
  issues	
  in	
  human	
  
ecology.	
  San	
  Francisco,	
  CA:	
  W.H.	
  Freeman	
  and	
  Co.	
  Search	
  Google	
  Scholar	
  

44. York	
  R,	
  Gossard	
  MH.	
  2004	
  Cross-­‐national	
  meat	
  and	
  fish	
  consumption:	
  exploring	
  
the	
   effects	
   of	
   modernization	
   and	
   ecological	
   context.	
   Ecol.	
   Econ.	
   48,	
   293–302.	
  
(doi:10.1016/j.ecolecon.2003.10.009)	
  CrossRefWeb	
  of	
  Science	
  

45. Lobell	
   DB,	
   Schlenker	
  W,	
   Costa-­‐Roberts	
   J.	
   2011	
   Climate	
   trends	
   and	
   global	
   crop	
  
production	
  since	
  1980.	
  Science	
  333,	
  616–620.	
  (doi:10.1126/science.1204531)	
  
Abstract/FREE	
  Full	
  Text	
  

46. Lobell	
  DB,	
  Gourdji	
  SM.	
  In	
  press.	
  The	
  influence	
  of	
  climate	
  change	
  on	
  global	
  crop	
  
productivity.	
  Plant	
  Physiol.	
  Search	
  Google	
  Scholar	
  

47. Lobell	
  DB,	
  Field	
  CB.	
  2007	
  Global	
  scale	
  climate–crop	
  yield	
  relationships	
  and	
  the	
  
impacts	
  of	
   recent	
  warming.	
  Environ.	
  Res.	
   Lett.	
  2,	
   014002.	
   (doi:10.1088/1748-­
9326/2/1/014002)	
  CrossRef	
  

48. Hansen	
   J,	
   et	
   al.	
   2012	
   Scientific	
   case	
   for	
   avoiding	
   dangerous	
   climate	
   change	
   to	
  
protect	
   young	
   people	
   and	
   nature.	
   See	
  
http://pubs.giss.nasa.gov/docs/notyet/submitted_Hansen_etal.pdf.	
   Search	
  
Google	
  Scholar	
  

49. Rowland	
  D.	
  2012	
  World	
  fish	
  stocks	
  declining	
  faster	
  than	
  feared.	
  Financial	
  Times.	
  



	
   14	
  

See	
   http://www.ft.com/cms/s/2/73d14032-­088e-­11e2-­b37e-­
00144feabdc0.html#axzz28KxPEqPr.	
  Search	
  Google	
  Scholar	
  

50. Lemonick	
  MD.	
  2012	
  Ocean	
  acidification	
  threatens	
  food	
  security,	
  report.	
  Climate	
  
Central.	
   See	
   http://www.climatecentral.org/news/ocean-­acidification-­
threatens-­food-­security-­in-­developing-­world-­study-­finds-­15036.	
   Search	
  
Google	
  Scholar	
  

51. Solomon	
   S,	
   Plattner	
   G-­‐K,	
   Knutti	
   R,	
   Friedlingstein	
   P.	
   2009	
   Irreversible	
   climate	
  
change	
   due	
   to	
   carbon	
   dioxide	
   emissions.	
  Proc.	
   Natl	
   Acad.	
   Sci.	
   USA	
  106,	
   1704–
1709.	
  (doi:10.1073/pnas.0812721106)	
  Abstract/FREE	
  Full	
  Text	
  

52. ↵	
   Md.	
   Golam	
  Mahabub	
   Sarwar.	
   2005	
   Impacts	
   of	
   sea	
   level	
   rise	
   on	
   the	
   coastal	
  
zone	
   of	
   Bangladesh.	
   See	
  
http://static.weadapt.org/placemarks/files/225/golam_sarwar.pdf.	
  

53. Seto	
  K,	
  Güneralp	
  B,	
  Hutyra	
  LR.	
  2012	
  Global	
  forecasts	
  of	
  urban	
  expansion	
  to	
  2030	
  
and	
   direct	
   impacts	
   on	
   biodiversity	
   and	
   carbon	
   pools.	
  Proc.	
   Natl	
   Acad.	
   Sci.	
   USA	
  
109,	
   16	
   083–16	
   088.	
   (doi:10.1073/pnas.1211658109)	
   Abstract/FREE	
   Full	
  
Text	
  

54. Ehrlich	
   PR,	
   Ehrlich	
   AH.	
   2010	
   The	
   culture	
   gap	
   and	
   its	
   needed	
   closures.	
   Int.	
   J.	
  
Environ.	
  Stud.	
  67,	
  481–492.	
  (doi:10.1080/00207233.2010.510825)	
  CrossRef	
  

55. Carson	
   R.	
   1962	
   Silent	
   spring.	
   Boston,	
   MA:	
   Houghton	
   Mifflin.	
   Search	
   Google	
  
Scholar	
  

56. World	
  Bank	
  2012	
  Turn	
  down	
  the	
  heat:	
  why	
  a	
  4°C	
  warmer	
  world	
  must	
  be	
  avoided.	
  
Washington	
  DC:	
  World	
  Bank.	
  

