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Chapter One

The Role of Economics
in Natural Resource and

Environmental policy Analysis

Ceorge M. lohnston

Natural resources are broadly defined as specific attributes of the environmentthat are valued or luve prorren useru [o humals-. The space we ocqrpy,air we breathe, and water we drink are essentiat life-supporting natual

*T.*ifi il jHd::,1i^ffi:ffi",''ff t*l'"HLyuil"'#
itatively and quantitat*ly-) our use or enri*rrmental erements such as seaclasts, mountains, and wild species of plants and animals.

Problems

, I The two primary sources of global pressure on nafural resources are increasing

i I m !:'#,:'#t "{*inr"m#iTl;.?:::##:,.*'ilxif
' trializing economies. na"itri"ti""a *oioo'i", consume 

" a*irrarir,g 
"r,afinite stock of oil, while ,t 

" """- or-tiitr for fuel i. tr," inJustriatizingeconomies of Africa, Asia, and south Americl ;i;"di";;""iiorestationand seriouslv exhausting trrrt renu"o"utl .il*"". Reratively affluent societies
, lwill be able to 

"o"" 
u"ft"r *iiii --""r^i*""*ty, but the need for carefirl

i f choices is criticalrv important to poor socieiies where unrestrained popurationt t gror,rrth often strains it" ,"**1" b;;. --'
Exhaustion of resources, deskuction of environments and ecosystems,and the effects of residuals t"ir-""J'i"t", pou,rtion) are neither newphenomena nor insumrount"ur" p-ur"*r. Nevertheless, concem over these

ffi,H-tr8";+;$lhi*H,**ffitrffi #iffitr[";
IHH*"Hff l"H:flffi il:';'mffi u:lq#,H:,]#:ffisare now efforb to measure A"r" ,.f,tior,rrup, 

"ra-rf,o* "rL":firy. 
a, 

"
result of this burgeoning k.o*iliJ;;;J", oganding pubtic awareness,
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2 Ceorge M. lohnston

the preferences and, hence, the demand frenvironmenb has dramaticrr; ;i."lffi:'rrffffi iliffi*r naturar

ii:::.'i,i": poticies arso have it,," i".il;"t:"jf:ff. fo^r environmentarry
libetter able to change *oa""",I"'ri',:X"" more affluent communities arl
"means i;;,;;;?3"IJ**:T. modes ."d ";;;;;ii*""#u"*s as a

Poliq euestions
A common erement 

lt f:or,"" use decisions_* ,.r"o rong-terrr effece. The

rlit#"H**,*:[iui*.t,it;l*ffit****
,m$r*ffi 

'Tl+,ffiiH*d"::fl*1'*:H;ilftffi #
the assimilative abiliry.or the ;;;;.#"t? The .ir,t"rt"*polit element

*s#j5*1fl:itii:ttr:Til":ffi #l*#.:ih::;
qug,y, il;;;;:?#il]' conservation, preservation,- 

"iJton*r,t r

dii,."Xiifii#r**Ti9: 
i'"91op*"r moder or naturar resource poricy

fr trflirHlx-ftrru:ffi**ffi 1-,]ffi
,,,l.,"*"ritf 1;'*""J:':l,i T":" ;y_i:::ptabre,. -,"y, i,i'.J"a"*,;

THE TASK OF ECONOMIC ANALYSIS
Economic and Scarcity Defined
Economics is a social s

il:*:xii:H55i-*:Sir;:rilT:istheprocessandinstitutions
*,"u,,i"iiffi ;"ff "*:*i;"mi:,fr ,il"f:j*!!1;:**;i\
trF",ril:"ffi -*rves both * ;mr l#.{i'}fn T:[$ I I

"ull,lffi".:il ;*,,f*"? cost-the varue of a forgone artemativ+-

mffi*E*r



Role of Economrcs in fulicy Analysis

A Framework for Policy Analysis

Broadly speaking, analysis involves the resolution of a complex issue into
its parts in order to darify the nature of the issue and to facilitate problem
solving. The application of economics to lrsource policy analysis requires
that the analysis proceed by identifying (1) key eharacteristics of the resource;
(2) realistic policy constraints; (3) relevant participants and institutions; (4)
behavioral responses of participanB under different institutional arrangements
and poliry structures; and (5) cun€nt and future outcomes affected by policy
options.

