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W
hat is the value of the distant future?!

!H
ow

 do w
e think about decisions w

e are m
aking today 

that w
ill affect the Earth for tens of thousands of 

years?!
!Is there a m

oral argum
ent for som

e threshold of 
environm

ental conditions that w
e m

ust preserve for 
future generations?!
!





The)challenge:))Try)to)construct)a)low
8carbon)U

.S.)
econom

y)by)m
id8century,)assum

ing)increases)in)
dem

and)are)balanced)by)increased)energy)effi
ciency.)

W
hat)is)the)Am

escale)of)decarbonizing)the)U
.S.?)
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•)Electrify)as)m
uch)as)possible)(w

hether)electric)cars)or)
fuel8cell)cars)w

ith)hydrogen)from
)renew

ables).))M
otor)

gasoline)is)roughly)50%
)of)U

.S.)petroleum
)use,)so)replacing)

that)w
ould)add)~450)GW

y)of)electricity)dem
and.)

•)Rem
ainder)provided)by)advanced)biofuels,)w

hich)requires)
CCS)on)a)scale)of)~2)Gt/y.)
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uch)as)possible.)(adding)~300)GW
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•)Electrify)as)m
uch)as)possible)(unclear)how

)m
uch)is)

feasible),)adding)~250)GW
y)of)electricity)dem

and.)

•)Replace)petroleum
)w
ith)advanced)biofuels,)requiring)

addiAonal)CCS)on)a)scale)of)~2)Gt/y.)
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•)CreaAng)a)non8fossil)electricity)
sector)to)replace)exisAng)system

))(450)
GW

y)of)dem
and))requires)building))at)

least)1500)GW
)of)new

)capacity)
(because)of)low

)capacity)factors)of)
renew

ables).)

•)AddiAonal)dem
and)of)~1000)GW

y)
requires)an)addiAonal)2500)to)3000)
GW

)of)capacity.))
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In)addiAon)to)m
assive)infrastructure)for)non8fossil)transportaAon)

and)industrial)system
s,)w

e)need)to)build)4000)to)5000)GW
)of)non8

fossil)generaAon)capacity)in)the)U
.S.))The)current)rate)of)gross)

construcAon)is)~20)GW
)per)year.)(For)China,)it)is)~100)GW

/y).)

Assum
ing)m

assive)poliAcal)w
ill)and)highly)favorable)econom

ics)
(neither)yet)exists…

),)a)huge)industrial)effort)(building)at)the)rate)
of)China))requires)at)least)70)years)to)reach)our)goal.))(just)for)the)
U
.S.!))

This)w
ill)be)a)LO

N
G)w

ar…
)





)An)honest)(albeit)depressing))view
)of)acAon)on)

clim
ate)change:)

)W
e)are)asking)people)(in)general))to)bear)costs)

(som
eAm

es)significant)costs))for)benefits)that)
w
ill)have)virtually)no)im

pact)on)their)experience)
of)clim

ate)change)in)their)lifeAm
e.))(i.e.,)they)w

ill)
suffer)the)im

pacts)of)clim
ate)change)regardless)

of)w
hat)they)do).))The)benefits)w

ill)go)to)their)
children)and)m

ostly)to)their)grandchildren)and)
beyond…

)
)))



W
hat is a solution?  !

Three view
s:!

•develop new
 technology!

•change our behavior!

•m
oney and pow

er !



W
riien)by)Paul)and)Ann)Ehrlich)in)1968.)
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obel)prizes)in)1918) )
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“The green revolution has w
on a tem

porary success in 
m

an's w
ar against hunger and deprivation; it has given 

m
an a breathing space. If fully im

plem
ented, the 

revolution can provide sufficient food for sustenance 
during the next three decades. B

ut the frightening 
pow

er of hum
an reproduction m

ust also be curbed; 
otherw

ise the success of the green revolution w
ill be 

ephem
eral only.”!

!
!N

orm
an Borlaug, 1970!

!N
obel Peace Prize acceptance speech!

Is Technology the A
nsw

er?!



