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GLOBAL CLIMA.:'r! CHAliGE 

IMPLICATIONS FOR THE UNITED ST4.T~S NAVY 

CHAPTER I 

Hl'l'R.ODUCTIO.l{ 

Naval o·pet'atd.:ons· in th~ com.tn·g halt cent·ury may t re 

dl•as t .i cal .ly affecct~c:i by th:~ ~mpact ot global c limate. Chang.:e. Fo.r 

t.h~ Na,vy to· b.~ fi,llly P:t'e'J)ared- tor ope:r-at. i9n;s in tll,.is future 

·committed to the prphle-m . Th~ Na:V)r' s research and. arraJysts. 

ef{orts. a~'e rect~rired t¢ sUppo.~t ,the sound planntn.g: evo::l utii:>n 

;ne":e~sar:y i;..O. ~nsur@ th:e Navy ·· s cap:abil,J..tl.es tn tlU:$ •f uture 

There i s a gr.owing publi c ,pe:r-c:~p'ti9n ot a de:creas:tng· Soviet 
" ' . . - . ~ _. . -·· ' - ' " •' . . 

·t:'hreat and in:tpro·vFng s,tip.~i'.pdwer rEtlatioms. ~J:)ls :pe:rce.pti~.P 

spendiJ1g - a . p:eace div:i&end ·. Reduction$ in spending re~uire t 'he . .. . 

serv i ces to be: , .cost e f<f~¢tlye t a,rt,l:i 

whUe i,:n¢r~·aslng·l,y .Iller i:l 

c.Qmpeti ti:ve f.o'i'· the dwin.dl i n~ reso1,.me;e.s. A r4 s~ng t .j,,Q..e o:f pJJbl ic 

an<i, the,re 'f.ore. congress. io~a;1 $el'iti.me·nt . .over a myr i ad of. Jl~b,l:ic 

h.c;>rnE!. l~ssn;e,s·s. , . ~ndu$ tr~_cal ~.t'o·Wth . e·nvir-onmen:t -- fur-t<her }ri,ghl t~llt 

t.Jie ¢.ompet;;it:i:Ve .nature of future fe.<i~x-aJ bud·g~t.·s ~ J~e,lJian-ds o.n 

resources wrough·t by itrture cJ, ima.t;e change wi 'Ll be tremen.dously 

1 



a.~ a whole, and. tt1-e Navy, in par~i¢ular, must ins:u:re that the 

pol icy ·iormul ati.ol'}, ,pl anni:pg, all,d analysis proce.sse:~ adeq~ately 

.addre$S the imp.!1¢t· .of giobal climate ch:an~e before o~.f\er .sect:o.rs 

take pt>e¢'edehce fn J>oesource: alloc-~ti9n matt·et's and public 

support . The payo.tf will be a ~ayy :fti1l,y c .apable of requ:irel;i 

operations 1'11 th:e n;ew envi.rQnmetrt througit les·s demand .~rt~g, planned 

exp~ndit·utes :over a ~reater period of- t i me rathe.r tl:lan massive . 

unp;opula.r 'budget requests Of1ce :tb,e mas~ d'tal;t.ic effeot.s occut> -. 

This :Paper pt>eaents an o-v,erv t ew ttl the mechanisms of giqba;i 

c .lima:te. ¢hang :~ an.d th.eir' related societal effe,ct·s &!l:<i ai;idre~ _$EHf, 

~n 'Pl'o~i:i terms ., t .be impacts. upxm v:arf·ous at!eas of tf~val p1:a·nn-ing. 

Gl.obal warmin~, as a rga,.J o·:r J E!lf.tMre and d.'ri ·Ve:r Of en imate chamge" 

is a , compie~ iss\;le:. iiQ'W¢:"le·r, th• pre:Jentation ot it:lformat.ion 

r~ga;l'ding th:e c.a4si!·s- ani:t predi cte:d global con$'E!.qr.,tenee$ tit the.se 

phen6me·na is necessar:y to ~n~ble t 'he r~ac:;iel:' to a~tain a clea·r 

understand.ing of ~be gra;yity cd the p.roblem, t .he potential 

~eri pqsne.ss 9J the illlpact, and the compLex .d\ J fi~_ul t J, ,e.S· whic.h 

wil l .be .encountered in attemptin.g t .o eidc:;iress t.he N'•v~'s l :ong

,•ran~e pJans •. 

As·s-umpti ons 'have 'Qe~n made in. examinat i.on :o·! the p~o blem an-i:i .. 

in pne,si!J'lt&tlon o! the. mat.eria'ls. 

sci:enti.st.s who co·nc·entra.te 'in tb i s f).~ld no·w a~ree• that gToba~ 

.warmi.ng 1-s actual Ly occ:j.lrrill~, the rate of t :emp.erat,ure i .ncl'ease 

an.d· tt\e pr·edict.e.d amount. and rate of sea .level ris:e ~:r-e ~ :till 

de 'bated. .For the p.ut>poses :o i this examina~.l,Q:n .. , f l .gux:oe.s i or 

temperatu:re increase an¢ sea leVel 'rise tha::t are generally agnee.d. 

upo•n by mQst saJen·ti~ts ~re .used. Second, de·scriptionll- of 

c 1 ~J1\8. t~ C:h·an,g.e tnee,ha,ni sll'l$: and the LI' pre.:dicted etf:ec;rts ar>e c:.oucrhec:;i 



in tevms !Ql' the gehe:ral layman to !ac:rilltate reac;ia})illty. T'he 

sctenc~ involved. Within the.se mechanisms is highly oornj>lex a.s is 

the methodology and mathematics of tbe model . .s tisect to pred-ict t.he 

global cLimate modifications. Detailed. e.xplanat'ions in eithe:r of. 

these concerns is beyqnd the sc:ope of this thet~ is. 

Chapte.:ri II is a brief summa:ry aisco.ssio!f o( th.e elements of 

global c.l i mate change acl'\d the antici,pated major. en ec.ts 01" 

impacts ot that c:1).a;nge. Ch~pter I II add:re~ses the spec:i f'ic 

a.rtticipated imp.ao·ts of global cLimate change on th.~ Navy's 

Il)i:Ssic>n$. opel"ation·s, facilit.:ies, ;;ind sys.tems , L.ast.ly, Chapter 

IV will present· the s,pe·c iHc finiiings of the :res.ea:rch. 



OHAPTilt U 

GLOBAL CbtMATEt CRANG! AND IMPACT 

-~.rocesses. Many 

a tt~·±bute to tnan's 

natura:X 

atmospheric proce·ss wh,f;!teqy 'c~rtai. n greEt:nnouse .~ases ..., .. ca;r~oJi 

dioxiqe. , ll,i tl'ous o·>e:J:de; JmHh'ane, CFC.s ·, and troposphe,ric: ozqne ,.. _, 

tempe.ratu:re wauld be - 19 :deg~e~'S C 
i 

'rh'.i s :r~sti.l ts in an 

Asso:ciated wl t..h 



'• 

not available tor heating o! the upp~p a,tZI\Q:Sph~tt .~. These ~dlecd:·s 

have .been oh:se:rved within th~ cl.ima.t-e d;a.t~ Qf t.•he last 100 y,ea~s. 

i.n the 

te.mperatu:re o,ccur .over t .hQUsands c!:f yeal"s , 

will eo.irti.nue tot' the next. twenty t6. f.hito't¥ y;ea:rs <·Appena.l.x 1 

co-ntains ·a mdl"e d'eta'i led d,esc't'iption ·o'f the •g1Qb.a1 wa-rm1n( 

ltl)41ngs ·~.re e.me.rging at:mos.t · dail.y · conce-rrting, the· cai..ises an·d 

~4tes o.·'f gJ. l:)ba1 warming, thel"E!. 1 s . n.ea:.t' c•<HlOens.u,s. on, .seval"al 

p.o in·.t ,s;. 

o Tlre glo'f:l:ai ·average te.mperat1:u•e ha:s r~ise·n 0·· .• $' ·<:l~gt' ·ees C: t 1 
degtfe~· Fl ove-r the past 'Century. 

o Th.e rise in g1obal average ·t:e~mper~t,\Jt>e G:o'~re!ates: well 
with the ris•e in le:'liE!;ls crf cl.'t!ll"D .S:pl:le·r'ic g.re·enhouse .8ase·s .. 

a Man's ~ct J.,v:i.t;ie.s ·wu.l l;:(:);fltiri\le tO: Lnc:mease t 'h·e .. se gas 
conce·n~,r·a~·i. c:>ns. i 'h t ,he nef.r term at: l !ea~d, .• 

o· Q:v~r the l'iex.t haU centur.y, t :h:e g;.;t:obal ~yerag.e, 

~'ei!tpe~a.ture may &.nc.reas.e by a.p:p'rQ>dma~EIJ;)' 4 d.e.grE! .eS: C .• 

. o OVer the n·e·xt hal.! ·c~ntutt£1. ·sea l e:xre:l may Y. i s,e by 1 ,.5, t t. 

o storm . fl"eq~~no;Y, i.nt~l'\.S:i~;y, ;,nd dl.stribution ls l.',i~ety t iq 
-inoi>e·a·s:e, ~speqial ty tn the hiihen latl·tudes. 



Appendix I! is a broad disq:ussj.qn of climate et .fectl! both 

globai a.rtd on the United States, given a warme·r planet. In 

summar\-{y, nearly every .aspect o:t· the: wor-ld;~ pqlitiG'a.cl, culturaL, 

and economic interests· will be aJ{ecte:d. Basic human needs, s.uch 

as wat•er· st;.~pply and cpJaH ty ., food production, and hea:ltb 

co.iidiit idn-s, are tnrea t·ened within the developtp_g n-at,i oris. !n some 

.oJ th·ese nations, such as, 'Egypt. India_, ·anp;· ~Cl.ng.tades·h, nra j"or 

seg.me::nts •o.f tll~ popui:atl:ons a,tl_d s~g.h~i<t'ic·ant portio-ns of t}1eJr 

a.gr j; ¢1Jlt,;it'al capa¢ltie·s e~.J..st in low l~ing aneas or>' •al:Ong river 

b;:!.-sins. As the cJ imate chang.e.s; sea le'ltel l'liSe may .welJ inundate 

·the$'e areas with salt water {e$pec'Ja,l,ly during ~fev-ere st.orm 

·cy<tiesJ pr•c:ri;fJ4<:::i.rrg J1laj ,6':tf <i~mag-e t .'o the economies,. ll;ea,l,tlj., ant:i, 

siJ.Jalit;Y of l ,ife in nati:ons 'i-ll equipped to -fac ·e the chali,~n;g"e. 

ln iloi'n:e low lyin·g c.oas-tal natiot)s ,. la:rge seg,pu!nt'll o·t po_pula:iion.s 

may becbm,e envir.orxnrE!;nt.al t'E!fQge~:S. stt-.e$.si:ng ne. i~hboring nati'on:s' 

retsoqrr;es. anci ~odd will by their :Ior:ced ·migra.tion tq saf~!> 

gro·und. 

While deveJ,oped ..rfatlc;ms ~oss·e·ss f;i'r greate-:r •r-esource.s .t .o 

de~l Wi 1fh a<i. .al' ·~ iv~ mea$lires• ·required by g 1 o ~b.ai w~rmi,ng; J;; ,ij•e

LmJ;?acit.. upon their o~tocietJ-e:s will .fO'l'l11 a ~ramend~ous hard$'1iip, 

fo·rcin:g: di!d'icul,t cl),ol<qe,~ ~ In cle·veloped nati.ons, s ·uch a.s the. 

United, ·s-tateS:, trc:une,ndous -.i'll.ve.!ftme:n:ts .ai'e at risk i :n t 'he c6a~tal 

bus ih:ess base they· r -ep.z:oesent, t;h:e~te r:t.ai!·tons· w.tll have 1 Ltt le· 

choice. b·ut t.C> inve,;s.,~ in thei.r prote.ction .. 

I'_n t:tle t1ni t,ed States, the nec.ess.az:oy .adaptive. meast}t-e$ torr 

P~~tpJ>l'i$~ to tne e.nv Lrorunent.a.l threat .w1;-l :1. be t ·.retnendo.usly t;ax- in~. 

Soci-ety, at a.l i' le.veTs,. -w .. ill ~-1! effect:ed ., :Clima.·t~ moditica·t1on, 



, . ., 

a .nd 

distribution, .and thre.aten water $Opply and qtialit;y, sate 
I .. 

re~l·.onal wa:s te mar1agert),ent, ·yrban itiJra:stJit.tct'!Jre, the vial;>i lity o! 

canunerce and i.t).,dos't:,x>,y, i!l m$.ny reglons 1 and st'll'ess th~ -en:el'g~ 

s ~upp~Y of t .he nation • 

. Add:t>ecss±ng global c1i·rn~;,;e chart.g\e _;i,ssues and .eUeats witlli.l') 

the United srt.a,.t-e$ I w·Ul Q;~ qoth p9HticaJ.ly un:comroz-.table· as w.e11 

reso·orc·es for -use i-n prog:Y:~I[ams :cfit'ecte(l t ,i)W&l'd c.lJmate change 

eff-ects wil.l nece-ssariLy dplai_±,n ()lf ¢t:h:e:r .s.oaial p:rograms ol' t 0Pcre 

when to :thr.eaten 

po 1.1 tfc.a.Lly po·p,u:l a::r etit p;, r•:m~nt 'programs . 

'I'o r~ltde.:r $o,me Hiea ·i:H Ln.e rnaghitude· of the •ca·st.s a:.s.s.o .t::I.a:t~d 

w,:tt;h cll,mat·e chang~. ·o .. f' the magnit.ud:e add'res~ed pJ~e·vi. <:>ush• and in 

App:end&x li:';.. con·s id.er tl)~ io+ lowi-ng h .rg:}il ight~ "-

Q EfA ecorioll:l,i$t .. ; :J~m,.s_• · . 'I'H.us ,. es.timate_s tep to 'fift:y 
bi1l f oh d,C'llbll'S to: i<,e.place be·aches washe.d aw~y- by ~ising. 
tide~2 

S-etwee·n l9'I2 and 19;85 , goyert:fJ:n1!p.~ an¢ ind4s;:Jt,l"y spent ;over 
$·3:50 b -fll.ion o.n waterr qua1~t.y anq ll .o'~d con-trot-3: 

o Qvj~r tl)e pa,.at q.e~;a~~a.. t:h.Et' u·. S . los·t .. -.3 billion y·ear·ly ip 

'0 ' 

-~ h>·ocl. da;!Jlage$·4 

EP.4. ~$timat!!s· . p.z-otrectLon . 
!nultd.a.t i o·n, :wt 11 cost s 111 
do1lars) 5 

of deve~,C):p·ea~ ar,e~$ •. 
·b ·i Ui.on · (ct;tm-qla.t;'~Ve 

tr.o~ 
1~95· 

El eva•ti:on ()f be;aclle;s .! pr,i vate bomes. l.and" b-us iness:e.s , •. 
a:n4 roaci'WttYS, . thpo;.agjh y~ar' '2 .l.QQ. , 'wU l c .ost -$7.5. bi 1.1.-ion 
( 198~ -c·"'mui;attv~- Q.pllia"Ps) 6 

For; t .he nat-tOri, a.i:r a who.le, coastal :pr•oteotH)l"i . wfl~ ~o's't. 
a:$ :m'Uch as $.3'00 b.i llilon f£:umied con.s:t :r .t,tctl,"on qf ·~.~apiti viii. 



