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The  Unite d State s  and the  re s t  of the  world is  conte nding with incre as ingly com m on 
e xt re m e  we athe r e ve nts  tha t  thre a te n U.S. na t ional s e curity. The se  e xt re m e  
we athe r e ve nts  have  s ignificant  prim ary and se condary e ffe ct s  on the  full range  of 
crit ica l infras t ructure  s e ctors  (and the ir supply chains ), m any of which e nable  ke y 
U.S. Gove rnm e nt  funct ions  or support  Am e rican socie ty. The  re port  e xam ine s  
public-private  pract ice s  and m e thodologie s  to  addre s s  the  curre nt  and e volving 
thre a t s  to  na t ional s e curity from  e xt re m e  we athe r e ve nts . This  analys is  focuse s  on 
be s t  pract ice s  and fram e works  to  be  de ve lope d or update d by 20 3 5  to  addre s s  
e xt re m e  we athe r thre a t s  out  to 20 5 0 . We  be gin this  analys is  with an ove rvie w of 
the  thre a t  landscape  to  ide nt ify the  type s  of e xt re m e  we athe r thre a te ning the  
Unite d Sta te s  and the  world and the  e xpe cte d t re nds  acros s  e ach e ve nt  type  in the  
com ing de cade s . The  re port  as se s se s  the  nat ional s e curity im plica t ions  of the se  
we athe r e ve nts  and how e xt re m e  we athe r e ve nts  inte ns ify e xis t ing thre a t s  or 
de grade  the  ability of the  U.S. Gove rnm e nt  and the  private  s e ctor from  pe rform ing 
crit ica l funct ions . We  highlight  the  im portance  of public-private  coope ra t ion to 
addre s s  the  thre a t  of e xt re m e  we athe r e ve nts  through two case  s tudie s  include d in 
this  re port . The  firs t  case  s tudy e xam ine s  the  im pacts  of Hurricane  Maria  on the  
pharm ace ut ica l indus t ry’s  supply chains  and the  s te ps  pharm ace ut ica l companie s  
have  take n to  build  re s ilie nce . The  se cond case  s tudy analyze s  s te ps  take n by the  
se m iconductor indus t ry in Taiwan to addre ss  a  drought  in 20 21 which challe nge d 
m anufacturing and thre a te ne d the  global supply of m icrochips . The  re port  provide s  
m it iga t ion opt ions  t ie d to  spe cific  e xt re m e  we athe r e ve nts  and public-private  be s t  
pract ice s  obse rve d during the  product ion of the  case  s tudie s  and inte rvie ws  with 
gove rnm e nt  and indus t ry le ade rs . The  re port  a im s  to  give  public  and private  s e ctor 
s take holde rs  act ionable  s te ps  the y can imple m e nt  in the ir organiza t ions  to  build  
re s ilie nce  and m it iga te  the  im pact  of e xt re m e  we athe r e ve nts  on nat ional s e curity.  

To e nsure  the  wide s t  use  of this  re se arch, the  ESRI pla t form will hold inte ract ive  
datase t s  conve ning curre nt  we athe r re se arch, m ode le d fore cas ts  in shift s  for e ach 
e xt re m e  we athe r e ve nt  t rigge r, thre sholds  for pote nt ia l impact , and the  case  
s tudie s  to  focus  data  pe rt ine nt  to  e ach re gion, s e ctor, and nat ional s e curity 
im plica t ion ke y conce pt  of the ir conce rn. The  pla t form allows  for display m aps  
which pull the  m os t  up to date  graphics , e nabling this  product  to  s e lf-update  and 
re m ain t im e ly as  ne w m ode ls  and s tudie s  de but  and can produce  consolida te d 
sum m ary page s .  
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● The  use r will be  able  to  acce s s  the  s it e , drill down to the ir re gion, 
infras t ructure , or we athe r e ve nt  of note  and the ir curre nt  im pacts  and; 

● Use  e xis t ing tools  from  subje ct  m at te r e xpe rt s  to  ide nt ify the  worse ning 
t re nds  in e ach m ajor we athe r e ve nt  type  to  isola te  which conce rns  to  addre s s  
im m e dia te ly and; 

● Ide nt ify be s t  pract ice s  m os t  applicable  to the ir focus  and poss ible  sourcing of 
funding to  offse t  im ple m e nta t ion cos t s . 

The  ESRI product  will be  m ainta ine d by DHS and update d as  m ore  tools , re source s , 
and funding opportunit ie s  be com e  available , m aking this  product  a  living docum e nt  
and a  collabora t ive  e ffort . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER STATEMENT: This  docum e nt  is  provide d for e duca t iona l and inform at iona l purpos e s  
only. The  vie ws  and opinions  e xpre s s e d in this  docum e nt  do not  ne ce s s arily s ta te  or re fle c t  thos e  of 
the  Unite d Sta te s  Gove rnm e nt  or the  P ublic-P riva te  Analyt ic  Exchange  P rogram , and the y m ay not  
be  us e d for adve rt is ing or product  e ndors e m e nt  purpos e s . All judgm e nts  and as s e s s m e nts  a re  s ole ly 
bas e d on unclas s ifie d s ource s  and are  the  product  of jo int  public  and priva te  se ctor e ffort s . 
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EXECUTIVE SUMMARY 
The  com ing de cade s  of the  21s t ce ntury will pose  a varie ty of thre a t s  to the  nat ional 
s e curity of the  Unite d Sta te s . Sta te s  like  China , Russ ia , and Iran are  working to  
challe nge  U.S. pre se nce  in ke y re gions  or sow chaos  acros s  the  world. Non-s ta te  
groups , including dom e s t ic  viole nt  e xt re m is t s , cont inue  to  prom ote  hate ful 
ide ologie s  and launch a t tacks  acros s  the  world agains t  civilian popula t ions . While  
the se  thre a t s  a ll pose  a  challe nge , the  t re nds  obse rve d with e xt re m e  we athe r 
e ve nts  will hit  harde r, m ore  re gularly, and close r to  hom e  for the  Unite d Sta te s  than 
any e xte rnal thre a t . Clim ate  change  is  has te ning the  pace  of e xt re m e  we athe r fe lt  
acros s  the  Unite d State s  with s t ronge r s torm s , m ore  inte nse  droughts , and ris ing 
se as  prim e d to  cause  s ignificant  hum an, phys ica l, and financia l dam age s  be twe e n 
now and 20 5 0 . Be yond the  imm e dia te  los s  of life  and damage  to prope rty, the se  
e xt re m e  we athe r e ve nts  have  re a l im plica t ions  for the  nat ional se curity of the  
Unite d Sta te s . Climate  change  and the  e xt re m e  we athe r e ve nts  it  can cause  are  
inte ns ifying conflict s , spurring m ass  m igra t ions , de s t roying crit ica l infras t ructure , 
and unde rcut t ing the  ability of the  U.S. milita ry to  m ainta in and proje ct  powe r. All of 
the se  cascading im pacts  of e xt re m e  we athe r e ve nts  are  re a l and are  be ing fe lt  
acros s  the  count ry. Not  a ll of the se  im pacts  are  obvious . For e xam ple , Hurricane  
Maria’s  de vas tat ion of P ue rto Rico cause d s ignificant  dis rupt ions  to  the  
pharm ace ut ica l supply chain in the  Unite d Sta te s  with impacts  fe lt  acros s  the  
he althcare  sys te m . Sim ilarly, a  wide spre ad drought  in Taiwan a lm os t  cripple d the  
count ry’s  ability to produce  advance d compute r chips  e s se nt ia l to  a  range  of high-
e nd m ilit a ry and civilian te chnologie s . In both case s , e xt re m e  we athe r e ve nts  s e t  off 
a  chain re act ion with m e asurable  impacts  fe lt  through the  e conom y, inte rnat ional 
supply chains , and the  ability of the  U.S. Gove rnm e nt  to  s afe guard the  count ry. The  
U.S. Gove rnm e nt  and the  priva te  s e ctor, e ve n working toge the r, cannot  fully 
e lim inate  the  risk of clim ate  change  induce d e xt re m e  we athe r e ve nts . Howe ve r, 
the re  are  m it iga t ion s te ps  tha t  the  public  and private  s e ctor can take  whe n building 
and de s igning infras t ructure  to  s ave  live s  and prom ote  re s ilie nt  indus t rie s . The re  
are  a lso num e rous  opportunit ie s  for the  private  s e ctor to  work with the  U.S. 
Gove rnm e nt  to  promote  inform at ion sharing, conduct  risk as se s sm e nts , and pursue  
e ffe ct ive  re s ilie nce  me asure s . Ext re m e  we athe r e ve nts  will t e s t  the  nat ion in the  
com ing de cade s , but  with sm art  policy and targe te d act ion, the  Unite d Sta te s  can 
work to  s tave  off the  wors t  impacts  of incre as ingly dam aging clim at ic  and we athe r 
t re nds .  
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THREAT LANDSCAP E 

Ext re m e  He a t  

In the  Unite d State s , annual t e m pe ra ture s  are  warm e r than the  20 th ce ntury 
ave rage  re gardle s s  of ge ographica l locat ion and re ce nt  ye ars  have  se t  num e rous  
re cords , including ove r 10 0 ,0 0 0  daily te m pe ra ture  re cords  t ie d or broke n. Since  
te m pe ra ture  re cords  be gan in 18 8 0 , the  te n warm e s t  ye ars  have  a ll occurre d s ince  
20 10 , with 20 14  – 20 22 as  the  nine  warm e s t  ye ars  on re cord. The se  re cord e le vate d 
te m pe ra ture s  incre ase  m orta lity and m orbidity in North Am e rica .i 

In the  19 8 0 s , concurre nt  he at  wave s  only occurre d for 20 -3 0  days  e ach sum m e r. 
Global warm ing has  drive n a  s ixfold incre ase  in the  fre que ncy of s im ultane ous  he at  
wave s  ove r the  las t  4 0  ye ars . The  s tudy a lso found tha t  concurre nt  he at  wave s  
cove re d about  4 6 % m ore  space  and re ache d m axim um inte ns it ie s  tha t  we re  17% 
highe r than 4 0  ye ars  ago. Ext re m e  He at  can vary base d off the  re gion for im pacts  
but  is  ge ne ra lly unde rs tood to be  te m pe ra ture s  ove r 9 5  de gre e s  with high hum idity 
for a t  le as t  thre e  days .ii Typica l hum idity le ve ls  and base line  te mpe ra ture s  are  
variable  acros s  the  Unite d Sta te s  due  to the  e xpans ive  topography and clim ate  
zone s  within the  count ry. High te m pe ra ture s  in Maine  have  a  lowe r thre shold than 
Te xas  whe re as  hum idity le ve ls  typica l in Florida  would have  m ore  s ignificant  
im pacts  in Arizona. Us ing te m pe ra ture  and hum idity le ve ls , fore cas te rs  can ide nt ify 
thre sholds  for ope ra t ing both for pe ople  and for infras t ructure  with two m ain 
indica tors : the  he at  inde x and we t  bulb condit ion. 

The  he at  inde x cons ide rs  t e m pe ra ture  and re la t ive  hum idity to  de te rm ine  what  the  
te m pe ra ture  fe e ls  like  for the  body. With a high hum idity pe rce ntage  (> 9 0 %), 
t e m pe ra ture s  be low 9 0 °F can fe e l like  te mpe ra ture s  above  10 3 °F - the  minim um 
appare nt  t e m pe ra ture  for e xt re m e  he at  conse que nce s .iii The  he at  inde x is  a lso 
spe cifica lly ca lcula te d for shady are as . According to  NOAA, whe n he at  and hum idity 
are  too high for swe at  to  e vapora te  from the  skin - the  body's  na tura l cooling 
m e chanism  – we t  bulb condit ions  be gin.iv If the  te m pe ra ture  and hum idity both 
e xce e d 9 5  de gre e s , we t  bulb condit ions  can be  fata l for e ve n phys ica lly fit  
individuals .v  

He at  wave s  turning into he at  dom e s  have  be com e  an annual occurre nce  ove r the  
pas t  de cade , with both the  fre que ncy of high he at  days  and the  pe ak te m pe ra ture  
on those  days  incre as ing ye ar ove r ye ar acros s  the  Unite d State s . A he at  wave  is  a  
pe riod of unusually hot  we athe r las t ing two or m ore  days .vi A he at  dom e  occurs  
whe n the  a tm osphe re  t raps  hot  oce an a ir like  a  lid or cap and typica lly cove rs  a  
la rge r ge ographica l a re a  than a  he at  wave  for a  longe r pe riod.  
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As  the  a tm osphe re  cont inue s  to  warm  at  an une ve n ra te , m e aning part s  of the  globe  
will e xpe rie nce  gre a te r he at  than othe rs  during ce rta in pe riods , m ore  
e vapot ranspira t ion can occur a t  the  surface . Evapot ranspira t ion is  the  sum  of a ll 
proce s se s  by which wate r m ove s  from  the  land surface  to  the  a tm osphe re  via  
e vapora t ion and t ranspira t ion.vii Wate r vapor is  a  gre e nhouse  gas  re spons ible  for 
ra infa ll e ve nts , m ois ture  conte nt  throughout  the  a ir, and e ve n t rapping in he at .viii As  
e vapot ranspira t ion incre ase s  from  longe r pe riods  of dire ct  sunlight  (solar radiat ion), 
wate r vapor incre ase s , furthe r am plifying the  wate r vapor pre se nce  and t rapping in 
e ve n m ore  he at  cre a t ing a  cont inuous  cycle  of warm ing to  com pound with carbon 
and m e thane  re le ase s  coupling with pollut ion output  to produce  unsus ta inable  ra te s  
of he at  ove r the  com ing de cade s . 

P opula t ions  acros s  the  Unite d State s  (the  he at  is  no longe r re gional only) are  
s t ruggling throughout  the  sum m e r m onths  of 20 23  as  he at  wave s  bring re cord 
bre aking highs  and conse cut ive  days  of t riple -digit  t e mpe ra ture s . The se  he at  wave s  
will be com e  incre as ingly com m on in the  com ing de cade s  and pose  a  dire ct  thre a t  to 
hum an life  while  s t ra ining crit ica l infras t ructure . A s tudy conducte d by the  Firs t  
St re e t  Foundat ion found the  num be r of U.S. cit ize ns  e xpose d to re gular 
t e m pe ra ture s  e xce e ding 125 °F will incre ase  from  8  m illion to 10 7 m illion by 20 5 3  
with an ‘e xt re m e  he at  be lt ’ account ing for he at  and hum idity s t re tching from  Te xas  
to  Illinois . The  s ignificant  ris e  in e xposure  to  e xt re m e  he at  pose s  an amplifie d risk to  
ce rta in popula t ions  base d on data from the  Environm e nta l P rote ct ion Age ncy (EP A) 
and the  U.S. Ce nte rs  for Dise ase  Cont rol and P re ve nt ion (CDC). Urban popula t ions , 
young childre n, olde r adult s , and those  with som e  pre e xis t ing m e dical condit ions  or 
on part icular m e dicat ions  are  part icularly vulne rable  to  life  thre a te ning condit ions  
cause d by e xt re m e  he at .  

Ext re m e  he at  kills  m ore  Am e ricans  on ave rage  pe r ye ar than any othe r e xt re m e  
we athe r e ve nt , a  t re nd tha t  is  like ly to  worse n give n e xpe cte d e xt re m e  he at  t re nds  
by 20 5 0 . The  impact  is  a lso fe lt  on the  nat ion’s  crit ica l infras t ructure  s e ctors  – the  
Cybe rse curity and Infras t ructure  Se curity Age ncy (CISA) note s  tha t  e xt re m e  he at  
can le ad to the  de gradat ion of num e rous  type s  of s t ructure s , cause  dam age  to  
t ransporta t ion m ode s , incre ase  powe r ne e ds  for cooling which can ove rload 
e xis t ing powe r infras t ructure , and can re sult  in e xpans ive  crop de cay and live s tock 
de aths  am id othe r impacts .  

Som e  m ate ria ls , such as  concre te  and cas t  iron, a re  part icularly prone  to  cracking in 
e xt re m e  he at  to re lie ve  s t re s s , com prom is ing building infras t ructure s . Ele ct rica l 
infras t ructure  can a lso be  comprom ise d in e xt re m e  he at , as  both powe r line s  and 
t rans form e rs  be com e  le s s  e fficie nt  whe n ove rhe ate d. Incre ase d a ir condit ioning 
de m and during he at  wave s  can furthe r s t re s s  the  sys te m . The  com binat ion of le s s  
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e fficie nt  powe r de live ry and e xce ss ive  de mand incre ase s  the  burde n on com m unity 
ut ilit ie s  and can le ad to  rolling blackouts  and powe r outage s . 

For individuals  in s e a le d buildings , inte rior space s  can be com e  uninhabitable , and 
datace nte rs , e ve n with e m e rge ncy powe r, m ay ne e d to re duce  ope ra t ions  or shut  
down com ple te ly to pre ve nt  e le ct ronic e quipm e nt  from ove rhe at ing and be com ing 
dam age d. Ext re m e  he at  a lso im pacts  agricultura l product ivity, lim it ing working 
condit ions  and de cre as ing crop yie lds  

Graphic poss ible  for use  – NOAA clim atology on he at  or a  fore cas te d he at  
e xpans ion from  IP CC re port  (the  ne xt  NCA com e s  out  this  fa ll m aking it  too la te ) 

Ext re m e  Cold 

During a  t im e  of wide spre ad warm ing e ve nts , sudde n fre e ze  e ve nts  can se e m  like  a 
viola t ion of t re nds  whe n re a lis t ica lly the se  e ve nts  are  m ore  like ly to  be  inte nse  and 
fluctuate  outs ide  of se asonal norm s  give n the  une ve n am plifie d warm ing t re nds  
globally. The  je t  s t re am  has  thre e  m ain com pone nts  in the  northe rn he m isphe re , the  
Arct ic  Je t , the  Polar Front  Je t , and the  Sub-Tropica l Je t . Ext re m e  swings  in 
te m pe ra ture  are  indica t ions  of change s  in s tability of the  a tm osphe re ’s  uppe r le ve ls , 
re sult ing in m ore  inte nse  s torm  e ve nts  impact ing m ult iple  re gions  s im ultane ous ly. 
The  je t  s t re am s  are  the  m ain m ove m e nt  be lt s  for a tm osphe ric pre s sure  ce nte rs  
(lows  and highs ) acros s  the  globe , m oving the m  e ithe r towards  the  We s t  or Eas t , 
de pe nding on the  je t  s t re am , with varia t ion in longitude  of pre s sure  ce nte rs  which 
can e nable  surge s  of a ir m asse s  into re gions  le s s  pre pare d for the m . Due  to  this  
shift , typica l winte r s torm s  can a lign with arct ic  low-pre s sure  ce nte rs  wrap into one -
anothe r, pushing arct ic  a ir furthe r south than norm al, into warm e r re gions  not  built  
to  withs tand the  inte ns ity or pe rs is t ing sub-fre e zing e ve nts . The se  e ve nts  are  m ore  
com m only known as  P olar Vorte x Eve nts  and occur whe n the  Arct ic  Je t  St re am  
be com e s  uns table , which will occur m ore  ofte n in an une ve nly warm ing clim ate , 
m aking the m  m ore  difficult  to fore cas t  and like ly m ore  damaging.ix 

Ext re m e  cold occurs  whe n te m pe rature s  are  lowe r than his torica l ave rage s  for the  
re gion to  the  point  tha t  it  cre a te s  a  dange rous  e nvironm e nt ; a  cold wave  is  whe n 
te m pe ra ture s  rapidly fa ll within a  24 -hour pe riod and e xt re m e  low te mpe ra ture s  
pe rs is t  for an e xte nde d pe riod. In the  northe rn Unite d Sta te s , e xt re m e  cold can 
re fle ct  t e m pe ra ture s  we ll into the  ne gat ive s ; howe ve r, in southe rn s ta te s , 
t e m pe ra ture s  be low fre e zing can cause  se ve re  dam age  to crops  ￼ Addit ionally, 
wind chill accounts  for the  te m pe ra ture  and e xpe cte d wind spe e ds  caus ing 
te m pe ra ture s  to fe e l e ve n colde r for the  body. This  can cause  swe at  to e vapora te  
from  the  skin a t  a  gre a te r ra te  and furthe r cool down the  body re sult ing in a  gre a te r 
risk of bodily harm . Sim ilar to the  worse ning t re nds  with he at  indice s  during e xt re m e  
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he at , whe n wind chill occurs  during an e xt re m e  cold e ve nt  the  e ffe ct s  to  pe ople , 
live s tock, and infras t ructure  are  a ll am plifie d.  

Ext re m e  cold ofte n coincide s  with winte r e ve nts , such as  blizzards  and ice  s torm s . 
Blizzards  cons is t  of falling and/or blowing snow alongs ide  sus ta ine d wind or 
fre que nt  gus t s  of at  le as t  3 5  m ile s  an hour for a t  le as t  3  hours ; vis ibility is  a lso ofte n 
re duce d to  le s s  than a quarte r of a  m ile . Ice  s torm s  occur whe n dam aging 
accum ulat ions  of ice  are  e xpe cte d from  fre e zing ra in, which can s t re s s  and bre ak 
t re e  lim bs  and powe r line s  from  the  s ignificant  addit ion of we ight . 

De spite  the  ove ra ll warm ing of winte r t e mpe ra ture s  due  to climate  change , 
m orta lity ra te s  at t ribute d to cold te m pe ra ture s  pe rs is t  in North Am e rica . Hazards  
cause d by winte r s torm s  include  hard-fre e ze s , icing, fre e zing ra in, he avy snow, ice  
s torm s , fre e zing fog, and lake  e ffe ct  snow, a ll of which are  inte ns ifie d by shift s  in the  
polar vorte x s tability, anothe r e ffe ct  of climate  change .  