57. Schellnhuber	
  HJ.	
  2008	
  Global	
  warming:	
  stop	
  worrying,	
  start	
  panicking.	
  Proc.	
  Natl	
  
Acad.	
   Sci.	
   USA	
   105,	
   14	
   239–14	
   240.	
   (doi:10.1073/pnas.0807331105)	
   FREE	
  
Full	
  Text	
  

58. Anderson	
   K,	
   Bows	
   A.	
   2011	
   Beyond	
   ‘dangerous’	
   climate	
   change:	
   emission:	
  
scenarios	
   for	
   a	
   new	
   world.	
   Phil.	
   Trans.	
   R.	
   Soc.	
   A	
   369,	
   20–44.	
  
(doi:10.1098/rsta.2010.0290)	
  Abstract/FREE	
  Full	
  Text	
  

59. Fischetti	
  M.	
  2011	
  2°	
  global	
  warming	
  limit	
  called	
  a	
  ‘prescription	
  for	
  disaster’.	
  Sci.	
  
Am.	
   See	
  
http://blogs.scientificamerican.com/observations/2011/12/06/two-­
degree-­global-­warming-­limit-­is-­called-­a-­prescription-­for-­disaster/.	
   Search	
  
Google	
  Scholar	
  

60. Reich	
   PB,	
   Hobbie	
   SE.	
   2012	
   Decade-­‐long	
   soil	
   nitrogen	
   constraint	
   on	
   the	
   CO2	
  
fertilization	
  of	
  plant	
  biomass.	
  Nat.	
  Clim.	
  Change.	
   (doi:10.1038/nclimate1694)	
  
CrossRef	
  

61. Torn	
   MS,	
   Harte	
   J.	
   2006	
   Missing	
   feedbacks,	
   asymmetric	
   uncertainties,	
   and	
   the	
  
underestimation	
   of	
   future	
   warming.	
   Geophys.	
   Res.	
   Lett.	
   33,	
   L10703.	
  
(doi:10.1029/2005GL025540)	
  CrossRef	
  

62. Alexander	
   S.	
   2012	
  Degrowth,	
   expensive	
   oil,	
   and	
   the	
   new	
  economics	
   of	
   energy.	
  
Real-­world	
   Econ.	
   Rev.	
   61,	
   40–51.	
   See	
  
http://www.energybulletin.net/stories/2012-­08-­07/degrowth-­expensive-­
oil-­and-­new-­economics-­energy.	
  Search	
  Google	
  Scholar	
  

63. Makhijani	
  A.	
  2007	
  Carbon-­free	
  and	
  nuclear-­free;	
  a	
  roadmap	
  for	
  US	
  energy	
  policy.	
  
Takoma	
  Park,	
  MD:	
  IEER	
  Press.	
  Search	
  Google	
  Scholar	
  

64. Harte	
   J,	
   Harte	
   ME.	
   2008	
   Cool	
   the	
   earth,	
   save	
   the	
   economy:	
   solving	
   the	
   climate	
  
crisis	
  is	
  easy.	
  See	
  http://cooltheearth.us/.	
  Search	
  Google	
  Scholar	
  

65. Klare	
  M.	
  2012	
  World	
  energy	
  report	
  2012:	
  the	
  good,	
  the	
  bad,	
  and	
  the	
  really,	
  truly	
  
ugly.	
  Truthout.	
  See	
  http://bit.ly/TrCGWA.	
  Search	
  Google	
  Scholar	
  

66. Mann	
  ME.	
  2009	
  Defining	
  dangerous	
  anthropogenic	
  interference.	
  Proc.	
  Natl	
  Acad.	
  
Sci.	
  USA	
  106,	
  4065–4066.	
  (doi:10.1073/pnas.0901303106)	
  FREE	
  Full	
  Text	
  

67. McKibben	
   B.	
   2012	
   Global	
   warming's	
   terrifying	
   new	
   math.	
   Rolling	
   Stone.	
   See	
  
http://www.rollingstone.com/politics/news/global-­warmings-­terrifying-­



	
   15	
  

new-­math-­20120719	
  1–11.	
  Search	
  Google	
  Scholar	
  
68. Proctor	
  RN.	
  2011	
  Golden	
  holocaust:	
  origins	
  of	
   the	
   cigarette	
   catastrophe	
  and	
   the	
  

case	
   for	
   abolition.	
   Berkeley,	
   CA:	
   University	
   of	
   California	
   Press.	
   Search	
   Google	
  
Scholar	
  

69. Oreskes	
   N,	
   Conway	
   EM.	
   2010	
  Merchants	
   of	
   doubt:	
   how	
   a	
   handful	
   of	
   scientists	
  
obscured	
   the	
   truth	
   on	
   issues	
   from	
   tobacco	
   smoke	
   to	
   global	
  warming.	
   New	
  York,	
  
NY:	
  Bloomsbury	
  Press.	
  Search	
  Google	
  Scholar	
  

70. Klein	
  N.	
  2011	
  Capitalism	
  versus	
  the	
  climate.	
  Nation	
  293,	
  11–21.	
  Search	
  Google	
  
Scholar	
  

71. Eilperin	
   J.	
   2012	
   Climate	
   skeptic	
   group	
   works	
   to	
   reverse	
   renewable	
   energy	
  
mandates.	
   Washington	
   Post.	
   See	
   http://wapo.st/UToe9b	
   (accessed	
   24	
  
November).	
  Search	
  Google	
  Scholar	
  

72. Godfray	
  HCJ,	
  et	
  al.	
  2010	
  Food	
  security:	
  the	
  challenge	
  of	
  feeding	
  9	
  billion	
  people.	
  