Q"ng!neetting and prqtective devi.ces and met:trods like 
bulkheads( seawalls, bel'ms, dike$; $$,n.ci ;pumping, et..q .• )7 

o :Reforestation o! tl"adJ.tiona1 timber stocks !o~ced out b/1 
warmer tempez:oaJ';l.lres may exc.eed 1400 mi ll .lon. P~r yearS 

0 'l'he El ec t:r i .e Power Institute est imai;:e~ ttla t tor 
de.groee C rise in temperature, gene·roat. i ng 
requirements would be increased py 20 .perae.ntQ 

each 1 
<:!apacity 

o At present energy e!!iolencles, ele.at·t>icJ.ty d.e.mand 
roequired_ by prpj'e<:!ted clJmate changes Wi 11 t>e.quir'e poV/er 
util:l.ty inVe$tments ih delivery InfT>aat:ruct1 .. rfi.e of ovel" 
~~~~· 5o bilt:to.nlo 

To summa.r i z.e, t .he EPA's overall, eat:imate fol" t9tal national 

exp.enditures required to a.ad.roes • .s gl.ol:)a.l c.l :tmate chan-ge e)(¢eed's; 
ll 

$100 billion ea.cl:l 1/e.a..:r .. 

p_reviously, th.e cpJt!peting budgetary pressune.s wi 11 fo_cus 

stgn,i £ iqan t pr~'as.Ures on all s .ec.tors of government t<> assis•t in 

the mi t.igating of societal tmPMiltS at t •. be eX.pense of many othe:t" 

inter>ests .. 



OKAPTII lit 

T'htiS' fat> the discussion· h~s esta'P1 j.s,h~d t ive c.e-nttoa.l p·oi..nt.s. 

First, thet'e is 1'1eap soJ.ent.ifio concensus · ·that ~fiohaJ. WEP'ming is · 

o;ccl.H'•ring a~d w,i .J),. pr<:>:.bab1y achieve a maximum te'1Jlpe·:ra.t .ure rise. of 

a'P.oJJt 4 deg·:re•e .sf C in the t>irst h~1~f· of th)e ciomi•ng century , 

Secoini, glo.bal warmin:g of iih.Ls mq.gnit'l.ld.e wil:1 pr•orn6te Ntdica.l 

changes in t)he glob~l clir:riat:~ including sea level rise ¢f ·abaut 

1, 5 ft.. by abou;t. 2QJ50, redist:rd.but·ion o<f ~oJ,$ ·ture pa·tterns 

espeoia.lly :in the hig'her .latitt.tdEf.s ... _ an.Q. .~ larse-s:ca.le 'im:!rea~e . 

. in sto.rm energ,y sto.r~.s wi tl1~J1 tne Q'~ean:s. 'third, qliw.~t.e· cba,tige, 

of t .he m~gni t .:Ud·.e pre<Uct'e4, wil 1 aft ect., ·ali !)i!l:.'!> .i:<i>i:l~ in otH¥ way 

q'r aridt]i.efi. E'!leryon:e wouLd 'eXperiel);c~ $orne ne;g_:a.tive i:mpact. 

Fo4t-t;h, within t .he United s~~:t.es government; budget·s at"c:e 

sh.rin·king f:.:orc$J;l.g i~.~rease4 :cQmpet~tJon. Fifth· ~ wi.tbi.n the: 

p·~'J?:?Lrit{il~nt g .. f t;he na.v;y (DQ:N) , there is a si gnit i .:cant J>eqtii'rement 

t,o consider the ef!·ects of .global W~t~ml't)g 

mth·i n theit~ lons tetrll), po).i,cy an!i pU,'ns ... 

A • . :PORTS ., l3ASES, :ANtt .F:ACILITIES. 

$:!'11:1: <U i.ma te cha·:nge. 

Wb·~t ar·e tli .~ pos.stl;IJ Q 

l f ~the:r·e ex-ists on·e ~rea wbe're tlH~ :i'mp,act,. o.f global wa<X'tnil;'l.& 

and .p.l,irna.J,e change, e.ffect~ ar~ lriost easily crecogniz.e~ .. i.t y.~ou:l:(;l' 

b.e the .Na.v.y' 1'1 ti.'X.ed 1 acn'd s ·tr1Jcture·s. 

Two of the p.r:i~cipa.l c'f ~mate, ¢han.g:e ef'f e,cts .prev1 ou$ly 

dtscussed, o·c,~taPls wa.l'll\-!i-ng: cl;ndl' sea 'l~.v~l rJ:. se,. beco~rne tl)e dtivet>s 

~··<>r s:q~~ of 'I> he k~Y t a.etot>st :in .shol'e pt>ote-atlo'J'\ (i~~ 1 1!n , l.n t!ve:r.:V 



Na.val pot> t; ~rid do as t .al t ac ili ty, 

1"equirements and const~raints are g{:)verned by these ·tw<;> clil!late 

'!'he h.istor ic: 

cha,;:ract·eris ti¢s o.f the reg. t on are used to guide the efisineers in 

~ Lanning. , construction, and ml:J.interial)ce of ne.v,a.l f·ac .i lit i e$ and 

s upp.or t i ng i nfra$ trug tur:e.·. 

<the ten , wa:ve he ! g !rt 

occuranc:e , bott,om ty:pe , d,eptl'ts. ~lope, etc .. ~ whLch al'e l''IHtuJ r .eu 

by coa·~t,~q e·ngineEH's to d•e$1,gn eJte-ctive proteetiye, d.e.vic~s , 

F:t><>rn: thi 's d$-t•a, t.he en~·in:ee·r de.velops des i ,g)'l.s un,:l~tue to the 

geo·gra:phical si tua:t.io.n an'd ·it$ envi r onmen·t. . 

Ocean warm..tn.g pcrovt4es an i nc:l'ease in potent i al ene~gy ~ ·or 

st.-Ol"'!ll generati~on ~nd gt' .owth. A spec.;£ fi ·c stcr\J.~turt~l design 

developed f:.or a pa.rt .l cular storrn et1vi ;r.g1'\ment m:igbt se.e t.ha.t 

environment radicall'Y alte:re~t. t;trus render' i n g the orig i na l desi :grt 

tnc.om:pet~nt Jot> t.he' l)e·w set c>f ·otmdH.i:o.ns. For ex·~M~p1~ , a 

Q1' ~. al,<\Yater Wh.()Sc!il to a depth, wi ·dt.h at baS'e c,.. h~i g)rt 1 etC::. , was 

desi~ned. roelat.ive to a 20 :ye .~r st<u•tn in.~ ei:l!:!it.Y do.uld ., under 

projected globa;+ he~ting. cOnd,.iti o.ns·, s ·.ee those s ·t.orm i.nt, .en:;; ~ t-ies 

occur ev.er;y lO years . The ·resul tan·t i nt1reases ).n er·Q<S ion, 

QVe:Pt.oppi.:ng, and wave shock ar)'d vib,rat.'i of!' t:.9rcoe:s W:91J l:d Et:.»ceed t.'he 

des i g.n l i:fe cJ!l be:I'ii.a mu:¢:h so.oner t :han d-esired. Ef facts ot ttris 

tl.'~"t:'i.,lr~ ~ t l,. l b~:Cpme· ri'Jut!ll tn.o:r~ t re.que:nt and intense w:i ~)l o.nly a . 

.. sl l gnt 1 Y" ~at'met> :3 ea . 
Majol' :sto:r.m syst-e.t\'UI ... ~ h.l;lflt i .¢a,n,es arid . ty~hQons -- wou} d 

.occur o·ver a long'er .s :ea.so.n ... , a. t a high:eT' 't'a:te of occul'ra,nce .1 apd 



increas-ed. Under thes .e new s ·torrn :t:ond~'tipl;i_s, tJ\e wave: ,act-io~ and 

surge et~l'!:c-ts win prod.uce sig-nHtcantly highe:r r:ates 0,f eJ<osion 

an-d s .cour .. · (Sco -~.r is .t:he remova.l o.f the t ·o:pm0st s~<Liment l.ayoer b¥ 

thEi l:urd.ro.dy,n:ainic f.c::rrces of th'e wate~.) UnO.~r the :WO.t"s 't p.roJecrt·ed 

st•cn•m conditions, th-e tnuch l,ligpet:' wJncr ·v·el.o-C"iti.e.s and tl1~ 

,i _n~rease i,;.,n -8\Jl"ge pei;gh~S! W'i:ll hold at .. risk n-earoly all e>Cisting 

str(l¢tl.n';~s ani;;! <p;t'otect±ve dev·.ices ~ 

FO;r Nava1 fa~cilit.lecs,, this incr:ea~e$ t 'he :t-i..S:k i .nherent '\:..() 

Piers, 'l:>~rms. 

will have sto,rm 

w'itb p:r.p.j cect.e:d wind. v~loc·'itles. increased- to ove:r 2,~6 mPii: for ili· 

f.t!ll:Y g.EHte~ate<i ·sto•rm, the current de::fJ:g·p cr:it.eria J~:r s:t,.orrn 

de,s ign and wi-nd load.ing wfll bec.ome ·obs·ole1:;e. The ·b,(li ldfng_s a .nd 

o!: will have 



Doakin:g faci Utie:iir 

will h.ave inot>eased.; t:tecruirements for p;iling s .ize; de·pth and load 

be<l':i:>lng •and possibly additional pi en h~ig .ht (dependent on sMp 

size and utili t,y) , 

rn .so.nie a:t'ea~, the high, watel"' niark could move ;inland. as 

S!iirv·i :(!·e and access 

h~ndl. i.n~ need 

faci.l ity. 

F'or some iow--J.y·ing ·.(!()astal ~acllities, the implications are 

eno;rmous ~oth i,n terms o.l th'~ eJJe•cts ·tipon the faciti;ti~s ap:~, ln 

Ms '· • New 0-r.l:'eans; t.a, • San: Pi ego, Ca ... 1 ot> Ll't .t 1 e C't'ee·~, ira;. ; 

¢ll,.mate oll~hg~s ot th~ pz'oJ e.ated. magn.itudes .wi 11 o-a:us•e .tn.a:J 0~ 

and :l'n some i n.s tanqe:s , 

aband·onme nt .. 

qt )f;ew Qt:t{ea,ns and t :hEI lowe~ lying. adJ acent at"eas O··f the. ci t.y 
1 

•. 



.. 

subsidertc:e alon~~ i. ~egardl,e~~ ·Q'! 'a:rty global w•rml>n~. 

F'o·r :other !acili tie;s, such aa New:p.o:rt ., RI ~ or Sreme.i"'~o.n . , 

Wa. ; the threat. is not- as severEr. ln ceertaJn no:rt:O~rn lat.i~tid.es 

9! the UnJted S't ·ates a'nd Canada, Ute co~ttnent~ ge<Ho~ical 

•pla.t :es are st.t'll in rebc:tund frqm the iasi g.y;.e-a.t ice ag:e ., whe.n 

t:rillions of' ·to:ns of t .ce a~usbed t :hem d.own. Now, f11ee o( tbe .i;o~ 

J oa.<L tjtey :a.~EL and, baIt~ bee·n , in a ·s :ta t ·e o t r •e-bo1lnd . Tb is fact • 

-qoupled with the ph.~·sical pos tt .iontng c;>f tl1e s,i. te :r~lat.tv.e to the: 

v·uln'era'bl'e to ohan:g.es Jn. :s.·ea. lev•U. 

A.P':Pe.n~U:x Il! i.s .an excerpt fr·om a Stt;ldy :coJld'll'ct<e.d 'b;Y the 

Army Corp of Engine.e·rs ami :,is presente!;\ to XLlt;lst<t\at,e the type. o:t 

analysis ta.l:.b!'l:i~ inq:omple'~e} i'·e~\li,l"~·a, {p:r each •indl'Vid'-lal s l:t--.e t< 

t9 ~!ltic,ipa•t.e . ~he i ·mp:act of g!o.bal cl i .mate change , 'fhe ci:ta·t ::ton 

~t- .E!s .a.nts a .g.ener·ic case ·s:tudy for ~Q:e my~h~.<Pal c i ''t,;Y t~t Ris intsea 

·under th'n·eat. f .pom cql:llate c:h~ng~ ef fe¢t$' 'l'he c.as.e' whj,J e 

f'i ct.i: 07\~1, JS.' afP!?r¢.p:i"'iate. .·tQ thiS p:ap:er lor ·thr,>ee· : "r·e~Stll:i.$ • 

f~i-r$: t, the . ~:e't.\erh:!. c·ase presents a r·eas·o~ted. , engi11:¢e;ripg ap::p'P':oaeh 

fo·r examin.ing the impa;¢ts of ql~~at.e ch~l)g!a · ph~.nomena o.n a 

,part·i ·cU·la;-r co'asta~ are,a with ~P'!rci.fic tacil~iti"es. As the Army 

Corp: oJ E;ngJne·~l' 'S, a·l"'e th.~ re¢-Pgoi·z.ed e:,x.pe:rts in. c.oa:~tc(l .a:1!~ 

hydl"~JlJ ic ¢ng.Jne~riitg, examination of theil'· ~e'tht>do:togy ~nd 

a.pp:.roach is ·<me o.f the: best reso!lree.s av~~lat>J,e. S.ec'O.nd, t .he 

analysi;s ·me ·tho:dolt~gy 1 d'Et~Qp:St~.ate!i ~it:hiil ;t,h.e $;erier.ic case, may 

b~ :a;ppl~~<i '!!(feet ivelY tQ ~ny r ·e<ltli.red< nav·al faci lt t_y st.udy. The 

toQ l$1' tis.,d. to ~enera te the gener·ic~ ease stud.y l creveJ Q'p tJie 

coastal. en~ineering des.ign sta,ncla:rd;S. t~li~.o ~9·inputer aid:ed design 

pro,gr.ams. 'll'lrf~q:, f,h;e· cCJ..$Et d.£fmottst·r :a.tes :t~hir r-a.ng:e o.f' impa.cl.s ~ppn 



typ1oal po:J'.t U.dillties and sup.pol't irt:fl'aatri,latu-re and lends 

insight to the 1<:inds o~ da.ta and. modeling l"equired by futut'e 

Cu.rl'-entr taai l.ity _plannirtg (fo·cument.s exh·t as . i 'ndfvi.dual 

plann.in_g. doc;uments 1 or MasteJ?· :Plans, :tot' eap}). i ac:i ,Li t .y .. '!'hey al'e 

limi te.d to the pe.r ·iod of ~he :Sb: Yea}' Developme·nt Plan (SYDPJ 

t:ai 1 ocl'ed. s<lope. The pl-an is meant to pr<:>v·iQ.e l. nput 'to. t.he POM~ 
2 . 

process fo.P the Lndividual fa¢~llt,Y. CUrl';'el:ltl¥ -· 'there i.s n()'t ~ 

lol)S ran•• (2.0 -r••r• t'l P.lan whi .ch •dd~••••-• the .Pzt~J ect:ed Jtilk 

and po:asible adaptive e-ng-tnee.rinl ct\aJ1g~- ~o ,aeb r\.&V'al· ·tacH li ty 

t'e·qul:red: by ·cl.ima.te 'impac:t. 

its 

Globa:l c1itnate change and. its e,(.fe.ct llii' ho:t . th·e only 

!-aci.lity needs irt 

!den-t t H cati .o.n of f .aa i l :i t J.·.e$ 
ettectlven:es~ i$ a .t g:-p:~a,t 
i .nol1.1d.ing ·ai t.rna.tel 

an.d 

wha~e ~x,ts.;t~nc~ or· 
<> - -'Y:"· 

•t- lsk, ( :fl'O:l'n. ·all >!ac.t :ars 

9 -O'iilti,pallitY of .f~.cfUit¥ locati 'o,n and funct.i ,on 

o Conso:lidation. ot facULtie-s an.cf the ~ r :v .~rio.¥$ funC't ·i.Ofis 
t ·o o:ptimize their .u~ility 

0 :Requi;r -emel'lt$1 for' -seU~ su!Uciency a:nd :lor deg'r :ee :of 
d,,ei?.'e',nd~ndY Pn th.e; s :ur'r()\il'idin~ public .and private ·Se~to.r 
·serv i ,·aeo$ 

o Acceptab.le levels o.f vulneraP:U it.:y ql thEt ta¢i, ·ii.ty ahd. 
-the suppo;:rtirrg pub~ ic inJra,$ttU.c'.tt.J;re:.st t .o. ektex>nal 
.inf l~uences }ilC l·udj..ng c';L i!rli3-t-Q mOd..1.J 1'¢at101l 

14 



indiVidual plans f:o'l'. 

in scop$ ·thc:m ·t .he sa tis facti l)n <H SYPP and PQM: 

r .equireme.nts. 

Each plan $~;oul.¢ be 