Clim ate  m ode ls  indicate  global cold e xt re me s  are  ove ra ll e xpe cte d to  de cre ase  ove r 
the  ne xt  75  ye ars ; howe ve r, m orta lity ra te s  are  unlike ly to de cre ase  for the  curre nt  
ge ne ra t ions  as  inte ns e  winte r s torm e ve nts  and re gional fre e ze s  re m ain a  thre a t . 
Highe r re gional variability of clim ate  mode ls  sugge s t s  cold wave s  will have  a  gre a te r 
im pact  with clim ate  change , e spe cia lly in re gions  whe re  the re  is  le s s  pre para t ion 
and capacity to  adapt  to  e xt re m e  cold. A s t rong, polar s table  vorte x m ainta ins  the  
arct ic  a ir ne ar both pole s , while  a  dis rupte d and we ak vorte x cause s  fre e zing a ir to  
e xte nd into furthe r south la t itude s  while  a llowing warm air to  push furthe r north. 
Curre nt  m ode l s imulat ions  have  ye t  to  come  to  a  conclus ive  de cis ion on the  e xte nt  
global warm ing will impact  the  s tability of the  polar vorte x.x 

A re ce nt  s tudy highlighte d tha t  the re  has  be e n a  21% de cline  in the  April 1s t  
snowpack wate r s torage  in the  We s te rn U.S. s ince  the  19 5 0 s  – which is  e quivale nt  
to  Lake  Me ad’s  s torage  capacity.xi The  pe ak annual snowpack in the  Cascade s  could 
de cre ase  by 25 % in the  ne xt  3 0 -6 0  ye ars  according to  the  s tudy. The re  have  be e n 
de cre ase s  in pe ak snowpack volum e  as  we ll as  e arlie r occurre nce s  of the  t im ing of 
pe ak snowpack, with the  pe ak occurring approxim ate ly 8  days  e arlie r in the  ye ar for 
e ve ry 1 de gre e  Ce ls ius  (1.8  de gre e s  Fahre nhe it ) of warm ing. California  could 
e xpe rie nce  e pisodic low-to-no snow be ginning in the  la te  20 4 0 s  and low-to-no 
snow in the  20 6 0 s  according to  som e  climate  proje ct ions . This  could cause  
cascading snow los s  into Ce nt ra l US. For othe r part s  of the  We s te rn U.S. pe rs is te nt  
low-to-no snow e m e rge s  in the  20 70 s  which e xte nds  acros s  the  Rocky Mounta ins .xii  

Ext re m e  cold is  a  hazard to  com m unit ie s  and burde ns  e le ct rica l sys te m s  as  the  
de m and for he at  incre ase s . Froze n e le ct rica l e quipm e nt  (e .g ., t rans form e rs , 
windm ills , solar pane ls , and fue l pipe line s ) can lim it  the  ability of e le ct rica l sys te m s  
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to  m e e t  e ne rgy de m ands , while  ice  can we igh down powe rline s  and t re e  branche s  to  
the  point  of bre aking, caus ing addit ional dis rupt ions  to  powe r de live ry and in-pe rson 
re pairs  during hazardous  condit ions . Site s  in warm e r clim ate s  are  like ly unpre pare d 
for e xt re m e  cold and could se e  damage s  to support ing infras t ructure  like  ut ilit ie s  
us ing pipe line s , such as  wate r, oil, or gas , which m ay not  be  sufficie nt ly insula te d 
could crack due  to fre e zing condit ions . The se  condit ions  can be com e  e xace rbate d 
due  to  winte r s torm s , which can las t  for s e ve ra l days , and disproport ionate ly affe ct  
vulne rable  popula t ions  with lim ite d acce s s  to  re source s . The  addit ional s t re s s  on 
e le ct rica l sys te m s  m ay re sult  in blackouts  or powe r outage s . With lim ite d or no 
acce s s  to  he at ing sys te m s , house holds  m ay turn to space  he ate rs , wood fire place s , 
or inappropria te  he at  source s  such as  gas  s tove s , outs ide  grills , and ove ns  for 
warm th, but  the se  a lte rnat ive  m e thods  can cause  hazardous  a ir quality ins ide  or 
re sult  in house  fire s .xiii xiv 

Eve n during the  warme s t  m onths  his torica lly, polar a ir has  pe rs is te d with arct ic  a ir at  
both pole s  and like ly will re m ain through the  ne xt  fe w de cade s  de spite  ove ra ll 
warm ing t re nds . The  shift s  in type s  of pre cipita t ion indica te s  la rge r are as  whe re  
s lush, fre e zing ra in, and ice  s torm s  could de ve lop which his torica lly would se e  m ore  
e ve n dis t ribut ions  of snowfall de ve loping a robus t  snowpack for s low m e lt ing into 
rive rs , re se rvoirs , and aquife r sys te m s  in the  spring. The  change s  in winte r we athe r 
e ve nts  like  blizzards  in warm  clim ate  are as , ice  s torm s  be com ing m ore  e xpans ive , 
and shift s  in snowfall e ve nts  toward fre e zing ra in, and e ve ntually sole ly ra in, m ake  
planning for surface  wate r and infras t ructure  ope ra t ions  during the se  m onths  m ore  
difficult . This  harshe r clim ate  is  le s s  unde rs tood by the  scie nt ific  com m unity for 
what  future  winte r s e asons  could look like , but  the  com ing de cade s  will pre se nt  
gre a te r thre a t s  to  wate r s e curity re gardle s s  as  the  shift  in be ginning and e nd of 
winte r have  cascading im pacts  to the  agricultura l s e ctor, wate rways , s e a  ice , 
pe rm afros t  m e lt  ra te s , m ounta in pre cipita t ion runoff ra te s , and re gional subs ide nce . 

Larg e r  W ildfire s  

A wildfire  is  an uncont rolle d fire  in the  wildland ve ge ta t ion, ofte n in rura l a re as . 
Wildfire s  can burn in fore s t s , gras s lands , s avannas , and othe r e cosys te m s , and have  
be e n doing so for hundre ds  of m illions  of ye ars . Me gafire s  are  de fine d by the  U.S. 
Inte rage ncy Fire  Ce nte r as  a  wildfire  which burns  m ore  than 10 0 ,0 0 0  acre s  of land.xv 
Othe r wildfire  e xpe rt s  e xpand the  de finit ion of a  m e gafire  be yond “acre s  burne d” to 
cove r wildfire s  tha t  have  an unusually large  im pact  on pe ople  and the  e nvironm e nt . 
Wildfire s  are  not  lim ite d to  a  part icular cont ine nt  or e nvironm e nt , and ce rta in 
condit ions  can e nable  the se  fire s  to  burn for m onths  or ye ars  if condit ions  are  right . 
Ce rta in e ve nts , like  coal fire s  can t rave l a long coal ve ins  unde rground as  soft  coal’s  
ignit ion thre shold is  ve ry low, and the  fire  can burn for de cade s  be fore  burning a  
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ve in ne ar the  surface  and ignit ing the  organic m ate ria l in the  are a . Such e ve nts  are  
rare  but  occur on e ve ry cont ine nt . The  m os t  we ll-known wildfire s  are  typically 
cause d by lightning or a  by a  hum an such as  with campfire s  or ve hicle s , or in som e  
case s  through pre ve nta t ive  m e asure s  like  cont rolle d burns  which can be com e  
uncont rollable  in worse ning we athe r e ve nts . Topography plays  a  big part  too: 
flam e s  burn uphill fas te r than the y burn downhill. Wildfire s  tha t  burn ne ar 
com m unit ie s  can be com e  dange rous  and e ve n de adly if the y grow out  of cont rol.  

According to  NASA, 6 1% of we s te rn wildfire s  have  occurre d s ince  20 0 0  with a  
s te ady incre ase  in the  num be r of wildfire s  ove r the  las t  6 0  ye ars .

xviii

xvi As  the  globe  
cont inue s  to  warm at  une ve n ra te s , surface  m ois ture  will face  gre a te r variance s  in 
e vapot ranspira t ion re sult ing in re gions  of the  Unite d Sta te s  e xpe rie ncing pe rs is t ing 
drought  condit ions  ove r m ult iple  ye ars  which can cause  wide spre ad ve ge ta t ion 
de cay and ge ne ra t ional shift s  in the  e cology of a  re gion. The se  shift s  in s a tura t ion of 
soils  and plants  re sult  in thre a t s  of wildfire s  burning a t  gre a te r inte ns ity as  the  drie d 
ve ge ta t ion act s  as  com bus t ible  t inde r-like  m ate ria l. High te m pe ra ture s , low re lat ive  
hum idity, high wind spe e d, and low pre cipita t ion can a ll incre ase  dryne ss  and m ake  
ve ge ta t ion e as ie r to burn. A s tudy from  the  Unive rs ity of Colorado s ta te s  wildfire s  
have  be com e  large r, m ore  fre que nt , and more  wide spre ad s ince  the  ye ar 20 0 0 . 
Som e  fire s  are  e ve n occurring in are as  tha t  have  a lre ady e xpe rie nce d fire s , known 
as  burn-on-burn e ffe c t s . About  3 % —alm os t  a  third of the  burne d land—has  se e n 
re pe ate d fire  act ivity.xvii While  m any in the  Unite d Sta te s  he ar wildfire  and think of 
the  We s t , wildfire s  occur in e ve ry s ta te  to  include  topica l locat ions . Tre nds  are  
indica t ing e ve n Hawaii and Alaska  are  burning a t  gre a te r ra te s  the  las t  de cade  whe n 
com pare d to de cade s  pas t . Sate llit e  image ry and s ta te /fe de ra l fire  his tory re cords  
from  28 ,0 0 0  fire s  in 19 8 4 -20 18  showe d more  fire s  occurre d in the  pas t  13  ye ars  
than the  pre vious  20  ye ars . On the  Eas t  and We s t  coas t s , fire  fre que ncy double d. In 
the  Gre at  P la ins , fire  fre que ncy quadruple d. The re  we re  m ore  fire s  acros s  a ll re gions  
of the  cont iguous  U.S. from  20 0 5  to 20 18  whe n com pare d to  the  pre vious  two 
de cade s .   

Once  a  wildfire  burns  through an are a , a  ge ne ra l e cology shift  occurs  whe re  the  
robus t  plants  have  e ithe r be e n dam age d or de s t roye d and the  unde rgrowth burne d 
out . This  e xpose s  m ore  soil and surviving t re e s  to  dire ct  solar radia t ion and wind, 
drying the m  out  m ore  rapidly than norm al and fue ling a  ne w are a  of de cay for 
wildfire  thre a t s  ove r t im e . Addit ionally, a re as  pos t -burn, a lso known as  burn scars , 
will s e e  gre a te r runoff ra te s  during ra infa ll e ve nts  as  soils  com pact  from he at  and 
drought , re sult ing in le s s  wate r absorbe d during s torm s  while  fe we r t re e s  are  
pre se nt  to  act  as  force  blocking for runoff. This  re sult s  in fas te r m oving wate rs  
through an are a , typica lly pulling topsoil away without  t re e  roots  to  hold surface  
m ate ria ls  in place . This  can re sult  in gre a te r m uds lide s  or lands lide s  and se dim e nt  
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de pos it  into rive rs  and re se rvoirs  which re duce s  both the  wate r quality of the  are a  
and the  capacity of wate r s torage . A s tudy from  the  Unive rs ity of Montana  
highlights  burn-scar im pacts  to  t re e  re growth acros s  various  re gions , indica t ing ne w 
t re e  s e e dlings  are  unable  to survive  in hot te r clim ate s  whe re  pare nt  t re e s  re m ain. 
The  s tudy indica te d tha t  if la rge  are as  of the  fore s te d part s  of the  Rocky Mountains  
burne d, only 5 0 % would re cove r.xix  

Analys is  of coincide nt  10 0 0 -hour fue l m ois ture s  indica te d tha t  as  fue ls  drie d out , 
s a te llit e s  de te cte d incre as ingly large r and m ore  inte nse  wildfire s  with highe r 
probabilit ie s  of night t im e  burns . Re se arch sugge s t s  tha t  global warm ing is  
pre dicte d to incre ase  the  num be r of ve ry large  fire s  (m ore  than 5 0 ,0 0 0  acre s ) in the  
We s te rn U.S. by the  m iddle  of the  ce ntury (20 4 1-20 70 ).xx  

Burne d ve ge ta t ion and charre d soil form  a  wate r re pe lle nt  laye r, or hydrophobic 
laye r, which can re duce  wate r absorpt ion com bine d with com pacte d soils  from 
e xte nde d pe riods  of drought  which a lso inhibit s  wate r absorpt ion re gionally. The se  
m ajor soil change s  cause  short  ra infa ll e ve nts  to  be  le s s  be ne ficial for long te rm 
ve ge ta t ion to take  sus ta in. As  fire s  burn wide r are as  and into highe r e le vat ions  
topography shift s  from  t re e -cre e p, soil com pos it ion change s , soot  de pos it s , de bris  
flows , burn scars , ve ge ta t ion/foliage  de cay, e arly bloom s , flooding pos t -burn, le s s  
wildfire  act ivity, and incre ase d pollut ion from  wildfire  sm oke , the  cycle  of 
he ighte ne d wildfire  act ivity will worse n e ach ye ar. Dam age d soil from  he at  t rans fe r 
re sult  in le s s  fire -re s is tant  plant  re te nt ion and m ore  scraggly brush growing back 
be twe e n fire  we athe r act ive  pe riods .  

Large  wildfire s  in the  right  a tm osphe ric condit ions  can cre a te  P yro-cum ulus  clouds . 
The se  clouds  re duce  flight  ability in the  are a  and surface  vis ibility during 
de ve lopm e nt  and can am plify fire  growth as  the y de ve lop se ve re  s torm  ce ll t ra it s  by 
caus ing e rra t ic  surface  wind gus t s , lightning ignit ions , downburs t s , and e ve n 
tornadic act ivity. Sm oke  from  fire s  can fe e d the  growth of toxic algal bloom s , 
dim inish the  m ilk product ion in live s tock, de cade  e ne rgy t ransm is s ion, re duce  a ir 
quality, and cause  harm ful las t ing im pacts  to  the  hum an body. While  not  a ll wildfire s  
are  “bad” for the  e nvironm e nt , the  pre se nce  of infras t ructure  and pe ople  furthe r 
into wildland are as  susce pt ible  to wildfire s  has  le d to a  shift  in re sponse  to  
e xt inguish m os t  fire s  im m e dia te ly as  the y occur, le ading to  gre a te r com pila t ion of 
unde rgrowth and scraggly brush or we ake r t re e s  which a lso cont ribute s  he avily to  
the  worse ning s itua t ion a t  hand. 

The  Nat ional Oce anic and Atm osphe ric Adm inis t ra t ion (NOAA) re port s  wildfire s  
cause d $8 1.6  billion in dam age  in from 20 17 to  20 21, a  ne arly 10 -fold incre ase  from  
20 12 to  20 16 , whe n dam age s  tota le d $8 .6  billion. The  U.S. De partm e nt  of 
Agriculture  s ta te s  fore s t  fire s  ofte n re ach or e xce e d te m pe ra ture s  of 2 ,0 0 0 ° 
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Fahre nhe it—e quivale nt  to  one -fifth the  te m pe ra ture  of the  surface  of the  sun. This  
inte ns ity of he at  can m e lt  a lm os t  any building m ate ria l and e ithe r dam age  or de s t roy 
ke y s it e s  if surrounding te m pe ra ture s  ge t  too hot , re gardle s s  of if the  fire  touche s  
the  facility.xxi 

A re ce nt  re port  from the  Unite d Nat ions  Environm e nta l P rogram  e s t im ate s  the  
world will s e e  the  rate  of wildfire s  incre ase  by 14 % by 20 3 0  and 3 0 % by 20 5 0  
spurre d by clim ate  change .

xxiii

xxii A com binat ion of factors  are  le ngthe ning wildfire  
s e ason in the  Unite d Sta te s  including clim ate  change  induce d high te m pe ra ture s  
and droughts  which le s se n wate r availability in high-risk re gions  and changing land 
use .  Wildfire s  will cont inue  to  ge t  worse  in the  com ing de cade s  be cause  the  
wildfire s  the m se lve s  cre a te  a  fe e dback loop which incre ase s  the  like lihood and 
inte ns ity of future  wildfire s . According to  the  World Re source s  Ins t itute , drie r 
landscape s  ra is e  the  risks  of wildfire s  which can spre ad more  wide ly and fre que nt ly 
give n the  dry condit ions . The se  wildfire s  in turn le ad to addit ional carbon e m is s ions  
which inte ns ify the  clim ate  change  condit ions  cre a t ing the  condit ions  for future  
wildfire s .xxiv Wildfire s  can im pact  a  broad range  of crit ica l infras t ructure  s e ctors  and 
will pose  a  highe r thre a t  in the  com ing de cade s  give n the  longe r fire  s e ason and 
m ore  inte nse  outbre aks . Fight ing wildfire s  is  re source  inte ns ive  and can pull 
fire fight ing, law e nforce m e nt , he althcare , and m ilit a ry as se t s  away from  othe r 
dut ie s  to addre s s  the  wildfire s  and as socia te d e vacuat ions . In addit ion, the  fire s  
the m se lve s  pose  thre a t s  to phys ica l infras t ructure  of com panie s  ope ra t ing in the  
te le com m unicat ions , e le ct ric  ut ility, and t ransporta t ion se ctors  which can have  
cascading im pacts  throughout  the  U.S. e conom y.xxv 

P rolong e d  Droug ht  

The re  are  two m ain drought  e ve nts  which im pact  a  re gion, the  ove rarching drought  
which is  a  pe riod of abnorm ally dry we athe r sufficie nt ly prolonge d for the  lack of 
wate r to cause  se rious  hydrologic im balance  in the  affe cte d are a , and a flash 
drought  which is  the  rapid onse t  or inte ns ifica t ion of drought . Flash droughts  occurs  
whe n lowe r-than-norm al ra te s  of pre cipita t ion are  accom panie d by abnorm ally high 
te m pe ra ture s , winds , and radia t ion and can be  cons ide re d to  have  sudde n onse t s  as  
pre dica tors  of he ighte ne d wildfire  growth in the  following m onths . 

In a  ne gat ive  fe e dback loop, wildfire  dam age  can am plify the  drought  im pacts  a t  the  
surface  by re m oving t re e s  and e xpos ing soils  to  dire ct  sunlight  due  to  a  lack of 
shade , s t ronge r winds  due  to a  lack of blocking which could cause  addit ional drying 
and m ove  loose , drie d soil caus ing an incre ase  in la rge r dus t  s torm s . In the  las t  10 0  
ye ars , the re  have  be e n a t  le as t  thre e  m ajor U.S. droughts . The  19 3 0 s  Dus t  Bowl 
drought  and the  19 5 0 s  drought , e ach las te d 5 -7 se ve n ye ars  and cove re d large  
are as  of the  count ry with s ignificant  impacts .xxvi The  curre nt  m ult i-ye ar drought  
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acros s  the  We s t  is  the  m os t  e xte ns ive  and inte nse  drought  in the  22-ye ar his tory of 
the  U.S. Drought  Monitor with condit ions  rapidly de te riora t ing s ince  20 20 .xxvii 

The re  are  four m ain type s  of droughts : Me te orologica l, agricultura l, socioe conom ic, 
and hydrologic. Me te orologica l Drought  is  base d on the  de gre e  of dryne ss  or ra infa ll 
de ficit  and the  le ngth of the  dry pe riod. Hydrologica l Drought  is  base d on the  impact  
of ra infa ll de ficit s  on the  wate r supply such as  s t re am  flow, re se rvoir and lake  le ve ls , 
and ground wate r t able  de cline . Agricultura l Drought  re fe rs  to  the  im pacts  on 
agriculture  by factors  such as  ra infa ll de ficits , soil wate r de ficit s , re duce d ground 
wate r, or re se rvoir le ve ls  ne e de d for irriga t ion. Socioe conom ic Drought  cons ide rs  
the  im pact  of drought  condit ions  (m e te orologica l, agricultura l, or hydrologica l 
drought ) on supply and de m and of som e  e conom ic goods  such as  fruit s , ve ge table s , 
gra ins , and m e at . Socioe conom ic drought  occurs  whe n the  de m and for an e conom ic 
good e xce e ds  supply due  to  a  we athe r-re la te d de ficit  in wate r supply.xxviii 

The re  are  a lso diffe re nce s  in longe vity of the  drought  e ve nts  which de te rm ine s  the  
se ve rity of im pact  acros s  a  re gion. If the  pat te rn and pre cipita t ion de ficit s  las t  for 
m ore  than s ix m onths , it  is  typica lly cons ide re d long-te rm  drought . It  is  poss ible  to 
have  short -te rm  change s  tha t  re sult  in we t  spe lls  during a  drought  and for we t  
condit ions  to  be  inte rrupte d by we athe r pat te rns  tha t  re sult  in short -te rm  
drought .xxix 

Drought  can have  a  num be r of cascading im pacts  be s ide s  prim ing an are a  for 
wildfire  act ivity. Drying of the  soils  can re sult  in dam age d crops , lowe r and warm e r 
rive r sys te m s  which can im pact  supply chain m ove m e nts , and e ve n soil s tability 
through subs ide nce  and e arthquake s . The  prim ary cause  of subs ide nce  in the  nat ion 
is  due  to groundwate r ove rpulling from aquife r sys te m s , in which typica lly during 
droughts  whe n surface  wate r runs  low, re s ide nts  turn towards  ground wate r. 
Groundwate r act s  as  an invis ible  s avings  account  of wate r s torage  due  to the  se m i-
porous  nature  of soils  and through the  use  of we lls  pe ople  can pull the  wate r from 
the  e arth to  use  a t  the  surface . This  com e s  with cle ar im plica t ions  tha t  e ve ntually 
the  soils  could dry out  and crum ble  from  the  we ight  of the  infras t ructure  on top, 
re sult ing in a  collapse d aquife r and s ignificant  infras t ructure  damage . 

Se ism ic act ivity is  a lso re porte dly im pacte d by drought  e ve nts . The  num be r of 
e arthquake s  in the  Ce nt ra l U.S. has  incre ase d dram at ica lly ove r the  pas t  de cade . 
Be twe e n the  ye ars  19 73 –20 0 8 , the re  was  an ave rage  of 25  e arthquake s  of 
m agnitude  thre e  and large r in the  Ce nt ra l and Eas te rn U.S. Since  20 0 9 , a t  le as t  5 8  
e arthquake s  of this  s ize  have  occurre d e ach ye ar, and a t  le as t  10 0  e arthquake s  of 
this  s ize  e ve ry ye ar s ince  20 13 . The  ra te  pe ake d in 20 15  with 10 10  M3 + 
e arthquake s . In 20 19 , 13 0  M3 + e arthquake s  occurre d in the  sam e  re gion. The  
gravity re cove ry and Clim ate  e xpe rim e nt  (GRACE m e asure m e nts ) re ve als  tha t  
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m ajor e arthquake s  (Mw 5  and above ) a lways  occur in the  dry s tage , indica t ing 
drought  and as socia te d groundwate r e xt ract ion is  an im portant  t rigge r for m ajor 
e arthquake s . Earthquake s  re sult  from  s t ra in build-up and we ake ning from  within 
fault s . The  los s  of an e s t im ate d 6 3  t rillion gallons  of wate r in the  We s te rn U.S., m os t  
of it  groundwate r, was  re porte d in a  s tudy done  by re se arche rs  a t  the  Scripps  
Ins t itut ion of Oce anography. The  los s  of the  wate r has  cause d the  ground to  ris e  
m ore  than a  ha lf-inch in California 's  m ountains .xxx xxxi 

His toric  droughts  cause d s ignificant  dam age  to  local e cosys te m s  and crit ica l 
infras t ructure  with the  Nat ional Oce anic and Atm osphe ric Adm inis t ra t ion 
ide nt ifying 10  droughts  be twe e n 20 10  and 20 21 which e ach cause d ove r $1 billion in 
dam age s  and from  19 8 0 -20 22, the re  we re  3 0  drought  e ve nts  tota ling $3 0 9 .4  
billion dollars  according to  Nat ional Ce nte rs  for Environm e nta l Inform at ion.xxxii

xxxiii

xxxiv

 
Clim ate  change  will drive  addit ional pe riods  of prolonge d drought  in the  com ing 
de cade s , part icularly in the  U.S. Southwe s t , as  warm e r te m pe ra ture s  has te n soil 
e vapora t ion and ra te s  of pre cipita t ion drop in re gions  supplying wate r to  drie r 
clim ate s .  P rolonge d droughts  a lso have  dam aging im pacts  acros s  crit ica l 
infras t ructure  s e ctors . For e xam ple , re duce d acce s s  to  wate r from  rive rs  and lake s  
can ham pe r e ne rgy product ion by taking hydroe le ct ric  plants  offline  or lim it ing the  
availability of wate r for cooling a t  ce rta in powe r plants .  De cre ase d ra infa ll can 
re sult  in draft  and tow re s t rict ions  as  wate r le ve ls  in the  rive r sys te m  be com e  too 
low to s afe ly ope ra te . About  6 0 % of a ll U.S. gra in e xport s  m ove  down the  
Miss is s ippi Rive r to port s  in Louis iana , while  fe rt ilize r, m e ta ls , crude  oil and othe r 
products  m ove  uprive r.xxxv 

Se a  Le ve l Ris e  

Se a  Le ve l is  the  ave rage  base  le ve l for coas ta l a re as  to  m e asure  e le vat ion agains t  
the  shore line . Se a  le ve l is  m e asure d both by t ida l gauge s  and sate llit e s  and can be  
re porte d as  a  global ave rage  or as  local ra te s . Change s  in m e an global s e a  le ve l, 
re sult ing from  the  t rans fe r of fre sh wate r from  land to  oce ans  (from  land-base d ice  
she e ts  and m ounta in glacie rs ) and from  the  the rm al e xpans ion of oce an wate r due  
to  highe r global t e m pe ra ture s , cont ribute  to  s e a  le ve l ris e . 