Science	
   327,	
   812–818.	
   (doi:10.1126/science.1185383)	
   Abstract/FREE	
   Full	
  
Text	
  

73. Foley	
   JA,	
   et	
   al.	
   2011	
   Solutions	
   for	
   a	
   cultivated	
   planet.	
   Nature	
   478,	
   332–342.	
  
(doi:10.1038/nature10452)	
  CrossRef	
  	
  

74. Foley	
  JA.	
  2011	
  Can	
  we	
  feed	
  the	
  world	
  and	
  sustain	
  the	
  planet?	
  A	
  five-­‐step	
  global	
  
plan	
   could	
   double	
   food	
   production	
   by	
   2050	
   while	
   greatly	
   reducing	
  
environmental	
   damage.	
   Sci.	
   Am.	
   305,	
   60–65.	
  
(doi:10.1038/scientificamerican1111-­60)	
  CrossRefMedline	
  

75. Ziska	
  LH,	
  et	
  al.	
  2012	
  Food	
  security	
  and	
  climate	
  change:	
  on	
  the	
  potential	
  to	
  adapt	
  
global	
  crop	
  production	
  by	
  active	
  selection	
  to	
  rising	
  atmospheric	
  carbon	
  dioxide.	
  
Proc.	
   R.	
   Soc.	
   B	
   279,	
   4097–4105.	
   (doi:10.1098/rspb.2012.1005)	
  
Abstract/FREE	
  Full	
  Text	
  

76. Friedman	
   L.	
   2012	
   India	
   has	
   big	
   plans	
   for	
   burning	
   coal.	
   Sci.	
   Am.	
   See	
  
http://www.scientificamerican.com/article.cfm?id=india-­has-­big-­plans-­
for-­burning-­coal	
  (accessed	
  17	
  September).	
  Search	
  Google	
  Scholar	
  

77. Colborn	
   T,	
   Dumanoski	
   D,	
   Myers	
   JP.	
   1996	
   Our	
   stolen	
   future.	
   New	
   York,	
   NY:	
  
Dutton.	
  Search	
  Google	
  Scholar	
  

78. Myers	
   P,	
   Hessler	
  W.	
   2007	
   Does	
   ‘the	
   dose	
  make	
   the	
   poison’?	
   extensive	
   results	
  
challenge	
   a	
   core	
   assumption	
   in	
   toxicology.	
   Environ.	
   Health	
   News.	
   See	
  
http://www.environmentalhealthnews.org/sciencebackground/2007/200
7-­0415nmdrc.html.	
  Search	
  Google	
  Scholar	
  	
  

79. Vandenberg	
  LN,	
  et	
  al.	
  2012	
  Hormones	
  and	
  endocrine-­‐disrupting	
  chemicals:	
  low-­‐
dose	
   effects	
   and	
   nonmonotonic	
   dose	
   responses.	
   Endocr.	
   Rev.	
   33,	
   378–455.	
  
(doi:10.1210/er.2011-­1050)	
  Abstract/FREE	
  Full	
  Text	
  

80. Battersby	
  S.	
  2012	
  Cool	
  it.	
  New	
  Sci.	
  2883,	
  31–35.	
  Search	
  Google	
  Scholar	
  
81. Daily	
   GC,	
   Ehrlich	
   PR.	
   1996	
   Impacts	
   of	
   development	
   and	
   global	
   change	
   on	
   the	
  

epidemiological	
   environment.	
   Environ.	
   Dev.	
   Econ.	
   1,	
   309–344.	
  
(doi:10.1017/S1355770X00000656)	
  CrossRef	
  

82. Wald	
  P.	
  2008	
  Contagious:	
  cultures,	
  carriers,	
  and	
  the	
  outbreak	
  narrative.	
  Durham,	
  
NC:	
  Duke	
  University	
  Press.	
  Search	
  Google	
  Scholar	
  

83. Pirages	
  DC,	
  DeGeest	
  TM.	
  2003	
  Ecological	
  security:	
  an	
  evolutionary	
  perspective	
  on	
  
globalization.	
  Lanham,	
  MD:	
  Rowman	
  &	
  Littlefield.	
  Search	
  Google	
  Scholar	
  

84. Ehrlich	
   PR.	
   1991	
   Population	
   growth	
   and	
   environmental	
   security.	
  Georgia	
   Rev.	
  
45,	
  223–232.	
  Web	
  of	
  Science	
  

85. Shultz	
  GP,	
  Perry	
  WJ,	
  Kissinger	
  HA,	
  Nunn	
  S.	
  2011	
  Deterrence	
  in	
  the	
  age	
  of	
  nuclear	
  
proliferation:	
  the	
  doctrine	
  of	
  mutual	
  assured	
  destruction	
  is	
  obsolete	
  in	
  the	
  post-­‐
Cold	
   War	
   era.	
  Wall	
   Street	
   J.	
   See	
   http://on.wsj.com/FLYQco.	
   Search	
   Google	
  