“Just as few
 people saw

 a m
oral problem

 w
ith slavery 

in the 18th century, few
 people in the 21st century see 

a m
oral problem

 w
ith the burning of fossil fuels. W

ill 
people in 100 years look at us w

ith the sam
e 

incom
prehension w

e feel tow
ards 18th-century 

defenders of slavery? If w
e are to address the problem

 
adequately, the answ

er to that question m
ust be yes--

our com
m

on atm
osphere w

ill no longer be seen as a 
free dum

ping ground for greenhouse gases and other 
pollutants.”!
!
!Prof. Andy H

offm
an, U

. of M
ichigan!

Is Technology the A
nsw

er?!



Cartoon)from
)an)1861)Vanity'Fair:)"Grand)ball)given)by)the)w

hales)in)honor)of)the)
discovery)of)the)oil)w

ells)in)Pennsylvania.")



C
ollective action is easiest if one can fram

e the 
action as aligned w

ith core cultural values.  
 These core cultural values can change, driven 
by technology, by econom

ic forces, or by social 
forces, but this generally takes a long tim

e. 
 The relationship betw

een technology, behavior, 
values, culture and political action is com

plex 
and w

orthy of m
uch m

ore attention (Thank you, 
G

arrison Institute!) 

  



Preparing)for)Clim
ate)Change)



There are three w
ays to deal w

ith clim
ate 

change: 

 W
e can m

itigate (reduce our em
issions). 

 W
e can adapt (m

anage the im
pacts). 

 W
e can suffer. 

 (W
e are likely to do all three) 

  



A
daptation versus P

reparedness 

A “preparedness” fram
ing aligns public action on clim

ate 
change w

ith core com
m

unity values (protecting our 
fam

ilies, protecting our hom
es, protecting our 

com
m

unities…
) 

  



A
daptation versus P

reparedness 

“This issue is lost. I don't care w
hat the S

uprem
e C

ourt 
does, this is now

 inevitable -- and it's inevitable because 
w

e lost the language on this.” 
 

 - R
ush Lim

baugh on gay m
arriage  



A
daptation versus P

reparedness 

A “preparedness” fram
ing aligns public action on clim

ate 
change w

ith core com
m

unity values (protecting our 
fam

ilies, protecting our hom
es, protecting our 

com
m

unities…
) 

 A focus on preparedness finesses the com
plex question 

about attribution.  It doesn’t m
atter w

hether a specific 
w

eather event w
as “caused” by clim

ate change or not.   
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M
arch 2013 

 D
ear M

r. President:  
 W

hen you m
et w

ith your C
ouncil of A

dvisors on Science and Technology (PC
A

ST) at the 
end of N

ovem
ber, you noted that your A

dm
inistration w

as in the process of developing a 
strategy for addressing clim

ate change during your second term
 and you asked for our input. 

 In this letter, w
e suggest six key com

ponents for consideration that w
e deem

 central to your 
clim

ate change strategy and policy:  
 (1) focus on national preparedness for clim

ate change; 
 

(2) continue efforts to decarbonize the econom
y, w

ith em
phasis on the electricity sector; 

 
(3) 

level 
the 

playing 
field 

for 
clean-energy 

and 
energy-efficiency 

technologies 
by 

rem
oving regulatory obstacles, addressing m

arket failures, adjusting tax policies, and 
providing tim

e-lim
ited subsidies for clean energy w

hen appropriate; 
 

(4) sustain research on next-generation clean-energy technologies and rem
ove obstacles 

for their eventual deploym
ent; 

 
(5) take additional steps to establish U

.S. leadership on clim
ate change internationally; 

and 
 (6) conduct an initial Q

uadrennial E
nergy R

eview
 (Q

E
R

). 
 

 
The 

first 
com

ponent 
aim

s 
to 

reduce 
the 

dam
age 

resulting 
from

 
changes 

in 
clim

ate 
(“adaptation”), w

hile the last five aim
 to reduce the pace and m

agnitude of these changes 
(“m

itigation”).  B
oth approaches are essential parts of an integrated strategy for dealing w