Oce ans  are  about  7-8  inche s  highe r than the y we re  in 19 0 0  (3  inche s  we re  adde d 
s ince  19 9 3 ). The  ra te  of ris e  this  pas t  ce ntury was  gre a te r than any othe r ce ntury in 
the  pas t  2 ,0 0 0  ye ars . Ove r 8 .6  m illion Am e ricans  live  in are as  susce pt ible  to coas ta l 
flooding, which happe ns  whe n winds  from  a coas ta l s torm , such as  a  hurricane  or 
nor’e as te r, push a  surge  of wate r from the  oce an onto land.  

High t ide  floods  (a lso known as  “sunny day” floods ) occur whe n the  se a  washe s  up 
and ove r roads  and into s torm dra ins  as  the  daily t ide s  roll in. According to  the  
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NOAA Se a Le ve l Rise  Te chnical Re port , high t ide s  drive n by ris ing se as  floode d 
coas ta l a re as  m ore  than 5 0 0  t im e s  in 20 22. Nuisance  floods  are  e ve nts  in which 
wate r le ve ls  e xce e d the  local thre shold (se t  by NOAA’s  Nat ional We athe r Se rvice ) 
for m inor impacts . The se  e ve nts  can dam age  infras t ructure , cause  road closure s , 
and ove rwhe lm  s torm dra ins . The  addit ional we ight  can incre ase  subs ide nce  and 
e ros ion e ffe ct s  a lso. Due  to  local land subs ide nce , s e a  le ve l ris e  a long m os t  of the  
coas ta l Northe as t  is  e xpe cte d to  e xce e d the  global ave rage  ris e . A se a  le ve l ris e  of 
two fe e t , without  any change s  in s torm s , would m ore  than t riple  the  fre que ncy of 
dange rous  coas ta l flooding throughout  m os t  of the  Northe as t . 

According to  the  Nat ional Flood Insurance  P rogram , “the  incre ase  in the  e xpe cte d 
annual flood dam age  by the  ye ar 210 0  for a  re pre se nta t ive  Nat ional Flood Insurance  
P rogram  (NFIP ) insure d prope rty subje ct  to  s e a  le ve l ris e  is  e s t im ate d to  incre ase  by 
3 6  to  5 8 % for a  one -foot  ris e ” in s e a le ve l. Coas ta l be ache s , dune s , s a lt  m arshe s , 
and bluffs  are  like ly to e xpe rie nce  incre ase d  e ros ion, landward m ove m e nt , and land 
los s . In the  Unite d State s , of the  25  m os t  de nse ly popula te d and rapidly growing 
count ie s , 23  are  a long a  coas t  facing e xpose d infras t ructure  ne tworks , s a ltwate r 
contam inat ion, imm obiliza t ion of t ransporta t ion, and grid  failure s , re sult ing in the  
pote nt ia l for prolonge d dis rupt ion of norm alcy.xxxvi 

While  conce ptually s e a  le ve l ris e  is  a  s low cre e ping e ve nt  capable  of incre as ing 
s torm  surge  and incre ase  the  fre que ncy of flooding dam age , it  can a lso have  far 
re aching pe rm ane nt  e ffe ct s  on shaping the  topology of a  coas ta l re gion and can 
carry im plica t ions  on t rade  winds  and m ajor oce an curre nts  which have  dire ct  
im pacts  of the  s tability of num e rous  s torm  pat te rns  acros s  the  globe . Ris ing se a  
le ve l t e mpe ra ture s  can a lso re sult  in la rge r are as  of hypoxia , or de ple te d oxyge n 
zone s  in a  wate r body which ofte n le ads  to 'de ad zone s  '— re gions  whe re  life  cannot  
be  sus ta ine d.xxxvii The se  can carry im pacts  to  the  m arine  indus t ry, fishing, ve s se l 
ope ra t ions , and hum an life  as  ne arby are as  which fue l the  e xpans ion of the  hypoxia 
zone  can bre e d toxic a lgal bloom s , the  “bra in e a t ing am oe ba”, and various  harm ful 
bacte ria . 

The  Nat ional Ae ronaut ics  and Space  Adm inis t ra t ion (NASA) Se a  Le ve l Change  
Te am  as se s se d in Nove m be r 20 22 tha t  the  Unite d State s  would se e  an ave rage  se a  
le ve l ris e  of 12 inche s  by 20 5 0  with the  m os t  change  conce nt ra te d a long the  Gulf 
Coas t  and Southe as t .xxxviii This  ris e  pose s  s ignificant  pote nt ia l proble m s  for coas tal 
crit ica l infras t ructure  and e conom ie s . According to  the  Fourth Nat ional Clim ate  
Asse s sm e nt , s e a  le ve l ris e  cont ribute s  to com pounding disas te rs  including highe r 
s torm  surge s  and incre ase d pre cipita t ion which can flood and de s t roy coas ta l 
com m unit ie s . The se  dam age s  are  in addit ion to  the  ne gat ive  impacts  which se a  
le ve l ris e  will have  on local fishing, touris t , and public  s afe ty act ivit ie s  due  to  the  
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de gradat ion of e xis t ing coas ta l e cosys te m s .xxxix The  thre a t  to  crit ica l infras t ructure  
a long U.S. coas t s  is  s ignificant . CISA note s  the  m ajority of the  10 4  nucle ar powe r 
plants  in the  Unite d Sta te s  s it  a long the  coas t  be cause  the se  facilit ie s  re ly on the  
se awate r for cooling purpose s . P owe r plants  are  a  fract ion of the  infras t ructure  
as socia te d with t ransporta t ion, e ne rgy, na tura l gas , m anufacturing, and re la te d 
indus t rie s  a long U.S. coas t s  thre a te ne d by ris ing se a  le ve ls .xl 

The  Se a  Le ve l Rise  Te chnical Re port  s ta te s  flooding is  ris ing toward a na t ionwide  
ave rage  of 3  to  7  days  pe r ye ar by April 20 23  and 4 5  to 70  days  pe r ye ar by 20 5 0 . 
NOAA’s  proje ct s  tha t , due  to re gional factors  such as  oce an curre nts , coas t line s  like  
the  Eas t  Coas t  could se e  se as  up to  9 .8  fe e t  highe r by 210 0 .xli 

Se ve re  S t orm s  

A se ve re  s torm produce s  wind gus t s  of a t  le as t  5 8  mph, ha il one  inch or la rge r in 
diam e te r, and/or tornadic act ivity. Flash flooding is  a lso as sociate d with s e ve re  
s torm  thre a t s . The re  are  about  10 0 ,0 0 0  thunde rs torm s  e ach ye ar in the  Unite d 
Sta te s . About  10 % of the se  re ach se ve re  le ve ls . Thunde rs torm s  form  whe n warm , 
m ois t  a ir ris e s  into cold a ir and conde nse s  into a  ra in e ve nt  with lightning occurring 
from  within the  cum ulonim bus  cloud (aka  anvil clouds ). Thunde r com e s  from  
lightning, so, a ll thunde rs torm s  have  lightning as  a  conve ct ive  fe a ture  which can 
t rigge r drought -am plifie d wildfire  act ivity.xlii 

Tornado act ivity from 20 0 8 -20 21 in com parison with 19 9 1-20 10  indica te s  the  
s e asonal fre que ncy re m aine d the  sam e  but  the  locat ion and inte ns ity of tornadic 
supe rce lls  has  shifte d to  e xpand “Tornado Alle y” to “Dixie  Alle y” producing large r, 
longe r supe rce lls . Dixie  Alle y include s  Eas te rn TX, AR, LA, TN, KY, MS, AL, GA, 
Southe rn MO, Southe as t  OK, and the  FL panhandle .  According to  CISA, “e ach ye ar 
s ince  20 0 8  has  produce d a t  le as t  $10  billion in U.S. insure d damage  from  se ve re  
we athe r, according to  the  re insurance  firm  Aon. That  is  more  than four t im e s  the  
infla t ion-adjus te d dam age  ra te  of the  19 8 0 s .”xliii 

In 20 22, Iowa e xpe rie nce d it s  firs t  January tornado s ince  19 6 7, pote nt ia lly the  
furthe s t  northwe s t  tornados  e ve r obse rve d during January. According to  NOAA's  
Storm  P re dict ion Ce nte r, during 20 22, the re  we re  1,3 29  pre lim inary tornado 
re port s . This  was  above  the  19 9 1-20 10  U.S. annual ave rage  of 1,25 1 tornadoe s . In 
March 20 22 the re  we re  23 6  tornadoe s , which was  m ore  than any m onth’s  ave rage  
ove r the  pas t  14  ye ars . So far in 20 23 , Maine , Southe rn California , Guam , and e ve n 
Washington DC have  a ll re porte d tornadic act ivity with e xpe ctat ions  tha t  the  
pe rs is te nt  warm ing occurring acros s  the  nat ion will yie ld e ve n more  supe rce lls , 
s e t t ing high pre ce de nce  for ne w ave rage s . According to  data from  NOAA's  Storm 
P re dict ion Ce nte r, 20 23  has  a lre ady produce d re cord tornado act ivity. In January 
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the re  we re  16 8  tornadoe s , fix t im e s  the  ave rage  of 3 5  tornadoe s . in Fe bruary, the re  
we re  5 5  tornado re port s , ne arly double  the  19 9 1-20 10  m onthly ave rage  of 29  
tornadoe s . During March, the re  we re  24 4  tornado re port s  which is  m ore  than t riple  
the  19 9 1-20 10  monthly ave rage  of 8 0  tornadoe s .  

The  Storm  P re dict ion Ce nte r has  re le ase d a pre lim inary count  on the  num be r of 
tornadoe s  during the  m onth of January 20 23 . So far, the re  have  be e n 124  confirm e d 
tornadoe s  in 16  s ta te s , which is  the  third mos t  on re cord for the  winte r m onth. The  
tornadoe s  include d 2 in northe rn California , during one  of our many a tm osphe ric 
rive r e ve nts  a t  the  be ginning of the  m onth. The re  was  a tornado outbre ak in 
Alabam a, Ge orgia  and Miss is s ippi on Thursday, January 12, killing 9  pe ople . Anothe r 
tornado outbre ak on January 24  produce d a powe rful EF-3  tornado in the  Hous ton 
suburbs .xliv 

20 23  is  ranke d third in m os t  January tornadoe s , a fte r 19 9 9  and 20 17 which had 212 
and 13 7 tornadoe s , re spe ct ive ly, which a lso ranks  third for the  gre a te s t  num be r of 
tornado watche s  in the  m onth of January. According to  the  SP C, the re  we re  a  tota l 
of 79 3  se ve re  we athe r re port s  which is  ne arly double  the  January m onthly ave rage  
(10 -ye ar ave rage ).xlv  

St ronge r surface  he at ing a t  highe r e le vat ions  t ie d to aridifica t ion and e arlie r 
snowm e lt  could re sult  in e arlie r s e ve re  s torm  e ve nts  e ach ye ar the  ove ra ll 
a tm osphe ric t e mpe ra ture  incre ase s , and drought  condit ions  cont inue  to  worse n 
acros s  the  Unite d State s . In Te xas , Colorado, and Alabam a the  re cords  for la rge s t  
ha ils tone  have  be e n broke n in the  las t  thre e  ye ars , re aching s ize s  of up to  6 .2  inche s  
in diam e te r. Insure d U.S. ha il los se s  ave rage  $8  billion - $14  billion pe r ye ar, or $8 0 -
14 0  billion pe r de cade . Re port s  indica te  that  the  20 17 hails torm cause d roughly $2.3  
billion dollars ’ worth of dam age  and is  one  of the  s t ronge s t  to e ve r hit  the  Unite d 
Sta te s . Te xas  re corde d the  s ingle  la rge s t  hails tone  in the  s ta te ’s  his tory in 20 21: at  
1.26 -pounds , m e asuring 6 .4 -inch inche s  in diam e te r.  

Tornado e ve nts  have  be com e  m ore  clus te re d, with outbre aks  of m ult iple  tornadoe s  
be com ing m ore  comm on. As  the  a tmosphe re  cont inue s  to  warm  at  une ve n ra te s , 
the  boundary be twe e n a irm asse s  with any coole r a ir will t ake  on m ore  uns table  
a t t ribute s  like  large r, m ore  de nse  hails tone s  and m ore  dam aging winds  a long the  
boundary a t  the  surface  e ve n if a  tornado doe sn’t  fa ll. Torre nt ia l ra infa ll from a  
supe rce ll is  a lso like ly to  be com e  m ore  comm on as  the  updraft  of the  s torm s  builds , 
a llowing for m ore  m ois ture  to  be com e  wrappe d into the  s torm  ce ll. Thunde rs torm s  
taking on s t ronge r characte ris t ics  m e ans  m ore  dam age  to infras t ructure , pe ople , 
plants , live s tock, and e ve rything on the  surface , but  it  a lso m e ans  tha t  avia t ion will 
s e e  a  re duct ion in capability as  the  route  ove r or around a  s torm  will close  out  with 
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la rge r, m ore  inte nse  sys te m s . P ilot s  will have  to  re m ain grounde d unt il who pe riods  
of s torm s  e xit  or risk the ir aging a ircraft  agains t  a  s t re ngthe ning s torm  core . 

Se ve re  s torm s  are  like ly to  inte ns ify in the  com ing de cade s  with one  re ce nt  s tudy 
pre dict ing a  na t ionwide  6 .6 % incre ase  in the  ra te  of supe rce lls  and a  25 .8 % jump in 
the  are a  and t im e  supe rce lls  s tay ove r land and cause  de s t ruct ion by the  ye ar 
210 0 .

xlvii

xlvi This  is  part ia lly drive n by an incre ase  in global t e m pe ra ture s  and as socia te d 
addit ional m ois ture  in the  a tm osphe re  which cre a te s  the  condit ions  for the  
form at ion of s e ve re  s torm s . The  im pact  on the  Unite d State s  will not  be  uniform – 
the  Southe as t  will s e e  the  large s t  ris e  in s e ve re  thunde rs torm  pote nt ia l whe re as  the  
Mounta in We s t  will s e e  a  de cre ase  in s e ve re  s torm  caus ing condit ions .  The se  
s torm s  will bring high winds , ha il, and like ly incre ase  the  num be r of tornadoe s  
form e r which will a ll wre ak havoc on crit ica l infras t ructure . Be twe e n 20 0 0  and 20 21, 
about  8 3 % of re porte d m ajor powe r outage s  in the  Unite d Sta te s  we re  a t t ribute d to 
we athe r-re la te d e ve nts . From  20 0 0 -20 21, the re  we re  1,5 4 2 we athe r-re la te d powe r 
outage s . Mos t  outage s  we re  cause d by se ve re  we athe r (5 8 %), winte r we athe r 
(22%), and t ropica l cyclone s  (15 %). The  ave rage  annual num be r of we athe r-re la te d 
powe r outage s  incre ase d by roughly 78 % during 20 11-20 21, compare d to 20 0 0 -
20 10 .xlviii 

Torre nt ia l Flooding  

Floods  are  the  m os t  com m on natura l disas te r in the  Unite d Sta te s  and about  4 1 
m illion U.S. re s ide nts  are  a t  risk from flooding a long rive rs  and s t re am s . Rive r 
flooding can re sult  from  he avy ra infa ll, rapid snow m e lt , or ice  jams  thawing re sult ing 
in rive rbank dam age s . Urban flooding re fe rs  to  flooding tha t  occurs  whe n ra infa ll 
ove rwhe lm s  the  local s torm wate r dra inage  capacity of a  de nse ly popula te d are a  
caus ing wate r to cont inue  to  ove rflow into com m unit ie s  and infras t ructure  s it e s . 
Ext re m e  flooding will cont inue  to  be  conce nt ra te d in re gions  whe re  hum ans  have  
built  on floodplains  or low-lying coas ta l re gions . As  e xt re m e  we athe r e ve nts  
incre ase , ris ks  will e xte nd into ne w are as .xlix 

As  m ore  e vapora t ion from  the  land drie s  soils  out , the  wate r is  absorbe d into the  
a tm osphe re  as  a  vapor and tha t  wate r vapor works  to  warm  the  air furthe r by 
holding in he at  re gardle s s  of dire ct  sunlight  or he at  from the  surface  such as  in 
urbanize d are as . Whe n wate r from inte nse  s torm s  fa lls  on hard, dry ground, or non-
pe rm e able  surface s , it  runs  off into rive rs  and s t re am s  ins te ad of dam pe ning soils . 
This  incre ase s  the  risk of drought  and subse que nt ly can am plify wildfire  thre a t  but  
can a lso le ad to  low-lying inundat ion within popula te d are as  whe re  topography and 
ve ge ta t ion has  be e n change d to  e ncourage  hum an infras t ructure  use .  
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A flood is  an ove rflow of wate r onto norm ally dry land. The  inundat ion of a  norm ally 
dry are a  cause d by ris ing wate r in an e xis t ing wate rway, such as  a  rive r, s t re am , or 
dra inage  ditch. P onding of wate r a t  or ne ar the  point  whe re  the  ra in fe ll. Flooding is  a  
longe r-te rm  e ve nt  than flash flooding: it  may las t  days  or we e ks .l 

A flash flood is  a  flood cause d by he avy or e xce s s ive  ra infa ll in a  short  pe riod of t im e , 
ge ne ra lly le s s  than 6  hours . Flash floods  are  usually characte rize d by raging torre nts  
afte r he avy ra ins  tha t  rip  through rive rbe ds , urban s t re e t s , or m ounta in canyons  and 
can occur within m inute s  or a  fe w hours  of e xce s s ive  ra infa ll. The y can a lso occur 
e ve n if no ra in has  fa lle n, for ins tance  afte r a  le ve e  or dam has  fa ile d as  runoff ove r 
inundate s  rive rs , or afte r a  sudde n re le ase  of wate r by a sudde n bre ak of an ice  jam .  

Flash flooding has  incre ase d by m ore  than 10 % in the  Southwe s t  account ing for the  
gre a te s t  incre ase  in “flashine s s” am ong hot  spots , while  s torm s  in the  Northe as t  a re  
ge ne ra t ing about  27% m ore  m ois ture  than a  ce ntury ago.li 

A ris e  in ave rage  te mpe ra ture s  a t  the  Earth's  surface  le ads  to m ore  e vapora t ion 
which incre ase s  ove ra ll pre cipita t ion. For e ve ry 1.8  de gre e s  Fahre nhe it  of warm ing 
which occurs  acros s  the  globe , the  a tmosphe re  can hold about  7% m ore  m ois ture .lii 
He at  is  re le ase d whe n wate r vapor conde ns e s  to  form ra in and whe n ra in fa lls , it  
brings  the  warm  air down to the  surface  which furthe r ra is e s  the  te m pe ra ture  
throughout  the  are a . As  te m pe rature s  incre ase  a t  the  surface , the  ra te  of short -
burs t  he avy ra infa ll e ve nts  will incre ase . The  a ir is  on ave rage  warm e r and m ois te r 
than it  was  prior to  about  19 70  and in turn has  like ly le d to  a  5 -10 % e ffe ct  on 
pre cipita t ion and s torm s  tha t  is  am plifie d in e xt re m e  downpour e ve nts .liii Flooding is  
a  factor in ove r 9 0 % of disas te r-re la te d prope rty damage  in the  Unite d Sta te s .liv 
Ne w re se arch shows  as  the  base line  te m pe ra ture  annually cre e ps  upward due  to  
m ode ra te  to high e m is s ion ra te s , flooding e ve nts  would be com e  8 % “flashie r” by 
the  e nd of the  ce ntury. This  m e ans  tha t  he avy ra infa ll e ve nts  are  like ly to occur 
quickly and in conce nt ra te d are as  tha t  could le ad to  flooding.lv Studie s  show a  m ore  
than 10 % incre ase  in flash flooding in the  Southwe s t  U.S. which accounts  for the  
gre a te s t  incre ase  in “flashine s s” am ong hot  spots . Flooding across  Ve rm ont  and 
Ne w York cause d by short -burs t  and he avy ra infa ll in July 20 23  like ly cause d billions  
of dollars ’ worth of dam age s  while  de s t roying crit ica l infras t ructure  acros s  the  
re gion including ra il line s , bridge s , and roads .lvi A 20 21 re port  found tha t  one -fourth 
of crit ica l infras t ructure  is  a t  risk of fa ilure  by flooding. Nine  of the  top 10  ye ars  for 
e xt re m e  one -day pre cipita t ion e ve nts  have  occurre d s ince  19 9 6 . The se  re ce nt  
floods  are  a  pre vie w of the  nature  of torre nt ia l flooding facing the  Unite d Sta te s  in 
the  com ing de cade s .lvii 

1,0 0 0 -ye ar flood e ve nts  will occur m ore  ofte n due  to incre ase d land use  and he avie r 
pre cipita t ion. The  te rm  “1,0 0 0 -ye ar flood” m e ans  a  flood of tha t  m agnitude  (or 
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gre ate r) has  a  1 in 1,0 0 0  chance  of occurring in any give n ye ar. In 20 22, the  Unite d 
Sta te s  re porte d five  1-in-1,0 0 0 -ye ar flood e ve nts  in diffe re nt  s ta te s  caus ing 
ca tas t rophic damage s . 20 -ye ar re turn floods  will m ore  like ly occur e ve ry two to five  
ye ars , which brings  am plifie d conce rns  re garding the  e m e rging flashine s s  hotspots  
tha t  will be  facing unpre ce de nte d challe nge s  with aging infras t ructure  and outdate d 
flood risk m e asure s . Incre ase s  in a tm osphe ric wate r vapor am plify the  global wate r 
cycle . The y cont ribute  to  m aking we t  re gions  we t te r and dry re gions  drie r. The  m ore  
wate r vapor tha t  a ir conta ins , the  m ore  e ne rgy it  holds . This  e ne rgy fue ls  inte nse  
s torm s , part icularly ove r land. This  re sult s  in m ore  e xt re m e  we athe r e ve nts . 

As  the  a ir be com e s  warm e r and is  capable  of holding m ore  m ois ture , s e ve re  s torm  
ce lls  which m ove  into a  hot te r re gion will be  capable  of pulling m ois ture  from  furthe r 
up in the  a tm osphe re , in som e  case s  m ult iple  m onths ’ worth of ra in is  be ing s tore d 
as  wate r vapor ove r the  are a  it  has  be e n e vapora t ing from , and the  s torm  ce ll will 
produce  a ll those  m onths  of ra in in a  s ingle , hype r-conde nse d e ve nt  typica lly now 
las t ing le s s  than 24  hours  and caus ing wide r and wide r are as  of dam age  with such 
force ful downpours  tha t  e m e rge ncy re sponse  ope ra t ions  cannot  t ake  place  unt il 
the  inte ns ity le s se ns . 