Natural systems have physical characteristics that affect the kinds of
institutions likely to be useful in coping with or changing undesired outcomes.
socioeconomic characteristics such as the degree of excludability also affect
resource use. Institutions, in turn, affect human production, consumption,
and land use behavior. The outcomes or consequences of policy choices
affected by institutions and behavior indude residuals, resouice availability
now and in the future, the quality of life, and other concerns. From this
core knowledge, the economist identifies behavioral results that suggest how
policy altematives affect various outcomes. Econonists pursue the froblem-
solving nature of policy analyses with various degrees of theoretical ab-
straction and empirical evaluation, but these five steps ane corlmon elements
in much of their work.

RESOURCE CHARACTER's7'Cs

Economists depend upon the physical and lire sciences to provide infonnation
on physical traits of resources: rate of exhaustion of a depletable resource;
capacity and extraction limits for a renewable resource; t<ina and rate of
waste discharge; and other physical and biological traits of relevance to a
particular policy issue. changes in characteristics also become, in effect,
outcomes-intentional or unintentional, direct or indirect-of policy deci-
sions.

some resource characteristics shape the policy debate over their use. The
stock or-specific natural resources can be ilassified as either depletable or
renewable within a humanly relevant time period (Mclnerney, tSAt;. Some
resources are depletable; their quantity is finite, and their current use reduces
that quantity in the futue. Oil, virgin natural habitat, natural gas, and
minerals are all examples of depleta-ble resources. The quantity'of other
l€sources is renewable at biological or biochemical ratei, mostly out of
human control. Timber, fish, wil-cllife,.and most groundwater are &amples
of renewable resources. The current stock of bottidepletable and ,ene*ible
neso,r-ces may t,e consumed; renewable resources, however, have the potential
of adding to their stock by a measurable amount if consumption does not
er.ceed depletion. Issues associated with depletable .""orr.", center on
rntelgenerational allocation and possible subsiitutes for these fi.nite stocks;
issues associated with rcnewable resources center on maintaining a sust;i;lle I ilflow of the resource. At the limit, the maximum physicar flow of ,h" ;oJ.;lll[

tt
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/1that can grg ,
ii yi"ia.-i'"ti=r:ffim":# j|f,;j;itv is called the maxir

h.*;;;". E"r" r thus an intrinsil.Tou"": "ri t#'m sustainable

ffi13;;3l 
Il,'* *;;;.;#"fi;-.:.I"L*lfI:#Hqfr#

Resources must be used for investm..+o lt.-r _ -rrr

*ffi"*::.,1.;:i',. B,:*;;,;;il;,S",l3*t H.g** goods ror

fiTl$iirif trIf#*Ht#Iffi l?h-*T$fr ri$varied and inter

;ffi *s-.#:r;ii;.i1#lr="q-A*1ffiTf,Hl!trHt#
to or in ;;;r*;"" depends upon proximirylo ciues-a;;Lr tand closeeconomic r"no.'i"ff**"ff"m$"y ::*"" ;Jlr,ir"[Ja" rocation or*'$,ff 

"f;Trf*.{ 
ri",it"rlr.l'Ir l"roTt* above costs 

"r p*rrii#
hauitai aia'-''es 

of land include sou prbauctivity, mineral deposits, wildrife

ff"**{,*tt"T:i!,_*i{;:*y#:ltj.ffi "mru*
$=l.Uif 

ff T":l"ll'"'f;;"f"65p,1"1{'":"f3ffi
"t il;;0"*,",ur"r. *Jurd d tu;;;;;iT:." 

traits whose loss. as 
" ,"rrit

i*x*:l*:[x#:ri;!',:ffi ",rJTffl:;J"*:i:HTrg;3:

i[*r:*Tj'*$+:i-ii;f:H'{iTn';ii*i:"k:,gtncapaciry ,i;;';"lt' These residuals 
"r" "i,t*-orlrrluj tl uurolpur

x,:r;ri*"m.*Hli::til;:fii"t-;; jffi ;:mLk"iff
;;*s-t*TJf; l"f, "fi #;,m,i$;#:l,""mi:#m'[:,iJf.ol enegl, soil conse
to name a few of ,fl't 

t il;;;;ute 
trade-of,fs between various forni

^" 
rn uaaitiol, ;,* m5il*X"1prH#*'J:des 

and rdl;;;
, , 

h"* are social 
""a- "i"^i^} '-1"-tto."Tti"t of resources iust

I I,::::* ";; ;.il{ "1:t+ ;1$fff"H"iri?xfi "l'T#ffiI Jrornt impa"t, exclusirur#*.x*T*'**h**tr#ffi s#*:#i:ffiff#
Assuming scarcity, whr

#ilTi,#;;'i;;::ff.t""T:tr,il:il"T;#:"},fl 
":ffi,mr, resource ownership detemrines- iJ#i ,*,



Role of Economics in Policy Analysis

buttressed by common, trespass, and nuisance law. In Western societies,
private ownership and the market are the principal institutions used to
determine resource use, but land use regulations and public ownership of
land, energy sources, ard minerals are also oornmon. Further Sovemment
concem with incompatible uses centers on maintaining a degree of com-
petition in order to prevent monopoly conditions. Incompatible use also
applies across generations. Current use of depletable lesources, renewable
resources being used beyond their carrying capacity, and perrranent dranges
in environmental and ecological systems all create incompatible use between
ctrrrent and future peoples.