to produce a cons.ol,fdated listi·ng of:, obnst.r'\Jptcio?J'l r'equit>eme;:r¥t ,$ 

and; t>ecomme·pd.~t·fbn$, c'(;)st :9-;jta,, r ·i ~l< as.~~sifme-nt. , p~.i va£~/pul:l'lH:: 

tad l. J.i. ~y ., glven :i·ts td.entH:i oa·t J. on as o.r 'it;loa.l and Tts mis.sicO.n 

r-equirements would::, 

'ft>a.l)st~~·~ t.h~ l~9:~. i t ty )lll~s i .9n l 'nt.',o requirenie.nt.s .foi> 
•st:t'1Ji:rt:tlr~~ J d,(;)qka$e.,, pJ e,t>a:·ge , sto:ra.g;e., l:nJn·k~~ in,g., 
¢'hartneJ, ipg .ahi;i' ,bavJ.ga:tio.n, ai.<is, llv:incg qua.~t.e~.s ;. ~up:port 
la.ql ,litH~sL •mai.n .tenanc·e, etc· .. 

·0 lde·n ·tify the d·e·p~;ndenares 9f' tl)e, f'a,¢:il;it~ on ex•t .e.l"n.al 
suppor·t · · and in.fras ·~·ruc t;t.n:~e 

o !d~-ntiJY t'h~ vu.:ln~r.al:H lj ti .. e.S: o•t . p,o:tb i:nterma·t st.ru•qt.ur -~ 
al'\.~ ~~::t~'Xl):).:aJ supp~. l"·t ana ihfl>astt>ticture·s to: ~nv~ronm;~~~t;~l 
;rnt l'!JQ,rt'dl! 

o Assess, the ri.sk -lnvolved .. at,ld er::it,~ri~ to~ the. '~a~ili .t;y to 
mitig.a .t ·e or mi:nimize t.~a::t l"l;s~, 

·o. 

Pe.vel,op ~egional .ly o,rte.nted 
. .a;.t;q'V¢ r~qtiir~ment:s: ba$'ed on: 
e.nv.iron.'tlll!'rit.a.l .cdnd:ttions. 

d.esigJ1 c .ri teri<;l· · .~err ~'lle. 
:most. the like t,y p:ne>,j e9~E!d 

P:t>o:v:ide cost. pno.Jections, ~ p .r.o;gr<a.tl'l anif. con!StY.:uot>-ion 
sdhed•u:les: •: t .o integ.rat·e:d Fac•ili,:ties. ~9P\m&,lii;i ,plan 

Froyich~· I ,pr p~·:ui<!d:'ic;. ' r'~exami,riai;,io,n of e.nvironmental 
pcro·j ~ct;i o):i$ \fl:± tl'f iri th-~ ];>Tans an'ci resu bmi.s.sions ·tc;> h igher 
a•t:t:tf)qt' i t'y 

Tbe .indl\tidual plans must be ori:en·t .ed· to ~he i:tl:te P,:U f a region 



;g·tartdar-ds {or str·uct,ur-e,s· iri Fl<:rrida, ·Califo-rnia, and R.hod.llit ISl~nd 

will l:>e v~ry d .iftEn'ent. New inf·ormation is b"'ing un¢oV'er:ed: each 

yeal" ·ap<f allows !OJ" refinement of pr~.d~C!1!ive modl!lS. Tliu~. t!ltt 

:t:•vy • • facfi l i ·ty plaril'iin.-· should be updated on: a regu~Jiu• b•aia to 

re -f'lect the changing, prO';fectionat. 
-. 

a • of:EllA'l':t o ns .: 

Ne·a'rly ev·e::r'y naval op.el'a.tdon is depe.ndi;!n:t _on 's•,q·:m:e a~_peot of 

:the el'lvirorimtmt., wh:fch eithe:r .impt>ove;s· o·!' de,gY>;ades. eftep.t ·ivene.ss . 

P.roj ·ecteQ. cl imat;e q~a:n:g·e.'s will l .ead to' mOQ..i!Jcati on~s ot; the 

r:>Per:at;to:nal an.c:t .s¥s.t :erns erivir<mments aoros.s th·e en-t~.t.'e b:a•tt':h~ 

vol.tiine... Clltrlate ch:ang.e ef·ifeo.t ·s o·n naval ope·r~t!J.ms may be Y'ie.wed 

a .s d.e_pend:en t sets o~ tht"ee c.hatl;ge; m'E!dhanis.ms: - .,. . :surf:~ae and low 

a·tmos}>her~¢: heati,-ng, stbrm ,lnt.~nsity i.nt!rease ,, and sea .ieyel. 

?Jse .; E;~oh S:pe~tf. ic pi:'ojeoted impact wilt be a:t .t.,:ri;b'u :t;;:a:b:lt:t t ·i:\ on~ . 

. or .mo·re o! these th.l'·e :e· fol!cing m~.eha:n .isms; As ~<idr·ess~d b.e:low; 

the p~o.j ected ch~nges il'L tib..~ oe•a:n' s. pb~tsi:o'~l ·oha:racterl.:stitls r; 

·cit•iv,i;n.g, ffie.chani.;Sfu)i, af!.cl ·p.l:iysi .c,al ooa:S·tal and open O(:rean e.ffe,i::f_·$, 

are deriv·ed f :rom one or- mor. .. e ·C?f t .he foroin.g ~ech,anl$tri$: O:'f c:l ima.t:e 

cha.ng:e ' 

Oce•n'il Phyo.JiciL'l Charaeteristics. 

The d·e·s 'ig,n and· ef!e:ct-l:":e op;eNl>t/ ip·n o,t ma,ny· 'naVal s :ys·te·nua. is 

based on: cte .X'tai-l"' pll.y~ica1 c;r)lar-acte:t>-is.tlc.s .of th.e o:cean vol'Ull:\e. A 

large ~mpurit of re$oUl-o.~s 8.1"e expen.ded each year to ga:~:l) .a ll'iO'!'e 

'complet-e unde.t"standing of. tfie intet"aotio'nS' o:f. th•es.e 

ohaNto·tel' ist ics, their dr .tv:~ 11g pl'bce:Sses, :and pr-edictive 

1imi tatio:;n.s:• A'lJ o! t 'his ts dcne-· t¢ enhance the effeotiven·.ess of 



\ 

ch~mistry, for a given 'Volume ar-e key factop·s in a.coustio sy.S·tem 

pel"! ormanoe and pel' fol".mance P·I'ed:Jct i.O'tL M~iU f 1 qation o t tlte~(e 

fa·ctol"s al tel's the .p,erJ~ora:ma,nc:e e:Xpectations of: the s.ys t:~m. In 
· ... 

oce,ans .• 

<i:i.s ·trfhl..l-~~i:tn:S ·C>I rjla;g,nesi'llm sart·s and bol"ic ·acid - ·-· th~: :p.r,inc.cipte 

d.,e.te,rn:t.iiiJ~'n"t.s :01 acol:Utt ic absJo·l"ptio·n 'in s ·e-a.wat.er -~ cpi;ild l .ea.d to· 
3 

1li g.h•er• than ·expe~ £~d t'ra,ps,xni:s's;p:;>n l os$f.f,S .CTLJ. Chan·g/e:s i,n 

bio· ~q,g·"~ca.:l 'prod~c- ~J .. O·I:l ~Jl'ec~t · b.~th the .an·ten.nua~tio:J1 1'\ncl tne 

:.i.mblexft ao.is,'e. :.or back.,gr.ound ·n .oise. levels within the sea. 

Ther·e ar•e b.enefi ts. f ,o:r the 1-~avy l,l'l gl,9.)ia.l wal"min:g. !!''he 

pr:octeot~, e>ns a..s t.~ the ex·tent at:j.d dtira.t .i on. of the. -Ar:ctic ice ;coV~r 

tn<ii.c·~·te a r .~di.i::.all'Y dift':eren·t op-el"ational ~~vir-ot:r!Jlel't't.'~ T):t~ 

·n o:rthe.r.:n po.la'l" •i ce .s.he.et may ;recede ~xt·en;s-,iy,e :t:Y li!l;lviJl';g mu~h 

lar.goe.r areas .o.f c:Iaar. wabe-tr , ,scattered ·~r~.ken ~·e~, and feWe·r and 

mor·e: sha-llow i.C4! ke:e}.s. t't-ce mi:L-¢'$e,s ,mqvl.tig. -e:o:ge·t ,her p:us.h ,pressufE! 

Y'l,Q.g,€1·$ ;both u~ and ·(;i'own. Senea·f;.h trhe ice CaJ)' ·t'J're.se · r·J.~ge~ ~·I'e 

;re,Oiif':red: t .o. a$ kee,ls:. l Fewe11 1a.lse tal"g·et·s f;;o act'iV·e' .SOnar 



At the pl"esen-t. t -ime,· t}l~-re: ·J.a no gene±>al a~:ree_men~ ~s to the 

proJ e:c•t:ed :rate: .oJ\ amoullt ·o:t ctta.nge in ocean ch.emistx'Y o:r 

bJ.o).oglcai P.t'6duoti .oh aild dist:rtbution 'due 1;-o. clinl&te change. 

Some change .. .s in .ocean chemist.:ry ca.n b~ anticipated in the far 

n:outh.ern. and fa.:r :s.outhe'rtl'), xa.·q tudes based .on- (j:limate :O()na].: ttc.rns 

p:neiJecte~ {C):r the$ .~ a.t>e:a$'. A la:nte s.cal.e• :net.l'\eat of the norcthe,r'rt 

i o-~pac:lt is anti ci~atecL This, coupl.:e.d w,i th. ~tmosph:'ei'-lc :wal'mtn~ l 

wo:uld inc:neas .e . the glacial mEt-~~ an.~. ru,nod as well as me:lt. h•om 

th-e- i oe'·Pa¢k, Thjs WC)tl'l.d ~eem t .o LE:fad :te .a J: .ai-~:e reg io·n·at l.:rt:Hux 

·area -seas .. 

C¢>l.lpl.et\ W,ith rQ.:Q:croe e:.x·t -ensi v·e mixin,g•, the 'fres'hwat·e~ i,nfh* .in 

pe:n!o-.rnfance e:xpe(:!ta~io.ns. Ti1.i s would' be e·!J.:Peci.a.lly true in areas 

Wneti-e the mixed; laye:r d.oes- n:oto reach b:ot\om: andlo·~ ad·d1~i~on~l 

need f~or :neal. t.Xme linkage: of sonaP•. systJ;~m'$ PN>cess:ors ~o hlih:ty 

·a·a·~:ut>a,te enJTironmeutal 'rn'E!.asiitie·trien.t: devf.ce.s:. Sy•t.ems alllploy_.,.nt 

an~cl iiE!arch doctrine may ne·ed modiH,cat;~on to eomp;~nsat~ tor , ... _.._, 

whel"e: tt·adleallf- d'lt.t-e:t'.ef,l't ·wat:~tt l•y•~,. •Y e,)(i,•~· 

Ocean :Mec:h•:n.i.lma. 

fie·.:lting' or the oceans and the at•rn<;>.S;:Phere :~nou.ld leaq to 

oha'n:g·.e ·s> ~in t 'h(;l' locai;-~QJA, d:i~tributicm. and. :qi .rculation pat·ter·nS of 



sotith.e1"cn, po,la~ ice ,e,ap !.pct>easing in s-1 ze , t 'he north~t·n cap 

dec.t r.a:as ing, a ·nd· g~n:er~U atmospnerlc, and ocean warmtng_ "J'~hds 

iJ"Iprea'sing t .h:e wind velocity capaci.ty! shiftin-g gt t.·he o¢.e:an 

sul':face and g-eostrophic currents wot.tld 'b~ e>qS.eqted. The l"esultant 

oc~a.n sur:fac:e cu'l"rent; speed is .o,n 'l,Y Qne to two p.eraent oJ th~. 
4 

curl'ent s~peed c-an be a.nticipa,t-_~d. 'J,'hi,s speed increase wi) _l ten4 

to intg;.n .s l,. fy t :he; t ) ..!Pbu.le) 'lt flow environment of the gu;rl'!:en ts t~us 

i nt·:e.ns ifying edd;y generation, ef;fects . 

The creati·:o.n of :strong~e,r m:i xfng ~n.d rn;ten$i fi:e.d 

,ti&n.i n.can~ ~acticarl. adva.nta.i.•. eap:eciallv in ()C14ttl~ ~nd: ·~·-~ 

'tran•it, by pPecia:el.y tJ-,ack.inC, qn tl\~ 4tcl&:e qf t ·hcel·• tufib).tlen:t 

phenom4t:n•:· . . . . 

!\a'!:i.g;at i b'!'i aapabi l i ty . 

An incr.ea-se in g_:e.nera.l s~qrm i·nt~~sji ty. tre:qufinc:Y, and 

t:tti.s ernr :i: P::Qh~nent., ¢"h<1lnge~ in the m-ixing la~er depth c~J:l ·1:5~• 

a:i;lt ~ <Hpat:$d, 'Curr·eri tlf the sur face mLxed lay;e-r E! ·~t~nds tlo. arpt,t11,9. 

200 met,ers a:t,. mi dlatH;ude w:i.t1:te·t' afld, V(!rs>' n~:ar t .Q l:)Qt.tt>m i n t .he 
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pa.tterns. 

w·~ll ~l-$o. raise the. ambient or bac:kgroUJ'lci noise., This ;pa;-tic:ular 

fo .l'm of noise is de:rived partiall'y .fro:m the wave ·turbuiant. fmpa·ct 

at the s~rface, parti<t.l~y from wind flow g'ener.a·tion over the 

Ambient noise so·l:l:t-qe,;s d:e.gra.de 
5 

t>a.sstVe. s~·riso>r p.e!>formance ove<r mu.c:.h. oJ the trequency s:.p,ecbn.:1m. 

th:t'y will pose· 

de,sfgn c-t>±ter'ia ·f o~· syJ~te!M expos·~Q to 't.be s-P,las.h zone, seawa.t.e,r 

imme.rs ·io~ ;~ 'e:nvi:t-onrne.rit:al .sh.o:ck, fat.igue stress.es, ~15.9 vib,r ·at:ory 
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the oJ:~ean ocn lato.rY environment wo.uld incr>eas.e en vi ro-nm.ental 

de~ign r>equirements of both the sllip' s •exposed equipment and, of 

the vess~l. ~i t .self. T.o appreciate t -he scope O'f' the d .e:si tn 

problem., consider that curr~nt equi.pments .ar:e Clesigned for c..:. 

certain lif~ ·cycle o! e .nvLI'o'nmen.t ·al s ·tres·s. n t.~.e s:e.a B 

pi'oJecj~ •. ed to.· b~, iJ') . ge:her.a.l, 4:0 to 50 _pet>.cent m<;)t>.e ,a•nec-r'$etie~. 

th~n mo.st eqtiipmen t would exce•ed 1-1 ~e q-ycte s-tzi~S's -s tanda.rds 

soo.ner than expected. 'Mea,n Time Be t.w~en. Failure would al':B'P -o~e 

rexpected to de-c>reas'e causing tnQre f'X'e~pent down time and. .re•pair 

fl-t:Jppc>rt. The .develoo:pme;nt. &n<l_ ~ln-te!\&f\cte ol & new .ilt&·r:y 

apeci!-ica.tiC)n (t,ilL ... S:P.E<n for envil"onmental :deaign vd~l be 

~·qu~~~·~ t<> >t••P J>•c:• w~th. ¢~imat·• change. 

co.x>:,rds!l.on c:Onti'·ql pt•o.blenut !ot' a'll ma:rdn·e s~l'uct,u:r .e·s ·sb.o~ld; 

.i;nd:rea;s·e fn this 'ty,pe o:f -Emvi .~onm&nt. tl'),. a ma.ri. n~ ~)'l'(J:~:z'd•timent, 

the c-hief' -eleml!rits of, ~strUct.'l;l,.$!1 gpr~o:Sion ar~. sea.water Hh.e 

eL&ctro(y~e) and oxygep. :A pie.pe: of :ste-e1, t ·otally i~~r~~:d .• 

tieJq:w t,he n1i~ed layer wilJ hav.e a · lower· -cor.ro~J.,ol) .r ;aiiE! 'than the 

sam~ ma.t~rial at a locat .J.qn ~:t, at' \t.-ery p~;a:r ¢~an w'at.er level. 

This di f f e,,;ren<::,'e is <.t.u.e' ~g t :b:e· .amoun;t o~f ~oxyg;en a-vaiTab 1 e to ti::t~ 

S.;u!'fac.e l;:ieirv~ e~~c>::S 'ed ~o se,awater. This: a .rea, p! a ma·ri)l!i!. 

s' t :rt1cttire- i.s' .knoWn as ·the s ·ptash Z:.dne '"''" that a!i'~ta cH a s'tl''U:ct-ur.~ 

which ·is. exposed 'to fa~.rly 9ont.i/ntious ~l§ltt~tlg in <Jn o~ygen ric.h 

e,nvcironm~n·t.. . 'l:b:-e I=!Plas.h zc;me i ' s th~ most• criti.cal area ol 

.:P'~.o~ect;l:¢in c~·oa/t,ise qf ~nte.rnate submergence and. :ae.:ratj.on ,~ 'fl'!,i=l: 

:a:p,las.h ~one ar-ea usually .ex:tends vert~.cra;lly dOWli .. in.to the ;rnf~ed 