Tropica l Cyclone s  

Tropica l cyclone  is  a  m ore  ge ne ric t e rm  than hurricane . Hurricane s  are  re la t ive ly 
s t rong t ropica l cyclone s . Tropica l cyclone  is  a  ge ne ra l re fe re nce  to  a  low-pre s sure  
sys te m  that  form s  ove r t ropica l wate rs  with thunde rs torm s  ne ar the  ce nte r of it s  
close d, cyclonic winds . Whe n those  rota t ing winds  e xce e d 3 9  mph, the  sys te m  
be com e s  a  nam e d t ropica l s torm . At  74 -plus  m ph, it  be com e s  a hurricane  in the  
At lant ic  and Eas t  P acific  oce ans , a  typhoon in the  northe rn We s t  P acific . In the  
Northe rn He m isphe re , t ropica l cyclone s  have  a  counte rclockwise  circula t ion of 
winds  ne ar the  e arth’s  surface . Tropica l cyclone s  do not  have  cold or warm  fronts  
a t tache d; those  sys te m s  are  ca lle d e xt ra t ropica l cyclone s . 

Ove r the  3 9 -ye ar pe riod from  19 79 -20 17, the  num be r of major hurricane s  has  
incre ase d while  the  num be r of sm alle r hurricane s  has  de cre ase d. 

Whe n t ropica l cyclone s  e ncounte r land, the ir inte nse  ra ins  and high winds  can cause  
se ve re  prope rty damage , los s  of life , soil e ros ion, and flooding. The  as socia te d 
s torm  surge —the  large  volum e  of oce an wate r pushe d toward shore  by the  
cyclone ’s  s t rong winds—can cause  se ve re  flooding, addit ional e ros ion, and 
e xte ns ive  de s t ruct ion. Warm e r oce ans  produce  m ore  e vapora t ion, which m e ans  
m ore  wate r is  available  in the  a tm osphe re  as  wate r vapor and a llows  for more  ra in. 
This  incre ase d ra in re le ase s  m ore  he at  and am plifie s  winds  around the  core  of the  
cyclone .  
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Flooding dam age s  to  e ne rgy infras t ructure  are  cons ide rably highe r from  t ropica l 
we athe r as  a  com binat ion of ove rflowing rive rs , s torm  surge , and torre nt ia l ra ins  can 
com pound to re sult  in s tanding wate r able  to  re ach 1-s tory de e p. Flooding can cause  
prolonge d powe r outage s  which can s top e le vators , hinde r re m ote  e nt ry point s , 
im pe de  re frige ra t ion, dis rupt  e m e rge ncy se rvice s  s it e s , and damage  se curity 
fe a ture s  s ta te  facilit ie s  ne e d to  ope ra te . Sudde n he avy floodwate rs  can se ve re ly 
de grade  e arthe n and line d irriga t ion canals  through incre ase d ra te s  of subs ide nce , 
e ros ion, or s e dim e nt  flows . Flash flooding may carry high le ve ls  of raw se wage  and 
de bris  into wate rways  and local we lls , ove rwhe lm ing intake s  for wate r t re a tm e nt  
facilit ie s  and im pact ing local and re gional drinking supplie s . 

The  U.S. Gove rnm e nt  e s t im ate s  t ropica l cyclone s  will pe rs is t  throughout  the  21s t 
ce ntury and cont inue  to  cause  e xte ns ive  dam age  to U.S. crit ica l infras t ructure . 
Although the  fre que ncy of the se  s torm s  may re m ain the  sam e  or e ve n de cre ase , 
the  t ropica l cyclone s  tha t  do form  are  like lie r to  re ach Cate gory 4  or 5  s tatus  and 
cause  de vas ta t ing dam age  a long U.S. coas t line s  and inte rior re gions  of the  count ry. 
Curre nt  t re ndline s  us ing pre dict ive  clim ate  m ode ls  conclude  tha t  the se  s torm s  will 
have  m ore  s ignificant  ra infa ll than his toric  t ropica l cyclone s  and whe n paire d with 
s e a  le ve l ris e , will le ad to  inte nse  s torm surge s  and as socia te d flooding a long 
coas t line s .lviii The  com ing de cade s  will a lso like ly se e  t ropica l cyclone s  im pact ing 
U.S. cit ie s  furthe r north a long the  Eas t  Coas t  like  Ne w York and Bos ton a t  a  highe r 
ra te . According to  re ce nt  s tudie s , a  de cre ase  in t e m pe rature  diffe re nce s  be twe e n 
the  e quator and the  pole s  could we ake n the  je t  s t re am and a llow t ropica l cyclone s  
to  form and inte ns ify a t  m id-la t itude s .lix According to  the  20 21 Sixth Asse s sm e nt  
Re port  from the  Inte rgove rnm e nta l P ane l on Clim ate  Change , the  global fre que ncy 
of t ropica l cyclone s  will like ly hold s te ady or de cre ase  as  global warm ing cont inue s . 
Am ong those  t ropica l cyclone s , though, the  proport ion tha t  re ach Cate gorie s  4  or 5  
will ve ry like ly incre ase , im pact ing cit ie s  in the  Northe as t  which are  not  his torica lly 
accus tom e d to tha t  de gre e  of s torm  se ve rity could have  de vas tat ing conse que nce s  
for crit ica l infras t ructure  in those  re gions  in the  com ing de cade s . 

More  inte nse  and fre que nt  e xt re m e  ra infa ll and as socia te d flooding in m any re gions  
including coas ta l and othe r low-lying cit ie s , and incre ase d proport ion of and pe ak 
wind spe e ds  of inte nse  t ropica l cyclone s . This  corre la te s  with a  re ce nt  t ropica l s tudy 
by Iowa Sta te  Unive rs ity note d a  warm ing clim ate  will incre ase  the  num be r of 
t ropica l cyclone s  and the ir inte ns ity in the  North At lant ic , pote nt ially cre a t ing m ore  
and s t ronge r hurricane s , according to  s im ula t ions  us ing a  high-re solut ion, global 
clim ate  m ode l. The  re se arch te am  ran s im ula t ions  us ing the  De partm e nt  of Ene rgy's  
Ene rgy Exascale  Earth Sys te m  Mode l and found that  t ropica l cyclone  fre que ncy 
could incre ase  6 6 % during North At lant ic  hurricane  se asons  by the  e nd of the  
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ce ntury. The  num be rs  of t ropica l cyclone s  could incre ase  by 3 4 % during inact ive  
North At lant ic hurricane  se asons . 

In addit ion, the  s im ulat ions  proje ct  an incre ase  in s torm  inte ns ity during the  act ive  
and inact ive  s torm se asons . Tropica l cyclone s  we re  s t ronge r, pe ak form at ion of the  
s torm s  shifte d from Se pte m be r to Augus t , and the  form at ion re gion shifte d from  
the  coas t  of North Africa  to  the  Gulf of Me xico. In the  Unite d Sta te s , hurricane s  
cause d m ore  than $4 0 0  billion in dire ct  e conom ic los se s  ove r the  his torica l pe riod 
19 8 0 -20 14 , with los se s  pe aking a t  m ore  than $15 0  billion in 20 0 5 , the  ye ar whe n 
hurricane  Kat rina  m ade  landfa ll. The  s tudy a lso finds  tha t  a lre ady in the  pre se nt  
clim ate , na t ional insurance  solut ions  m ay be  insufficie nt  to  e ffe ct ive ly m it iga te  the  
e conom ic los se s  cause d by e xt re m e  we athe r e ve nts  in s t rongly affe cte d 
de ve loping count rie s . 

For Hait i, as  a  sm all is land de ve loping s tate  s t rongly affe cte d by hurricane s , the  
s tudy shows  tha t  e ve n if clim ate  risk insurance  we re  as  we ll de ve lope d as  in the  
Unite d Sta te s , growth los se s  would s t ill be  s ix t im e s  highe r. Hurricane  Ian is  the  
third-m os t  de s t ruct ive  s torm  on re cord, be hind Hurricane  Kat rina  in 20 0 5  and 
Hurricane  Harve y in 20 17. Hurricane  Maria is  ranke d 4 th and Hurricane  Sandy is  
ranke d 5 th. The  cos t  of those  disas te rs , adjus te d for infla t ion, s tand a t  roughly $18 6  
billion and $14 9  billion, re spe ct ive ly. Ian is  like ly to  e clipse  the  $114  billion m ark and 
num be rs  cont inue  to  be  re fine d. 

NOAA re ce nt ly re le ase d a  ne w e xplanatory guide : This  inform at ion could be  a use ful 
guide  to  dis t ribute  to  s taff, as  it  succinct ly cove rs  the  dange rs  of hurricane s  and 
how to plan for the m . 5 7% of fa ta lit ie s  during t ropica l cyclone s  have  be e n cause d by 
s torm  surge . 

• Storm  inundat ion le ve ls  during hurricane  s urge  e ve nts  will incre ase  due  to 
s e a  le ve l ris e , ant icipate d to ris e  by about  2  to  3  ft  by 210 0 .  

• Total num be rs  of At lant ic  t ropica l s torm s  and hurricane s  com bine d are  
proje cte d to de cre ase  by 15 %, but  with unce rta inty; a  m inority of s tudie s  
proje ct  an incre ase . 

• Stronge s t  winds  of t ropica l s torm s  and hurricane s  are  proje cte d to  incre ase  
about  3 %. 

• Due  to hum an-cause d clim ate  change , pre cipita t ion rate s  within t ropica l 
s torm s  and hurricane s  are  proje cte d to  incre ase  by about  15 %. And the  
num be r of At lant ic  hurricane s  re aching Cate gory 4  or 5  inte ns ity are  
proje cte d to incre ase  about  10 %. 
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NATIONAL SECURITY IMP LICATIONS 
Im pact s  on conflic t s  and  ins t abilit y 

Clim ate  change  and as socia te d e xt re m e  we athe r e ve nts  can have  an indire ct  but  
re a l im pact  on conflict s  and ins tability by inte ns ifying e xis t ing te ns ions  or cre a t ing 
ne w dispute s  ove r re source s  and te rritory. A 20 19  s tudy from Stanford Unive rs ity 
found clim ate  change  cont ribute d to be twe e n 3 % to 20 % of conflict s  ove r the  las t  
ce ntury with the  pote nt ia l influe nce  se t  to incre ase  subs tant ia lly due  to  warm ing 
global t e mpe ra ture s .lx Ext re m e  we athe r e ve nts , like  prolonge d droughts  and se a  
le ve l ris e , cre a te  condit ions  which we ake n e xis te nce  gove rning ins t itut ions  and 
force  e conom ic, socie ta l, and re source  dis rupt ions  which le ad to  conflict  within 
s ta te s  and be twe e n s ta te s .lxi lxii 

Within s ta te s , the  downs t re am  impacts  of clim ate  change  and e xt re m e  we athe r 
e ve nts  can e m powe r viole nt  non-s ta te  groups  while  we ake ning the  authority of the  
s ta te . P oor gove rnm e nt  re sponse  following natura l disas te rs , e spe cia lly in 
unde rde ve lope d count rie s  with a  lack of adapt ive  capacity, like ly dim inishe s  t rus t  in 
those  in powe r and provide s  non-s ta te  actors  an opportunity to garne r support  by 
se curing and dis t ribut ing a id and incre as ing re cruitm e nt  by offe ring a lte rnat ive  
live lihoods  and ince nt ive s . Clim ate  change  a lso le ads  to  a  ris e  in inhospitable  
e nvironm e nts  which be com e  ungove rne d space s  as  we ak ce nt ra l gove rnm e nts  lack 
the  re source s  to  e xe rt  cont rol or s t ruggle  to  addre s s  the  m ult iface te d challe nge s  
pose d by e xt re m e  we athe r e ve nts .lxiii Ungove rne d space s  be com e  have ns  for 
t ransnat ional crim inal organiza t ions , t e rroris t s , and othe r arm e d groups  from  which 
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the y can ope ra te  illicit  e nte rpris e s , challe nge  s ta te  authority, or t ake  part  in 
inte rnat ionally dire cte d te rrorism . The  Sahe l in We s t  Africa  is  a  prim ary e xam ple  of 
how clim ate  change  induce d de se rt ifica t ion cre a te d wide  swathe s  of la rge ly if not  
wholly ungove rne d te rritory in Libya , Alge ria , and Mali whe re  e xt re m is t  groups  can 
thrive  including Boko Harm  and groups  as socia te d with both a l Qae da and ISIS.lxiv 
This  re gion now accounts  for 4 3 % of all global t e rrorism  de aths  base d on figure s  
from  20 22 which is  in part  linke d to the  s t re s sors  from  clim ate  change .lxv 

The  change s  of inte rs ta te  conflict  a lso ris e  due  to  factors  cause d by climate  change  
and e xt re m e  we athe r e ve nts . The  U.S. Inte llige nce  Com m unity’s  20 23  Annual 
Thre at  Asse s sm e nt  pre dict s  re source  conflict s  will inte ns ify as  acce s s  to  
fre shwate r re source s  and arable  lands  de cre ase  while  changing se a  acce s s  cre a te s  
ne w ge opolit ica l flashpoints .

lxvii

lxvi For e xam ple , the  Arct ic  Circle  is  be com ing m ore  
hospitable  and navigable  as  changing clim ate  pat te rns  le ad to le ss  s e a  ice , ope n 
navigable  s e a  route s , and ope n acce s s  to  pote nt ia lly la rge  swathe s  of untappe d 
natura l re source s . The  Unite d State s , Russ ia , and China , am ong othe r s ta te s , a re  
vying for dom inance  in this  re gion and a ll a re  like ly to incre ase  de ploym e nts  of 
com m e rcia l and m ilitary re source s  to  the  Arct ic  Circle  in the  com ing de cade s . A 
surge  in act ivity in the  re gion a lso has  the  pote nt ia l to inflam e  e xis t ing te ns ions  
be twe e n the  Unite d Sta te s  and Russ ia  or China  as  com pe t it ion for Arct ic  Circle  
re source s  and dom inance  be com e s  a  ge opolit ica l focus  for e ach count ry.  

Im pact s  on m ig ra t ion 

The  U.N.’s  Inte rnat ional Organiza t ion for Migra t ion de fine s  clim ate  m igra t ion as  
com m unit ie s  of pe ople  who are  force d to  re se t t le  within the ir count ry’s  borde rs , 
re gionally or inte rnat ionally due  to  the  e ffe ct s  of climate  change  and we athe r-
re la te d disas te rs . From  20 13  to 20 22, we athe r-re la te d e ve nts  displace d 
approxim ate ly 2 m illion pe ople  annually in Ce nt ra l and Lat in Am e rica  a lone .lxviii  

Clim ate  change  and we athe r-re la te d disas te rs  will cont inue  to dis rupt  both 
inte rnat ional and nat ional m igra t ion pat te rns  due  to  the  de s t ruct ion of hom e s , 
live lihoods , and infras t ructure  tha t  force  popula t ions  to fle e  the ir com m unit ie s  and 
se e k re fuge  in are as  le s s  s ignificant ly im pacte d. While  the  m ajority of clim ate  
m igrants  re se t t le  in diffe re nt  are as  of the ir own count ry, re gional and inte rnat ional 
m igra t ion is  a lso incre as ing.lxix Gove rnm e nt  le ade rs  s addle d with de bt  and 
de cre as ing gove rnm e nt  s e rvice s , will a lso have  to conte nd with cos t ly and 
unpre dictable  we athe r-re la te d disas te rs  and re cove ry e ffort s . In the  Unite d State s , 
we athe r-re la te d disas te rs  are  e xpe cte d to incre ase  gove rnm e nt  de bt  by 
approxim ate ly $2 t rillion annually by the  e nd of the  21s t  ce ntury, according to  the  
White  House  Office  of Manage m e nt  and Budge t .lxx Whe n gove rnm e nts  fa il to  act  
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e ffe ct ive ly to m it iga te  the  challe nge s  e xas pe ra te d by clim ate  disas te rs , e conom ic 
and polit ica l ins tability ofte n e nsue s . 

We athe r pa t te rns  and ge ography will facilit a te  diffe re nt  m igra tory pat te rns  
throughout  the  world; howe ve r, for the  Unite d Sta te s , At lant ic  hurricane s  t rave rs ing 
the  Gulf of Me xico and the  Caribbe an Se a  will im pose  the  gre a te s t  m igra tory 
se curity risks  a t  the  southe rn U.S. borde r.

lxxii

lxxi Clim ate  m igra t ion compounde d by the  
e ffe ct s  of e conom ic hardship, polit ica l ins tability and viole nce  in Lat in Am e rica and 
the  Caribbe an has  ove rwhe lm ingly cont ribute d to the  incre ase  in le gal and ille gal 
m igra t ion in the  southe rn U.S.  

A s ignificant  e xt re m e  we athe r e ve nt  in the  We s te rn He m isphe re  could prom pt  
large r groups  of m igrants  to  the  U.S. Southe rn Borde r, providing a  s t ra te gic 
opportunity for adve rsaria l na t ion s tate s  and non-s ta te  actors . Incre as ingly 
sophis t ica te d hum an t rafficking ne tworks  and the  dive rs ifie d route s  and m e thods  
use d to  smuggle  pe ople  and goods , could like ly pre se nt  s ignificant  challe nge s  to  
U.S. na t ional s e curity and the  private  s e ctor. P artne rships  be twe e n the  public  and 
private  s e ctors  to  cre a te  innovat ion m it igat ion s t ra te gie s  and prote ct ive  solut ions  
will be  crucia l to the  se curity of the  U.S. Southe rn Borde r. 

Im pact s  on de fe ns e  indus t r ia l bas e   

The  de fe nse  indus t ria l base  (DIB) is  vulne rable  to  the  impacts  of clim ate  change  
which cause s  as socia te d ope ra t ional is sue s  for the  arm e d se rvice s . In an e ve r-
e volving nat ional s e curity e nvironm e nt , a  s t rong DIB is  a  s t ra te gic advantage  for the  
Unite d Sta te s . Howe ve r, clim ate  change  and as socia te d e xt re m e  we athe r e ve nts  
can challe nge  the  ability of the  DIB to support  the  ne e ds  of the  U.S. De partm e nt  of 
De fe nse  (DOD) and the  warfighte r. This  is  an inte rnat ional challe nge  be cause  the  
DIB e xte nds  be yond U.S.-base d cont ractors  providing plat form s  and se rvice s  to  the  
DOD but  a lso include s  fore ign com panie s  support ing U.S. force s  base d abroad and 
facilit ie s  ope ra te d by fore ign s ta te s  whe re  the  U.S. m ilit a ry has  an ope ra t ional 
pre se nce .lxxiii The  DOD is  cont inually as se s s ing it s  supply chain re s ilie nce  and 
act ive ly s t re ngthe ning the  DIB to m e e t  na t ional s e curity ne e ds . The  DOD now 
include s  e xt re m e  we athe r e ve nts  in it s  re port s  on the  he alth of the  DIB. In addit ion 
to  dire ct  dam age  to  DIB com panie s , re se arch and de ve lopm e nt  of future  
capabilit ie s , products , and we apons  sys te ms  can a ll suffe r due  to the  fa llout  of 
e xt re m e  we athe r e ve nts  as  de fe nse  cont ractors  re pair dam age s  to  facilit ie s  and 
infras t ructure . The  curre nt  jus t -in-t im e  product ion pos ture  of the  DIB offe rs  lim ite d 
re s ilie ncy and ability to  re cons t itute  afte r a  de s t ruct ive  e xt re m e  we athe r e ve nt . 
Large  U.S. de fe nse  cont ractors  re cognize  t he  sca le  of the  proble m . For e xample , 
Lockhe e d Mart in re le ase d a  re port  de ta iling clim ate  risks  and opportunit ie s  for the  
com pany. The  re port  note s  tha t  e xt re m e  we athe r e ve nts  could isola te  company 
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as se t s  by de s t roying or de grading infras t ructure  Lockhe e d Mart in re lie s  on to  
supply cus tom e rs  and re ce ive  part s  from  third-party subcont ractors .lxxiv 

Be yond the  pote nt ia l im pacts  on the  DIB, e xt re m e  we athe r e ve nts  pose  challe nge s  
to  U.S. m ilit a ry ope ra t ions  globally. The  U.S. m ilit a ry m ainta ins  ove r 5 ,0 0 0  facilit ie s  
globally, of which 1,70 0  are  on or ne ar coas t line s  and face  the  thre a t  of s e a  le ve l ris e  
and as socia te d flooding.

lxxvi

lxxv Norfolk Naval Shipyard, one  of four U.S. Navy shipyards  
which can m ainta in and re pair nucle ar powe re d subm arine s  and a ircraft  carrie rs , is  
one  of the  pre m ie re  U.S. m ilit a ry facilit ie s  thre a te ne d by ris ing se a  le ve ls  and 
as socia te d flooding. Se ve ra l ins tance s  of flooding a t  the  facility dam age d se ns it ive  
e quipm e nt  and future  e s t im ate d s torm surge s  could com promise  the  drydocks  and 
se ve re ly dam age  ships  unde rgoing re pairs .  Future  dam age  to  facilit ie s  like  
Norfolk Naval Shipyard could have  re a l ope ra t ional im pacts  on the  U.S. milit a ry in 
the  future  by lim it ing the  availability of crit ica l pla t form s  and sys te m s  ne e de d to  
sus ta in global m is s ions . 

Im pact s  on e conom ic and  financia l s e c t or  

Ext re m e  we athe r e ve nts  have  be e n having s ignificant  im pacts  on the  U.S. financia l 
s e rvice  indus t ry, including insurance  com panie s . The se  im pacts  are  close ly re la te d 
to  U.S. na t ional s e curity due  to  the  crit ica l role  of the  financia l s e ctor in the  ove ra ll 
s tability and re s ilie nce  of the  e conom y. The  im pacts  include  bus ine s s  dis rupt ions , 
incre ase d insurance  cla im s , infras t ructure  dam age s , and as se t  e xposure . Give n the  
inte rtwine d nature  of the  financia l s e rvice s  indus t ry with the  broade r e conom y, 
the se  im pacts  can le ad to  e conom ic downturns , which in turn can affe ct  the  
profitability and s tability of financia l ins t itut ions . For e xam ple , e ve nts  such as  
hurricane s , floods , wildfire s , and tornadoe s  can re sult  in subs tant ia l prope rty 
dam age  and los se s . This  le ads  to  a  surge  in insurance  cla im s , put t ing s ignificant  
financia l s t ra in on insurance  com panie s . If the se  com panie s  are  unable  to  m anage  
the  incre ase d cla im s , it  m ay le ad to re duce d capacity and incre ase d pre m ium s , 
affe ct ing bus ine s se s  and house holds  a like . The  fre que ncy and se ve rity of such 
e xt re m e  we athe r e ve nts  can s t ra in the  financia l re se rve s  of insurance  com panie s . 
Catas t rophic e ve nts  can le ad to a  sudde n de ple t ion of re source s , im pact ing the ir 
ability to  pay cla im s  prom pt ly and le aving the m  vulne rable  to financia l ins tability.  