Within limits, some resources can be shared by two or more compatible

1l users without subtracting utility from any one user. In economic temrs, the

Il marginal cost of an additional user is zerio or dose to zero. These are called

illoint-impact goods.2 ln terrrs of access to users, dean air, clean water,

[labundant wildlife, and other factors contributing to the quality of human

l[life, have, in effect, a marginal cost of zero. These are ioint-impact goods
r up to the point a threshold for the absorptive or replacement rate is exceeded.

A cmtral instihrtional issue associated with joint-impact tnits is how the
costs of providing these resources are shared. Providing good water quality
or an electrical grid system will often be hindered if the cost-sharing issues
are not resolved. Thus issues often arise about who will pay for these goods.

Regardless of whether a resource has incompatible-use or ioint-impact
traits, the ease of access ot conversely, the difficulty of exduding others
fro'rr access or exposure to the good affects tresource use and provision
decisions. When exdusion costs are low the control of access allows the
rtsource owner to charge for the use of the resource. This is the case for
an incompatible-use good such as land or a ioint-impact good like electrical
lines.

When exdusion costs are high, the access or o(posure to the resource
will be difficult to police or, in some cases, avoid. Nominal private ownership
of incompatible-use resources such as migratory wildlife or some ocean
fisheries would be of little value because acoess by nonowners is relatively
easy and therefore difficult to police.loint-impact goods with high.ocdusion
costs abound in the environmen| air, water, and other qualitative features
affected by residuals are prime examples. When a few individuals are affected
and wish to change the situation, organizational possibilities orist to have
this group engage in strategic bargaining within the market because the
grouP can perceive its gains from involvement, When many are affecte4
which is often the case with air and water quality problems, the "free rider"
situation arises. ln this case, each air or 

-water 
user knows that if these

rEsourees are made deaner, no one can be o<dude4 wen if they as individuals
make no contribution to help clean up the resource. Pure market institutions
ge thus unlikely to provide-these goods. Even should the good be provided,
the t-o-int-impact, cost-sharing issue would still ocist with many goods. How
would you charge a price for the good? Who would pay?

GrouP size can affect the ease or difficulty in dealing with high-o<dusion
cost situations. Individuals in a large grou! are less likety to 

-perceive 
an
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ability to affr

"tr".,'"d';J;H, 
j,:,:,:":T:,,'TL.i, improving air or uthe refums fr,aremore"_".t".::ilx;.[1,ff T;il:Hil,fr#;iii1!il*#

'Ylnf:..if,;;;'HH'I"ff :831t'"n*ll"*il;i iilff.lx*r"T.l:::
exhaust 

"" 
,*i#:i:-l:l--rlil Ififfn.",11'"*,1 *and.resource;-H:"-:i*e characterisr: 

:fr,1rffiirjf 
haits do nor

relating t" r""",". i1T,111ts, howeve

IP,,pP,J;,;i'#T"',:i:'*,mnirtffi li^:$ j*l j:::I'-:-:Et
fr "'1'r,.:'"H*f fTiji:1r*kji:txtm:"1i:*Hst*

,f;i:r:l:l;:H:#;1[#,11,fi #H::]j::l-,

[,n-J;rl gft*r*l*m:n*.:'*#ffi
;:[?:.t8"'**:""S"#*ffi#itfi.$liff "11lt,;[::1*l:"trffi

*tf':llsnq'*rm*:#llmm*}i[,tlilfr'#T{ffiff 
5*1=pi:l-:*i,F:["S:ff """.T#:itr

m'lii##n::Hff :r*s$l:r"aiu:u*ibi,differen,
#ff $:i."iL:x1r:k1m,r,"mift 

*;;*,|1$*m
Market Transactions
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increases, and behavioral responses could include conservation, substihrtion
of other rresources, grcater exploration for the no$, more valuable resource,

increased research and development in search of technological changes, and

recycling, among other resPonses.
E"on6*irts often prescribe rules that affect prices and the costs and

returns available to firms as policies to avoid environmentally hanrtful
residuals. Examples of such policies include emission charges, taxes, Penalties,
and tradable emission rights. Charges, taxes, or penalties are applied to

actual levels of pollution, an action that increases the production cost to
the 6rm and henie provides an incentive to reduce emissions. These_policies,

as well as other market approaches to rcsolving environmental issues,

including marginal cost-prici-and tradable emission rights, while popular
with economiJts, are much less in evidence than administrative rules and

regulations.