ith 
clim

ate change. M
itigation is needed to avoid a degree of clim

ate change that w
ould be 

unm
anageable despite efforts to adapt.  A

daptation is needed because the clim
ate is already 

changing and som
e further change is inevitable regardless of w

hat is done to reduce its pace 
and m

agnitude. B
elow

, w
e discuss each of these six com

ponents in greater detail. 
 (1) Focus on national preparedness for clim

ate change. 
 A

 prim
ary goal of a national clim

ate strategy should be to help the N
ation prepare for im

pacts 
from

 clim
ate change in w

ays that decrease the dam
age from

 extrem
e w

eather and other 
clim

ate-related phenom
ena (i.e., increase robustness) and w

ays that speed recovery from
 

dam
age that nonetheless occurs (i.e., increase resilience). R

ecent disasters involving extrem
e 

w
eather events (including H

urricane Sandy, extrem
e drought, and ram

pant w
ildfires) have 

underscored the N
ation’s vulnerability and the urgent need for preparedness. 
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A)prim
ary)goal)of)a)naAonal)clim

ate)strategy)should)be)to)
help)the)N

aAon)prepare)for)im
pacts)from

)clim
ate)change)

in)w
ays)that)decrease)the)dam

age)from
)extrem

e)w
eather)

and)other)clim
ate8related)phenom

ena)(i.e.,)increase)
robustness))and)w

ays)that)speed)recovery)from
)dam

age)
that)nonetheless)occurs)(i.e.,)increase)resilience).)Recent)
disasters)involving)extrem

e)w
eather)events)(including)

Hurricane)Sandy,)extrem
e)drought,)and)ram

pant)
w
ildfires))have)underscored)the)N

aAon’s)vulnerability)and)
the)urgent)need)for)preparedness.)



“P
reparedness against m

ajor threats is a critical responsibility 
of the Federal G

overnm
ent, w

orking w
ith the S

tates. A
n 

ongoing focus on preparedness, m
oreover, w

ill help 
A

m
ericans understand that clim

ate change is a clear and 
present threat, w

hose effects are already visible, expensive, 
and w

orsening (rather than a distant issue w
ith im

pacts m
any 

decades hence). A preparedness strategy that engages state 
and local officials, as it m

ust given the geographic variation in 
clim

ate-change effects and vulnerabilities and the need for 
state and local actions to address them

, w
ill also strengthen 

the national constituency for the com
prehensive approach to 

clim
ate change —

 m
itigation as w

ell as adaptation —
 that is 

needed.” 



R
esilience (from

 M
erriam

-W
ebster) 

re·sil·ience noun \ri-�zil-yən(t)s\ 
 1: the capability of a strained body to recover 
its size and shape after deform

ation caused 
especially by com

pressive stress . 
2: an ability to recover from

 or adjust easily to 
m

isfortune or change.  
  R

obustness is defined as "the ability of a 
[system

] to resist change w
ithout adapting its 

initial stable configuration.” 
 



robust 

resilie
nt 



S
om

e thoughts on resilience and 
robustness…

 

 1) D
istinguish investm

ents in robustness from
 

investm
ents in resilience (i.e., sea w

alls versus pum
ps 

and w
aterproof system

s). 

2) D
istinguish “hard” versus “soft” investm

ents in 
robustness (i.e., w

etlands versus sea w
alls). 

3) The m
ost effective policy m

easures w
ill align 

econom
ic incentives w

ith individual and societal 
decisions to put people in harm

’s w
ay. 

   



Thoughts for the U
.S

. (not necessarily 
relevant for the rest of the w

orld…
) 

 1) 
The m

ost im
portant policy levers for increasing resilience to 

clim
ate-related im

pacts are at the state and local levels (i.e., 
building codes, zoning law

s). 

2) 
D

eregulation of the insurance industry (and reform
 of som

e 
program

s like federal flood insurance and crop insurance) can 
be an effective w

ay to encourage responsible investm
ents in 

robustness and resilience.  Inclusion of risk in housing m
arkets 

(e.g., Fannie, Freddie) w
ould also be effective.  

3) 
The U

.S
. political system

 is unlikely to support large 
infrastructure investm

ents required to provide “hard” protection 
from

 clim
ate change.  Investm

ents in controlled m
igration, 

“soft” robustness, and resilience are m
ore likely to receive the 

necessary political support. 

   



C
lim

ate preparedness requires a focus on local 
scales of clim

ate change (i.e., different places 
have different vulnerabilities).  This allow

s 
com

m
unities to focus on things that m

atter m
ost 

to them
.  

 B
ut bew

are the urge to m
isuse clim

ate m
odels to 

produce “dow
nscaled” forecasts of future 

conditions, as these look pretty (and 
authoritative) but have very little predictive value.   
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