Scholar	
  

86. Ehrlich	
   PR,	
   et	
   al.	
   1983	
   Long-­‐term	
   biological	
   consequences	
   of	
   nuclear	
   war.	
  
Science	
  222,	
  1293–1300.	
  (doi:10.1126/science.6658451)	
  Abstract/FREE	
  Full	
  
Text	
  



	
   16	
  

87. Myers	
  N.	
  1993	
  Environmental	
   refugees	
   in	
  a	
  globally	
  warmed	
  world.	
  BioScience	
  
43,	
  752–761.	
  (doi:10.2307/1312319)	
  CrossRefWeb	
  of	
  Science	
  

88. Zelman	
  J.	
  2011	
  50	
  million	
  environmental	
  refugees	
  by	
  2020,	
  experts	
  predict.	
  Huff	
  
Post	
   Green.	
   See	
  
http://www.huffingtonpost.com/2011/02/22/environmental-­refugees-­
50_n_826488.html	
  (accessed	
  22	
  February).	
  Search	
  Google	
  Scholar	
  

89. Rowley	
   RJ.	
   2007	
   Risk	
   of	
   rising	
   sea	
   level	
   to	
   population	
   and	
   land	
   area.	
  EOS	
  88,	
  
105–116.	
  (doi:10.1029/2007EO090001)	
  CrossRef	
  

90. Osborne	
  F.	
  1948	
  Our	
  plundered	
  planet.	
  Boston,	
  MA:	
  Little,	
  Brown	
  and	
  Company.	
  
Search	
  Google	
  Scholar	
  

91. Vogt	
  W.	
   1948	
   Road	
   to	
   survival.	
   New	
   York,	
   NY:	
   William	
   Sloan.	
   Search	
   Google	
  
Scholar	
  	
  

92. Brown	
  H.	
  1954	
  The	
  challenge	
  of	
  man‘s	
  future:	
  an	
  inquiry	
  concerning	
  the	
  condition	
  
of	
   man	
   during	
   the	
   years	
   that	
   lie	
   ahead.	
   New	
   York,	
   NY:	
   Viking.	
   Search	
   Google	
  
Scholar	
  	
  

93. Borgstrom	
  G.	
  1965	
  The	
  hungry	
  planet.	
  New	
  York,	
  NY:	
  Macmillan.	
  Search	
  Google	
  
Scholar	
  

94. Cloud	
   P.	
   1968	
   Realities	
   of	
  mineral	
   distribution.	
  Texas	
   Q.	
  11,	
   103–126.	
   Search	
  
Google	
  Scholar	
  	
  

95. Georgescu-­‐Rogen	
  N.	
  1974	
  The	
  entropy	
  law	
  and	
  the	
  economic	
  process.	
  Cambridge,	
  
MA:	
  Harvard	
  University	
  Press.	
  Search	
  Google	
  Scholar	
  	
  

96. Myers	
  N.	
  1979	
  The	
  sinking	
  ark.	
  New	
  York,	
  NY:	
  Pergamon	
  Press.	
  Search	
  Google	
  
Scholar	
  	
  

97. Dunlap	
  RE,	
  Catton	
  WR.	
  1979	
  Environmental	
  sociology.	
  Annu.	
  Rev.	
  Sociol.	
  5,	
  243–
273.	
  (doi:10.1146/annurev.so.05.080179.001331)	
  CrossRefWeb	
  of	
  Science	
  	
  

98. Ehrlich	
   PR,	
   Ehrlich	
   AH.	
   1981	
   Extinction:	
   the	
   causes	
   and	
   consequences	
   of	
   the	
  
disappearance	
  of	
  species.	
  New	
  York,	
  NY:	
  Random	
  House.	
  Search	
  Google	
  Scholar	
  	
  

99. Union	
   of	
   Concerned	
   Scientists	
   1993	
   World	
   scientists’	
   warning	
   to	
   humanity.	
  
Cambridge,	
  MA:	
  Union	
  of	
  Concerned	
  Scientists.	
  	
  

100. National	
  Academy	
  of	
   Sciences	
  USA	
  1993	
  A	
   joint	
   statement	
  by	
   fifty-­‐eight	
   of	
   the	
  
world's	
   scientific	
   academies.	
   In	
   Population	
   summit	
   of	
   the	
   world‘s	
   scientific	
  
academies.	
  New	
  Delhi,	
  India:	
  National	
  Academy	
  Press.	
  	
  

101. Homer-­‐Dixon	
   T.	
   1994	
   Environmental	
   scarcities	
   and	
   violent	
   conflict:	
   evidence	
  
from	
  cases.	
  Int.	
  Security	
  19,	
  5–40.	
  (doi:10.2307/2539147)	
  	
  

102. Lovejoy	
  TE.	
  1994	
  The	
  quantification	
  of	
  biodiversity:	
  an	
  esoteric	
  quest	
  or	
  a	
  vital	
  
component	
  of	
  sustainable	
  development?	
  Phil.	
  Trans.	
  R.	
  Soc.	
  Lond.	
  B	
  345,	
  81–87.	
  