Ad m i n i strative Tr an s action s

Legal, administrative, or regulatory systems of control are the 
- 
general

inititutional devices that govem the environment in which individuals
exchange goods and serviCes. Through changes in laws, regulations, ad-

ministr;tiv; procedures, adiustments are made in the nature of ownership
of resources. For example, although market transactions and institutions
predominate in land ule decisions, administrative transactions are also
involved via zoning, taxes, and the provision of public services. There are

also many resources in the United States and Canada, including extensive

land, timber, and mineral resonrces, that are owned by the federal govern-

ments. Furthermore, marine resources are now publicly regulated within
200 nautical miles of the coast.

Environmental residuals are managed by means of a predominant set of
rules that include standards. These set rules regulate behavior by designating
acceptable levels of ambient or effluent discharge or for specific technologies
requireO of those companies discharging residuals. Many economists favor
chirges over standardi because of perceived cost-effectiveness and ease of
policing. Standards, nevertheless, are the most courmon form of transactions
imposed because they are a more easily understood control device and
beiause they allow the regulator to be more speci.fic in determining the
admissible level of emissions.

Tr adition al Transactions

Intemalized standards of behavior or prescribed social and family obligations
can have a major effect on natural resource use. Examples of such behavior
are land stewardship, altriusm in provision of high-exclusion and ioint-
impact goods, and grants for posterity by the present generation' When a
Person contributes or donateJ land for a public park, the rctums to that
individual in terms of personal benefits are exceeded by the value of the
gift to others. Many individuals are involved in group efforts such as the
Nature Conservanry and the World Wildlife Fund, where the same Process

{

t
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is at work. provisinn f^_ _^^^^ ..
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well 
.as-accepling behavioral mles such as standard operating procedures.

The insights of economists are brought to bear in various 
"rp"&" 

or resource
and environmental analyses: for o<ample, the role played by the market
and prices in the resource substitution process; trre impact oi uncertainty,
expectations, and options on our behavior; time preferences and intereit
rates, which affect future_generations; and the role played by social traps
and common ProPerty. The following discussion addnesses tire Uet arriotat
issues that impact resource and environmental issues.

Substitution, Exploration, and Technological Change

1 )Pricel play an important role in deterrnining resource use and chales in
j /use- Prices result from and affect behavior thr6ugh the interaction of dupply
l1 and demand. Thus, as in other fomrs of incentiies, humans are inf,uenieii/ by the consequences of their own behavior.
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T.y:li"g. Top"rty rights also often favor disposal of residuals from pro-
duction and consumption as the cost of displsal to the resourlce user is
zer: or subsidized (Pearce and l{alter, 1977).

Prices or other factors that improve the returns to a r€source can stimulate
ltoe^ased exploration for new rtsource sources. From the point of view of
the firm, an increase in marginal r€venue may provide the incentive to bear
the larger_marginal co-sts Involved in expliu.ition and discovery of the
resorme. The firm will ftuc that expanding orploration is profitable *rheneret
o(Pected marginal revenue is greiter trran niargina'cosi, and the firrr will
continye to expand until marginal revenue 

"q.r"ir 
marginal cost. The relative

ease. of exploration, discovery, and extractioir 
"rru 

delerrrine how much of
a price increase will be needed to trigger such a response. Rapid increases

13il^l*":. in thg.early 1970s resultei-in gr""t". investments in exploration
and extraction of less accessible depositslln other cases, ocploraiion anddisc.ovgr have become easier as a ,esrtt of technological changes th"t h"r"
1111 

tocatinS and quantifying both aepletaUe and renewable resources
easler.

*}ry:O technology can reduce the cost of extracting transportingpt'ocessing and using resourses. A search for such technliogy cin be 
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purposeful resDonse to increased exhactioTechnotogicali*pr'"*".,rscanincrea;;x,p:rlrtHfl:***Jiilf;
new r=source discoveries, utitization t?io*r, gr.a" resources that i

:::"Tff 
,*,*r,**r,:t,:tTit*6*H,ll:1'".'j#rg'#

fltr,Hfr H#'fif#i*fi ;srytf.,#dffil;Iiffi
$1ii*I:itstr:ffi*n}":,*ts:Jxmli#r,*m:,;