In addit ion, financia l ins t itut ions , including banks  and inve s tm e nt  firm s , have  
subs tant ia l as se t s  e xpose d to various  indus t rie s  and prope rt ie s . Ext re m e  we athe r 
e ve nts  can le ad to  phys ica l dam age  and de valuat ion of the se  as se t s , a ffe ct ing the  
ove ra ll s tability of the  financia l sys te m . Finally, e xt re m e  we athe r e ve nts  can dam age  
crit ica l infras t ructure , such as  t ransporta t ion sys te m s , powe r grids , and 
com m unicat ion ne tworks . The se  dam age s  can le ad to a  dis rupt ion of bus ine s s  
ope ra t ions , le ading to los t  re ve nue  for companie s  and unce rta inty in financia l 
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m arke ts . This  dis rupt ion can have  cascading e ffe ct s  on the  ove ra ll e conom y and 
nat ional s e curity if crit ica l s e rvice s  and indus t rie s  are  im pacte d. 

Im pact s  on phys ica l infras t ruct ure   

Ext re m e  we athe r e ve nts  affe ct  the  phys ica l infras t ructure  tha t  ope ra te  and de live r 
s e rvice s  crit ica l for daily life . Dis rupt ions  to t ransporta t ion, e ne rgy, and wate r 
source s  and infras t ructure  can hinde r the  gove rnm e nt ’s  re spons e  to  e m e rge ncie s  
and e xte rnal thre a t s .lxxvii lxxviii

lxxix

lxxxi

  Roads , bridge s , and hospita ls  are  vita l to e m e rge ncy 
re sponse  following an e xt re m e  we athe r e ve nt  and m us t  be  able  to  withs tand the  
changing clim ate . According to  Firs t  St re e t  Foundat ion, about  25 % of a ll crit ical 
infras t ructure  in the  Unite d Sta te s  is  a t  risk of be com ing inope rable  due  to flooding, 
including an e s t im ate d 23 % of a ll roadways  in the  count ry.  Flooding in P akis tan in 
20 22 dam age d m ore  than 8 ,0 0 0  m ile s  of roads , approxim ate ly 4 10  bridge s , and 
ove r 3 0  ra il s ta t ions , se ve re ly hinde ring e vacuat ions , e m e rge ncy re sponse , as  we ll 
as  acce s s  to  m e dical facilit ie s .lxxx  More  fre que nt , s t ronge r we athe r sys te m s  tha t  
cause  se ve re  dam age  will like ly inundate  me dical s e rvice s , as  we ll as  the  supply 
chains  for m e dicine  and m e dical e quipm e nt . Ene rgy and wate r are  a lso e s se nt ia l to  
the  sus ta inability of the se  se rvice s . 

Im pact s  on s upply cha ins   

Ext re m e  we athe r-re la te d dis rupt ions  to  the  global supply chain are  ofte n m os t  
im pact ful whe n phys ica l infras t ructure  such as  dis t ribut ion ce nte rs , product ion 
facilit ie s , ware house s , and logis t ics  route s  e xpe rie nce  dam age . The  curre nt  highly 
inte rde pe nde nt  supply chain re lie s  he avily on original e quipm e nt  m anufacture rs  
(OEMs), companie s  tha t  supply compone nts  tha t  a re  use d in the  product ion of 
goods  by othe r manufacture rs . His torica lly, clim ate -linke d ope ra t ional dis rupt ions  a t  
OEMs  have  had s ignificant  e ffe ct s  on downs t re am  supply chains  which has  re sulte d 
in product ion inte rrupt ion, shortage s , de lays , and incre ase d cos t s  of crit ica l goods . 
Ofte n, com panie s  re ly on s ingular product ion s it e s  with m inim al or no a lte rnat ive s  
and are  unable  to  mainta in cont inuity in the ir m anufacturing afte r a  disas te r. Afte r 
an e xt re m e  we athe r e ve nt , OEMs  m ay be  de pe nde nt  on gove rnm e nt  a id , an 
available  workforce , and re s tora t ion re source s  to  be gin product ion again, de laying 
a ll furthe r supply chain com pone nts  including addit ional m anufacturing, as se m bly, 
shipping and t ransporta t ion, and de live ry to e nd consum e rs  who the n ofte n 
e xpe rie nce  a  price  incre ase . Transporta t ion logis t ics  is  a  ke y node  to  m ainta ining 
the  flow of goods  and se rvice s , howe ve r, e ve n it s  infras t ructure  tha t  is  built  to  
withs tand e xt re m e  we athe r e ve nts , is  s tart ing to  be com e  m ore  vulne rable  as  
s t ronge r s torm s  be com e  m ore  fre que nt . Ris ing se a  le ve ls  and flooding will a ffe ct  
port s  and the ir as socia te d inte rm odal t ransporta t ion such as  t rucks  and ra il 
ne tworks . In 20 12, Hurricane  Sandy cause d the  P ort  of Ne w York and Ne w Je rse y to  
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close  for ne arly a  we e k which dive rte d m ult iple  cargo ve s se ls  and re sulte d in a  $13 0  
m illion re ve nue  los s .lxxxii 

Two indus t rie s  m os t  a t  risk for high im pact  supply chain dis rupt ion due  to e xt re m e  
we athe r, and whose  shortage s  and de lays  could pose  im m e nse  nat ional s e curity 
risks  for the  Unite d Sta te s , a re  s e m iconductors  and pharm ace ut ica ls . The  daily life  
of m os t  com munit ie s  is  highly re liant  on se m iconductor com pone nt  products , or 
m icrochips . The  globe 's  de pe nde ncy on Taiwan, the  ce nte r of the  indus t ry, has  be e n 
te s te d in re ce nt  ye ars  in addit ion to the  U.S. de pe nde ncy on chip m anufacturing 
facilit ie s  in Te xas , a fte r dispara te  we athe r e ve nts  ha lte d the  product ion of e s se nt ia l 
goods  acros s  num e rous  se ctors  re sult ing in a  worldwide  cris is . Taiwan's  drought  
conce rns  im pacte d not  only the  wate r supply of chip m anufacturing s it e s , but  a lso 
it s  hydroe le ct ric  powe r supply. In Te xas , une xpe cte d winte r s torm s  cause d powe r 
outage s  a t  the ir s it e s .lxxxiii

lxxxiv

 Sim ilarly, the  pharm ace ut ica l indus t ry re lie s  on act ive  
pharm ace ut ica l ingre die nts  (AP Is ), the  raw m ate ria ls  include d in a  m ajority of the ir 
products , m aking it  cons is te nt ly a t  risk for dis rupt ions  due  to e xtre m e  we athe r 
im pact ing AP I supplie rs , which are  ofte n locate d in South and Eas t  As ia . Cos t -
e ffe ct ive  drugs  te nd to  be  mos t  at  risk, as  m any of the  che ape s t  products  are  
m anufacture d in the  re gion, incre as ing vulne rability due  to  fre que nt  na tura l 
disas te rs  in the  are a .  Road blockage s  from  dam age  or de bris  can hinde r acce s s  
to  m anufacturing facilit ie s , supplie rs , and ware house s , furthe ring dis rupt ions  and 
de lays  to  the  supply chains  of crit ica l supplie s  tha t  a re  vita l to na t ional and e conom ic 
se curity. 

Im pact s  on he a lt hca re  and  public  he a lt h  

Ext re m e  we athe r e ve nts  have  a  ne gat ive  im pact  on ove ra ll he alth, can dire ct ly 
cause  injury, illne s s , and e ve n de ath, and ove rwhe lm  the  he alth infras t ructure  
m aking it  d ifficult  for pa t ie nts  to re ce ive  me dical care . It  is  crucial for comm unit ie s  
to  pre pare  individuals  to  prote ct  the m se lve s  from  e xt re m e  we athe r e ve nts  and 
e nsure  tha t  he althcare  sys te m s  have  cont inge ncy plans  in place  to  addre s s  the  
surge  in case s  whe n e xt re m e  we athe r e ve nts  ine vitably occur. 

Ext re m e  we athe r affe ct s  the  socia l and e nvironm e nta l de te rm inants  of he alth 
including a ir quality, safe  drinking wate r, sufficie nt  food, and se cure  she lte r. For 
e xam ple , worse ning a ir pollut ion le ve ls  from  wildfire s  place  addit ional s t re s s  on the  
lungs  caus ing and e xace rbat ing re spira tory condit ions , droughts  and flooding 
im pact  food and wate r supply, and hurricane s  dam age  hous ing. Ext re m e  we athe r 
e ve nts  can a lso dire ct ly cause  injury, illne s s , and e ve n de ath and te nd to  a lso have  
cascading e ffe ct s  such as  the  spre ad of infe ct ious  dise ase  due  to  incre ase s  in food-, 
wate r- and ve ctor-borne  dise ase s . Addit ionally, e xt re m e  we athe r e ve nts  can be  
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t raum at ic for those  affe cte d, le ading to m e nta l he alth is sue s  such as  de pre s s ion, 
anxie ty, and pos t -t raum at ic s t re s s  disorde r.lxxxv 

Com m unit ie s  can m inim ize  the  im pact  of e xt re m e  we athe r by e ncouraging 
individuals  to t ake  pre caut ions . For e xam ple , individuals  should re m ain indoors  
whe n the  a ir quality is  in an unhe althy range , have  an ade quate  supply of food and 
wate r, and se e k she lte r during hurricane s  or during pe riods  of e xtre m e  he at  or 
e xt re m e  cold. Mos t  im portant ly, com m unit ie s  should provide  the se  se rvice s  for 
those  who m ay not  have  the  re source s  to  take  pre caut ions . 

Ext re m e  we athe r e ve nts  ofte n a lso de grade  the  m e dical com munity's  ability to 
provide  ade quate  care  as  the  surge  in injurie s  and illne s se s  can ove rwhe lm  
he althcare  infras t ructure . An incre ase  in pat ie nts  s e e king m e dical a t t e nt ion puts  a  
s t ra in on am bulance s  and e m e rge ncy m e dical t e chnicians , a ffe ct ing re sponse  
t im e s . Furthe rm ore , e xt re m e  we athe r e ve nts  can de cre ase  s taffing le ve ls  a t  
hospita ls  and dis rupt  the  supply chain of e sse nt ia l m e dicat ions  and m e dical 
e quipm e nt , de laying and in som e  case s  de nying t re a tm e nt  to pat ie nts . 

Are as  with we ak he alth infras t ructure  will be  the  le as t  able  to  cope  without  
as s is tance  to  pre pare  and re spond to e xt re m e  we athe r e ve nts . Ext re m e  we athe r 
drive n he alth risks  are  disproport ionate ly fe lt  by the  m os t  vulne rable  and 
disadvantage d, including wom e n, childre n, e thnic m inorit ie s , poor com m unit ie s , 
m igrants  or displace d pe rsons , olde r populat ions , and those  with unde rlying he alth 
condit ions , furthe r wide ning e xis t ing he alth ine qualit ie s  be twe e n and within 
popula t ions . Comm unit ie s  should inve s t  in the  re s ilie ncy of he althcare  sys te m s  
e nabling the m  to ade quate ly plan and pre pare  for e xt re m e  we athe r e ve nts  and 
provide  addit ional support  to  vulne rable  popula t ions .lxxxvi 
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CASE STUDIES 
P harm ace ut ica l Supply Cha in Cas e  S t udy 

The  Im pact  of Hurricane  Maria  on U.S . P harm ace ut ica l Ava ilabilit y 

In 20 17, the  Unite d Sta te s  e xpe rie nce d a  crit ica l shortage  of Sm all Volum e  
P are nte ra ls  (SVP s) whe n Hurricane  Maria  cause d Baxte r Inte rnat ional's  
m anufacturing facilit ie s  in P ue rto Rico to te m porarily shut  down. The se  
m anufacturing facilit ie s  spe cifica lly manufacture d MINI-BAG and MINI-BAG P lus  
Conta ine r Sys te m s  which are  use d to  compound or adm ix a  m e dicat ion or to a id in 
the  de live ry of a  m e dicat ion. As  a re sult  of this  supply chain dis rupt ion, hospita ls  
throughout  the  Unite d Sta te s  we re  force d to  use  le s s  e fficie nt  a lte rnat ive s  lowe ring 
the  s tandard of care  for pa t ie nts . While  the  pharm ace ut ica l indus t ry cannot  
e lim inate  a ll risks  to  product ion, by imple me nt ing indus t ry be s t  pract ice s  and 
collabora t ing with gove rnm e nt  age ncie s  the y can ade quate ly pre pare  for the  
pe rs is te nt  and e scalat ing thre a t  of e xt re me  we athe r.lxxxvii 

Be s t  P rac t ice s  for  t he  P harm ace ut ica l Indus t ry 

To comple te  this  s tudy, re s ilie ncy and ope ra t ional e xpe rt s  at  two global 
pharm ace ut ica l companie s  tha t  we re  se ve re ly im pacte d by Hurricane  Maria  we re  
inte rvie we d. Due  to  the ir re s ilie ncy e ffort s , one  pharm ace ut ica l m anufacture r was  
able  to re sum e  lim ite d product ion within one  we e k and re turn to norm al product ion 
within s ix m onths  while  the  othe r was  able  to  re turn to  norm al product ion within 
thre e  days . Since  Hurricane  Maria , both companie s  have  furthe r priorit ize d 
re s ilie ncy e ffort s  im proving the ir m onitoring for e xt re m e  we athe r, s t re ngthe ning 
phys ica l infras t ructure , prom ot ing supplie r and whole sa le r re s ilie nce , de ce nt ra lizing 
powe r, pre paring and as s is t ing the ir workforce  to  re cove r from  e xt re m e  we athe r, 
building in re dundancy into the ir comm unicat ions , conduct ing vulne rability 
as se s sm e nts , and le ve raging the ir na t ional and inte rnat ional ne tworks .lxxxviii 

● Monitoring for Ext re m e  We athe r. Both pharm ace ut ica l com panie s  have  
m appe d the ir crit ica l pa th ide nt ifying e ach as se t  from  the  sourcing of raw 
m ate ria ls  to  the  de live ry of fina l drugs . The y incorpora te  m e te orologica l da ta  
from  various  ope n source s  and ut ilize  comm e rcia l software  toolse t s  to  
aggre gate  and display the  inform at ion for analys t s  to  e valuate . In addit ion, 
both com panie s  ut ilize  an autom ate d a le rt  sys te m  to e nsure  tha t  a ll e xt re m e  
we athe r e ve nts  and the ir pote nt ia l im pact  on the  supply chain are  fully 
cons ide re d and com m unicate d. One  com pany share d how the y have  a  
de dica te d we athe r t e am  that  works  close ly with the ir global logis t ics  supply-
chain te am  and toge the r the y use  this  inform at ion to  drive  de cis ions  about  
which route s  to  t ake  and whe n to  hold or e xpe dite  the  shipm e nt  of cargo. 
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● Stre ngthe ning P hys ica l Infras t ructure . Both pharm ace ut ica l companie s  
withs tood the  e ffe ct s  of Hurricane  Maria  with m inim al s t ructura l dam age  to 
the ir facilit ie s  due  to the  pre e m pt ive  fort ifica t ion of buildings , part icularly 
roofing. Howe ve r, the re  was  s ignificant  dam age  to the  roads  and bridge s  
surrounding the ir facilit ie s  prom pt ing one  com pany to m obilize  sm alle r 
ve hicle s  to  t ransport  fina l products , supplie s , and fue l.lxxxix 

● P rom ot ing Supplie r and Whole sa le r Re s ilie nce . While  the  pharmace ut ica l 
com panie s  have  s ignificant  cont rol ove r the ir own m anufacturing facilit ie s , 
the y ofte n have  lim ite d ins ight  into the ir raw m ate ria l supplie rs , m any of 
which are  locate d in South and Eas t  As ia , re gions  tha t  a re  highly vulne rable  to  
e xt re m e  we athe r. One  com pany ide nt ifie d tha t  the y approach this  
vulne rability by asking ve ndors  to  comple te  a  procure m e nt  que s t ionnaire  
which solicit s  inform at ion about  the  supplie r's  re s ilie ncy pos ture  and use  this  
re sponse  in ve ndor s e le ct ion de cis ions . In addit ion, the y include  clause s  in 
the ir supplie r and whole sa le r cont ract s  tha t  s t ipula te  bus ine s s  cont inuity 
planning. Anothe r com pany m it iga te s  supplie r vulne rabilit ie s  by carrying 
addit ional inve ntory of raw m ate ria ls , ofte n s toring a  3 0 -9 0  day supply of raw 
m ate ria ls  which are  prone  to  supply chain dis rupt ions , ba lancing inve ntory 
base d on his torica l and se asonal t re nds . In an e ffort  to dis t ribute  the  burde n, 
this  com pany is  act ive ly e xploring opt ions  to  ince nt ivize  whole sa le  
dis t ributors  to m aintain a  rota t ing s tockpile , providing a buffe r whe n 
m anufacturing is  t e mporarily dis rupte d and cre a t ing an addit ional 
cont inge ncy source  of crit ica l pharmace ut ica ls  in the  e ve nt  of an e m e rge ncy.  

● De ce nt ra lize d P owe r. During and im m e dia te ly following Hurricane  Maria , both 
pharm ace ut ica l companie s  m ainta ine d backup die se l ge ne ra tors  in a ll 
facilit ie s  on the  is land to  supply powe r during the  e le ct ric  grid  inte rrupt ions  
with one  company holding se ve n days  of fue l a t  a ll t im e s .xc Since  Hurricane  
Maria , one  company ide nt ifie d addit ional s te ps  take n to  pe rm ane nt ly 
de ce nt ra lize  powe r by ins ta lling sm all solar powe r ge ne ra tors  throughout  
the ir prope rty and will soon have  a fully ope ra t ional inde pe nde nt  e le ct ric  grid  
tha t  can be  couple d with com m e rcia l powe r from  the  is land. 

● P re paring and Ass is t ing Workforce  Re cove ry. In the  afte rm ath of Hurricane  
Maria , both pharm ace ut ica l companie s  de fine d playbooks  and t im e line s  for 
re cove ry. One  com pany de ta ile d how the y provide d potable  wate r, portable  
ge ne ra tors , and fue l to  e m ploye e s  to  as s is t  in the ir pe rsonal re cove ry and 
support  the ir re turn to  work. This  com pany has  s ince  de ve lope d an e m ploye e  
pre pare dne ss  program  to e nsure  tha t  e mploye e s  have  the  knowle dge  and 
re source s  to  re cove r from  e xt re m e  we athe r e ve nts , such as  providing 
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backpacks  fille d with e m e rge ncy it e m s . In addit ion, the y imple m e nte d an 
e m ploye e  as s is tance  program  to he lp e mploye e s  with the ir individual 
circum s tance s  which include s  t ransporta t ion, hous ing, and e ve n m e dical 
as s is tance  for fam ily m e m be rs  to facilit ate  the ir e m ploye e s  re turn to  work. 
Be cause  e xt re m e  we athe r e ve nts  can be  t raum at ic, this  com pany a lso offe rs  
a  counse ling program  to e nsure  tha t  the ir e m ploye e s  are  m e nta lly re ady and 
e quippe d to  re turn to work. 

● Com m unicat ion Re dundancy. Due  to  dis rupt ions  in s e rvice  from  local 
t e le com m unicat ions  provide rs  during and afte r Hurricane  Maria , both 
pharm ace ut ica l companie s  re lie d on sa te llite  com m unicat ions  to  conduct  
accountability and dis t ribute  inform at ion to the ir e m ploye e s . Since  the n, both 
com panie s  have  m ade  advance s  in providing e m ploye e s  with mult iple  form s  
of com m unicat ions  including sa te llit e  phone s  and radios  for re ce iving AM 
t ransm it te d company not ifica t ions  and de ve lope d autonot ifica t ion sys te m s  
to  broadcas t  inform at ion to  e mploye e s . One  com pany has  a lso e s tablishe d 
com m unicat ion hubs  throughout  the  is land, provide d m obile  ce ll phone s , 
t able t s , and laptops  with hot  spots  and se cure d prim ary and se condary 
inte rne t  provide rs  to  e nable  te le work. This  com pany a lso give s  s it e  le ade rs  
72 hours  to  com ple te  init ia l accountability and follow-up with daily 
he adcounts  during which e m ploye e s  are  e ncourage d to  com m unicate  not  
only the ir s ta tus  but  also any pe rsonal re sponse  and re cove ry ne e ds .  

● Vulne rability Asse s sm e nts . A re curring the m e  com m unicate d by both 
pharm ace ut ica l companie s  was  the  ne e d to ide nt ify vulne rabilit ie s , de fine  
re s ilie ncy, and adapt  to  changing thre a t s . One  com pany share d tha t  the y 
conduct  re gular cris is  e xe rcise s  to  e nsure  tha t  the ir proce s se s  and 
proce dure s  are  e ffe ct ive  whe n re sponding to  and re cove ring from  e xt re m e  
we athe r e ve nts . Afte r Act ion Re port s  highlight  are as  tha t  ne e d to  be  
im prove d and how to addre s s  e xpose d vulne rabilit ie s . 

● Le ve raging the ir Ne twork. P rior to  Hurricane  Maria  making landfa ll, one  
pharm ace ut ica l company shippe d finishe d products  to the ir dome s t ic  
ware house s  to  m it igate  the  impact  of a  pote nt ia l shutdown. This  com pany 
a lso worke d with the  Food and Drug Adm inis t ra t ion (FDA) to s e cure  
re gula tory discre t ion for the  te mporary spe cia l im porta t ion of ce rta in 
products  from  the ir facilit ie s  in Ire land, Aus tra lia , Canada, Me xico, England, 
It a ly and Brazil to m it iga te  the  impact  to  U.S. hospita ls .xci 

Enabling  a  W hole -of Gove rnm e nt  Re s pons e  
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Afte r a  shortage  has  be e n ide nt ifie d, gove rnm e nt  age ncie s  can m obilize  to facilit a te  
the  product ion of final drugs  and dis t ribut ion to  e nd-use rs . The  De partm e nt  of 
He alth and Human Se rvice s  (HHS) Supply Chain Cont rol Towe r (SCCT) P rogram  
e nable s  e nd-to-e nd vis ibility for supply chain m onitoring in re sponse  e nvironm e nts . 
The  SCCT allows  for s ce nario m ode ling, de m and fore cas t ing, and gap priorit iza t ion 
as  we ll as  support  capacity planning, acquis it ion s t ra te gie s , and targe te d 
dis t ribut ion. It  a lso cre a te s  vis ibility on e nd-to-e nd inve ntory le ve ls , m anufacture r 
capacity, dis t ribut ion flows , and point -of-care  consum pt ion. SSCT partne rs  with 
e ach of the  age ncie s  be low to addre s s  pote nt ia l shortage s . 

● The  De partm e nt  of He alth and Hum an Se rvice s  (HHS), Food and Drug 
Adm inis t ra t ion (FDA) fie ld  inspe ctors  conduct  inspe ct ions  of the  
m anufacturing facilit ie s  once  m ade  aware  of an impe nding shortage . If the  
im pe nding shortage  is  confirm e d, FDA de te rm ine s  the  e xte nt  and as s is t s  in 
ide nt ifying the  root  cause  and re s toring product ion. The  FDA can a lso 
m it iga te  shortage s  cause d by discont inuance  or inte rrupt ion in 
m anufacturing by e xte nding e xpira t ion, e as ing quality as surance  
re quire m e nts , and/or re que s t ing othe r e nt it ie s  to  incre ase  product ion or s tart  
ne w product ion.

xciii

xcii HHS’s  Adm inis t ra t ion for St ra te gic P re pare dne ss  and 
Re sponse  (ASP R) prom ote s  "warm  bas ing" by e ncouraging pharm ace ut ica l 
com panie s  to m ainta in product ion re adine s s  by re ducing ove rhe ad, ut ilizing 
e m e rging te chnologie s , and ince nt ivizing gove rnm e nt  age ncie s  and hospita ls  
to  buy the ir products  to  ke e p machine ry running and labor e m ploye d. ASP R 
also de ploys  incide nt  m anage m e nt  t e am s  during and afte r e xt re m e  we athe r 
e ve nts  to  as se s s  ne e ds  and dis t ribute  re source s  accordingly.  