-sul'!fa.oe la.y&:X' an!i upward abov:e the rn.e·an wate.or· 'level -for · so.me 

d:ist~~c~ 1 ~-~P:i!'n~,en:t. QJ) lp,g,{:ll ti,~al cp.h<i.ftio,mr and tla,:mil1~l 



spl-ash :ton& or wetted, area, t .hus, inC!'eas ing corl"o'sl~~ c:oJ)t·rol 

P.esign crequ.ir~m~nt$. \ 

Corros.ic-n control impacts ever~ maril').e st.:ructure. ~he 

potenti•l c•orrosion_ coJ1t~ol prob'lems. ~JULY !'eqUil'e new classes o! 

coatb)g~ s.t:ld coating ,ap{>l1C!a.ti<5na techn.l<Jues·. -• Act tve apd, paas.fve 

C!ath.odl.c p\"6tectioh a·s well as new materiaLs techl'IO:J.ogies ar•e all 

p.oss ibi li .t .i es; in com:p.ensating f·or corrQ!:f,iC:);n. F~o,r t 'l).e, Navy, there· 

.are obvi:ous- areas ol c~frHrern "'""' ship;~; ·and. 'sliip' -s .syste~. ·anc:ijot 

st-ruc.:ttare ·wnich .depe:tlds on· !~H·Tls components -!'or ·desJ. .~h s-tr.e.1l.g1fh 

and in-teg-rity (p.iers, do.ck-sLd:ryd-.oc)<:C$, cargo• .h~ndl: tng: ! :ac'i 1 itles 

and eq·ui-f>'l'lle-nt, etc.) . 

IJl c~n•t&il1 areas· .of. the world, ·th.e impact ot rp·-qgp water on 

oper~t,ioh--al efJective.n.ess and s~-fety is &;lread¥ be.in.g 

exp:erienc:ed. ln a J~irly 'rec:.eot WATO fleet. ~xez'qis.e, five s:hips 

Y~e're s.ev!!r:ely :damaged .and re_mo~.ed, trom ])ar:ticipa·t t on tll:t-c:nigh 

c~_ Ll i.SiOrl and grounding inc'iden,ts .. 

attribut·able to the- at;~emJl.te<i ex.ec~tion 'of amphibious support 

ope'l'a tto.ns in ·roug:b wat:f!rs, Safe. a.nd eJt•·ctiv• P•~~:ol'~Qn:C* ot 

naval. v.aas•ls in Pough wa.te·n wll1 become ~:n~rea.st. :ng:l.y ne-cesli·ary: 

in 't.h-e lubul'e ,, , it climate (!.h&nge ~ -- :reat.l :zed; As t .h .e energy ot 

th·e oce.~ns ·~n_(i 'the dppf!l\:i.:on oJ st<u•rn seaso-ns 1-n ,creas:e , p_c~.Val 

tor¢¢s wiU .encoun_:t·e'r ~ou~h wa.ter cond-itJ:ons. through<)l,.lt a much 

lo-n~et> _peri>od of the year and over a larger pot'tlon of t·h~ oc:ean. 

Sea. Lt·"'•J ;ai.•• 

:R~p. id s~.ct: lev-e ·l rise p:rovides a.n.other: set of' op,e.ratio):t-a .l 

ri$k.s. 'I':he lnct>ease fn sea level is due; -in pa;:r:~, t~o the tner:mal 



expansion of the -o.ceans !:rom he.ating { -about 25 .pe:r>cent} and. to 

the g'laclal and rionthenn .i.ce.pack melt anci :runo!f . An Lnc:reas·e ot 

this ma,gn i tude m-ay not ~eern s i . g,n.H Lean t , h ·owever ;· tOt' many 

coastal ·nati¢-ns ., large a:rea.s of their> te:rr1t·o:ry al"e below ~: 'fEfet . 

tel"ritory would. be su'b~ect t .o inundation . 

C~oa.ng~8 f~ ~o-at._:l. topQg:.r~~hy Jo.n<t ftr!ltUI'a8 wi l1 s·~eatly 

ln¢r,e .• s;a; tllQ WOt'kloii.d. Of I!UlppJnS &.anc:riell. .1 f · the I''ate Of change 

oecomes as r.ap .. i .d as:: p·r ·ed·i ·oted b:f cltrnatoJog ~st.s. ir'luhd.~ t..ion wi n:. 
q.uickly (50 - 8'0 y!'.s -:) and. cont l ·nu~J l:y m!:>d:iJy t,he Gi.o~_sta1 ·contour's 

of the woJc'!d, 

rci\a.hge and deli·v·er -qual it:r pr·od-ucts .. 

T·he ei t .eets <m ;nav&;l . . o·pe:ra~iaJ'\8 ' .t:r:om this in.un<fa.t:ion <apply 

<::-·o:a•.$'~~1 JiU.J.ns ~H tai>g·.e.t. nations ar-e fnun.d:ated. la:rge e~pa.nse.s crJ 

very a·ha.l1>6w water (from 3'·6 l t. o.f dep..th :to the: i)fg'h Wiii,t$? ma~k) 

$t.lbniei>·i!led l:li~~ch o~'Qs~acl.es w:U~h perha:ps large ar~ils cd wa:te.r tlp 

to l f .t. in- depth beh.ind the:m. 



As time goes on~· the :fnc:r~_ased ener-gtes o! 

c.owpled with the ri.$e t n water l¢,vel wil 1 inc.rease ePosioh rates. 

Tt>a.nspol"t o! e.ros.io.n rria ter i .als may c:reate s ignH icant; sedi.ment 

bar depoaits o·Ushol"e usi·ng the tl"ansported e.l:'o~ion . mate:r:ial • 

.• 
As 

e .. ne-r•gy ,a,n.d t .he 'mea.'n se:a level increases 1 the qttcp:•at dr i ft . or 

~his· ,ma,t .eria.l { down beach tran$por•t of ma.tel"J·al due. to e<lge wave: 

The i>ncr.ease in wave ene.rgy atrd. ·,i\;.ea t eV.eJ will t:e,nd to 

incr>ease the bea9h'"s .sloPE! a,n_ gl~ i.tp t<) tl)e bi ·gh Wat,ep ma~l~. 'T·bis 

t,ype of erq.si-on ten.~s fiQ sc:l):<lP ot,it the .sand h•om. the w~t.er>--sld¢. of 

and deposit it. of. fsho:r!e t .t~. a. b,~r d:ep.os•;i.t . . As t i me. 

of so·m:e v e.hicJes such as t:he Landing Ct'aft .Air>--tu~rhio-n (~C,AC ) .. 

'l' tl:e e'rO'sT oit eJ.f e(Uni g-enerally Will ·fn•ereasie· the watel'r depcth 

p- 1'.1-:c~q c:rn the be,a¢h via l:C!Lrger vessels . 

l,ia.Stly, t .he inundation ot m.o~e protept.~d· a~eas wn:e.t>.e aasauH . 
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might be considet•ed may cl"eate natural Peach obstacles. as 

des<cribed. before. T;hese. obstac1 es would take valuable time ~o 

borizon assault concep.t. I.n many areas, even thouglt on1y a foot 

Many of these areas, pr' ~or t.o 

t .o a thic1< .mire when immersed anq tbti$ .. , 

tra1. f icabl e . 

aNr no.t easiLy 

Orte fl.n~l o:P~l"ati q.tial consl.detoation is the e! feats of 

C!J'langea: in atri:losphe:r ·:!..o temp.eratul"e an:d. cllemist~y on 

communications . . The addit:.l~n o't hig.he:t> l .evels o.f ionizing g .. as.es 

and Pc:\l"ti<;!les at. cl.i.f ferent atmosph~Pic intervals co.upled with ·an 

i)icrease in tlle t~ .mpe·*'attit'e di .i terence betweert lower atmos:P,ber id 

heat·in$ and ·uppe-r atmospheric cool in.g wil1 change tbe tt.a:t:ure of 

t.he propa.gation medium fo1' frequencies :t,n th.e: upper l.ow 

frequency 1 mecli.um frequency ., :and high fre:ql..ie.ncy hands. The range 

performance of tbese .s .ystems is particulat-ly SU$¢epta,ble to 

ionization e.:ffe.cts while other ban<is al"'Et .f<a.r. hss vulnerable. 
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CHAPTER V:I 

CONCLUSIONS/RECOMMENDATIONS 

Global o-1 irn:ate: ch~nge pqses <~, mu.l 't i face ted challenge to th~ 

Navy 'Over the. Jt e)(:t h·al f -c-entu.ry. This dia·li.e-ngE:! will impact 

nav.al .operat i ons , fac i.l i t ~ es ., anQ. ~·YS'tems. , and. eff·ect. N!;Source 

a .l ·loca:t iOn lit. 

Re·certt e',Si;Smate~ h.ave p \lt i:.h.e t :otal yeal'ly .expen!;i~tuJ•.~s tor 

g;lo:Pal cl.imat:.e c:lian~e a·daptatio:ns a ·t w:ell over< · • ~ o·o ,b.J.l.li:o.ri Cno t 

c:ons·ide·rin·g Lar.ge :i'nv:e·stm·e.n·t amou;nt~ · .frb.m t.h.~ pt'i•vate sectot-) . 

T'he level :of r.eq\fi'r~d I l.l:iidin:g :a.n.a tile ba·s.:i .c qua1 1 ty Qt t!J e 

i $SU$~ i r\.VOlVE;!d .WQ'Ulq pY.esStitt.e cCon&res.s t ·o :furthe>r J·~vb'r· ·in·tel"·na l 

-p'Lib.lia poLicy ls.sues over d.efe.nse. tt is , ther.e-J o:re, e$.s.entLal 

for the N"avy tio .. asse.ss th~ itP-pa¢t ot c l ima.te. ¢han~e on its o.wn 

·rea•qurce t'equil'emEHlf.~ ar1Q. the.tl cci.eteP.mi tte the r .equi're(j · ·bottom 

U.,tl$. · ~1lcpcat1Qn .n.ee.d.s to gvarante .& a su<:tc.e.ssfl.ll long; .... t$tnn 

i nvestment· stra.t~e·.gy' in 1 ight '()'i that. i'mp~ct. 

conf ·irms global .wa-rming as ( a ·ct or demonsf.r~t.~.s 1 i.nk.a~e 'b·etween 

nran and global war·mi ng ~ T-ll~.te 1s bowe've.r . a ):)rop,onde.ran·ce of 

~·¢·;i; ept3; fie d'at,1l Wbil:(l) ·$hO.ws. th.a.t a warmin~ trend i.l:r occurr,t ;ng , 

'r.ha:t u , is oec:O'rt"i'irg at a re·co.r-d rate 'and shows a·o:r•re .L~ti on wi t 'n 

h.i s ·tor··ic <Na.rmin-g tre~n:ds and gl'ean.nous.e· c'Qnc.er;:t;i"at,iocri$, l.s 

e:v i aencre enol,lgh. t;o warr~n \ se•r:i ous. corliCer:n . 

. CO.HCLUSJOHJ Current.ly ,,_ 

climato1ogist.s tha.t ~!poba-1 

there· .is a o·oncensus amoung 1e.ad in;g; 

warming· i'I:J <iccu'rr ing " and will 
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co.n .titfti;e due. to .ma,n' s c·ontr,i bti;t i 'ons ·t ,q the gree>rih-ouse gases-. 

Further conc-ensus· i·ndi.ca,t ·es a wa•r 'ltiing .of odean~ and .atmo.Sph~re of 

around 4 .d_e .gree Q_a,n4 ~ _sea J~_vel r.is.e of about L5 t eet. The 

ser.iotJ<sness of the l l!lpacts o! th.ese .changes " sh.otJ~Ci t :hey oc.cu:r, 

w~t' rarft. .Navy man.a:g'eme.nt cont:!ern and c;)verstg.ht; . 

. lt:ECO~WI>ATION! '!'he Na,vy .ihoul.d pLace itse~::t ·at the lead 

f . or DOD ·in supp.op·ti.ng resea"llch :a.n.d anal9'S1S o t the. suspe·ct:~d 

prob.le•in. 'I'b~- :imp:a.c·t . up:C:H1 ~b.e N~vy' s 6P!a'l'•aJ;ion.s and assets .wUJ 

be far g·l" .e:a te:t' t ·p$:11 at\Y t>t.'h.el" se~-me!nt o.f B-OD. ~he Na·v)? '' s. 

q·c~anogna;p:ht~ a:s.·~ets sho.'Uld 'Qe tas!(ed to .ass l s.t. i)l a. q'9o'rdln.ated 

t edj;IJ'~l Jit·ogr:am ~-o ! 

o D_e;.f ine th.e c'I'.it:ica-1 d.r:tdJ cat;Or-s iri :the trcea.nic ·a,n;Gi 

atmos·pherie: enNd~rP'!'lnt~P:t tn·ati w,ill PI'PVi.de. :a de.:f Ln1~ive a-nswe.r -as 

to Wh.et:hE:U• g.lppj;il War:1lli .h:$ l s ; o.c.curr :in~ ~ t :he 1'-a ·t~. QJ o'¢·ctirra:ncet 

·and the e·h<i- p . .o,i:nts o! 't 'h.e p.r.oc-e11s . 

o :Provtct~: c •pol'#i.n.ated.. acqess to o.ce-an:og;r .ap~lc ang 

.I!l.e~e q-rq lp,g·lq ·Q:~t -t:~ :tlaS'E!S avai l.a ·t>t.e. a..t Fleet- Nume;ri_qa;} c·~'Il:tet'. 

<:> .A:ss i: s/t cciviUa•n r ·ese.al"qh a.g~n,ci.~~ iJ1 d-fih:ing t .he ocean 

pt"o¢e.ss.es in ter:ms ot glt>ba i. 'q-l~I:iC..iJiatlon and r ·ecurrent ~~Et:nqmena 

f'or i;npu·t 'to t -ll'e ,su'l)e.ri·c .omt{l,lt~r mo,(i-e-li 'n.-~ ef 'f-o-rt. 

o ~ss i: ~t wJ tb c:o Hection o.f need'ed data· as col'lc~rr~.re.nt pa,rt 

oJ ltir<:•e tniss:io:n :c:ln not. to :interJere ba,sJ~. 

CONCL"t:J.S~O:l~-;: 'l':he .¢u;t?.t'ent. proJe·cted cl i .mate cha11--g~e p,o§e.$ 

s;:i:gn~fi<:-~,n -~ I'i.$k to navY: fa.cil.i.tfes. .Urrt;.i\l ,s:u¢-l:i ttme a~f 

d .ef:i:ni 't'fv:e evidence. is available _; :hoWever,. :tle~¢-t;i9:n s'ho1.-1ld be: 

1 ;i·mited to ste,ps WhiO'h tna.J<~ ¢q~P,.l_ly g,<:)tfd ous;ij1ess s--emse. CUt'I''eht 
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re.qt1i'r 'emerlts· ,. 

con.trol" In 

public hit~·rac:tto.n, etc-., undet> a :sin~l4:t $pan pf 

t]l.e curr.ent base clo~ur'e and bu'<;!g;et t:rl -nunlnl 

examine the criticality ol it.s facdi i, t .i; e·~. llot-li :~t ho,me and 

·abroad, t ·o ,develop a :ra(n~ed P':r~ority 1i.sHng of t :hoae faoili_ties 

by t .l!el.l') $tpat;!9g_ic ilrtd. o 'p~;trational importance. bonc·U'rl'entiy', POD 

s .. h .q,u.ld o .e Urged t.o appl.y eve-ry pr.essure. n~n:;e.s:sary t9 $aih :t.uLI 

c:o:ntro.J over· de::f.,en:s-e fac:ll:i tie:~ C!;h<i strlH(!Ti1J:·n .e t;h,ern, to thos·e of 

true. ll'li U tary a~~ ~tr~:te. gic:: t.tnport.ance .. Finally, the Nav_9 sh.o.11l.ci 

st,t?~Ve to. redQc.e i'ts f.aci.LLt:les- ~and ~nJ:ra.llt.:1'u.c~.ure _t .o t :he 

e·sse:n tial units r ·equired to f'ul {i 1} ~.av:Y, task~P:g, All me:th1;rds 

shaN~d Jo:.f .n-t t~·a:t~ii;J.es,. w.her .~ applicable,. oonsolidatlqn 'Of 

a~t;i vi, tie~, •¢ ·~p.a:.n.s.:ton ·O·'f ci"Ul-ren t e-ss~ntial s~ t~s tb ho:t.fs$ ali 

e~n.lar.·g~.d scope of .fun-ctions ... ,.: should tle ~'!(~mi.J:'l~'i.l i.n ord.e·r to 