(doi:10.1098/rstb.1994.0089)	
  Abstract/FREE	
  Full	
  Text	
  

103. Ehrlich	
  PR.	
  1968	
  The	
  population	
  bomb.	
  New	
  York,	
  NY:	
  Ballantine	
  Books.	
  Search	
  
Google	
  Scholar	
  

104. Boulding	
   KE.	
   1966	
   The	
   economics	
   of	
   the	
   coming	
   spaceship	
   earth.	
   In	
  
Environmental	
  quality	
  in	
  a	
  growing	
  economy	
  (ed	
  Jarrett	
  H),	
  pp.	
  3–14.	
  Baltimore,	
  
MD:	
  Johns	
  Hopkins	
  University	
  Press.	
  Search	
  Google	
  Scholar	
  	
  

105. Daly	
   HE.	
   1968	
   On	
   economics	
   as	
   a	
   life	
   science.	
   J.	
   Polit.	
   Econ.	
   76,	
   392–406.	
  
(doi:10.1086/259412)	
  CrossRefWeb	
  of	
  Science	
  	
  

106. Meadows	
   DH,	
   Meadows	
   DL,	
   Randers	
   J,	
   Behrens	
   WW	
   III..	
   1972	
   The	
   limits	
   to	
  
growth.	
  Washington,	
  DC:	
  Universe	
  Books.	
  Search	
  Google	
  Scholar	
  	
  

107. Daly	
  HE.	
  1973	
  Toward	
  a	
  steady-­state	
  economy.	
  San	
  Francisco,	
  CA:	
  W.H.	
  Freeman	
  
and	
  Co.	
  Search	
  Google	
  Scholar	
  

108. Hall	
  CAS,	
  Day	
  JW	
  Jr..	
  2009	
  Revisiting	
  the	
  limits	
  to	
  growth	
  after	
  peak	
  oil.	
  Am.	
  Sci.	
  
97,	
  230–237.	
  (doi:10.1511/2009.78.230)	
  CrossRefWeb	
  of	
  Science	
  

109. Hall	
   CAS,	
   Powers	
   R,	
   Schoenberg	
  W.	
   2008	
   Peak	
   oil,	
   EROI,	
   investments	
   and	
   the	
  
economy	
  in	
  an	
  uncertain	
  future.	
  In	
  Biofuels,	
  solar	
  and	
  wind	
  as	
  renewable	
  energy	
  
systems	
  (ed	
  Pimentel	
  D),	
  pp.	
  109–132.	
  Berlin,	
  Germany:	
  Springer.	
  Search	
  Google	
  
Scholar	
  



	
   17	
  

110. Kiel	
  K,	
  Matheson	
  V,	
  Golembiewski	
  K.	
  2010	
  Luck	
  or	
  skill?	
  An	
  examination	
  of	
  the	
  
Ehrlich–Simon	
   bet.	
   Ecol.	
   Econ.	
   69,	
   1365–1367.	
  
(doi:10.1016/j.ecolecon.2010.03.007)	
  CrossRef	
  	
  

111. Ehrlich	
   PR,	
   Ehrlich	
   AH.	
   2009	
   The	
   population	
   bomb	
   revisited.	
   Electron.	
   J.	
  
Sustainable	
  Dev.	
  1,	
  63–71.	
  Search	
  Google	
  Scholar	
  

112. Millennium	
   Ecosystem	
   Assessment	
   2005	
   Ecosystems	
   and	
   human	
   well-­being:	
  
synthesis.	
  Washington,	
  DC:	
  Island	
  Press.	
  

113. Homer-­‐Dixon	
   T.	
   2006	
   The	
   upside	
   of	
   down:	
   catastrophe,	
   creativity,	
   and	
   the	
  
renewal	
  of	
  civilization.	
  Washington,	
  DC:	
  Island	
  Press.	
  Search	
  Google	
  Scholar	
  	
  

114. Rockström	
   J,	
   et	
   al.	
   2009	
   Planetary	
   boundaries:	
   exploring	
   the	
   safe	
   operating	
  
space	
  for	
  humanity.	
  Ecol.	
  Soc.	
  14,	
  32.	
  Search	
  Google	
  Scholar	
  	
  

115. Bradshaw	
  C,	
  Giam	
  X,	
  Sodhi	
  N.	
  2010	
  Evaluating	
  the	
  relative	
  environmental	
  impact	
  
of	
   countries.	
   PLoS	
   ONE	
   5,	
   e10440.	
   (doi:10.1371/journal.pone.0010440)	
  
CrossRefMedline	
  	
  

116. Barnosky	
  AD,	
  et	
  al.	
  2010	
  Has	
  the	
  Earth's	
  sixth	
  mass	
  extinction	
  already	
  arrived?	
  
Nature	
  471,	
  51–57.	
  (doi:10.1038/nature09678)	
  CrossRefWeb	
  of	
  Science	
  	
  

117. Burger	
   JR,	
   et	
   al.	
   2012	
   The	
   macroecology	
   of	
   sustainability.	
   PLoS	
   Biol.	
   10,	
  
e1001345.	
  (doi:10.1371/journal.pbio.1001345)	
  CrossRefMedline	
  	
  

118. Barnosky	
  AD,	
  et	
  al.	
  2012	
  Approaching	
  a	
  state	
  shift	
   in	
  Earth's	
  biosphere.	
  Nature	
  
486,	
  52–58.	
  (doi:10.1038/nature11018)	
  CrossRefMedlineWeb	
  of	
  Science	
  	
  

119. Gerken	
  J.	
  2012	
  Arctic	
  ice	
  melt,	
  sea	
  level	
  rise	
  may	
  pose	
  imminent	
  threat	
  to	
  island	
  
nations,	
   climate	
   scientist	
   says.	
   Huff	
   Post	
   Green.	
   See	
  
http://www.huffingtonpost.com/2012/10/05/arctic-­ice-­melt-­sea-­level-­
rise_n_1942666.html?utm_hp_ref=green&ncid=edlinkusaolp00000008.	
  