● The  De partm e nt  of Transporta t ion (DOT) can im ple m e nt  t e m porary 
t ransporta t ion solut ions , ofte n providing e m e rge ncy waive rs  and spe cia l 
pe rm it s  to e nable  logis t ica l age ncie s  to  ope ra te  a t  a  he ighte ne d te m po. The  
Fe de ra l Avia t ion Adminis t ra t ion can im pose  flight  re s t rict ions  to  give  priority 
to  re sponse  and re cove ry ope ra t ions . The  Fe de ra l Highway Adminis t ra t ion 
can as s is t  in re pairing or re cons t ruct ing dam age d highways . The  Fe de ra l 
Motor Carrie r Safe ty Adm inis t ra t ion and the  Fe de ra l Railroad Adm inis t ra t ion 
can te m porarily lift  s afe ty re gula t ions , including hours  of s e rvice , from  
inte rs ta te  m otor carrie r drive rs  and ope ra tors  and t ra ins  providing 
e m e rge ncy re lie f. The  Marit im e  Adm inis t ra t ion m ainta ins  the  Nat ional 
De fe nse  Re se rve  Fle e t  which can s tage  e quipm e nt  and pe rsonne l and 
t ransport  cargo. Las t ly, the  P ipe line  and Hazardous  Mate ria l Safe ty 
Adm inis t ra t ion can issue  e xe m pt ions  for pipe line  ope ra t ion and hazardous  
m ate ria ls  t ransportat ion. 
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● The  De partm e nt  of Hom e land Se curity’s  (DHS) Fe de ra l Em e rge ncy 
Manage m e nt  Age ncy (FEMA) P ublic Ass is tance  P rogram  can provide  
supple m e nta l grants  to  s ta te , t riba l, t e rritoria l, and local gove rnme nts , and 
ce rta in type s  of priva te  non-profit s  to  as s is t  com m unit ie s  in quickly 
re sponding to  and re cove ring from  m ajor disas te rs , including e xt re m e  
we athe r. This  grant  program  he lps  are as  cove r the  cos t  of public  
infras t ructure  re s tora t ion, de bris  re m oval, and life -saving e m e rge ncy 
prote ct ive  m e asure s  afte r a  dam aging we athe r e ve nt . Addit ionally, FEMA 
provide s  as s is tance  for hazard m it igat ion m e asure s  during re cove ry to  
prote ct  dam age d are as  from  future  e ve nts . P rivate  s e ctor organiza t ions  such 
as  pharm ace ut ica l com panie s  can proact ive ly collabora te  with the ir s ta te , 
t e rritory, t ribe , or local gove rnm e nt  to not ify the m  of any facility public  acce s s  
roads  tha t  m ay be  com prom ise d during a we athe r e ve nt  and ne e d e xpe dite d 
cle aring as  part  of the  com m unity's  re s tora t ion plan in orde r to  t ransport  
crit ica l m ate ria ls .  

● The  De partm e nt  of Ene rgy's  (DOE) Office  of Cybe rse curity, Ene rgy Se curity, 
and Em e rge ncy Re sponse  (CESER) coordinate s  DOE's  re sponse  to  hazards  
facing the  e ne rgy se c tor. Whe n a  pote nt ia l disas te r is  ide nt ifie d, CESER 
dispatche s  re sponde rs  to  the  re gion's  State  Em e rge ncy Ope ra t ions  Ce nte rs  
and the  FEMA Re gional Re sponse  Coordinat ion Ce nte r to coordinate  with 
local officia ls  and indus t ry re pre se nta t ive s . Once  a  disas te r occurs , DOE 
re sponde rs  provide  subje ct  m at te r e xpe rt is e  to  he lp s ta te  and indus t ry 
partne rs  as se s s  the  disas te r's  im pacts , re s tore  e ne rgy sys te m s , and ide nt ify 
addit ional ne e ds . Addit ionally, CESER holds  daily calls  with sub-se ctors  like  
e le ct ricity, oil, and natura l gas  to coordinate  a  re sponse  while  a lso providing 
rout ine  s itua t ion re port s  and analys is  of impacts  to the  e ne rgy se ctor. Whe n 
e xt re m e  we athe r re sult s  in prolonge d re s tora t ion, DOE re sponde rs  work with 
ut ilit ie s , s tate  age ncie s , FEMA, and the  U.S. Arm y Corps  of Engine e rs  to  
as sure  m ate ria ls , e quipm e nt , and any ne ce s sary as s is tance  are  mobilize d to 
obta in te mporary powe r. 

● The  De partm e nt  of Com m e rce  (DOC) can ne got ia te  and advocate  for t rade  
agre e m e nts  tha t  facilit a te  the  flow of pharm ace ut ica l ingre die nts  and fina l 
drugs  acros s  borde rs . DOC ofte n e ngage s  in bila te ra l and m ult ilate ra l 
e ngage m e nts  to  addre s s  t rade  barrie rs , such as  t a riffs  and quotas , tha t  
hinde r the  flow of supply chains . DOC can a lso im ple m e nt  policie s  and 
init ia t ive s  to  prom ote  dom e s t ic  manufacturing capabilit ie s  such as  providing 
financia l ince nt ive s , t ax bre aks , and grants  to  bus ine s se s  tha t  can ram p up 
product ion to offse t  shortage s . 
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Enduring  Cha lle ng e s  and  Opport unit ie s  for  P riva t e -P ublic  Collabora t ion 

The  U.S. Gove rnm e nt ’s  unde rs tanding of crit ica l shortage s  is  la rge ly re liant  on fina l 
drug m anufacture r or e nd-use r (hospita ls , phys icians , pharm acis t s ) not ifica t ion. 
Once  the  im pe nding shortage  is  confirm e d, HHS, DOT, DHS, DOE, and DOC can s te p 
in to  mit iga te  the  impact  to pa t ie nts . While  m it iga t ion tact ics  are  highly e ffe ct ive  in 
e as ing the  im pact  of shortage s , the y take  t im e  to im ple m e nt . The  U.S. Gove rnm e nt  
and pharm ace ut ica l indus t ry could both be ne fit  from incre as ing the  t im e  for 
m it iga t ions  by de ve loping an unde rs tanding of crit ica l de pe nde ncie s  and risks  
within the  global supply chain and planning for pote nt ia l dis rupt ions . 

Conce ale d Transpare ncy and Analyt ica l Ins ights  

P harm ace ut ica l shortage s  can re sult  from  dis rupt ions  in fina l drug product ion as  
de m ons t ra te d by Hurricane  Maria  but  are  a lso he avily im pacte d by the  sourcing of 
raw m ate ria ls . P harmace ut ica l drugs  are  made  from  Act ive  P harm ace ut ica l 
Ingre die nts  (AP Is ) which produce  the  inte nde d e ffe ct s  and “e xcipie nts” which he lp 
to  de live r, s tabilize , or incre ase  the  absorpt ion of AP Is . Roughly 8 0 % of AP Is  are  
source d from  South and Eas t  As ia , re gions  like ly to  re pe ate dly e xpe rie nce  cycle s  of 
e xt re m e  he at  as  the  global t e m pe ra ture  rise s . Studie s  have  shown that  with a  s ingle  
°C de gre e  ris e  in t e mpe ra ture  m anufacturing output  de cre ase s  1-3 % as  m achine ry 
fa ils  and labor is  e ithe r abse nt  or s ignificant ly s lowe r.xciv With incre as ing 
te m pe ra ture s  the se  re gions  a lso be com e  vulne rable  to  cyclone s , typhoons , and 
flooding tha t  can shutdown m anufacturing facilit ie s  for e xte nde d pe riods  and 
dis rupt  t ransporta t ion route s .  

The  pharm ace ut ica l supply chain lacks  t ranspare ncy part icularly whe n it  com e s  to  
sourcing raw m ate ria ls . While  many pharm ace ut ica l com panie s  have  de ve lope d a 
robus t  unde rs tanding  of the ir crit ica l paths  and the  e nvironm e nta l (and ofte n socia l, 
polit ica l, and e conom ic) risks  e ach node  is  susce pt ible  to , the y are  ofte n unaware  of 
the  de m and place d on e ach node . In addit ion, pharm ace ut ica l com panie s  ofte n buy 
the ir raw m ate ria ls  from  only one  source  to  achie ve  cont ractual cos t  s avings  
cre a t ing a  crit ica l de pe nde ncy. The  pharm ace ut ica l indus t ry could be ne fit  from 
having m ore  inform at ion about  the  de m and that  the ir supplie rs  face  and the  
dis t ribut ion route s  ut ilize d so tha t  the y can cons ide r the  im pact  of pote nt ia l 
dis rupt ions  and m ake  be t te r sourcing de cis ions .  

P harm ace ut ica l com panie s  are  unde rs tandably re luctant  to  publicly de clare  the ir 
crit ica l pa th as  this  inform at ion could be  e xploite d by compe t itors . Howe ve r, the y 
m ay be  willing to  disclose  sanit ize d inform at ion about  raw m ate ria l supplie rs  and 
dis t ribut ion ne tworks  through a  s e cure  pla t form  to a  third party which could the n 
com pile  this  inform at ion de ve loping an ove ra ll unde rs tanding of the  com ple x we b of 
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crit ica l pa ths . In re turn, the  third party would be  able  to fore se e  pote nt ia l dis rupt ions  
and t ip both the  pharm ace ut ica l com panie s  and fe de ra l age ncie s  to  im pe nding 
shortage s  giving the m  m ore  t im e  and opt ions  to  sus ta in the  supply chain and 
m it iga te  the  impact  to  pa t ie nts . For e xam ple , m ult iple  pharm ace ut ica l companie s  
m ay not  re a lize  tha t  the y are  com pe t ing to acquire  a  raw m ate ria l tha t  is  produce d 
a t  a  factory in India  tha t  is  e xpe rie ncing e xt re m e  he at  and like ly to  suffe r from 
catas t rophic flooding during the  upcom ing m onsoon se ason pote nt ia lly ha lt ing 
ope ra t ions . In this  s itua t ion, the  third party could provide  advance  warning to  the  
pharm ace ut ica l companie s  tha t  may be  im pacte d by a  dis rupt ion and the  U.S. 
Gove rnm e nt  could ass is t  the m  in finding a lte rnat ive  source s , facilit a t ing shipm e nts  
prior to  the  e xt re m e  we athe r e ve nt , and re s toring product ion a t  the  affe cte d 
m anufacturing facility. 

Cont inge ncy P lanning  

P harm ace ut ica l m anufacturing re quire s  a  high le ve l of pre cis ion to  e nsure  tha t  the  
fina l drug product  is  cons is te nt  with quality re quire m e nts  as  sm all varia t ions  and 
contam inat ion can have  a  s ignificant  im pact  on e fficacy and safe ty. Due  to  the  
com ple xity, m anufacturing facilit ie s  typically focus  on producing one  drug a t  a  t im e  
ofte n taking we e ks  and som e t im e s  m onths  to  s e t -up product ion m aking it  d ifficult  
to  switch to  anothe r drug. P harm ace ut ica l com panie s  a lso typica lly use  Jus t -In-Tim e  
(JIT) inve ntory pract ice s  as  it  he lps  the m  achie ve  cos t  s avings  in s torage  and 
t ransporta t ion and m inim ize s  the  risk of having to  discard e xpire d inve ntory. 
The re fore , it  is  e xt re m e ly difficult  for pharm ace ut ica l com panie s  to  de ve lop the  
re se rve s  ne e de d to  pre ve nt  a  shortage . P harm ace ut ica l drugs  that  a re  at  a  high risk 
of e xpe rie ncing a  shortage  should be  ide nt ifie d through data analyt ics  for 
cont inge ncy planning. Once  ide nt ifie d, the  U.S. Gove rnm e nt  can find back-up 
supplie rs  and ne got iate  agre e m e nts  in advance  so tha t  those  pharm ace ut ica l 
com panie s  can quickly incre ase  or s tart  ne w product ion.  

DHS and HHS joint ly m anage  the  St ra te gic Nat ional Stockpile  (SNS) which re ce ive s  
the  FDA’s  Esse nt ia l Me dicine s , Me dical Counte rm e asure s , Crit ica l Inputs  Lis t  and 
the n priorit ize s  the  procure m e nt  and s torage  of the  highe s t  priority ant ibiot ics , 
che m ical ant idote s , ant itoxins , life -support  m e dicat ions , IV adm inis t ra t ion, a irway 
m ainte nance  supplie s , and m e dical/surgica l it e m s . The  Bide n Adminis t ra t ion's  
hope s  to  e xpand the  SNS with E.O. 14 0 17, which e s tablishe s  a  “virtua l” s tockpile  by 
ne got ia t ing cont ract s  with AP I supplie rs  and fina l drug m anufacture rs  to  hold 
surplus  toge the r for surge  m anufacturing capacity rathe r than re lying on the  
ce nt ra lize d SNS.xcv E.O. 14 0 17 a lso m andate d tha t  HHS collabora te  with private  
e nt it ie s  to  s e le ct  5 0 -10 0  crit ica l drugs  from the  FDA’s  Esse nt ia l Me dicine s , Me dical 
Counte rm e asure s , Crit ica l Inputs  Lis t  to onshore . HHS was  addit ionally taske d with 



 
 

Page 39 of 64 
 

de ve loping te chnologie s  to  incre ase  dom e s t ic  AP I m anufacturing capacity and 
conve ning pharm ace ut ica l supply chain e xpe rt s  to  de ve lop a  re s ilie ncy fram e work.  

Both the  s tockpiling and onshoring e ffort s  dicta te d by E.O. 14 0 17 are  ce nte re d 
around the  Esse nt ia l Me dicine s , Me dical Counte rm e asure s , Crit ica l Inputs  Lis t  
which curre nt ly focuse s  on drugs  tha t  a re  m e dically ne ce s sary to  have  available  in 
ade quate  supply which can be  use d for the  wide s t  popula t ions  to  have  the  gre a te s t  
pote nt ia l im pact  on public  he alth. Howe ve r, the  crit e ria  curre nt ly doe s  not  
spe cifica lly addre s s  raw mate ria ls  and fina l drugs  tha t  a re  a t  a  high risk of 
e xpe rie ncing supply chain dis rupt ions .xcvi FDA’s  e ffort s  could be ne fit  from 
e valuat ing addit ional inform at ion to de ve lop a  m ore  t im e ly and accura te  Esse nt ia l 
Me dicine s , Me dical Counte rm e asure s , Crit ica l Inputs  Lis t  which take s  into 
cons ide ra t ion pote nt ia l supply chain dis rupt ions . 

 P riorit izing  Re s ilie nce  

As  the  global t e mpe ra ture  ris e s , e xt re m e  we athe r will be com e  m ore  com m on and 
le s s  pre dictable . The  pharm ace ut ica l supply chain is  not  only vulne rable  to  
hurricane s  and cyclone s  but  a lso e xt re m e  he at , e xt re m e  cold, wildfire s , prolonge d 
drought , s e a  le ve l ris e , and torre nt ia l flooding. By incre as ing the  t ranspare ncy of the  
global pharm ace ut ical supply chain, the  pharm ace ut ica l indus t ry and fe de ra l 
age ncie s  can work toge the r to  proact ive ly addre s s  vulne rabilit ie s  be fore  the y re ach 
the  point  of cris is . As  e ndorse d by the  outcom e s  of num e rous  indus t rie s  im pacte d 
re gularly by e xt re m e  we athe r, the  cont inuous  e s tablishm e nt  of opportunit ie s  to 
cre a te  partne rships  is  ke y to  m it igate  crit ica l s torage s  and sus tain the  supply chain. 
Building re s ilie ncy into the  global pharm ace ut ica l supply chain can prote ct  U.S. 
pa t ie nts  from de gradat ion of care  and provide  the  U.S. Gove rnme nt  with a  powe rful 
tool to promote  global s tability and gain a  diplom at ic advantage  in an e ra  of 
s t ra te gic com pe t it ion. 

Ta iwan Cas e  S t udy 

Cas e  Ove rvie w  

Ext re m e  we athe r will cont inue  to  have  incre as ing ne gat ive  im pacts  on the  supply 
chain of crit ica l infras t ructure  s e ctors  re la te d to  the  nat ional s e curity of the  Unite d 
Sta te s . The se  im pacts  are  cause d by shift ing we athe r pa t te rns  and inte ns it ie s  
acros s  re gions  e ncom pass ing the  global supply chain. In 20 21, a  drought  in Taiwan 
cause d by a lack of ra infa ll due  to  shift ing typhoon pat te rns  ne arly cripple d the  
global s e m iconductor supply chain. Taiwan avoide d shut t ing down it s  
s e m iconductor fabrica t ion plants  by im ple m e nt ing s t ringe nt  re s t rict ions  on virtua lly 
a ll othe r indus t rie s  in the  count ry. This  case  s tudy re vie ws  the  se m iconductor 
indus t ry’s  s te ps  to  de cre ase  wate r consumpt ion and work with the  gove rnm e nt  to  
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build re s ilie nce  into the ir bus ine s s  ope ra t ions . In addit ion, the  case  s tudy highlights  
the  de vas ta t ing e ffe ct  a  lack of e xt re m e  we athe r can have  on locat ions  re liant  on 
e xt re m e  we athe r, an are a  ofte n ove rlooke d whe n e xploring shift ing we athe r 
pa t te rns  and climate  change . Ext re m e  we athe r e ve nts  will play a  m ore  s ignificant  
role  in supply chain s tability as  shift ing we athe r pa t te rns  im pact  crit ica l re gions  with 
changing we athe r type s  and inte ns it ie s . Ame rica’s  re liance  on Taiwan for mos t  
s e m iconductor fabrica t ion puts  a ll 16  of CISA’s  crit ica l infras t ructure  s e ctors  a t  risk, 
give n the  e xt re m e  de pe nde nce  on the  ability to re place  or e nhance  the  te chnology 
re quire d in the  indus trie s , from  pe rsonal e le ct ronics  and office  supplie s  to advance d 
supe rcom pute rs .  

Ta iwan Clim at olog y 

Taiwan’s  climate  is  pre dom inant ly subt ropica l, with sum m e r las t ing from  April to 
Octobe r a t  it s  longe s t  point  with an annual high of 70  de gre e s  and a  warm  curre nt  in 
the  surrounding wate rs .xcvii

xcviii

 This  place s  Taiwan in the  pos it ion to be  he avily 
de pe nde nt  on ra inwate rs  for farm ing, drinking, and ope ra t ions  of he avy m achine ry 
re quiring liquid cooling. As  the  global atm osphe re  cont inue s  to  warm  at  une ve n 
ra te s , Taiwan has  note d a  s ignificant  swing in the  re liance  of ra infa ll caus ing m ore  
im pact ful droughts . In 20 21, a  cum ulat ion of dry ye ars  cam e  to inte rnat ional not ice  
whe n m os t  of the  re se rvoirs  wide spre ad droppe d to  20 % or le s s , with som e  be low 
10 %.  Typhoons  are  s ignificant ly im pacte d by the  warm ing clim ate  as  re ce nt  
s tudie s  show, globally the  e xpe cta t ion is  for fe we r typhoons  ove ra ll but  those  which 
do form  will produce  gre a te r swings  in pre cipita t ion and m ore  dam aging wind 
e ve nts .xcix Locate d a long the  m ain typhoon path off the  Eas t  As ian cont ine nt  in the  
WNP , Taiwan is  one  of such place s  and ofte n re ce ive s  the  bulk of it s  ample  annual 
tota l ra infa ll am ount , approxim ate ly 25 0 0  m m  (9 8  inche s ) for the  whole  is land, in 
the  typhoon se ason. The  typhoon se ason in this  part  of the  world is  ye ar-round.c At  
the  pe ak of conce rn in 20 21, the  Baoshan No. 2 Re se rvoir in Hs inchu County, one  of 
the  prim ary wate r source s  for Taiwan's  $10 0 bn se m iconductor chip (he re afte r 
re fe rre d to  as  “chip”) indus t ry, the  wate r le ve l was  a t  the  lowe s t  it  has  e ve r be e n - 
only 7% full. Around 9 0 % of the  mos t  advance d chips  are  m anufacture d in Taiwan.ci 
This  re sulte d in a  re duct ion of wate r a llocat ion to  agriculture  and a  public outcry that  
indus t ry was  misus ing a  lim ite d re source , pre s s ing the  ne e d for a  clim ate  re s ilie nt  
inve s tm e nt  to m ainta in future  ope ra t ions  as  Taiwan cont inue s  to e xpe rie nce  
fre que nt  droughts  and gre a te r unce rta inty in global wate r re te nt ion unfolds . Ne w 
s tudie s  indica te  that  de spite  m ore  wate r re te nt ion capabilit ie s  at  the  surface  (m ore  
re se rvoirs ), the re  is  le s s  wate r available  than the  his torica l ave rage  as  the  
a tm osphe re  warm s and can hold m ore  e vapora te d mois ture  from  the  e arth 

Ext re m e  W e at he r  Im pact s  on Ta iwan’s  Se m iconduct or  Chip  Indus t ry 
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Changing we athe r pa t te rns  in Taiwan and the  re sult ing dis rupt ion to  the  chip 
indus t ry has  ne gat ive ly im pacte d se ve ra l U.S. crit ica l infras t ructure  s e ctors . To 
incre ase  Nat ional Se curity re s ilie nce  within the  count ry's  supply chain for the  16  
crit ica l infras t ructure s  and de cre ase  the  thre a t  of dis rupt ion to chip acquis it ion and 
incre ase  re s ilie nce  within it s  logis t ica l s tockpile , the  Unite d Sta te s  will ne e d to  
dive rs ify it s  chip product ion ve ndor locat ions , a long with it s  supply chain, and be  
m indful of the  susce pt ibility to  and re liance  on spe cific  re quire d e nvironm e nta l 
condit ions  we athe r for appropria te  product ion a t  e ach s it e . The  Unite d Sta te s  will 
a lso ne e d to m ainta in focus  on the  change s  to  we athe r pa t te rns  in locat ions  whe re  
crit ica l infras t ructure  s e ctors  are  locate d as  we ll as  the  locat ions  of the ir supply 
chain. P urpose fully building inte rnal supply chain dive rs ity via ge ographic varie ty 
and ve ndor re dundancy will de cre ase  the  de pe nde nce  on s ingula r ve ndor 
dis rupt ions  cashe d by e xt re m e  we athe r, the re by incre as ing ove ra ll na t ional 
re s ilie ncy and, in turn, na t ional s e curity. 