:p.t'Od'Uce a C!OSt eit' ,ect'iv~. 1 tri~J'). .itiiuni ess;e_n:tial l.{;~.ting, 

}l:e.co·~NPA~ION'· : One:.e t :lie criti:ca.L ·must $\l.r:V iV'~ •, oase:s are 

identified, Jthe N.av•al 'F'aoilt'ties tngt.n.¢.e:rcing Co:niinarid shoultd 

d.evelop a '20 :year plq~ int·e;gra:tc~i:i facilities, ma·st·er> p.lan to: 

c,onsolid.~·t-e .a:n.d pt ;a)l fo.r effe,otive inves·t ·me·nt and 'tE;Jg}lnqiqgy 

~t.rat,:egie.S' Mi i:!etai ,l ,ed W:l thin Chapten Ill; the plan wO.t.ild ptfll 

t .oge·tl!ter the individua.l !acility;' s n.e~4s ~.nd QJ!ti~ize ·all.o.cati.on 

'l:'.he f oous Should. 'be on. a tope-= 



All fu.ture base 

c _c:H11!1 ider ·th-e t ·bt>eat pos-ed b,y ~u mat;e change in tbe· de' sign 

cbnsid.er•atiiO:ns of new fac-i'lLties. The CoJ1censtl~ da·ta .,, aa. d·et>ived 

via the CH o'bai C.frculat.i on. M941~.1s ,_ 

:R&COMMENDAT-IO')I_: 1':he <H·t it:e qf ~aV"al ReSe'a·rch I thro'l.fgh, i 1:.s 

toreigrt evat:ua,~io·.n t-eams sb.oul,;d be taskeo. to ga.tl1.er ~,:ji:forma.tJ .o'n 

a.nc:i Je:$~c:>t.ts f:P:onl $ome ·O:f th .e, .mor .e irrno.yat:/iye ~dap tl. ve -~e.ch,niq:-ues 

us-ed' ,_i n on~to i ng :pr•od ec·t.·s- 1 n tn:~ N:~th~el"1 ,e~:n·¢a . 

. may b!;! tnod.iJ ied,' :by· cli.mate c·nanse· phenolile'na .. ~h 1fh·e; :'fan no:rt'hern 

La:titude:s; c1han~es in sal irttty a:n4 'teJnpe.!\at·'Qfie wou1.d mod ii(y -i:.,i:l:e, 

.pr.os e cut ion methods .. 

·qeing veny to.ugh r :n, t.:he beg,i:J1ni .ng I yiol;lld ey:e;nt:u-ally ¥ i el-d an 

enyil'onment;i no:~ '14!'1•1'-i~.~ other areas• eft; tbe ·world once tJ:1e' i9i:r O'a 'p 
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.ra:ptd climatE! ch.ange and .accompanying mo.<iificati~.ll of the ocea·n 

•environment;. The push to 1 i ·nk ocean en:v •i'ronrnenta·~ data t .o r .eal 

time ope.t>ations , ·should' be qont~i:lued and tttodified as ~be ~rme~•g in,S 

data <i~i·ctate~, 

CONCLUSION: :Cur.:t•ent ship des i,gns u,se hi~·-toria sea co.ndit f on 

q.at.a f.o c:tescribe el\vi~pn.roe:ntal linii.'ta'tions on t 'he designs, l'h~ 

p.r>edJ ct~<;t envir>on:m.ental . c:o-tiditi.ons o·f gl-obal wa.r>ming w'ilt $tk~:•e,ss 

or e~ceed the cur>r>eat designs . 

invest,i:t{ate r ·eq.uiz>ed e:nv.a: ronmental desig<i'\: st.al'Jdard;~ ~.o insu:i"~. al l 

future s hip d·e·signs c .o:ns{s!e:r tn.e t>.r.~diC:te:d . en·vironmental 

co.l)'d:Ltlon:s wlth. in. t .Pe .it'· s.pec i f i¢.a;t;l ons•, shoul d de;f.i ni t·i 'It¢ 

EiV ~\ii:in.c~ eniEti'ge. 'I'he.$e i):E!.W .Spe:ci 'f i c:a ct,.fons •11\US$ eJoS';~ ~:r}g t ·Q ,a;,l l 

esS..ential .e.q,ri p.m_e;n .t and :mus,t t l!ans'l. ate t :hfl! :Rre~ i.-~'ted oce.an 

c.h.a:r-ad~::e.ri ·s·t~ cs -cnant~:S i n t ·9 ~~J i)'l.,l, t i~l'e enVir:obl1'l.ental des i'gn 

Mo.d .Hic'at\i ohs t :o th•e existing· preventa,.t 'i v~ 

r,e·q;~ui. r •eme·n t s sho.uld a .lso he an t :t oJ,p.a;ted .. 

CON¢LtfS.IO": t(ll s,uppor -ethg camoa.t syst-e·ms will 'be · e!!~ated 

py t .li.e predicte<i cl.i.mate chan~ :e·s. ALl weatiher,eq equ~p.m'eJlt Wi li. b·~ 

sU:b.J'eo't t .o shock, vibrati oen:, spi'ay ~. ~nd i~Ef~S'J ·O,n . C'o)t<iLt L<:in.S 

wh ic-:n, 111ay 'e'x-·ce~g i{ he·i'f.'o d.e!f±g:n r .~~nii.rei.rient.$ . Cer:tai:n top heavy 

~nxi /or' l~r g~ crq$$ -·s e¢;,t ·i9n e<fui ptnen,t .may enc.o:un.tet" aond i t:ion-s: 

Wh;i ch e)(¢4;\j~<i thej, .. r- $iesign re:qUit'e.m.en 't s. 

·:aJCO·~~T!O!l!' sys; tem~; C9.~and$: ·lnti~t. ~ri$trre that pro,) ected 

ertvir.on)nen t al. aohdit.·iohs are .accfoun .ted .. Jot" i n th.e 'des{ gnS, Of new 



equ1pmerl't. In cases wher.e ·the pred;icted ·coJ'\di tiohs 'Ptnlld arr lve 

bef,0 re the expcec~.ed end of: e·qui:pment U .fe cy-cie, engine:eri;ng 

... 

The~e 

l .ying, ., s~metimes forested, co.a:stal a'.r'ea.s.: These el{pand>.ed regions• 

•o:t :coa~tal sb~l.l :(;)W w.a.:tel' wi 11 f!Xteri.d 'S·e>me 'ba:rge,t beaches 100 km 

.ar~· !l.O' m~.P:Plpg· _:g~rta q)'' pr,(:) ,dti~ts ·of s'tJ:f.f i<:U. ent' .t'esolut·i ·<>n. -' - · three 

JeeP ~r Less - - Jol' ·top:O~r~phic ass·au..lt ·dete:rmi -na t'io~n;_, '!he d,:a..ta 

use·d in .the const.ruction of maps al)d char~$ a~·i. 9 ~s in. var}ling 

fo:r.rna:i:i-:s an<;!' m'E!d ka an<l i,s pot re.ad.i.Jy us.·a .ble t '.o prod·uc•e: merg•ed 

'be 

al1o~ate<il S9~f~¢,i: en'.t, a~t;:tet::S ,1;;o prod:Uc~e htgl), ·re.s :oJ·utLon products 

di N!,Ct to ti,~l;e u;se.r i on ... l .lne syst.emS: shou.ld be conSidered j!i$ we 11 

~$ optic.a.l d:a·;taoas~ p:rod:ucts oompa'tLble with ~merg~i:lg ta¢ij:i.ca1 



lis tin,g of -pro:bable targ .~t qq)Jn:t;·:r.tes., a.ortl:fuc:t~ng: miss 1 on ana).Sfsis 

eH~:>-rt-s to det:ermlne pos~lhle ass~ult bea.·ches; and 'then applytng 

a.n tnexpeJfs ive a.n·d rapid methodology t .o det:el"rnine i.t the ~;~ub.Jeot 

b,!'!ac·h i~ v·iable for a'ssa,ult. 

RECO~NDA'l'~.6~~~ 'Doot.:r-tne- for :the amphibious ,as·sa:J:lJt Jil:~s·t. b:e 

neex: .• ~Jnipe4. itl 1 i g:ht; ·ot g.1 obal cl tma•te· 'C:ha:ngfh As.s'iii.ll\P:ti<:ms il;s to. 

the req{li,'l" ,e<i paramet-e-rs-· for b:oth th:e itra't wave and f.:o11ow'""on 

fo-rc-es wil.-1 b·e cha.l.Ien·ge& b:Y the 'h:E(~r enV'j.J~o.rdnttn~tal conc!J,:.:tions. 

~oii_le tra-rg-e .t, b·~:ta-ohe$ n)a.•y be fronte.d by· -many kilomet-~rs p! ·varY. 

shaJl c>W wa.t~r', .1 i :mit·in,g the ,s ,i:z,e an~· t.yp·e o !' ve-ss .. eis. ~pp:rc:l':ach:-ing 

cl·os:e to; sh,ore. Recr~i-r,e _d: l :en.gtfl;:s ,q .f :ca.ttsew&.~s and su,ppol't 

s t'ruO:tttr•·e .s tor qebal'lsJn~ l}_e~vY armor a,nd: .s :uppor·t eql!J ,pme'Xtt ma.~ 

c P..ang e . 

w:i.l1 

mocUUC,a.:tio:n$ t,o. a .tmospheri.c c.h:e.mt s ·t ·ry su-ffiCi<ent tp ~!'feet 

ion~ z,a.t .i on l.ayer•in~, an.d i.nt~·ns·~ ty. ,'fbi s. ~:ql)J<;i deg·~a:de se.v,el"al 

t~pes o>f long . ..:ha\:.11 9PtnrolinJ;c;ations, 

'St;i'pl;>or t ope~ at ions, such as q::g , <:iep(!)id 

opera t .i.o:n. 

on the •Va:l"iQU$ atmQ'sp}lel"ic•al:lY· depende:n:t. supp.ort ope'ra·t -i-o·ps .!. 

Tfies~ $hdt.il .d lulty ad,d.ress 'b'ot.h . t:a~t±ca-1 and sh,r·ateg~c :!fup.p¢ . .I't' 

opel"ai; i ons. 



~pp:roximat.ely 2500 yea:r/s ago, t.h~ ap,¢ient. .Meso.potamfans we:re 

faced with thei:r c:>wn envi.ronm~hta1 erisis. Fo:r years, th~ir 

agricui~ura,l land nad util.ized the salty wate:rs ot the El.lp:rates 

and Tigris r.l.v.ers to i.rrisate their lands ~ bve.r .tbe years, the 

1 and became po±so.ned as t .:he salt; con·tent. increased.. When fao.E!d 

with t;h:f.s' tnreat, these peopla simpl.;y abandoned their J.<t!lci and 

eftectiva solu.tion to their pp.o.t>iem. 

Tod;;ty, t.h.e ¢oa::d>,aJ .t'eg.:iorts and. c iti e:,g are again under t~I'eat 

'by t ·he seas. 'l.'he courttt>ies and cities of today, nowe .\.rer. are 

l!lU~h l~se abLe to ~ust move inland tha}l i}l past c;.eht\ il"ies or .even 

rrec:rent de•cades. The ict~;vestn)~nts, E!.%:'fd: t>as i s of :the 'C'Ul t.ure is mucn 

b'rQ'ader and mot>e cil.re¢.tly Unl<e.d to th!i! geographic i ocat i gn than 

''befo:r ·e. Today. however, there .exists the a'bi li tY tQ see th.e 

indicators .and b•etter. rec.ognize th!i!n'l fqr W'h.S,t t:tiey are. W~ also 

have . the sc.lent:i.f La an.d eng in~~:t\tng t~l~nts to lind ad'apti v~ 

s·¢TJ,.l.tio;is; 

Th.e Navy· rn'-!St ta.ke a.·dvantage. of tl'le$~ S·J ~ta. et.nd reaciy its.e.:l.f 

to enter the next ce.ntl-lt'Y • Tb~ sect!r'ity cH the nat! on atrd l! ts 

izr~ ~.tl~m::.e abt'p~d depf!'.ri.d o.n a strong Navy ami the ab·i 1 ~ty tg use 

that fo:6c~ wbert a.hd where necessat"'y. That• ab.i .1 i ty is Under 

thr.ea.t fro.m the very environme,nt whic·h $1l'~wn'd i .t. 
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APPENDIX I 

E'LEMENT,S OF ct .. UiA.'.J.'.E CHA.ll'GE 



A. 'l'H! MECHANISM. 

TJ;le: oc:eans , 

tee.d .backs and dependeneies , :Normal~y. changes of ev:en ·,smal l 

~n:a&nitude occu:r :0\'e:t'o· t ,hc>us:a.n:dlf ei:r tens -of "'hotisands· ·o.f ~ea:rs. 

'l'his, be.:r .e.tipfore·, slo.w' ·tate ot chan:ge is the. key conce:i'rt foJ·· 

'<3c¢ur.r ·eq ov~:r tb~ P~.!ilt ¢en t'ti'r';Y·.. Tlll s oltange woui d J)a~'-!l"ll .l. ly 
1 

oc.t;:tir' ~v'ell a.. ·s·J:i~h p:f h'!ln~r~d$' t·o tho-usands· o.t ye.ans. pr. :Y'.ohn 

:S•.. HoJ .:f -man, the Di:r·ector cd tl\e. Environ' tl\e.!fi .t.~l P-p¢t~cti¢n Agenoy • s 

:<Ho};:jal -_A-t·r;no:$·P11:ep-tg l'-ro~r·a,)rt , ptJ::~ .it b~$.t fo:r >th '~ N,ev.i York Times ,, . 

.W·h!i!n lJ!'! Said , " ,, .• , We may be mo.viilg 't :bl"O<U$::h an ·e.n·t .ir·e geologiCa ·~ 
> 2 

ep¢c.fi . i.n a .i:d ,ngLe century·.' 

'Th~.e g:re·enhouse e f:fec:rt . has be.come. the :PC>pul,,\\1' phr:ase us:ed ·to 

de:!'lcr i 't;e ~ .he g·r·a.·d :iJ~t J:fe.a.t: ±n~ pf th-e• pl,a.n~·t •·s· jLt.'mQ.S·phere due to 

•. 
me .. thane. The,s .e tase·s and otb:e-r t ,race el~ _ments ai~ loW '!il;'ia l.3,:wer 

:;L.lloW.ii'i'g' heat to e-nter ;put. pr:ev·enti:h~ ·soma of i t , h•om returntn~ 

.to .space. I n fa.ct .. ,,. the :sre'enho·use· e l fect i s a . natural l y o.c,o_:ql!£1\g 

£,unction ·of t :he at.mosph~·re; that a.'i-lo~s .fe>x:> tg~ ~!'x·i·:stoeil:C . E! 6'! l:i!e 

·~·· .~· 



balattce, The ,S,un ,constantly bathes tl1e .Earth in rih.lltisl?ectral 

atmoSJ)here. ·T'his value. iS, lq1ow.n as 'th~ ~ci la·.t' oo.ns tant. ( ac,·tua;cLly 

t :hi s value 'is ht5t a dC)P;$ta)'),t . but Va:l'hs aonie t~nths ol a P~Pc)~nt 

oyel" ~h~ e ),even, :ye.a,I> sc>la'l' ! l :uo·tua t ,fon pet'iod or sun.spo>~ c·y·ol e . ) 

The e·iii'\th i .s nc;lt a fLat disk .o.<f fixed dtamete'r' a.nd. area. lt Ls, 

i'l.U'Jjl:b~rs i ;ri p~:r'~·J\ t :h&$·e .lf are p.~roen:taSe·s af th-.e, ~.'Ot~l 'itlcomln,~ 

eite'~gy a:nd no,t wat/t s. pe:r squar·e mete·r .c) 

As :th~l s :energy t ;rave ,i :;~• tlrr,o'Q.:g'h tl\e Upper a.tmo·scphe~e- t the 

$'a.ses in the atmosp~ere al}.d ·~{ll~ sho:rt '\!av~ .Hii\g~ll: c:haraoteri :st:f .os 

<H t~re . ar'r i vat enJJ;t;•<g:y•, t 'he maJorJ.'t :Y o.f ,s·ota.p :rra-diati pn; fi'~:~e,$ 

back :to space bY,' a •t:mos·phel'ic p .rop,eJ'•ti,e!· - .~ ! ·err the mo·st pa.rt, 

gl-ot.J.ds . Tlr~ e:tmosp:l;l,e.l'ic ga,:s,es ana pa:r.ttc'Ies abs·o,r 'b an¢:t;h~:r 25 
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FIGURE 1 

G!tOJJ~L ENERG~ BALANCE 

t....:n.:pav 
Ala.IOSPitLRE j~l 

Qul:~ 
J.lf~D 
fW)iA T\Qt.j.(701 

Source: Schnieder, . Stepherr; Glob<:iL t.Japning: Are tqe Bnhering; . ,'l'he Greenhouse 
Centu~y? ' t Sierra: Club :Books. 



th.e planet , 

the earth radiatoes its heat to the ne:a'l"' ab~ol:ute: zel"o, o.t space. 

How.eve.r ·. ·ra;'d.la;tion w~ve.lef)gtl~. is inver's.el;Y p~op;orti'ona:1 ·to the 

.e-ner~y per un,i t :a .rea is given of! and the long~r the w~ve len~th 