Search	
  Google	
  Scholar	
  

120. Turner	
   A.	
   2009	
   Population	
   priorities:	
   the	
   challenge	
   of	
   continued	
   rapid	
  
population	
   growth.	
   Phil.	
   Trans.	
   R.	
   Soc.	
   B	
   364,	
   2977–2984.	
  
(doi:10.1098/rstb.2009.0183)	
  Abstract/FREE	
  Full	
  Text	
  

121. Ehrlich	
  PR,	
  Kareiva	
  PM,	
  Daily	
  GC.	
  2012	
  Securing	
  natural	
  capital	
  and	
  expanding	
  
equity	
   to	
  rescale	
  civilization.	
  Nature	
  486,	
  68–73.	
   (doi:10.1038/nature11157)	
  
CrossRefMedlineWeb	
  of	
  Science	
  

122. May	
   RM.	
   2006	
   Threats	
   to	
   tomorrow's	
   world.	
   Notes	
   Rec.	
   R.	
   Soc.	
   60,	
   109–130.	
  
(doi:10.1098/rsnr.2005.0134)	
  CrossRefWeb	
  of	
  Science	
  

123. Kennedy	
   D.	
   2005	
   Twilight	
   for	
   the	
   enlightenment?	
   Science	
   308,	
   165.	
  
(doi:10.1126/science.1112920)	
  Abstract	
  

124. Hughes	
   JB,	
   Daily	
   GC,	
   Ehrlich	
   PR.	
   1997	
   Population	
   diversity:	
   its	
   extent	
   and	
  
extinction.	
   Science	
   278,	
   689–692.	
   (doi:10.1126/science.278.5338.689)	
  
CrossRefMedlineWeb	
  of	
  Science	
  

125. Hughes	
  JB,	
  Daily	
  GC,	
  Ehrlich	
  PR.	
  2000	
  The	
  loss	
  of	
  population	
  diversity	
  and	
  why	
  it	
  
matters.	
  In	
  Nature	
  and	
  human	
  society	
  (ed	
  Raven	
  PH),	
  pp.	
  71–83.	
  Washington,	
  DC:	
  
National	
  Academy	
  Press.	
  Search	
  Google	
  Scholar	
  

126. Blumstein	
  DT,	
   Saylan	
  C.	
   2011	
  The	
   failure	
   of	
   environmental	
   education	
   (and	
  how	
  
we	
   can	
   fix	
   it).	
   Berkeley,	
   CA:	
   University	
   of	
   California	
   Press.	
   Search	
   Google	
  
Scholar	
  

127. Ehrlich	
   PR.	
   2011	
   A	
   personal	
   view:	
   environmental	
   education—its	
   content	
   and	
  
delivery.	
   J.	
   Environ.	
   Stud.	
   Sci.	
   1,	
   6–13.	
   (doi:10.1007/s13412-­011-­0006-­3)	
  
CrossRef	
  

128. Levin	
  SA.	
  2009	
  Games,	
  groups,	
  and	
  the	
  global	
  good.	
  London,	
  UK:	
  Springer.	
  Search	
  
Google	
  Scholar	
  

129. Levin	
   S.	
   1999	
   Fragile	
   dominion.	
   Reading,	
   MA:	
   Perseus	
   Books.	
   Search	
   Google	
  
Scholar	
  

130. Liu	
  J,	
  Li	
  S,	
  Ouyang	
  Z,	
  Tam	
  C,	
  Chen	
  X.	
  2008	
  Ecological	
  and	
  socioeconomic	
  effects	
  of	
  
China's	
   policies	
   for	
   ecosystem	
   services.	
   Proc.	
   Natl	
   Acad.	
   Sci.	
   USA	
   105,	
   9489–
9494.	
  (doi:10.1073/pnas.0706905105)	
  Abstract/FREE	
  Full	
  Text	
  



	
   18	
  

131. Daily	
   GC,	
   Kareiva	
   PM,	
   Polasky	
   S,	
   Ricketts	
   TH,	
   Tallis	
   H.	
   2011	
   Mainstreaming	
  
natural	
  capital	
  into	
  decisions.	
  In	
  Natural	
  capital:	
  theory	
  and	
  practice	
  of	
  mapping	
  
ecosystem	
   services	
   (eds	
  Kareiva	
  PM,	
  Tallis	
  H,	
  Ricketts	
  TH,	
  Daily	
  GC,	
  Polasky	
   S),	
  
pp.	
  3–14.	
  Oxford,	
  UK:	
  Oxford	
  University	
  Press.	
  Search	
  Google	
  Scholar	
  