The  global chip supply chain was  im pacte d by an acute  shortage  in 20 21 due  to a  
rapid incre ase  in de mand from  shift ing purchas ing pat te rns  during the  pande m ic, 
com pounde d by changing we athe r pa t te rns  le ading to  the  drought  in Taiwan. The  
drought  re duce d the  ne e de d wate r re quire d to  fabrica te  the  chips  in the  count ry 
tha t  produce s  m ore  than 9 0 % of the  world’s  m os t  advance d chips . Taiwan is  hom e  
to the  Taiwan Se m iconductor Manufacturing Com pany (TSMC), the  world’s  la rge s t  
s e m iconductor produce r.cii  

In 20 21, Taiwan was  hit  with one  of the  wors t  droughts  in it s  his tory. The  lack of 
ra infa ll force d the  count ry to  re s t rict  a lre ady lim ite d wate r usage  to  five  days  a  we e k 
and se nd wate r t anke rs  to  supply re s ide nts  in som e  port ions  of the  is land. Chip 
fabrica t ion plants  ut ilize  e xce s s ive  volum e s  of wate r as  part  of the  fabrica t ion 
proce s s ; TSMC use d 15 0 ,0 0 0  tons  of wate r da ily be fore  im ple me nt ing re cycling 
pract ice s  following the  drought .  

For ye ars , Taiwan re lie d on typhoons  to re ple nish the  is land’s  wate r supply. With 
shift ing we athe r pa t te rns  due  to  climate  change , typhoons  are  affe ct ing the  is land 
le s s  fre que nt ly, caus ing m ore  com m on and m ore  inte nse  pe riods  of drought . 
Taiwan’s  re liance  on typhoons  and the  incre as ing like lihood of droughts  e nhance s  
the  risk of dis rupt ion to  chip product ion. Ame rica’s  re liance  on Taiwan for the  
m ajority of chip fabrica t ion puts  a ll s ixte e n crit ica l infras t ructure  s e ctors  a t  risk, 
give n the  e xt re m e  re liance  on the  ability to re place  or e nhance  the  te chnology 
re quire d in the  indus trie s , from  we apon sys te m s , pe rsonal e le ct ronics  and office  
supplie s  to advance d supe rcom pute rs .  

To lim it  it s  wate r use , TSMC se t  up it s  own wate r re cycling plant  in 20 21. And it  and 
m any of Taiwan's  bigge s t  chip factorie s  are  cut t ing down wate r use  by 10  to 15 % 



 
 

Page 42 of 64 
 

this  ye ar - unfortunate ly, a t  a  t im e  whe n global de m and for chips  is  growing.ciii A ne w 
facility has  be e n built  in Hs inchu to  de al with the  curre nt  drought , but  it  can only 
t re a t  13 ,0 0 0  tons  of wate r da ily, a  drop in the  bucke t  com pare d to  the  170 ,0 0 0  tons  
use d e ach day jus t  by Hs inchu Scie nce  P ark, whe re  m any se m iconductor m ake rs  
are  base d.civ 

St ruggling to  e nsure  supplie s , the  gove rnme nt  s toppe d irriga t ing m ore  than 74 ,0 0 0  
he ctare s  of farm land las t  ye ar. At  NT$11 (U.S.$0 .3 9 ; £0 .27) a  ton, Taiwan's  wate r 
ra te s  are  the  s e cond lowe s t  am ong 3 5  count rie s  and te rritorie s  surve ye d; ha lf the  
cos t  of South Kore a 's  ra te , four t im e s  lowe r than tha t  of the  Unite d Sta te s  and s ix 
t im e s  lowe r than cos ts  in the  Unite d Kingdom . 

Ins te ad, it 's  looking a t  Taiwan's  surrounding  wate rs  for solut ions , planning to  build 
m ore  se awate r de sa lina t ion plants . Mos t  are  locate d in out lying is lands , with only 
thre e  on Taiwan's  m ain is land. A ne w facility has  be e n built  in Hs inchu to  de al with 
the  curre nt  drought , but  it  can only t re at  13 ,0 0 0  tons  of wate r da ily, a  drop in the  
bucke t  com pare d to  the  170 ,0 0 0  tons  use d e ach day jus t  by Hs inchu Scie nce  P ark, 
whe re  m any se m iconductor m ake rs  are  base d.”cv 

The  following se ct ions  cove r the  we akne sse s , s t re ngths , le s sons  le arne d, and 
out look of the  re sponse  and m anage m e nt  of the  changing we athe r pa t te rns  in 
Taiwan from  the  re sult ing droughts  in 20 20 -20 21 and the  droughts ’ im pact  on the  
global chip supply chain. 

W e akne s s e s  

The  gove rnm e nt ’s  prior ina t te nt ion to the  ne e d for re source  conse rvat ion m e asure s  
e ncourage d was te ful wate r usage . The  Taiwane se  gove rnm e nt  m ainta ine d tariffs  
tha t  ke pt  wate r price s  art ificia lly low, which did not  ince nt ivize  indus t rie s  and 
house holds  to  prope rly value  the  wate r the y use d. Was te ful wate r usage  was  
com pounde d by Taiwan’s  ge ne ra lly poor wate r infras t ructure . Long e xpe rie nce  with 
ple nt iful che ap wate r a llowe d the  gove rnm e nt  to  de priorit ize  finding le aks  or 
m aking re gular infras t ructure  im prove m e nts . Whe n drought  came , in addit ion to  the  
im m e dia te  wate r shortage  is sue  the  gove rnm e nt  was  a lso face d with the  ne e d to  
fund long de laye d and cos t ly infras t ructure  upgrade s .  

The  gove rnm e nt ’s  imm e dia te  re sponse  to the  drought  was  to priorit ize  chip 
product ion ove r agriculture  and othe r indus t rie s . The  Taiwane se  gove rnm e nt  
int roduce d wate r ra t ioning for othe r indus t rie s  and house holds , and ra ise d wate r 
price s  to  fund the  re pairs  the  gove rnm e nt  discove re d we re  ne ce s sary to  be t te r 
conse rve  wate r. The  lack of planning force d the  gove rnm e nt  to m ake  de cis ions  
quickly, without  the  t im e  for ade quate  s tudy or public consulta t ion. As  an im m e diate  
fix the  gove rnm e nt  pa id farm e rs  to  le ave  fie lds  fa llow. Howe ve r, this  m e asure  m ay 



 
 

Page 43 of 64 
 

dism ant le  the  e xis t ing m arke t  for those  farm e rs  by shift ing the ir re gular cus tom e rs  
to  othe r source s . The  re sult  could le ad to ye ars  of de pre s se d incom e  for the  farm ing 
indus t ry and furthe r we ake n Taiwan’s  dom e s t ic  farm ing capability. For a  count ry 
with high popula t ion de ns ity and a lre ady insufficie nt  food product ion, this  
uninte nde d conse que nce  of short -te rm  policym aking could have  future  
re pe rcuss ions  the  gove rnm e nt  did not  fully cons ide r.  

Le s s ons  Le arne d & Be s t  P rac t ice s  

Chip com panie s  and the ir supply chain e cosys te m  incre as ingly re pre se nt  a  crit ica lly 
im portant  indus t ry and crit ica l t e chnology vulne rability for global gove rnm e nts , and 
nowhe re  is  tha t  m ore  e vide nt  than in Taiwan. For the  Taiwane se  gove rnm e nt , chips  
are  a  na t ional s e curity priority, whe re  Taiwan’s  “s ilicon shie ld” has  be e n cre dite d 
with de cre as ing the  risk of a  m ilit a ry confronta t ion in the  Taiwan St ra it . As  e xt re m e  
we athe r e ve nts  be com e  m ore  fre que nt  and dynam ic, so too do the  known and 
unknown conse que nce s  of clim ate  change . In orde r for Taiwan to m ainta in it s  
le ading role  m anufacturing the  world’s  m os t  advance d chip products , clim ate  
re s ilie nce  and sus ta inable  m anufacturing pract ice s  will re quire  collabora t ion and 
le ade rship from  the  public  and private  s e ctor. As  drought  condit ions  are  pre dicte d 
to  occur m ore  fre que nt ly in Taiwan as  a  re sult  of clim ate  change , the  gove rnm e nt  
and chip indus t ry’s  re sponse  to  the  20 21 drought  provide s  s e ve ra l ke y s t ra te gie s  
tha t  will be  ins t rum e nta l in sus taining bus ine s s  cont inuity in the  face  of future  
e xt re m e  we athe r challe nge s . Clim ate  re s ilie ncy will be  a  ke y compone nt  to  
m ainta ining Taiwan’s  le ading e dge  in chip manufacturing and insula t ing the  nat ion’s  
s ilicon shie ld.   

P ublic  and P rivate  Collabora t ion 

During the  20 21 drought , the  Taiwane se  gove rnm e nt , le d by the  Minis t ry Econom ic 
Affa irs  and Wate r Conse rvancy Adm inis t ra t ion, was  ins t rum e ntal in a llocat ing wate r 
supplie s  to Taiwan’s  Hs inchu Scie nce  P ark, Taichung Scie nce  P ark and the  
Southe rn Taiwan Scie nce  P ark.cvi Gove rnm e nt  officia ls  ut ilize d cloud se e ding 
te chnique s  in the  a tmosphe re  above  it s  Shihm e n wate r re se rvoir and built  p ipe line s  
conne ct ing the  city of Hs inchu, hom e  of TSMC, to the  wate r re source s  in the  
northe rn are as  of the  count ry. In urban are as , local gove rnm e nt  authorit ie s  
ins t itute d wate r conse rvat ion and ra t ioning e ffort s  in Chiayi, Hs inchu, Miaoli, 
Taichung and Tainan.cvii And in som e  of the  mos t  dras t ic  m e asure s , Taiwan’s  
Drought  Re sponse  Ce nte r dive rte d wate r re source s  away from approxim ate ly 
18 0 ,0 0 0  acre s  of agricultura l farm land by ince nt ivizing and paying farm e rs  not  to 
grow crops  on the ir land.  
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As  the  adve rse  e ffe cts  of e xt re m e  we athe r incre ase  bus ine s s  ris ks  throughout  the  
global supply chain, the  public  and private  will ne e d to re ly on collabora t ion and 
com m unicat ion on both the  local and nat ional le ve l. Chip bus ine s s  le ade rs  will ne e d 
to  cons is te nt ly com municate  the ir e s t im ate d wate r ne e ds  to  gove rnm e nt  officia ls  
so tha t  ade quate  planning and re se rve s  can be  a llocate d. Taiwane se  gove rnm e nt  
officia ls  we re  ins t rume nta l in e nforcing wate r ra t ioning m e asure s  on the  local le ve l, 
and dive rt ing wate r supplie s  on the  nat ional le ve l to  m e e t  the  ne e ds  of it s  cit ize ns  
and bus ine s se s . Taiwan’s  chip indus t ry le ade rs  m us t  cont inue  to e ngage  with 
gove rnm e nt  authorit ie s  through t rade /bus ine s s  as socia t ions , public/priva te  s e ctor 
e ve nts  and confe re nce s , and re gular consulta t ions  be twe e n bus ine s s  and 
gove rnm e nt  le ade rs  a t  the  highe s t  le ve ls  as  e xt re m e  we athe r cre a te s  ne w and 
unte s te d bus ine s s  and nat ional s e curity risks .    

Dive rs ifica t ion of wate r re source s  

During t im e s  of drought , gove rnm e nts  are  force d to  choose  be twe e n supplying it s  
lim ite d wate r re source s  to  bus ine s se s  and re s ide nts , ofte nt im e s  le aving both 
unsat is fie d. The  20 21 Taiwan drought  was  no diffe re nt . In the  m ids t  of supply chain 
dis rupt ions  during the  he ight  of the  COVID-19  pande m ic, Taiwan’s  drought  
condit ions  force d bus ine s se s  and gove rnm e nt  to  re think how wate r re source s  we re  
a llocate d, t ransporte d and cre a te d. Micron Te chnology se cure d a lte rnat ive  wate r 
supplie s  for one  of it s  dynam ic random -acce ss  m e m ory (DRAM) facilit ie s  in 
Taichung and Taoyuan, while  TSMC dive rs ifie d it s  wate r re source s  by having wate r 
t ransporte d by t ruck dire ct ly to  the  com pany’s  fabrica t ion buildings  in Hs inchu. In 
April 20 21, the  Minis t ry of Econom ic Affairs  announce d plans  to  build  de sa lina t ion 
plants  in Chiayi, Hs inchu, Tainan, and Taoyuan tha t  a re  e s t im ate d to  produce  up to  1 
billion cubic m e te rs  of wate r pe r ye ar by 20 3 1. The  gove rnm e nt  also cons t ructe d a  
wate r pipe line  from Hs inchu to  Taoyuan, a  city north of Hs inchu tha t  ge t s  m ore  
pre cipita t ion. 

Sus ta inable  m anufacturing pract ice s  and Be t te r Wate r Re source  Manage m e nt  

Incre as ingly fre que nt  droughts  are  forcing the  chip indus t ry to  e xplore  and inve s t  in 
wate r conse rvat ion te chnology. In 20 22, TSMC built  the  world’s  firs t  indus t ria l 
was te -wate r re cycling plant  use d for advance d chip products  in Tainan's  Southe rn 
Taiwan Scie nce  P ark.cviii In conjunct ion with the  Taiwane se  e ngine e ring com pany 
China  Te chnical Consultants  Incorpora te d (CTCI), TSMC has  inve s te d in proce s se s  
us ing innovat ive  gre e n te chnologie s  by re cycling indus t ria l was te wate r in the  chip-
m aking proce s s  ut ilizing re ve rse  osm os is  t e chnologie s , advance d ult ra-filt e rs , and 
m ult iple  bio-t re a tm e nt  proce s se s  to  provide  ult ra-pure  wate r that  chip facilit ie s  re ly 
on. TSMC e xpe cts  it s  wate r re cycling plant  to  e ve ntually m e e t  up to  half of the  
com pany's  dom e s t ic wate r consum pt ion.cix In Unite d Microe le ct ronics  Corpora t ion’s  
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20 22 Sus ta inability Re port , the  com pany int roduce d it s  “Low-Carbon Supply Chain 
Init ia t ive ” by inve s t ing 10 0  m illion Taiwane se  dollars  (3 .2 m illion U.S. dollars  at  
curre nt  e xchange  ra te s ) to  re duce  the  carbon footprint  of bus ine s se s  in it s  supply 
chain.cx In De ce m be r 20 22, Vanguard Inte rnat ional Se m iconductor Corpora t ion 
(VIS) be cam e  Taiwan’s  firs t  chip company to  join the  RE10 0  -- a  global init iat ive  
whe re  bus ine s se s  com m it  to re ne wable  e le ct ricity for 10 0 % of it s  global ope ra t ions  
– and plans  to  achie ve  ne t  ze ro carbon e m is s ions  by 20 4 0 .cxi Chip com panie s  are  
a lso incre as ingly e xam ining the  im pact  of the ir wate r ne e ds  in e nvironm e nta l impact  
as se s sm e nts  of ne w facilit ie s .  

In light  of a ll of the se  e ffort s , the  public and private  s e ctors  are  s t ill le arning how to 
adapt  to  le s s  ra infa ll to  pre ve nt  ca tas t rophic wate r shortage s  that  could be  
de t rim e nta l to the  global s e m iconductor supply chain. cxiiicxii  cxiv  

Out look  

The  drought  e ve nt  in Taiwan re sulte d in wate r a llocat ion be ing thre a te ne d for both 
crit ica l m anufacturing and for the  com m unit ie s  acros s  the  is land. This  type  of 
incide nt  has  re pe ate d in othe r m ajor m anufacturing hubs  like  China  and the  Unite d 
Sta te s  as  worse ning we athe r e ve nts  impact  crit ica l re source s  and subse que nt ly 
inte rnat ional supply chains . 

The  Unite d State s  has  now sus ta ine d 3 4 8  we athe r and clim ate  disas te rs  s ince  19 8 0  
whe re  ove ra ll dam age s /cos t s  re ache d or e xce e de d $1 billion with the  tota l cos t  
e xce e ding $2.5 10  t rillion.cxv Major we athe r e ve nts  m oving acros s  mult iple  re gions  
can cause  dis rupt ions  to  t ransporta t ion, e ne rgy supply, supply chain m ove m e nts , 
crit ica l pe rsonne l, and phys ica l dam age  to the  s it e s  and re source  hubs . The se  hubs  
can be  im pacte d by e xt re m e  we athe r e ve nts  such as  torre nt ia l flooding, e xt re m e  
he at , wildfire s , t ropical cyclone s , s e ve re  s torm s , s e a  le ve l ris e , flash drought , or 
e xt re m e  cold which can de s t roy the  re source  or it s  acce s s  points  with s e condary 
e ve nts  like  high a ir pollut ion days  caus ing s ignificant  im pacts  to  ke y pe rsonne l. 

In Taiwan, the  chip hub Taichung was  com pe t ing with locals  for wate r use  during a  
prolonge d drought  re sult ing in a  global chip shortage  as  ope ra t ions  we re  re duce d.

cxvii

cxvi 
Many inte rnat ional chip com panie s  have  plants  in Sichuan, including Te xas  
Ins t rum e nts , Inte l, Onse m i, and Foxconn. Chine se  lithium  bat te ry giant  
Conte m porary Am pe re x Te chnology Co. Lim ite d (CATL), which supplie s  bat te rie s  to 
Te s la , a lso has  a  factory in the  re gion. During the  20 22 he at  wave  in the  P e ople ’s  
Re public  of China  (P RC), officials  from the  m anufacturing hub of Chongqing not ifie d 
factorie s  tha t  m andate d powe r cuts  in the  m unicipality we re  e xte nde d unt il furthe r 
not ice , a ffe ct ing both P C and Apple  supplie rs . Re locat ion was  wide ly 
com m unicate d.  
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Supply and de m and im pacts  from  e xt re m e  we athe r shift s  can span from  data  
s e rvice s  to  m icrochips  to  m e ta ls  and m ine ra ls , a ll of which play a crit ica l role  in 
facility ope ra t ions  and support ing infras t ructure . Goods  and se rvice s  during 
m ult ina t ional we athe r e ve nts  can a lso be com e  s t ra ine d as  count rie s  re port  s im ilar 
ne e ds  for re cove ry re source s  like  ge ne ra tors , cle an wate r, m e dicat ions , fibe r/powe r 
line s , or fire -fight ing e quipm e nt . Som e  products , such as  wood for cons t ruct ion, s e e  
fluctuat ing price s  during disas te r e ve nts  as  sudde n influxe s  in de m and occur while  
som e  e ve nts  like  wildfire s  and drought  can im pact  lum be r provis ions  as  a  re source . 

Cons e que nce s  of Inact ion 

Quick Sum mary: During am plifie d we athe r disas te rs  such as  flash drought  and 
e xt re m e  he at , im pacts  to  U.S. inte re s t s  will be  e vide nt  through a lack of re source s , 
burnout  am ong e m e rge ncy pe rsonne l, prolonge d powe r outage s , los s  of cooling 
wate r for indus t ry, los s  of surface  wate r for agricultura l sus ta inability, gre a te r 
bacte ria  spre ad, and thre a t s  to  socie ta l we ll-be ing. Cascading impacts  on a 
clim atologica l s ca le  will include  gre a te r pre cipita t ion in a  shorte r dura t ion, m ore  
se ve re  s torm  ce lls , s t ronge r surface  winds , and pote nt ia lly la rge r, he avie r 
ha ils tone s .  

We athe r e ve nts  are  worse ning in re gards  to  e ve nts  a  re gion typica lly e xpe rie nce s  
but  is  now occurring m ore  fre que nt ly or with gre a te r inte ns ity, or e ve nts  de ve loping 
in re gions  outs ide  of se asonal norm s , or the  s tart  of re cord-bre aking e ve nts  acros s  
m ult iple  are as . 

A fa ilure  to  m it igate  im pacts  from  worse ning we athe r e ve nts  and cascading 
im pacts  will re sult  in global marke t  shift s , indus t ry de lays , and gre a te r cos t s  to 
re pair during a  t im e  whe n m ult iple  s ta te s , re gions , or count rie s  could be  facing 
re cove ry s im ultane ous ly. 

During onse t  of and re cove ry from  e xt re me  we athe r e ve nts , com m unit ie s  face  
unre s t  re garding re source  a llocat ions  such as  wate r the ft  during t im e s  of drought  in 
California  and Ore gon, and authorit ie s  with unce rta inty re garding  a  re turn to 
norm alcy such as  in Florida  and Louis iana .  

Facing the  chip shortage  in the  Unite d Sta te s  re sult ing in de lays  for automobile s , 
com pute r part s , and e ve n hom e  appliance s  while  re ducing the  push towards  
part icular innovat ive  te chnologie s  re liant  upon m icrochips . Othe r ke y re source s  a t  
s im ilar risk include  coal, lithium , coppe r, whiske y, be e r, not  to  m e nt ion re ce nt  policy 
shift s  to  move  away from  harm ful subs tance s  like  P FAS to pre ve nt  furthe r 
e cologica l dam age s  which im pacts  num e rous  goods  globally. 
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Shift s  away from  the  clim atologica l norm  can im pact  popula t ions  of a  s it e 's  ke y 
workforce  and can cause  prolonge d dam age s  to  ope rat ions  and sus ta inability in the  
re gion m oving forward. Im ple m e nt ing a  re s ilie ncy m e asure  due  to one  disas te r can 
re sult  in ne w or unfore se e n im pacts  which should be  provide d as  cave ats , such as  
ins ta lling a  la rge  solar fie ld  re sult ing in a  localize d he at  fie ld and subse que nt  
incre ase  in local t e m pe ra ture s  which could worse n s torm  e ve nts ; or ins ta lling ne w 
infras t ructure  re quiring gre a te r e ne rgy ne e ds  in re gions  with re ce nt  re cord bre aking 
te m pe ra ture  e ve nts  which m ay cause  curre nt  infras t ructure  to  fa il. 

According to  re se arch conducte d by Ve rdant ix, “m ore  than half of organiza t ions  
have  le s s  than $1 m illion to  re spond to ca tas t rophic e ve nts , and 4 1% of part icipants  
s ta te d tha t  the y had no budge t  a t  a ll for ca tas t rophic e ve nts .”cxviii 

● The  re port  found tha t  “ove r two-thirds  of organiza t ions  had a  los s  cause d by 
an e xt re m e  we athe r e ve nt  in the  two las t  ye ars , with m os t  subm it t ing an 
insurance  cla im  for the se  e ve nts”. 

According to  the  Harvard Bus ine s s  Re vie w: 8 0 % of a ll s it e s  in the  Unite d Sta te s  and 
4 8 % of a ll s it e s  in China  and Taiwan have  e ithe r no bus ine s s  cont inuity plans  or no 
a lte rnat ive  s it e s  line d up tha t  could be  put  into ope ra t ion quickly; in othe r words , 
the y are  unpre pare d for dis rupt ions  to the ir ope ra t ions . 