·a.f · th.e re ·sultan.t ~adia'bio.n .. i The $hof't·-wavH,~ngt.h ene:rty hea t s 

tlt·e sur f'a<; e a,n'Q, 1~ ~he·n ·.r~"'rad,i~ted a::;. Io.ng;,...waVe in.frared e:n.er.gy , 

lo:n~-wave radiation. r"n the lower. at.mO'·spher~ , tl'ler.Q.. e)(ists a . few 

t-,r-a:c;e gases wh.Lclr• :Y!h.~ l ,e compos;ii,.ng oxiJy a few pe;t'cent. of t.n,e. 

tc;ta:J m;3,Ke'~P $if ~1'\e: ~ ~rrio$ph~~ e" poS.ses·s: a si gni !.icard:.. ab~i l>.i ~Y to 

ab:$o·r.b 1 d:n.~-wavE!t inlrare<t energy·. 

~Refe.rr .i:ng to f'i•S:P~e L, · t:h~ ~~c{J ·a:t:ton ~mi:$,siQ,n. ~J·om t .he. 

to t;ne; e~f' th &ue to both ~ change in the p.rop-.e~ti efS, c;!;.t the 

•co·:ut·go•ing ·radiatci on and t .he wa:y the a ·t •t!lO 'spheri¢'· tl".i¢e gaseS: ac.t 

:Ufii ,ver>$:'i.'ty · ,ot ,Ch'i¢:ag .. 9. Jt.i:s me.as·ured th:e cu:tgo i;n g l:;l:}. t:~ar¢. <;1 
:3 

't:·acqTat l, on: ··as s:.eeit .f't'.om spa·ce by siensor·s on otib,i t -ir!'g, s.a:t~-l.J it~$. · 

:H·is: team mea:sut"ecl :e·n~rg·y· eqtfi valent t.o ~4.0 wa~;t!~ pe,'r s-q·l-iare fuet~r 

'being: ::p ad;:i~t ·ed u:p ~.:ro-m the. pJ ane.t ,· or: ~p:prox tmate, t~. the 340 w.a·tts 

crt s'ol~r a .~ns·t:ai)t P:ad'i •a tlo.n. mitius· the 30 .Per·cen·t o .f sliil' a p 

appr o:x i .ma te ene r. gy equi 1 i brJ qm an& :a on t :i~.Inl Wl1y t ·.emper atur:e 

.cha')'l;g~ ( .s -r, .e) at·i ,ve;hr s:l 'ow·. 

~s til!i! :nt'~ o:ned ~e :f..ot'-.e: . all boiii es no't at ·a.:b~tolui,:e ~~po ~adia: :t¢ 



tempei>.a :ture of the ea:rth is calculated, :based on the: .:H'rl!'t.ted ~46 

watts p·e:p. s.q.uat"e me·t ·e·t" o·ve:r the ~00 tl"illio·n sc(ual"•e rn~ .t-.ers o,t 'the 

temp.e:ra tu;-e would 

'However I i { we compute an averag.e. t .eJn.per:-atUl'e based 

Thi .s • (i~J fe.rl1t:nc~ .of ~q c;legre.es c C&O 
4 

deac:rees F> is due to the green#ouse ¢f fEI-ct. 

'The ?olap l;ie{l:t; abs()rb&d by: the e:~rthJ s surface .i$' g'i\rEHi o.ac.k 

t;() t; ·h~· atrilosph~.re 'throut.h the e.va.por:a~iol'l o.~ wa~a~ ~ :cQnvec·tlve 

l'tea t ·lng oJ the .air :by th~: w~~m ~QJr'• [acf~ it:hermal s.~ , an.d b.y~ t •he 

em-iss:io:n of 10,4 :t.nd.ts o.f inff'a.r~d ene:r!y (see: .F'i ,gure l). 

H·¢¥~E!v:er; \ ~~e g't'e·e.n;h(!'l.ls·e ga.-ses an:d panticie·s '(most/19 a~$rp.end.e.d 

wc;tt .a~· 4roj:fl et$J .absorb i ·n.f :l"aned e:n~.:rgy; t .r .app;Jng most .o.f ·this 

vapol' .. 9arbon dip)(ij:t~, ·methane, and chlol".ofluorncarb-o·p.~: ,..;.. ax-:e: 

.c•o.tnp.Q~esi nf mole.cules .having more than ifwo a~o:m~ ~6.&. lik-e all 

.a,trd . 

fihe add·i t. ;iQ·n~~ ~'} '(l~gree~t C ('t~Q de.gre~ FJ nee.ded to ba'l,~·n:<;:e 'ttbet 
' 5 

ob·~1arV~tj,;ortal P.~t~ aft'd .make e.a.rtilt habitable. 



.many years.. T.he g,reenhouse e .ffeot is unde:rs:too,d 'and a.crae.pted hy· 

e ft::e .cts o t those al te,rat :tons. on the cHmate, ~'rld at· what Tate 

:chemist, 

atm¢l$:Phen i ,C:. oarbori :d. :lox 1 de and. _g lo:hal ina:reases it). t-empec:ra..t l..i:r ~ . 

Ar.crhe.nius : calculated tha ·~ a d.o~)>~ :tn•g .. of, at.m.¢.S:ph~:ric ca.r 'b.on 

di ·o~ide wol.!.id \ea:,d to ~; :r-_i,~e it1 r,·:p..e. gl;.c:t~.al a:'ite)"age. t-.rnp.et~.at;ut".e o! 
5 

an·d. lon~-t.e:rlii atmos:ph-er·ic c.at"bon dioxide. le'Q"l!' i:E!; "h'aV'e pe\{e.a:Ieq .a. 

s;.i ,~n·itfc:ant link be.tweeri the arqq~t,lnt;. Q.f ¢l:l::r•l:ioti ;<;Uo~ide in. the· 

a~rnosphe.t'e' ~.nd. 'tP'~ aveP. . .age.· gl.o'bal te'.mperaJ~ i.J,t>e . 

l,rli e 1 ev~rl has oe .en 

c¢:nlpl .eti~ $:1:to :~t,., •t;erm. rec.·OPd -to .d .a te. 

l'!re· lo.ngwt e:r:m stud±es ·were ·cq,n;di.J,¢te~ by ·analY,;:tin~ a. •i'P 

l:niibbl:e:s t'tlap•ped w,i~.ttin i¢e q:o:r'es q,bt,.ain:e.d' it:t deep co·re. d:r·1'111mg 



it traps about 10 percent of it~ volume of aLri. Thus, when a 

cHimate htst(;lry of th.e re~ion i.s obtained. 

Richard B. Alley .at P·enn State UnivEmsit;y, ice. <::o:r'e data Is t ,he 

only known rneth.<:>d tor:: obtaining information ~h the a:tlJ\o~p:h .E!ric 
7 

the ria.hes t 

}l.i;~J;;ory •• 

The two studi.es , .represented i ·n Figul'l'e @, .~~$. ap;pS.rieht the 

1899'~. 

exponential rate. The Ma-yna Loa data ,snows th.:i.t atl'llo.$phe>ric 

19·58. to its pres~l!"lt Value of ne·arly :355 ppm. By e~amining ice 

cor .. e data, we can see a Low ot less tl:lat Z:OO PPm at,mos'p.herid 

some 18,000 

the yea.r 2000 ,, we can t:he 
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FIGURE 2 

'l'E~EAA'l'URE/CARBON DIOXIDE CORRELATION 

I 
~ 
"" _l · :::: 

I 
! 0 
-2 

;~ ; -· 
~' -:2 .. 

C02 

1920 1'*40 

Source; Scl'lni.·eder; $tephen.; "''rll.e C::h~l1q:lng 
c~l.mate''. ,sc:ient;i.:£~e AJ:nerican,,se,pt,, 89. 
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tl"~ndS( is b'est vocalize·~ . by: Ralph Cice!'o.ne of. t~e !l~t1ona.l Centel" 

~or• At:~oapher.fC! Rese:ar>·o.h. <NCAR), 'Now thts is the Poi:~t! It:~ all 

of l"&col"d·ed his·t .o-l"y, in• th~ seJ},s¢ ~li.at we .have real da··t~ going 

back J.s·b; ooo year·s, t :h .e -earb:o.rt di·o~ide level. has neve!>' b~en a:s 

W.e 'l"e .~t ·about .double what 

lt haS. p-een bi glaad'ai pen-iods· .an'd abo:ttt t.we:nty..,. f •i ve p:el"ce.n·t 

h.ighe·r than carb·o!'l 4io.~Jd~ h·a·s b.een, in w~rtii times be-lo:v¢ .. .s¢ 
a 

~h~ ffiaj o;r sbul'de:s ;tor· c.arbon di·oxide are th'E~ b1.lrnin.~ of 

tos$il fUeHr and ~:lo,bal Ure:s. Mo·re than Jive b.>ilitoh ~t-ons of 

ca.rb;o•n WErre released lrom, th.e i:?~rn ;ing tJJ fos·si 1 !·:tiel s in 1:9ea ,. 

'the: t1niite4 State~ b~ing l:'e •s,:Poi~sib.le f:o:r ,o,ne- £ i.f th o:f 'thi ~ 
-~ 

AcbordJ,ng to Joel s, L.evi)1e,.. ·at. NA~A~s '14An,g_le,Y' .R:esear:c'h 

Cen·te;r·, ~ g1o:ba1 fl.r-en~ · lll~Y ~9v~r as riit.J.cl\· ,as .:f iv~; p.er,cen:t tr.f th~e 

~:o s ,ev~n~. Y"" fiVe p~:rc~.e·nt .a.s m:t~c'h .carbon .dio.xlde: a$ ~h~ :l;>~-rnJ.:ng .of 

:H~-ss •il .!4el$ , :once be ll.e.ved t :o. o~ the 9J'il.y :s. :i lgp,~ f',t;dari.t S,o.urce of 
'10 

carbon cl.ioxide. ·• 

i :n . th.e ·gre,enh•<?use g,ase~ are Jn,Etvi ~a'bl.e. . Aecedr-dinS ·t .o b~ ... M~c:P,a~ei 

r.fcElf":o.Y~ ~ha.)rtn~.n :C~f the depart:ment. o! E.art·h ·and Ji>l~:pe·ta·r~' 

SdLeiJ.¢e.$ at Harvard Universitjt, ' :Appro>,d.mi;L~eJ,y J'!alJ -tn·e c:arbon 

sinc e t:.he Im:ius ·tr·i· ~l ~Efll$lU:tidrt pe·'r's;ist.s 'in' t.'he a~tma>sp·here 
u 

tod~y •. •• •. --~· 



While not as plentif4l, b.y. volume, .atmosphel'i¢ 

c.apac:i ty . 

•. 

¢:<;h'lcen t:r'a tl.on :c;, t ll}ell't:ane' .Ln th,e "'·tmos_p'hel'e is now a.:bot.t·t 1 • 7 ppm 

,.,- ~ibo\1.~ ttwice as: hi.$h as it has e·ver be~en, oet ~*r~ ~.,.. its molecule 

i .s · 2$ ti.mes more ef Uei ent .~·1i infr·~::r~<i a-b.S:o'l'p.tion ., anr::f .1. t 

anJ mal.s·. Th:e ~v·e·rage a ·o'W 'be l che·s up to 4:0:0 l ';l;.·~e~s oJ trie:thane a 

d,ay and, .given the number>' o{ c-at.t.;~e on !lfar<tb ;. the anm.:~ar :r i eld ~·f 

ble re~~o·ns:ibJ>e f\or r :eh:rasin:.g so·me ~p;O m~l)i .on tons of me~th:ane 

"Eraoh year·,; whi.ch \'JO'l'Jl c1 ~.tct9''lln. t t~. t .t9'.tli <?.l'le:-thirci :to -on .~ .... ,:Q:~.,i .. f .of 
1:2 

'P.tr:e. to tal ~titlol?J:>.he~:j.g JP.c;::r.eas:e. 

NUi;rous o~lct.es ·al"e f..,t'.ac·e.· ~·ase:s· ·:bn t}+e e~J.N~'Jn~ -- o.n.l:y a .b.o.ut 

;$50, p.a·rt s peP 'bi ll ion \('p ,pb) • H ~ t!l oqs ~:~l.d~e mol.e.c U;l, e:s ,,. h·o.wev·.::rt> , 



aa:rb.on dioxide molecules. Fu:rth.ell, n~tt'oqs oxide p~:rsist.s . in .the 

the bl!rnln.g of tue l s that contain n~ t.:rogen. . Ctirl"~nt estimates 

·put nitrous ·oxide e~rniss. ion. l'! at: about fiVe rnill ion ton.s per 
13 

year. 

CFCs Illa:ke up an even smaller trac.e :g·a.s •• about 200-400 parts 

pe!l trl. 11 i .on Ippt}. Each· rnoleouH~, fi()WEfVer, is 1Q, 00.0 times mo!le 

i!!f:f icL~nt fat' heat a.h~o:rpt:ra·n than cat>boh d1o)('lde and 'Pet;~.s£ .st):t 

ozone .• 

Tl:le p;re.S"ent rat.e. of hrc:re.ase. t.o:r t1H.s .g,as 
14 

lts able'£ 

ih¢te.ase'd 'bY 2.5 Pe'rqelit sin¢e th~ stal't of •t.he industrial 
15 

·45 



:;,. 

... 

D. CLlMA'l'!£ PREDICTIONS. 

ALthough pre-cise PN'i<:hcr~tons con¢erni:~tg Lon-g-term gJo,baJ. 

·climate ar·e still not: possi,ble, ay:et-a.g,e glob.al conditions at}d 

tr;end.s ¢:iil.n be. fo.:r',eoast by combin.ing- the result's of large ~ca:le 

Gen.eral Circulation ,Mod.els (GCM), pa~n. cli~<;t,f.~ h.:i,stor.y, and 

Ls: 

occ·uring, that man has made. a sign.i fica;nt con·~l:'i bt1tto·n t •o the. 

cfhange all'e·ady in ev·r~·ence, a;nd ~hat man l$ ttast.eni.n.g funth.e·v 

e~arnp,r .~, the;. :r-ise i .n temperature is grea.teP :il'} highfiir' lati, t,t).-Q.~s· 

·than in lowi is. :g·}:'eate;r q;vet-r. cqn~ittent·~ ethan· ·o.ceans, and ther·e is 

:eo:c>J,i n 'S in. t :h!ii - upy_eJ' a;t,m,O,:~phe"re: a :$ t~he lowe.r at.mosp~~r~ WaPIJ)s 
1~ 

tip.. The J?,r 'oJec•t ions he ref err,ed to: are p.rpd:ucel:i b.¥ l~~.ge 

Model:s: ar-e 

'idmi,t~Q. by 1:11e ,q~.l:\iP.H~)(it .i:e·J:f of t:h:e pl'oces.s to h.e.· nep·l'e$~nted, ·~'h:~ 

ciompJ;,(t:att.cm·a.:l p~we,r ·t--e-~tulria·d to. reso l ve tho-s.:e oom,p.:le·¥it·ies, t 'he 

a$f$~mptio:n·s ·t:na.<fe to either s :ic~nplj (y a •'I';ep;-~sentafiJ;,on o-i' to 



and in 

R'ichar4. L.ind~en. .~ f the. Massachus:etts lns t -fttute <:>t Tec1molog·;y, 

one tff the inoS't outsp.ok>en c.nitios o'i -g.lo't?a·I w;aJ-ml,n.~ -, cot,);o•eded 

tibat warmin~. of the p1 an.et wi 11 con. t.·~nue. 

th'e l1n.i yevsi:try of c;h.Lca~p. r •ep·ot>te•d makf.ng the :f i:l•,st dil',ei!t 

me.a:s'!;.it'~i;ti'entS! ·OJ t,h:~ hea.t ampl U i;oal:.ion e:ff:e:qt b~ Water vapor in 

tn.e: This which :(7 '', ·.· 
directly con<f i :.rnt the in·ar ·~a~~- !on greetihQu$;;& e!tect p:roce·s:s~:rs -: . 

~· ·n·ear 93),li'ceri.~ .tl;s .~.*UJ•s· th.at t'h:e earth w:!..il wal"~ :b~ a:P·<l.1iJt 4 

de~:'PeaS. c ()ye:r trhe next ce.ntury ·, as t1{~ S'Pe~ilh.Q'u~e $&S te.v:e 1 s 

,in.c.reas .e. ln writing fqr ·s'cience. !M.'gazi.ne, Dl". R'. :Kerr :st~te,,d. 

.the 

co.nc.lusion of a q;e.nt.ury-~on.g gtob~l war;mir:tg tr .end ·of a :tial.f 
··· is 

deg•ree {J Ol' ~fo :; onJy th~ d.!!tt&il•e.d ValueS have bEfen qtl~~ft·iorteU. • 

Dl' •. .M~r~ M,e • ..ter, oJ t .he Insti,f;ute ot A-rtie ~-nd .1\-lPln~ ~Rf!Sie 'a>r;cb . ,. 

~ Ltes one otlh.er major feature .. of warming, · •· • ,. t.h~ co.no·~nsus now 
IQ: 

·is: sea level will Pi se ~:y a-Q.q\li; ·a hfo1:.. i)f th:e. ne:xt C:&nt·ury .. .• • • 

i ·s a.ttrLbut·e.d prLmariL:y 1!;0 t~he buhp.lng cit fos,sil fuels· and 

'b :~qmass d.~·st:rt.~c~i'·on ;vhio.b .release th.e .stored t'reenhouse g.·.a.s; 

... 



¢1 imat.e .dihang:e over 'twe·nty y -ea:rs, 