132. Ehrlich	
   PR.	
   2000	
   Human	
   natures:	
   genes,	
   cultures,	
   and	
   the	
   human	
   prospect.	
  
Washington,	
  DC:	
  Island	
  Press.	
  Search	
  Google	
  Scholar	
  

133. James	
  PT,	
  Leach	
  R,	
  Kalamara	
  E,	
  Shayeghi	
  M.	
  2001	
  Worldwide	
  obesity	
  epidemic.	
  
Obes.	
  Res.	
  9	
  (Suppl.	
  4),	
  S228–S233.	
  (doi:10.1038/oby.2001.123)	
  Medline	
  

134. Jackson	
  T.	
  2009	
  Prosperity	
  without	
  growth:	
  economics	
  for	
  a	
  finite	
  planet.	
  London,	
  
UK:	
  Earthscan.	
  Search	
  Google	
  Scholar	
  

135. Gardner	
  H.	
  2008	
  Multiple	
  intelligences:	
  new	
  horizons	
  in	
  theory	
  and	
  practice.	
  New	
  
York,	
  NY:	
  Basic	
  Books.	
  Search	
  Google	
  Scholar	
  

136. Holdren	
   J.	
   1991	
   Population	
   and	
   the	
   energy	
   problem.	
   Popul.	
   Environ.	
  12,	
   231–
255.	
  (doi:10.1007/BF01357916)	
  CrossRefWeb	
  of	
  Science	
  

137. Potts	
   M.	
   2009	
   Where	
   next?	
   Phil.	
   Trans.	
   R.	
   Soc.	
   B	
   364,	
   3115–3124.	
  
(doi:10.1098/rstb.2009.0181)	
  Abstract/FREE	
  Full	
  Text	
  

138. Sedgh	
  G,	
  Hussain	
  R,	
  Bankole	
  A,	
   Singh	
  S.	
   2007	
  Women	
  with	
   an	
  unmet	
  need	
   for	
  
contraception	
  in	
  developing	
  countries	
  and	
  their	
  reasons	
  for	
  not	
  using	
  a	
  method.	
  
In	
   Occasional	
   report,	
   pp.	
   1–80.	
   New	
   York,	
   NY:	
   Guttmacher	
   Institute.	
   Search	
  
Google	
  Scholar	
  	
  

139. Singh	
   S,	
   Sedgh	
   G,	
   Hussain	
   R.	
   2010	
   Unintended	
   pregnancy:	
   worldwide	
   levels,	
  
trends,	
   and	
   outcomes.	
   Stud.	
   Fam.	
   Plann.	
   41,	
   241–250.	
   (doi:10.1111/j.1728-­
4465.2010.00250.x)	
  CrossRefMedlineWeb	
  of	
  Science	
  

140. O'Neill	
   BC,	
   Liddle	
   B,	
   Jiang	
   L,	
   Smith	
   KR,	
   Pachauri	
   S,	
   Dalton	
   M,	
   Fuchs	
   R.	
   2012	
  
Demographic	
   change	
   and	
   carbon	
   dioxide	
   emissions.	
   Lancet	
   380,	
   157–164.	
  
(doi:10.1016/S0140-­6736(12)60958-­1)	
  CrossRefMedlineWeb	
  of	
  Science	
  

141. Ehrlich	
   PR,	
   Ehrlich	
   AH.	
   2006	
   Enough	
   already.	
   New	
   Sci.	
   191,	
   46–50.	
  
(doi:10.1016/S0262-­4079(06)60615-­5)	
  CrossRef	
  

142. Turner	
  A.	
  2009	
  Population	
  ageing:	
  what	
  should	
  we	
  worry	
  about?	
  Phil.	
  Trans.	
  R.	
  
Soc.	
   B	
   364,	
   3009–3021.	
   (doi:10.1098/rstb.2009.0185)	
   Abstract/FREE	
   Full	
  
Text	
  

143. Victor	
   PA.	
   2008	
  Managing	
   without	
   growth.	
   Northampton,	
   MA:	
   Edward	
   Elgar.	
  
Search	
  Google	
  Scholar	
  

144. Galbraith	
   JK.	
   2008	
   The	
   predator	
   state:	
   how	
   conservatives	
   abandoned	
   the	
   free	
  
market	
   and	
   why	
   liberals	
   should	
   to.	
   New	
   York,	
   NY:	
   Free	
   Press.	
   Search	
   Google	
  
Scholar	
  

145. Ariely	
   D.	
   2009	
   Predictably	
   irrational,	
   revised	
   and	
   expanded	
   edition.	
   New	
   York,	
  
NY:	
  Harper	
  Collins.	
  Search	
  Google	
  Scholar	
  

146. Dasgupta	
   P.	
   2001	
  Human	
  well-­being	
   and	
   the	
   natural	
   environment.	
   Oxford,	
   UK:	
  
Oxford	
  University	
  Press.	
  Search	
  Google	
  Scholar	
  

147. Dasgupta	
  P.	
  2010	
  Nature's	
  role	
  in	
  sustaining	
  economic	
  development.	
  Phil.	
  Trans.	
  
R.	
  Soc.	
  B	
  365,	
  5–11.	
  (doi:10.1098/rstb.2009.0231)	
  Abstract/FREE	
  Full	
  Text	
  	
  

148. Arrow	
  K,	
  et	
  al.	
  2004	
  Are	
  we	
  consuming	
  too	
  much?	
  J.	
  Econ.	
  Perspect.	
  18,	
  147–172.	
  