● Of the  high-re ve nue -a t -risk s it e s , 72% of those  in the  Unite d State s  and jus t  
3 8 % of those  in China and Taiwan lack the se  form al m e asure s .cxix 
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MITIGATION OP TIONS AND BEST P RACTICES 
Exam ple s  of Mit ig a t ion Opt ions  and  As s ocia t e d  Exam ple s  

Ext re m e  He a t  

Cit ie s  acros s  the  world are  adding gre e n roofs  to  buildings  in a  bid to  both incre ase  
biodive rs ity and ne gate  the  impacts  of e xt re m e  he at . According to  the  U.S. Ge ne ra l 
Se rvice s  Adm inis t ra t ion, gre e n roofs  can m ake  the  as socia te d roof surface  3 0 -4 0 % 
coole r and re duce  the  fluctuat ion in the  roof from  he at  up to 72%.cxx The se  plante d 
surface s  a lso be com e  hom e  to local wildlife  and in som e  case s  support  farm s  
providing produce  to local re s taurants . Chicago is  le ading the  way in gre e n roofing 
e ffort s  in the  Unite d Sta te s , with ove r 5 0 0  gre e n roofs  am ount ing to  5 .5  m illion 
square  fe e t  of cove rage  as  of 20 22. For a  large  city like  Chicago, the  gre e n roofs  can 
he lp tampe r down on the  he at  is land e ffe ct  fe lt  by large  cit ie s  during pe riods  of 
e xt re m e  he at .cxxi 

Ext re m e  Cold 

Give n the  sudde n implica t ions  of a  winte r s torm , pre para t ions  in the  longe r t e rm  
m ay se e m le s s  viable  give n the  clim ate  s tudie s  indica t ing afte r 70  ye ars  the  thre a t  
m argin from  the se  e ve nts  shrinks  notable , the re  are  m any opportunit ie s  to  pre ve nt  
s ignificant  dam age s  through tha t  pe riod. Froze n e le ct rica l e quipm e nt  such as  
t rans form e rs , re ne wable s  like  windm ills  and solar pane ls , and fue l pipe line s  can 
re sult  in an inability to m e e t  e ne rgy de m ands . Site  owne rs  and ope ra tors  could 
ins ta ll an e le ct ric  he at ing for wind turbine  sys te m s  like  those  use d in the  are as  
e xpose d to  harsh winte r we athe r e ve nts  his torica lly which ope rate  windm ills . 

Addit ional pract ice s  include  incre as ing ant i-fre e ze  applica t ions  to  m otors /turbine s , 
provide  e as ie r acce s s  to  rapid use  cove rs , and incre ase  autom ate d te m pe rature  
s e nsors  to  t rack onse t  of t e m pe ra ture  shifts . Site s  should a lways  be  looking to  
com pare  e ne rgy infras t ructure  to  more  re s ilie nt  s ta te s  to  s t re ngthe n the ir 
e quipm e nt . Winte rizing fue l is  a lso an ofte n-ove rlooke d part  of the  s e ason in som e  
southe rn s ta te s  which can le ad to cascading fa ilure s .  

Larg e r  W ildfire s  

While  som e  wildfire s  are  good for na tura l re m oval of unde rgrowth and can he lp 
re m ove  non-nat ive s  plants  from  a re gional and re duce  the  inse ct  popula t ion, the  
e m is s ions  from  wildfire  burns  are  unsus ta inable  give n the  amplifie d of he at , 
pollut ion, and wate r vapor in the  atm osphe re  due  to hum an act ivit ie s . Large r 
wildfire s  which m ove  through popula te d are as  can cause  s ignificant  dam age  to 
unprote cte d infras t ructure . Concre te  can be gin cracking a t  5 0 0  de gre e s  
Fahre nhe it , suffe rs  la rge  cracks  a t  1,0 0 0  de gre e s , and m e lt s  a t  2 ,5 0 0  de gre e s  
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de pe nding on the  concre te  clas s  m ix. The re by it  is  re com m e nde d tha t  t e am s  ins ta ll 
fire  blanke ts  unde r crit ica l bridge s  and around support  sys te m s  to  im prove  
re s ilie ncy from  e xposure  to  flam e s  of 3 ,0 0 0  de gre e s  or m ore  whe n an are a  is  
flagge d for wildfire  act ivity. Cit ie s  and towns  could a lso de ve lop re cycle d wate r 
sprinkle r towe rs  to  s low fire s  approaching s ite s /towns . 

P rolong e d  Droug ht  

Drought  as  a  s low onse t  proble m for the  long te rm  with an e xt re m e  s ide  within the  
flash drought  de ve lopm e nt  has  a  s le w of opportunit ie s  to re duce  im pacts  and 
im prove  re s ilie ncy available . A ke y one , blackwate r re cycling, can provide  a 
s e e m ingly close d-loop wate r sys te m  with re s ide nt ia l s it e s , comm unit ie s , or e ve n 
crit ica l infras t ructure  s it e s  which would re m ove  the  core  de pe nde ncy on city wate r. 
Give n disas te rs  are  be com ing large r and more  inte nse , la rge r s ca le  powe r outage s  
and infras t ructure  dam age  are  like ly, pre se nt ing a  ne e d to  shift  towards  com munity 
re s ilie nce  hubs  ins te ad of cityscape s . Gre ywate r sys te m s  re duce  indoor wate r 
consum pt ion by as  much as  25 % and a  family of four can re duce  wate r use  by 
20 ,0 0 0 -4 0 ,0 0 0  gallons  annually. Shift ing crit ica l s it e s  to  blackwate r re cycle d wate r 
sys te m s  has  prove n tha t  indus t ria l s ize d buildings  can im prove  to ne ar 9 3 -9 9 % 
wate r use  e fficie ncy. The  be ve rage  indus t ry (Coca-Cola  and various  be e r 
com panie s ) has  a lre ady shifte d the ir s it e s  to  blackwate r re cycling to  pre ve nt  
e xte nde d down t im e  during he at  wave s  or floods  in the  future . 

Se a  Le ve l Ris e  

Coas ta l flooding le ads  to  de s t ruct ive  agricultura l e ros ion and soil contam inat ion in 
non-sa line  habita t s  which ne gat ive ly im pacts  fish, birds , and plants  na t ive  to  the  
are a . Mit igat ions  focuse d on cons t ruct  unde rwate r s ill barrie rs  to pre ve nt  s a ltwate r 
inflows  to rive r sys te m s  and moving towards  natura l re s ilie ncy have  prove n the  
m os t  e ffe ct ive  a t  long-te rm  sus ta inability. Ut ilizing Natura l Infras t ructure  like  
m angrove s , we t lands , re e fs , and sand dune s  whe re  living shore line s  are  poss ible  to 
re duce  inflow thre a t s  can las t  longe r in m any are as  than placing non-typica l 
m ate ria ls  like  ce m e nt  barrie rs  to  the  s am e  e ffe ct . Oys te r re e fs  and m arshe s  act  as  
na tura l barrie rs  to  wave s  and 15  fe e t  of m arsh can absorb up to 5 0 % of incom ing 
wave  e ne rgy according to  NOAA. 

Se ve re  S t orm s   

Ce rta in indus t rie s  throughout  the  Unite d Sta te s  a lre ady know of re s ilie ncy m e thods  
agains t  s e ve re  s torms , such as  de ployable  flood barrie rs  and de bris  re m oval 
sys te m s , a lthough the  re a l solut ion lie s  in pre ve nt  the  im pact  to the  re s ide nt ia l 
com m unit ie s  and infras t ructure . Knowing tha t  ce rta in hom e  s tyle s , bridge  layouts , 
m ounta in pas se s  can se e  im pacts  from  the  supe rce lls  m oving through the  are a , 
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pre para t ion for the se  e ve nts  re quire s  sys te m at ic change  or re -zoning. Changing the  
building m arke t  is  like ly e as ie r than re fuse d to  e s tablish hom e s  for an e xpanding 
popula t ion ove ra ll. From  20 10  through 20 20 , tornadoe s  re sulte d in $2.5  m illion in 
prope rty damage  pe r s torm . One  m e thod of m it igat ion is  to  e xpand use  of ce m e nt  
dom e s  conta ining crit ica l com pone nts  to im prove  ae rodynam ics  agains t  s t rong 
winds  and re duce  dam age  from de bris . Us ing s te e l re inforce d, insula te d concre te  
form s  which can withs tand winds  of ove r 20 0  mph and inte gra t ing the  robus t  
Monolithic Dom e s  can withs tand winds  from  a EF5  tornado with m inim al m ate ria l 
cos t . 

Torre nt ia l Flooding  

Give n tha t  de ployable  flood barrie rs  ofte n fa ll to individuals  to own and ope ra te  in a  
rapidly unfolding cris is  e ve nt , a  m ore  pre e m pt ive  re s ilie ncy m e asure  is  to  addre s s  
the  absorpt ion ra te  of the  fa lling wate r at  the  surface  which pre ve nts  tota l 
accum ulat ion from  be com ing ove rwhe lm ing. Storm wate rs  can ove rflow canals  and 
am plify e m bankm e nt  e ros ion ra te s , de pos it  s e dim e nt , de cre ase d wate r re te nt ion, 
and can bring harm ful m ate ria l into we lls , acros s  farm lands , and throughout  local 
re se rvoirs . To pre ve nt  this , comm unit ie s  can incre ase  the  he ight  of canal walls  can 
re duce  ove rspilling ra te s  and lining the  canals  can re duce  e ros ion thre a t s , ins ta ll 
na t ive  plants  a long canal e dge s  to  filt e r pollutants  e nte ring the  canal and re duce  
tota l inflow rate s  during floods , cove r the  canals  to  s low s tormwate r inflow rate s , 
re duce  de bris  flows  e nte ring the  wate r sys te m , and act  as  a  lid for ove rflowing 
wate rways  m oving through the  canal, and e ve n ins ta ll rive r and we ll m onitoring can 
re duce  e xposure  to  harm ful pollutants  and gauge  wate r le ve l ra te s  and incre ase  
groundwate r s torage  e nt ry point s /funne ls . 

Tropica l Cyclone s  

Give n tha t  t ropica l cyclone s  produce  m ult iple  e ve nts  which are  in the m se lve s  
e xt re m e  we athe r e ve nts , the  re s ilie ncy m e thods  im ple m e nte d in othe r ca te gorie s  
will have  cascading be ne fit s  in this  re gard as  we ll. One  topic ofte n le ft  untouche d, 
how to pre ve nt  the  thre a t s  to  agriculture , surface  wate rs , and the  com m unity 
capability to re spond pos t  e ve n without  s t ruggling for food and wate r. The  dam age  
from  a  t ropica l we athe r-base d floods  can las t  m ult iple  s e asons  as  the  soil he alth is  
s t rongly affe cte d by de bris , contam inate d wate r, highe r le ve ls  of toxins  or chloride , 
or by s t ripping nut rie nt  fille d topsoil. Com munit ie s  can plant  cove r crops  in rura l 
a re as  and a long flowe rbe ds  in cityscape s  to im prove  soil re s ilie ncy to  a  flash 
flooding and can provide  natura l wate r filt rat ion to  re duce  ae rosols  e nte ring 
farm land. The  com m unit ie s  a long m ajor wate r ways  can re duce  toxic a lgal bloom s  
with ae ra t ion de vice s  in local wate r ways  pos t -landfa ll and incre ase  pre se nce  of 
na tura l ve ge ta t ion to natura lly filt e r toxins . 
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Obs e rve d  Be s t  P rac t ice s  for P ublic  and  P riva t e  Org aniza t ions  

Ext re m e  we athe r e ve nts  will cont inue  to  thre a te n the  Unite d State s  in the  com ing 
ye ars  with future  t re nds  indica t ing an upt ick in the  re gularity and se ve rity of the se  
e ve nts  as  the  im pacts  of clim ate  change  acce le ra te . U.S. Gove rnm e nt  age ncie s  and 
private  s e ctor organiza t ions  m us t  adapt  to  the se  changing condit ions  or risk s e ve re  
dam age . The  de gradat ion or out right  de s t ruct ion of crit ica l infras t ructure  and the  
dis rupt ion to supply chains  from  e xt re m e  we athe r e ve nts  thre a te ns  com panie s  
acros s  indus t rie s  and unde rm ine s  the  U.S. Gove rnm e nt ’s  ability to  prote ct  the  
count ry from  a range  of thre a t s . Howe ve r, while  public and private  s e ctor 
organiza t ions  cannot  e lim inate  the  thre a t  of e xt re m e  we athe r, the se  organiza t ions  
can pursue  m it igat ing m e asure s  to bols te r re s ilie nce  and m ainta in ope ra t ions  
de spite  a  ple thora  of e xt re m e  we athe r e ve nts . Although m any of the  be low lis te d 
be s t  pract ice s  are  alre ady com m onplace  acros s  som e  indus t rie s  like  t ransporta t ion 
and e ne rgy, e xt re m e  we athe r can im pact  a ll m anne r of crit ica l infras t ructure  s e ctors  
as  de m ons t ra te d by the  two case  s tudie s  in this  re port . The  following be s t  pract ice s  
apply to  a  wide  range  of public and private  se ctor organiza t ions  and se rve  as  
pote nt ia l firs t  s te ps  towards  building re s ilie nt  and sus ta inable  organiza t ions  in the  
face  of e xt re m e  we athe r thre a t s :  

 Inform at ion Sharing: U.S. Gove rnm e nt  age ncie s  and various  private  s e ctor 
crit ica l infras t ructure  ope ra tors  t ake  part  in a  num be r of inform at ion sharing 
e ffort s  through Inform at ion Sharing and Analys is  Organiza t ions  (ISAOs). 
The se  ISAOs  a llow U.S. Gove rnm e nt  age ncie s  to  share  pe rt ine nt  thre a t  
inte llige nce , prim arily cybe rse curity thre a t s , with priva te  s e ctor organiza t ions  
to  he lp the  la t t e r prote ct  the ir organiza t ions  and ope ra t ions . The  private  
s e ctor part icipants  can share  thre a t  indica tors  the y colle ct  and re port  on 
a t te m pte d at tacks  on the ir com panie s . This  bidire ct ional inform at ion sharing 
he lps  a ll e nt it ie s  ga in a  be t te r unde rs tanding of the  ove ra ll thre a t  
e nvironm e nt . Applying a  s im ilar m ode l to e xt re m e  we athe r e ve nts , working 
through e xis t ing ISAOs  or e s tablishing ne w inform at ion sharing  pathways  
be twe e n U.S. Gove rnm e nt  age ncie s  re spons ible  for m onitoring and re sponse  
with com panie s  facing e xt re m e  we athe r thre a t s , could he lp both e nt it ie s  
be t te r unde rs tand the  dynam ic thre a t  e nvironm e nt  and joint ly pre pare . 
We athe r da ta is  not  subje ct  to the  s am e  le ve l of clas s ifica t ion and se ns it ivity 
as  m uch of the  his toric  da ta share d through ISAOs , which a llows  U.S. 
Gove rnm e nt  age ncie s  a  fre e r hand to dis se m inate  warnings  and findings  to  a  
wide r swathe  of companie s  in indus t rie s  crit ica l to e le m e nts  of U.S. na t ional 
s e curity.  
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 Risk Asse s sm e nts : Ext re m e  we athe r e ve nts  will touch com panie s  in e ve ry 
indus t ry and unde rcut  the  ope ra t ions  of e ve ry U.S. Gove rnm e nt  age ncy in 
som e  form  or fashion e ithe r dire ct ly or indire ct ly. The  inte rconne cte d nature  
of our socie ty, e conom y, and nat ional s e curity e nsure s  tha t  impacts  fe lt  in 
one  re gion quickly cascade  into othe rs . While  it  is  imposs ible  to e lim inate  the  
risks  pose d by e xt re m e  we athe r e ve nts , a  risk as se s sm e nt  can he lp 
organiza t ions  unde rs t and m it igat ion opt ions  to  re duce  risk. A risk 
as se s sm e nt  ide nt ifie s  pote nt ia l thre a t s  and com pare s  the m  agains t  e xis t ing 
vulne rabilit ie s  to de te rm ine  the  pote nt ia l conse que nce s  an organiza t ion will 
face  give n the  occurre nce  of the  afore m e nt ione d thre a t  (in this  case , an 
e xt re m e  we athe r e ve nt ). Both private  and public  organiza t ions  can be ne fit  
from  risk as se s sm e nts  which analyze  the  dire ct  and indire ct  thre a t s  pose d by 
e xt re m e  we athe r e ve nts . By conduct ing a  risk as se s sm e nt , a  priva te  
com pany can be t te r unde rs tand how the  ge ographic dis t ribut ion of the ir 
as se t s , pe rsonne l, and supply chains  could be com e  im pacte d by e xt re m e  
we athe r e ve nts  and e xplore  opt ions  to build  re dundancy and re s ilie nce  into 
ope ra t ions . Sim ilarly, a  U.S. Gove rnm e nt  age ncy can be t te r unde rs tand what  
s te ps  are  ne ce s sary to  m ainta in ope ra t ions  in the  face  of we athe r cris e s  and 
what  priva te  s e ctor e nt it ie s  unde rwrite  the  age ncy’s  ability to  pe rform  crit ica l 
m is s ions . P ublic  and private  s e ctor organizat ions  can fully unde rs tand the  full 
e xte nt  of the ir inte rde pe nde nce  by conduct ing a  com pre he ns ive  risk 
as se s sm e nt  and e xploring the  prope r m it iga t ion s te ps . The  DOD is  one  of 
m any U.S. Gove rnm e nt  age ncie s  e xploring the  challe nge s  pose d by e xt re m e  
we athe r e ve nts  by conduct ing clim ate  risk analyse s  to  ide nt ify the  nature  of 
e xt re m e  we athe r thre a t s  facing the  U.S. m ilit a ry’s  global infras t ructure , the  
e xis t ing vulne rabilit ie s , and the  pote nt ia l conse que nce s  on the  age ncy’s  
ability to  fulfill crit ical m is s ions .cxxii 

 Em phas izing Re s ilie nce  in De s ign: Building infras t ructure  and organiza t ions  
with re s ilie nce  in m ind can he lp public  and private  s e ctor organiza t ions  
sus ta in crit ica l ope ra t ions  e ve n in the  face  of de vas tat ing e xt re m e  we athe r 
e ve nts . Re s ilie nce  can take  m any form s . Stre ngthe ning phys ica l 
infras t ructure  he lps  age ncy or com pany facilit ie s  and as se t s  sus ta in the  
im m e dia te  dange rs  pose d by an e xt re m e  we athe r e ve nt  and shorte ns  the  
t im e  to  re turn to norm al ope ra t ions . Dis t ribut ing crit ica l as se t s , like  e ne rgy 
and com m unicat ions  infras t ructure , can he lp an organiza t ion m ainta in 
ope ra t ions  e ve n if part s  of a  ne twork are  dam age d or knocke d offline . 
Es tablishing a  ne twork of supplie rs  in dive rse  localit ie s  can he lp sus ta in 
supply chains  e ve n if the re  are  isola te d dis rupt ions  due  to  e xt re m e  we athe r 
e ve nts  in one  re gion. The  DOD’s  re cons t ruct ion of Tyndall Air Force  Base  in 



 
 

Page 53 of 64 
 

Florida  is  an e xample  of an age ncy e m phas izing re s ilie nce  in de s ign. The  base  
suffe re d se ve re  dam age  from  Hurricane  Michae l in 20 18  and in re sponse , the  
DOD is  de s igning an a irbase  capable  of withs tanding Cate gory 5  hurricane s  
and as socia te d flooding. The  re cons t ruct ion will e nsure  the  base  can survive  
a  ca tas t rophic s torm  and quickly re turn to  ope ra t ions  sus ta ining crit ica l 
na t ional s e curity m is s ions .cxxiii  
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CONCLUSION 
The  Unite d State s  will face  incre as ingly com m on and m ore  se ve re  ins tance s  of 
e xt re m e  we athe r e ve nts  in the  com ing de cade s . Howe ve r, the  e xte nt  of cascading 
im pacts  cause d by the se  e xt re m e  we athe r e ve nts  will de pe nd on how aggre s s ive ly 
public  and private  s e ctor organiza t ions  work to  build re s ilie nce  within organiza t ions  
and infras t ructure . The re  are  a  varie ty of m it iga t ion opt ions  which can he lp addre s s  
the  thre a t  pose d by any of the  e ight  m ajor ide nt ifie d e xt re m e  we athe r e ve nts . 
P ublic  and private  s e ctor organiza t ions  can both be ne fit  from re vie wing, 
im ple m e nt ing, and mainta ining the se  m it iga t ion m e asure s . In addit ion, e s tablishing 
public-private  pract ice s  and cons ide ring be s t  pract ice s  for coope ra t ion can he lp the  
Unite d Sta te s  a t  la rge  m anage  the  dam aging im pacts  of e xt re m e  we athe r e ve nts . 
The se  s te ps  can he lp conta in the  pote nt ia l cascading im pacts  throughout  crit ica l 
infras t ructure  s e ctors , inte rnat ional supply chains , and the  e conom y. Howe ve r, it  is  
crit ica l to  note  tha t  the  im pacts  of e xt re m e  we athe r are  not  lim ite d to  the  Unite d 
Sta te s . In many case s , e xt re m e  we athe r e ve nts  could lim it  our ability to proje ct  
powe r abroad by de grading or de s t roying milit a ry infras t ructure  or forcing the  
re a llocat ion of crit ica l U.S. m ilit a ry as se t s . Othe r count rie s  will fe e l the se  im pacts  
and not  a ll of the m  are  as  we ll place d to addre s s  the  fa llout  of e xt re m e  we athe r 
e ve nts . Mass  inte rnat ional m igra t ions , collapse d gove rnm e nts , and ungove rne d 
space s  a longs ide  inte rnat ional supply chain dis rupt ions  are  re a l poss ibilit ie s  by 
20 5 0  as  a  dire ct  or indire ct  re sult  of clim ate  change . The  Unite d Sta te s  is  facing a  
future  whe re  clim ate  change  and e xt re m e  we athe r e ve nts  are  ce nt ra l to  na t ional 
s e curity cons ide ra t ions . Whe the r dire ct  or indire ct , the  Unite d Sta te s  will cont inue  
to  fe e l the  im pacts  and im plica t ions  of e xt re m e  we athe r e ve nts  for de cade s  to  
com e .  
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ANALYTIC DELIVERABLE DISSEMINATION 
 

Te am s : P le ase  lis t  e nt it ie s  tha t  would be s t  be ne fit  from  re ce iving this  de live rable . The  
bulle t s  be low are  an e xam ple . P le ase  include  your original ide as . 
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U.S. De partm e nt  of Agriculture   

U.S. De partm e nt  of De fe nse  

U.S. De partm e nt  of He alth and Hum an Se rvice s  

Environm e nta l P rote ct ion Age ncy 

U.S. De partm e nt  of the  Inte rior 

Edison Ele ct ric  Ins t itute  
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climate-chang-rcna43091  

https://www.cnn.com/2022/08/16/economy/sichuan-factories-power-crunch-china-heat-wave-intl-hnk/index.html
https://www.cnn.com/2022/08/16/economy/sichuan-factories-power-crunch-china-heat-wave-intl-hnk/index.html
https://www.everbridge.com/blog/navigating-climate-threats-and-proactive-mechanisms-to-achieve-business-climate-resilience/
https://www.everbridge.com/blog/navigating-climate-threats-and-proactive-mechanisms-to-achieve-business-climate-resilience/
https://hbr.org/2022/05/how-exposed-is-your-supply-chain-to-climate-risks
https://www.gsa.gov/governmentwide-initiatives/federal-highperformance-green-buildings/resource-library/integrative-strategies/green-roofs
https://www.gsa.gov/governmentwide-initiatives/federal-highperformance-green-buildings/resource-library/integrative-strategies/green-roofs
https://www.midstory.org/a-garden-in-the-sky-chicagos-green-rooftop-revolution/
https://media.defense.gov/2021/Oct/21/2002877353/-1/-1/0/DOD-CLIMATE-RISK-ANALYSIS-FINAL.PDF
https://www.nbcnews.com/science/environment/destruction-florida-air-force-base-rebuilds-face-effects-climate-chang-rcna43091
https://www.nbcnews.com/science/environment/destruction-florida-air-force-base-rebuilds-face-effects-climate-chang-rcna43091
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