weot~ ;e used t .o ,gra.phi.cally r>epr>e.sent t~Jha-t ;!:.,he. oJ iJnate ~,n:ight look 

1-1 ke thro1.JS:n a 20 ye~a,r period as. t ,hEt atmo.s,phet' i c carbon rl.tox±ae 

less ~a~tl'l· : e!Jl'itt~:d ra4.i~Uort :I'e~¢1\il),g t;·he :upper atmosphe:r·e. 

~in,¢ ;e t}l:e .oceahs :?o.ss;,es:.$ $riJch la:r~e· h.e:at C!apaoitA~s, ;nd.rc.atigns. 

cH si .$ni fi··cant heating and the· attainment o{ ~n n.ew . eq.\H:l i. b't'ltim. 
' :20 

s ta t :e may- .la~ the a•tmo·sphe.·N! by as much ~·s t,h~e:e d~cade~'s. 

tt i s now estl~te·d · t~at. wet :ti'oP,ie!al ai'~as wC11 b.e:co·rne 



Ma.xi.lltUl!t ht1l"r1c:!ane st21engt.h wfll inal"e·ase wi tb winds <H 22f;> l!'l.ph 

aa·c;ompafiied by highe:t' storm sul"ges. These sto.r~. w:t..ll oadtll' with 

more fl'equency a.nd the hurrfcta.ne S'eason Will. i)l'o'bably cover a 

larger part of the yeato, 

Large pol"tions ot the high. latitude glacial fie.ld$ maY' trielt . 

The al'c:!tic i~e c.over wt 11 recede ·far 'to the nor'th. Ocean 

c:i: l"ct.llatio.n patte·rns, fl"esh wa.teP in.f Lux, !ron t and eddy 

generation, 

mp<$i ftca,t; i e>ti., 

and the maj Ot". ·ocean c:u:r:rents a:re SllPJ ect to 

Unfor ·ttinately J these trends <!C? s~~~ {n,~Vit~"Ql .e .. Nc;tw that the 

warming has begt.m, its l!'I.QJl'l&,lltt1lll Wi 11 be. se.:l t $\.lS:tai.n ing. Even, if 

al~ greenh.O'USE! ga$ elni.Ss i O'n~ WE!Te· hal ted immed i,ate.ly ;. the p:{a..~et 

would conti,nt.le to h.eat d.ue to the h:ngth ot time t>eqttil'~d fol' the 

oce.an.s and atmosphe.re to reach a new. highe:'r tempe.l'atur.e 

eqt.Ii li brium. 

Tne p,n'kbo'Y.m is th.e :r>ate of change . How much time wi 11 ther>e. 

Most 

chma•tologis.ts agree that, Witbin th9' n~~t; ~Wo decades, we wllL 

1i<lVIit ~no·(lg.l:l definLt i v.e d.~ta. t .o $tate the warming, ext:ent and n)a:ke 

fairJ$ havd p:rediction.S on t .he .global eff.ects. ~b~eyer , tn~ny 

he Lieve that we will have waited. to'q .l()r\8' to: avoid rnaj o:P 

dislocation, h~nd~hip i ~ltd con! l.i:ct -- on a s ,cal e not. as ye't se·en 

by man. 
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•Pl>ENDlX II 

CLIMATE CHANGE IMPACTS 



Changes in ,the av-e.rage gl, o'b-a::l t~mper-a-t.ure, of Just a few 

deg-rees, would produce. t:remenqg~s impacttj on soc·.iety. pyr_ihg ~qe 

last \ice age,. Ylh~n most of the northern hemis·phe-r~ wc;Ls bl.ank~te¢. 

bY l,: ce and sn-ow and th,e glacial s'heet,s .extended. ove.r a large 

porti.on of the Uh•::i:ted Stat-es, t:Pe glo.bal avera.ge te.mper~t.l,.lr-e was 

.only fi;ve de.gr·ee~ qp·oler tha;n, at pr·esen,t. Sea -Level;s we:r~ .33Q 

feet tower t -h~l1 ~t present 1 due t .o the hu~e amqUnts oJ W:<ft.er 

fro-z:en .;into' the; g.lacia1 ice s.he·e-ts. Dut>rng the ¢:.oming cent,ury, 

the climate may: warm by· a bol,.lt 4 d,~gree .s C.. Wha•t foll·o~s is a 

.comp·osite- o! a:n -t.Jt:ip~te·¢ .i,mpaots derived !nom numeN>.Us sou:rc'es .. 

AU .ar;e wt thi.h the bo•unds o·f t;he ai.:mos•p.il_er i~ · chan~tces and 

·t;errip~ ra.t :ul'o·e incr-eases .di scuss·ed 'p'P.eYi p\,l_sJy: .. Most .a·:r-e su;ppor-:te_a 

d ire.ct,ly by GCM p·redicf.i ,on~- of prol:>able c'l iroate J 'utures, th~ l!·est 

py i rt(f,·i vi:d:tJal: re.s'ea:r9l:l ,. s tiidy, a:n:d .expe-rt opinion-. 

A . WA'l'EB R.ES.(iUlmES • 

Large"'sca t e changes in ra i n.fall dtstri -bu:bion a)ld dro·'-"g:ht 

cc>nqlt .J;.on$ wiU occur, .given an increasE! in g:lbbat. t~mperattJ're of 

four d:e,gx-•ees c. Worl4wide, ev~:F>"<>rattiO:n Will Ji'\c;Jiease.c; .. .. however., 

t;he c:i::e.pos i t ·ion ~f 1rain ~n\i sn·ow ·wi 11 inc,rea§e in the· l ,owel' 

la. t it.t.rd,~$, 'l:n :Phe ntgl;l:.er lat ituae;s , the GCMs 1 ead c.H nrato} o g:lsts 

'to ;ant.4 ¢1.patre tliat place.·s alM!:ado/· ;prone to .dx-ough;•f. . Will b~,q'o :m~i 

even drier an.d tne·re wfll be ·il'l'¢'I'~_as!:!d ;incl,d.e.l'\tos of ver.f .dry. 

years in e~ishtJ,g t~:mPef'at.e ~.g:r~¢l;l1t1.i~al. .areas. Wet tropi..cal 

l ·oca.tiqfiJ3 if!.. '!;;be: lJ)W~r latittl!ie.s will. be..co.me even wet·te.J.". 

sn.owta.L1 arid i .c.e taydowns. over the Antar.c ·ti .c· wi U in;qr.E[!ase .. The 

n.orther.n J.ce. :pack~ how~ve.r, 'R.:iJ 1, :r¢.tlreat :.a.s snowt~.ll decreas.es, 



the seas warm, and. longer -, wal"me.r JllErl ~ s~a.son~· o.ccur. 

Th~ .. im.pact,if on socle.t i es w>i 11 'be .severe wi :th: Pe~.i s;ri .buti O'n 

Les.i runo·f! :m·eans: l:ess st.-ol'•e,Q, pe$el'v.es, 
.'f. 

iri.dtJ.SiM'i.a·l U:ptake ,, f-,oo·d pr·oducing ag;ri '-' bti,S-ti'HfSs and t'he dally 

_,d\ome•stic n,e·e4s oJ til-Et- av·era,g~ <:.i .t-i z-e~. 

·T.lht :t<Eial p~bt1l~m i's no·t that th .. e a~:$re•gate a·~oUJlt Of ~~t~t' 

.avai l,ab·le.. ~i U be: ins·uf 1i•e .. ±:Etrl:t .. fo.r aLl uses , ra.:.t.lre'r i't .is t ·he. 

mismatch b ·e·twef!n loc-a·t ·fGin oi t..he ·g.loba·a. :po:pt:i:lace and the 

(:f~s· ~t~-"Lb1J!--i<H'~ r::>.f: f.tit.·:tir'e. wa t..el"' resC:lul'ces . Acco.rdLng to. ~:1l,e El~~ .. ,a 

£,trtJ;l:r\e c,au.s:e o-1: i nt:ernatLo•n:a1 ti'ens i.ons will be Wat.er a:Va Ll~bi,.J i ~¥ 

a -rid . di~ttr'i:b;utlo.n.., e.specia:l l¥· whe't'a· •the . .mas$ $)optita.:tlons: hav.e. 

t!l,e·J?, ... ;is '!')o:1;, th.e t :o-ta.l' aJl;l;o~n:t o:f ;fr.esh .wa'ter t:hat fall$' Qrt. ~~f'~ 'h . 

b'ut ~-a.:th~)·• tb.e la.<rk .of uni:formit-y in :the c!i.st~iQ'I,l·:U .. on. <if :n.:'timarl . 



s>ettlement$, popula.tion centers, and national })oul')dal'tea -- and 
1 

water resources - ·· around the woPld . • 

Danube :Itive:r drains th:rough 12 separate nations and many of th.e 

A:rna:z;on ba.!Hn serves seve:n riat .i.e>ns , thE! Mekong serves. si~. , .and: th.e 
2 

Elbe and t3.ange:S-Bl'atna}?utra bot'h dr-ain poPtions of five nations . 

In these areas. some regional basin. wati;Jr mana.gemE!.nt p.lans wi 11 

beco.me dri .t.ica1 issues . 

. EL O.CEAN'S HEATING AN.D. SEA LEVEL RISE. 

heating, 

rais.lng sea levels . 

mill im.eters a . year over the last century, or abou.t a. t.e-nth of .an 



inch p~t> year. 

warm.ing, that pa~: ex,panq~d, t~h.e ·oce.a;ns. anc;i ·at>ct.ut haLf from a 
·4 

subs.id,e:ncec of t :he land. ·· 

~vez..: ~ gr~at·e;r sp·~n of ~ot;lti)l~ntal sh¢.11$' lJne, especially at 
5 

hJ. gh.e.r · l atitu:i:le:s. 

S.ea. leV'el rq.se .and 'an inoi'e•as.e · ol st(?rm ~:J'l&-r :gi 'es ie:e~od to a 

my-b;,t.ad,, :q.f pnob 1 e~s h:>.r' cq~,s~a.l ;a:.~ea.s tiYe WO:t<~til ovet'. F¢1" muc.h. of 



level¢: of tres•hw.a.ter within the aq\Jifel's ted'u r.- the osmotJc 

pt'es.sul'e Cthe wei~;ht di Here nee be.~we~n fries}} a:nd. sal twat~r t.¥h~ch 

Cl'eates an eq:uilib'l"il.lm b;arrier) within. th.e s:upply ,iJ1~ aquHer 

(wa~er holding geolo:gic subs.trate) ang aHows s;a,1twater to 

int'I':ude. , destro~ing· an.y drillecd well f~¢Jcts. 

0oasta1 rna·rs~.es ~nd wetla.niis' when they exist ~s. st,,3:t(l e' 

(ibvan t ,e~osy·s. teins • 'i:>~":P.vide the fi .rs t s.tep in suppo~'t. 0 t; stl'Oh~. 

for· tbe small t :o t :he. )ni:<j:roo·saqpic. .,Adcti.'t(i.o"J'lall-:,r>, t .hey '~'OV:i ·de 

s .. t ·abi lJ ty t ,o 't;i·'h~ :c .Q.a?t.,U: iJU~ri'd wate.:r>s' ·and act. as b1-J!' t ~ ·i! ;a,r·Ei.a,s 

:tot»· bay:s .and t nland. wate,rs a.~.ain.st P-t>opat.C~:ti,ng .wave ac.ti.o:n .. 

lfat:u·re req'\ll·res these ma'l's'hes an~ w.ei{lan<f.s· t.o be J list· sH .. g,'htly 

above scea l:eve1 , 

tp: ~n :undergo·ing nat:ur·al sea 

:tliJc.t1,Jatt9h$, ·h.ave time to ad.J ·ust. 

Wetlands :coJl ,ect s ·eod . .tment and p,J;ipdilc~ pe·~t. 'W-bi~l\ ,en~ble 't,hem ·to. 

ma.int;:ain :1\.'lt.e ir l}~j g~·~ · abO:ve s~~ 1 eve L R.i ver de.l ta a.~eas :d~ ·t>~Jid: 

on tp~ Q.:epr6s :f t. o:! Sediment f-J>.anspo-:&t down t)te, ~~j ¢J'' r·iV~rs.. .A 

rapier. rise, in sea. 'leveJ. dbeS no:t ~~l.OW ~im:e f~r thes ~e nat;.:ur·al 

ev.en.ts to occur a·r,1.d t :h'l;l$ thre~t·e~$· l(·h;;e lLfe oJ ~he wett.a:Ji·ds ami 

a.:rt ·a.s~o .c-:i:EIJ~ed ~c·o.:J.y .st~ms. 

su.¢n ciestr:,uotiv:e tllr.eats follow· up. t;:t-e ¢;c:olo'gTc~l cJtain. 

a. :f f'e .ct ~Ln~ indus tries - depe!f~~nt upon th~ . $~.~··• .f iJill11;ii;;$;J' to·urism:t 

b:oab.1n:g, hotels a_n.d th:~ liKe. 'In d~.v~loped couniri e:·s· ,. t:Qe·S'e 

.tpdustrie:s eX~$t ·to -su¢'ll al) ·exte·n:t that enU.re c 'iti~.s qel\i\j.e 

the'il:' e¢p,p;o:):nf.c • bas.Ts Jr.om the.m. In oth·er. 1:es,s 4ev.eJ,qp~d, n-atHms, 

, .... 



In $ },.t;tntnal":Y, \Ate l~ss t>.$ 
6 

on. integ;rat1o.n :an:d i .,ts 

_,a;l:ll,lnd~J(t _na'tUl"~l r~s.otlrc:;ii!s· an4 pr¢<iJ . .lc"t is>n a:b'il .. it.ies to; r'Ef:mal n ·a 

Wo.tl4· Lea;d . .er. .F·o:r the;$e T'e.as.o'hs. we :nav~ a treme.n;d.():trs inVe.!i!~·~e·rtt. 

at risk fr.o.m cl. ima:te -oha:ng:e. 'l'he. pro·bJ e:m Jo:r ~.!te U,p,.Lt-~<:1 S-tiat'~.S 

·tfl:e;n beq"q;mer~ <)'l')e Q•( i.n.c)"e:S,~~ ·e;.g; C'h:aJ'i e'n~~.$ :t-0, t ·he itl.la~· we ma.n:a-ge 

r.·.·. e.s o.ur ces . ' ' ·-- .. - . ,.,_ 

nequ;i r~~'J:\ts . . The rcillowrn.g p·a:ragrap,hs a:dd.rres:s· t!res-e :&; s:$t,leS. q,p. ·a. 

l"e.giona1 basis, 

Th.e 1'acH ic ''{:ot';f;,~ we-~. 'te r~g.i.Qtr i.s .~r,-o\V.il}t rc•etpicUy wtl.h 

d:e.v;el.o,pme.:n·t, ·whiTe try;>! ng t·o · ·mainta1.:. n ·i•nd~s-~·~_± e-s, i.isb.erias.. 

,h~blt-a;~ t an~ trad·.~~ io:~raJ st~ng~r.d of 1 iv·i .Jlg_ ~i~l?~:C·t.a· f.i oitS. .. '!':he 

·r~-g i,on • :$ p;r i m~r•y· ·co:nc~t?ns\ in rel,a_t i.O'n t0 ¢.1 iljtat;e .ch·ange:,, C(re' ·t .l'f..e 

risRs .o.f ihdt-.eased' .:floo:d.i.ng, t .he reliabHft.;y of hyctt>'<?el·~.c:t·ric 

5.5 



mor'e prot,ected and sta,ble wet lands s t:~·'U:cture. H:e~t.t ng. 0 t the 

ocean would change the b'a,si..e c'haracte:r o :f th•e ecosys ·~enj?. 

~owe.ve.r ·, it ·i .s _not pos,si}:)le, at th.i:s ,time-. to pre·d-fot ·wtta:t. e.ffect 

Pa~i f.tc Ocean. wai'Jh·l.:ng' mig.ht. hav·e on th-e• m-ov·e~men.t a:nd gene:ratLon 
'7 ' 

of oCean cup rents .. 

of 

ind\.u:ft.my. people ... an:.d :ag •. rie,,rl.t.~r:~ at·t ._¢mptln8 to coexLs·t ~ ~.fr: 

q.JJalit:y ~ n .ma.ny lQ'c~t)i. •oti$ i,$• al:re.a.d:y st.r.essed de·spit:e ~tr:in :g .• nt 

Ca 1 i Jo~n;i a 

il:i. :t.h.~ agri.C·uH;•.u:ral re·gions, ra·im>fat.i ·is :not as ·p:i~n'1t~ft.tl or 

t'•el . .ia.bTe•. and :much is supplied i:rotrj t ;:ge: Go;l·or:adO' :h.as in vla 

.th.e primar:y $1;.!pJ?:l ie:rs or fruits and veg~t;a:b1 e:s, 't:he q~fu.and !or 

wa-t .er 'tO. suppor1/ i ·rri._gat.:j. on f,s: .aJ;pe:~q_!/ in. -q)5nl rt:cJi 'w:i tl'\ ·o·t'her 

r -eg i ona:l uses .. 

Tld. s · would re.su.1 t .··. ~--.n .. ·.. c · · · ·· ·· ,.. p·mpetfl n,g 
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.. 

Ovel" the pas.t. 