(doi:10.1257/0895330042162377)	
  CrossRefWeb	
  of	
  Science	
  

149. Barrett	
  S.	
  2003	
  Environment	
  and	
  statecraft:	
  the	
  strategy	
  of	
  environmental	
  treaty-­
making.	
  New	
  York,	
  NY:	
  Oxford	
  University	
  Press.	
  Search	
  Google	
  Scholar	
  

150. Barrett	
   S.	
   2007	
   Why	
   cooperate:	
   the	
   incentive	
   to	
   supply	
   global	
   public	
   goods.	
  
Oxford,	
  UK:	
  Oxford	
  University	
  Press.	
  Search	
  Google	
  Scholar	
  

151. Dietz	
  T,	
  Ostrom	
  E,	
  Stern	
  PC.	
  2003	
  The	
  struggle	
  to	
  govern	
  the	
  commons.	
  Science	
  
302,	
  1902–1912.	
  (doi:10.1126/science.1091015)	
  Abstract/FREE	
  Full	
  Text	
  

152. Acemoglu	
  D,	
  Robinson	
  J.	
  2012	
  Why	
  nations	
  fail:	
  the	
  origins	
  of	
  power,	
  prosperity,	
  
and	
  poverty.	
  New	
  York,	
  NY:	
  Crown	
  Business.	
  Search	
  Google	
  Scholar	
  

153. Pirages	
  D,	
  Ehrlich	
  PR.	
  1972	
  If	
  all	
  Chinese	
  had	
  wheels.	
  New	
  York	
  Times	
  (16	
  March,	
  
1972).	
  Search	
  Google	
  Scholar	
  



	
   19	
  

154. Klare	
   MT.	
   2008	
   Rising	
   powers,	
   shrinking	
   planet:	
   the	
   new	
   geopolitics	
   of	
   energy.	
  
New	
  York,	
  NY:	
  Henry	
  Holt	
  and	
  Company.	
  Search	
  Google	
  Scholar	
  

155. Watts	
   J.	
   2010	
  When	
   a	
   billion	
   Chinese	
   jump.	
   New	
   York,	
   NY:	
   Scribner.	
   Search	
  
Google	
  Scholar	
  

156. Moghaddam	
  FM.	
  2012	
  The	
  omnicultural	
   imperative.	
  Cult.	
  Psychol.	
  18,	
  304–330.	
  
(doi:10.1177/1354067X12446230)	
  Abstract/FREE	
  Full	
  Text	
  

157. Buchan	
   NR,	
   Grimalda	
   G,	
   Wilson	
   R,	
   Brewer	
   M,	
   Fatase	
   E,	
   Foddy	
   M.	
   2009	
  
Globalization	
  and	
  human	
  cooperation.	
  Proc.	
  Natl	
  Acad.	
  Sci.	
  USA	
  106,	
  4138–4142.	
  
(doi:10.1073/pnas.0809522106)	
  Abstract/FREE	
  Full	
  Text	
  

158. Ehrlich	
   PR,	
   Ehrlich	
   AH.	
   2005	
   One	
   with	
   nineveh:	
   politics,	
   consumption,	
   and	
   the	
  
human	
   future,	
   (with	
   new	
   afterword).	
   Washington,	
   DC:	
   Island	
   Press.	
   Search	
  
Google	
  Scholar	
  

159. Meyer	
  M.	
  2009	
  The	
  year	
  that	
  changed	
  the	
  world:	
  the	
  untold	
  story	
  behind	
  the	
  fall	
  of	
  
the	
  Berlin	
  Wall.	
  New	
  York,	
  NY:	
  Scribner.	
  Search	
  Google	
  Scholar	
  

160. Ostrom	
  E.	
   2009	
  A	
  polycentric	
   approach	
   for	
   coping	
  with	
   climate	
   change.	
  World	
  
Bank	
  Policy	
  Research	
  Working	
  Paper	
  no.	
  5095.	
  Search	
  Google	
  Scholar	
  

161. Cialdini	
   RB.	
   2008	
   Influence:	
   science	
   and	
   practice.	
   Boston,	
   MA:	
   Allyn	
   &	
   Bacon.	
  
Search	
  Google	
  Scholar	
  

162. Barrett	
  S,	
  Dannenberg	
  A.	
  2012	
  Climate	
  negotiations	
  under	
  scientific	
  uncertainty.	
  
Proc.	
   Natl	
   Acad.	
   Sci.	
   USA	
   109,	
   17	
   372–17	
   376.	
  
(doi:10.1073/pnas.1208417109)	
  Abstract/FREE	
  Full	
  Text	
  

163. Matthews	
  JH,	
  Boltz	
  F.	
  2012	
  The	
  shifting	
  boundaries	
  of	
  sustainability	
  science:	
  are	
  
we	
   doomed	
   yet?	
   PLoS	
   Biol.	
   10,	
   e1001344.	
  
(doi:10.1371/journal.pbio.1001344)	
  CrossRefMedline	
  