subsidence of the lakes may unc.ove:r va.lu;a'Cl1~ l::>_e•ac:ht:r·Qnt. ~~-opel:'ty,. 

th-at pr•op~:rt,y ma,y. ·l:>.e t<>:O toxtc r ·o:r ha'b~t:atton .... Lowe:r lake leve~~ 

woold ~:a_L!s~ an l.,tpheava.L in sbi.pp.i .ng and···eo-rnrnet'ce on t~h.e Lak~·s 

unLesS. maJor c·aptt.a.l is invested in the de.epeai·ng and Y,i!i<deiting: ot 

.chann.els and modifi ·.ca:ti.on: t.o the· St. : ta:wre·nc;e ·s~away , Thi•.s ini~ht 

-p·e oHsEd~ s'gme>Wha,t by ~- ip):lg.~.:r tc~-'fr~e l$bfp:p;it1•g, season . :Outf'Lo w' 

~n:d Hi't$:keo p.ip'~:~ . \V'qU,.Ai;i nave t:o be rel;Ocat.e'ci and. ex-tende'cl, ar\;4· mttcb 
. ' ' 

a ·r: the Il Li:·nois co'a .stLln::e .wou'ld require o:ons::truct.Lqn an.ci dil~·ci.g''i.n,g 

( o;r . e'h,an,ne•t s:,. doQ'k ~l'l :g ia:c.:il ~. ties· an~ ot:her: P<:>:t't .fa.ci l:ita>.es. 

In :the .N:Qrtlle:a,st , t.b~ .m.a.in thr-eat$ are ~;os.:e.d by :the. 'r'!!g~i-on'•s 

tack o;f fr·esh watoer· s .tora.ge, .cha,nge,s i~n r-ain su,ppJ:,y' pa: ·r.t~rM. ,~,n<t 

pf!.X>¢. ep... tag'~~s; of 1:,'h~. ~t> ~Jtf~,.;!;$~~tl,¢t\iJ•e '1:.-h:reat;':Efi:\e.d. ·o;y l"istn·g. se.as . 

,A.ro•und. a.o:-st··.a:n, .N~w Y:of!k '· a.nd L.o.ng' ls:fand·,,. "mil1 :i on's of ·peQp,l e 'a;n"4. 

b Uli·<ml:r of: c!olla.r-·s o ,f: lnv:esd~mef\ 't w-ou'id.· l.ii.. ~it; acl.:apJ;ive -<>pt;i,oris to 

p~¢t~'c't, .xve h,·a: 't'g; ~ ·t.r·t¥p 't4r~s, !f'e·~ Y'P.I>:l< filr'~<\d:.Y :na~ .. J>roble:rns with 

sal't waP'el' mi, grat~on 'With: in. :th,e fi'Q'(iS<O'tl Rj,V;e,l? Is bas l.:n and t.o:. n~f 

!s:land is exami,n-ing trhe kinds of c:ons.tl"u.ct.ion r:~q"t.t~':l'!~d . by t~~ 

thrrea·t . o<f :ma) or h.ut'::rf canes .coming: :a:$hol'e at;:!'l'O$S. · Lg_'l).g, J:s la,'n~. 

t'·!.ie' 'str:t:J~i?4r¢:s ·aft>r\g t' h.·~ New Jro·p:kt~'oltg l .sil .. S.n<i 6:o~-~t oo 
-~· • ' 



d.$rtai.nly- b~ 'Ln-unda.t.~-d by s~a IQV'e 1- ro.:tse• pJ a.s l.t t .t.ie as one 
9 

One g:raphic p.T'eserytat l.o:n d~vE!l oped l:>.Y th:$, Uri ·:IC ted ~:atl.ons 

Ep:iffl'~JX.Illept.:tl ~rog'r"a~ ~epla .ted Fle>·r>ida a!l·e:r· a sea ~~'lt~:l t' ·iS ~: o;f 

~hl'e:E! feet. Wi :t :h eki s ti.Jtg proct :ecti:ye str'\;lc.t.\J.J!e$J ;, be:ach,f·•:roh;t 

!ast>est. d;evelo,p.ing ~e:~S' in , tPh~ n:a.,.t ,i;t)n.. 'Ul,:lde~gQ:~. rf~ t •remen:d-oJ.iS: 
lO 

pt\:essur:e •tt>:ptl'l .surg:~ng popJ.ila;ti p~rt ~J1 owt-ft ... 

~n: the h~~flt.liitnd, ho·tt~r ·, dryer .sunune:r·s and. eyen ~:r'C:>~uihJ>' 

~ond~ tiorls in $o:mEI area:s will force a re:djs~·~ ~q~~. l.'~n. 0'~ .c:roP:e .. 

Many •crop.s now g;rown· tl'l: t ,ilE! ~.t:dwE!S~ Wduid ' tni .~rate f'arf.h.e·l" ··to the 

n-or:t .. ·p, S()J:Tl~' .~<ls·.sit;.ly t¢: O'a.,)1;ada. .~ Wat~tr• lo:t- i .f'!'ig.atio:n woulti cc;>mE! 

'Ll!:fdef:r- J·n<t r ·ea,:s in$ ..q,o'hi·peH.tiVe p'I'e.Ssfu:r.e f::rom t :he popul qt ;to.:n:-.. T'ij~ 



Fol" the 

P~f¢¢.n_t, i :nor" ease in po.wer pro<iu¢ ~ i .Ql'J ·to 

air condd.tion1ng /envi rgfimenf,?-1 c.ontl"'Ol 

require.men.ts. P·owen production, t ·o l!lt.l:P:Ply Itlt.Jch hi,ghe;r demand 

I'4ltes Wi.ll havef i}() be "C:al"efully Plann.ed S() a.$· not to incl'e·a.sta 

le\t·.~l~ of ~reenbouse . gase.s. 'The us.e .of foss.i 1 fu~.l .s ~iJl 9.0l.Y 

intensify the problem. 

Ot'l1cev concerns a-n¢. ~nt .erE!~t.~ ~fij \:l!:> . .l!tpe t ·e. fe::r r>e.soura·eS' 

gJl{'.el') _tQe degree q( j:)f'C)Ject,eJi WS;l'fuiing ari.d :a>limat.fc. C•lrS;l')-ge~ i 

l:H..ll:h'a:O. h:e·al th W.i.ll be ·af:f··ect .. ed by everything fllO'm :a.~' r q~a,i;;l.ty to 

watero quality -to t .oxic exposu . .rre . Fppes;'te<:t .1?-n4s, :wn.fCh emplo.y 

sotJ1e two .mi .,'!;~ j;olj. Amel"i¢aps' W:¢1Ul,d Qe ·n.ard pY.e.ssed t .o adap.t 0~ 

iJii.;g.rat;e when ra.a.ed :PY papi .dly <iecrea.seci moistuPe., in·oreas~:¥d 

.¢a'%":PQn d:io~:i.de 1 and 1:temperatur.e 1ncr.ea,ses of ·4 de,g.P:ee.S c .. 





A~i>EtnUlt I I l 

EXCERPT FROM .. U . S. ARMY .CORPS (J.E' E8GINEERS llE'P0$.'1' } 

QQAS'l"At. ~},TGIN'~:$~I.)JG (;)»W'+QHS f,'Q·It 'I)Af¢lN'<l. TO 

'G~O:BAt. CLI:ltATJ cti.-.ttGE 

J:o-. .jn, fl¢p~ and. 'l':h<Hna:$ A .•. C.tl.-is-li<>lirt 
Coa.$it.~l 'En·g in~.iu•·tng' Rea.~.aficli Cen:te.n 

tr . s. At' my Wla,:t et'way~:~ 'lli'*p.e:rJm~nt. s :eat.i :on 
Vl..<llks 'but?~ , Mi ssi .ss:ippJ. 

; ~ I 
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T·here are roany ~. nt.er,fl:at:'i. on~.l examplei o.f t.~h .e: va;r iet~ of 

impao:ts we qan e?(p:e·ct (ll, o,~I Cl.imate. Cha·nge to t!a(t,se t .he wo-rld's: 

tl·~~s t '•U .areai;i ., .Al tho·ug'h caus·ed b,y; othe..l'i fa~~q~'·$, #!iloh t~ss~;>fH:I as 

t~he subs.idence of V'e:ni·c!;l 4i114 ~·he LOtHs•lan·a. coasta-l pJaJ'ri., the. 

'iJ:l th~ Ne't;,be·:rland$ .a!li'd Qe·rmany,, t .he fU·t.ee.n y~~~i' lH .glr wa.te't" 1>e"~tal 

·~yitiil, e ~.n the G.reat L.ake.s (1-9'7·2 - 1,!1~~.) , .aild tll.e. x'ei:!.e::n t. ooqu'r'l''enae 

of :a tHass 4· ·nupr·:ic:axl"e O;i:UG.Q) iJt $qY..th C~t-·C> ·UtH~. a:11- ec>n•t1"i)i>a:tie t rb: 

our ·4·ndel"B'iand..1:n,g ci.!' wnat S:e.a li:ive 1. l"is.e a.n:d. se:v~t-':¢; t 'i>op:J:ci'al 

a ·t();r,:~ .a:a tl'V'ltiy ' i:;ian itlea.n. 

C-~CI,s''t.~~ ~-Qb}.niuh,lt:Y wer;e ~P.tn]?.Ut:ed fo-.r a s e:a :Level rt:~~ .PJ>- i)'l•C::r :easea 

st;;.¢1"'.!11 sti,Y};ges: ¢! 0.3, o •. a·, arrd o.,Q ·nlete:r trll}('l'-a:i:i:n~ 1J. A. t<u'o·bte 

mo·urrd b·r ·e.akw.atet-· pro. t~·<:{ff:~f hoatis r,nq.pr:e:d' .. tn t'.he h·a~b<>:l". The hal','bor 

a.hol1'e 'iis ·a ?.ri·~t'i?~~r :~e.aa:'h ,'baa:ke.4 by· a re,ve ·tment wh.ich pt-qf:;'~Jlt/:1 tJi~ 

:t'own t*'d'hi, f;:fc;l'q.<}.;i:r:tg. West ot ·the :re.vet.ment is: ·· tJte :¢i~·?. d~oPlf. . and a 

bt'~.d.ge: 'OV·~x< th.e we.s t end crt a ~1:daf !tf~r·s~ ~ 'The, bfild;~' e Vea<is t .o a 

resort eommunity P.r>P1ie•cted: 'h:y a $-e.~waJl. ·o:n the. e·.a ·at ·side o~ ~~:~ 

t.ts ~n:~: the.· Aut.oma t .ed' Coastal Eng. ±n.~e. t:' ~:ng ·S.Y:!il 'te~t <'AGE.S·l p-ack-a!!e ·of 

.~omput·er pr•og;I".aJn!'\ <,1:~ .y:~ i Q'ped. ·~.·!i t.:n~ Coa:.S t ·al. Eng;ine·erc.i .ng Re•se ·~r,~h 

c:en.l·e:t>. f~e)~·rrk.tt:,eq,h,t' ~n~. S~.tiWa,ls .ki ,, in pre.s :s) and: a11a~y,t~¢ rn-et.llddS· 



pt"es¢nteQ. ih tb~. S~ol"e J>t>ot~¢t.iori Manual (SPM, l9S·4J, 

~he B~(:lakw~t~r was ~esigned to attol"d ad~qua;t:,e pl'ote:c~lori 

f crt' a s ·tHlwate'l:' .depth ot 4 ... t> m at the toe of the b:re.akwater. 

Th·e bt"eakwatEn~ is .a typical mult lpte.,.laYer> ~to.n~ t"Ubble mound 

sb.t"uctul"e. A,rmor stone was s~.Zed asS'um.tng waves 'impa¢king tt 

wel"e ciAptb. li!lli ted to J. 6 m by the 4. 6 m water depth at tbe· toe .. 

The oalc:ula.tedstabl:ear>mot" size is 7,5 rnetr:U:; to·n. <rn,.t;onl s~tonl;)., 

Wh.£n impac~ted 'by the !L t5 m, ~._second• p~\')iq;d, waves the bt"eakwater 

¥:ran$m~ ts o; a_ !11 waves to t .be: .nar'bqr- . 

Tbe 0 .. 1:3' m wa\'e.s p:ropagat.e across "fi'he l'labb¢~ toM!t't' the 

l"evetment in£:1icrt.Ing minimal darna!e ;t..o the me>q-r~:.d fleet.. The 505 

.m 1 ~~.g :reN:Et trnex~ t •• ~.~ b ~. m I r .9m t;:Oe: to ¢?e.s•t and has a toe bur~. e'Sf: 

0. ;. ($ .m. b.i; .l .oW sra.<tef. Tb~ o. 5 m de;pth liml.tedi bl"ealt:i.))g ~a'lr~ 

requil"e.S a •.c .omputed ~ft.one .size o.f 'fa *g .. HC?W~vl\!'~;· t-o pl'even.t. 

pedes'tt'i.al'l dal!l,age the :t"E!.v;e~men, t i .s m.Joe c>.t 45 .kg stone. 

q~l..¢ul~t.i9ns i .n<i:l.ttate t:he.re wtl.l be ti'¢ over•:t.opping bU;t 

ttridouhtedl,Y' t .he wind.s acCOU1pany ing •a des\ign ~~<?Pm WJ,JJ bloW, 

consider-ab.le spt"ay into the town. Slitt 4r~. ,i;p·ag~ ~:.Ys ti'emS. ea.s i leY 

•11a.n.c:fle t,lH:~ wa.:tter .. " 'I'll~ ci :t:&· do¢.~s are 0. Q m a'bove. des<!: gn. sea 

JE!VeJ ~n.ti wave•$ p.a..ss. \lnder tl(ern wftho.t..it. • dama.sit. 

A. P' .• ·a ·m sea level r-:ise w111 :t'esuLt in .4:.9 m . t:~J w:~t.~t ·~t· kQlO! 

.b't"eakwat;er t ·oe " 

m;..tqn. lit(tib·1 ·.~ rnoU;n,d S.tl' .(4C;;f;u.r .e· l!;?~s t'e<;ipde~ ttta sf.rcuc.ture hei,g'ht 

as arrri¢kr s't;o.ne fs• displaced. I .t . the breakwate<'t"' do:e:~r Q,{;)' t X<l Q:~ .e 



ri()t.V ha!;i Qo • . 9 ·m at water on Lt and is ·subJected to a 0 ... ·"/ .. m" b.. ~'·1 · ··· ll~aJI; ng 

with nd mator dama~ge ().0,024 C\.1 l'lt/se-c-m of wa·te,:fl i..S d.~l_l,\'E!t'ed t.o 

t .he- t 'C,)Wi) certteP by 6Vell\'foppJn~· . f .6r· the 305 m wateTf,llont t .lliS is 

0. 27 h.Etctilt>e m J)e.r lioil~ Whi-ch ma,y tax the ~existing .di'~,tntt:ge 

S';(;Ste.m. 

1/)U~ng~ ~s :9'alcn.llqite,d: tisi_ng, stream func't .ion wave: t:Q,gtrry - aa 

.p:r .e·s:lli:nte.d ·in bhs S'J':-Sf' .app-r:oac.he:s the d;eslg·ry \Talu~ ·Whl'c.h us'!ifd a 

lr9:P ttli:e, 0 . .5 'q.:ntl' :0 •. Q in o1f :sea te:ve 1 r&·s ·e the !!>itqat;!P'tl 

·pe·o~me-s, ; ~:t'crt:r~.~S:sHtel .'lf · WOf'S 'e < With a CL 9 m, ri; s~ t:h-~-~~- l S. p •. !)' m· :Of 

wat·er on tne bre.a.kwa·te~ toe -aitt4' a. P.ro:Pe,~ d;esJ,'gi; :wo•lill•d l?e:qutre 

in.,t,O.h ~tq:ne· :Qsea i.n t .he <H•igi.nal ao-n•s:t•ructlon i"s. ·onl:Y a. ~itt.lt:!, 

ov,eJ' ha.~i:! the ~:equ:i:red we·ighh and; wi U be: ·e.~s l.c;ty· ~i;i 'i ~ ,l.Q:il,ge<L Mi 

es fd.-:mated 6 .: ·6 rrx: o~ 'qre'$t .los's: 9), 2Q.: X td.a!llag:e- to t:h:e bl"eakwa,t .e•r;' 



would r>es.tJJ. t in e.xtenslve ! loading. If the revetment tailed th.e 

flocding would be. worse . 

tine g.aawa.Ll .as. cal J:;·tJl a ted by the Min:fk'in :f Ol'tnUla WP(.llct. ' b~ l)Ve.r 

twi:c.e. what th>ey would ~e feQQ'l'l:'! the 0. 9 Itt, o'{ sea level l"i se .• 

Fl oqding !'ieat' t.be $e .. a.tN;a.J J,. w~ ll be severe. 

'rh:$ roai'sh Sol.Jtll o.f th.e bridge was 150 :m b$' 300 frt be:f'ol"e s\ea 

le·'liel. rise;., I:f .the land adjacent. to tht:! ~~l"~h t;ileif?es l.J.pwar!l at 

1 :3.0 on the· nor•t.h and so:ut),. .~ides· ·.~l'tcf· t: lQ(l 9li th.e we•s•t s .id:e. the 

s.tJX'f~·.¢~ ;:i. ·O:d tl"l;u$ t.h~t t l 4.al p'10.sro w'.ill irtcr:ecase as ~e~; 1ev:e·~. 

•t-esJ.J.lA:. :in, increased eu~·nel'l't \r~locr'i t;.i~!;l ,ana 

rn th.f•s c.a~e, i>.hoe c.ha.r.\l'l~a t;tl:i4ex:> tne b•rl.dg:.e .f..s 

i .* 6 m wl,cte a:nd 1, .6', trr, deeP :qe::f·ore s.;e;a.. l .evel X''ise. T:h.e rise in• ·s~a 

I.eve:l wi l'l f .tit'rease thfi ;qros.S,-sectio:nal are·a . . o.f• the chanlie l il''s 

t]te td.: ·.d•U Pl' i.sm ·in:ctrea.~tes. With the exJ:rected. 1.5X. frtt~l''e.,a.s~, in 

crross s,ectA.:o.na.i · a .rea.) the;Y!e w:; 1 i .P~9ba.~ ¥·y· ~p· f; 'Q .~ any sign i -f i .. cam t 

s.co:qr a.:rc>:uf(.ct ~-·tre 'til:x' ·J..~ge po: ~ngl!i f·o .. r t):t·t~ · ':bl'idge loc;a .ted J. n th:e 



Sea Level Rise 

Dep:th Limit Wave 
Armor Stone Size 
'Transmit'ted Wave 
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