L . ::"i,:.'1lHl"tffi",ilm1;:X##f#fl}-ffi.,,fu-#fi?,f,
I tvol or ai'""ii ;i''JJt, su-ch as ,h" ;;;iluse effect, is unknown.
lr , , 

"u"'"'tuirv 
"*,* "4::':l'--J.i,'?"u:ues: the stock ordepretabrel : 

;I'tr&,,$:ff[TX"Tt#i:l"Tlify.,ffq:ltl*:ffid*:*;
I : crean.enviro"or",,,, 

"irr,rt r"t 
"r,ri,or,ir.,iJ'rh", h"r," been rost due toI ffiffif!,H,1#trT:S:"tr1i"*;Htil1#ffii#;Tt

I o"p",'a.ipo" i#ilil':i*",i""1i'iiJ,Iir,r",1 
o., g,o,f. d;;J o,,yr respond to uncertainrv with^a.cons";;; ;;ilach, rimiting the numbert , lf"*t:*,ti"es coisiJi*i. g,il;i;E;#L" *",". Foi exampre, ir

,*#
i1',mX";$:."m{i'Xi*{n{;ti"T# ; ; 

-;#r"; 
I"y

|ry;i,953eq4ffil';:*tffix:iil;'kffffi*- t ,;, Expectations can rI""-l"J to 
" "or,r"*iti've attitude. Expectations on the' : -q 

- ' < Fuccess of exploration mav atre.t the ,"t" or J"pi#on of tne known reso'rces.- : ' ' ,,. i . , idlewer chancl f*-;;;""* ln" 
"*pror",iri-r"Ii"rJ.,rii*", depretion of known.: :, "ti" fi:ffi ,lX*|}l'#lffi:f concepts or behavior, ingud5r' seekns sat-

-' . ,i* '' I 
t 
.o of greate, desrees or ,,...jT3,-ll-!,",likely to Predominate in the face

I Uncertainty, Expectations, and Option Values; ,l ,:::T;*i"tr[ftm:]::t,i]ti,",*:H-ili"*:1[T,j:#. i r tssues

,.' 
.,,,.[.,. 

*' 
o ] or greiter a"d" -"i.;:Hffi-,f;i":irft[j:J."*,;,*:** r:f

lr_",-,.{r,:ti 
_ 

uncertain' the present generation-*"y p"J""i*l'.raue to maintaining an
J,'{^'i J *t t 

^.,\"$

a,1pf$)-*"1.' 
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. Role of Economics in futicy Analysis t t
option for future uses of t: ry"f""" (I&utilla and Fisher, 1975). Whetheraltruistic or self-serving, this b"h";id;pecially. directed at potentiallyirreversible resource losies, t 

", "f"JJ ,Lo*"" decisions.

Time Preferences and lnterest. Rates
The current generation makes reso,rce choices for future generations, rikeit or no' current use of t ror""""-"ff"it, opportunities ii tt " future bychanging what wilr be ava,abre 

""J, "iop other things, by improvingknowledge of how to use resources. But extraction of depletabre Fesources
i 1* ."pTents a folgone n t * 

"1rp"i, ina *" of a renewable resource
I irufffitre 

rePlacement rate. Thlse.are in 
"r""t 

Li"ig"""ri,ional op-

. Time preferences gauge the degree to whir
is taken i"" 

""""".iuv the prese-nt r"r"r",r*,:Uffr*'i'#fff:il:'il[Hresults in a bias toward current 
"r" t.""r"a;i;;; #,I?"li*r,. o,r,",

9:tr affecting time choices ;; -,[; 
and orpected tuture income,

ffi ';::*,"iLi?;;!jT:,!:i"*..*x;.*ixry_1ffi x,n*people, who mav lack even the most u"ri.lt"-" and who therefore cannotdefer consumption. Cr

-*n"au;;;;;*"ffi Hii;:fiT;-#fr:Tr:rfi*:,i?,l:t,:ffi:j
uncertainty, and so on.

Interest or discount.rates provide a means for comparing different streamsof benefits and costs tt'o1qf rr*". rr,"'"iie", prorriae 
" -J"r,, r* -"ightir,goutcomes that occur at di*erent points i" ufo* ; td;h; ii,r" pn"r"r,,

il$:ffIil::1f;?;:1**'t.'it* p',,-s""ter weisht on nit ," outcomes;
tnE 

"pp*t,"i,y """ 
jl'J.ffi 1 .ffi :$l'l",:#t *.f "; Hffi :*;3:g i" y*i.preferences aid, her,"e interest rates among individuals,groups, and societies. Interest rates chosei tor appraising the benefits andcosts of public proiects

11.111iri,iii&."gxi*r:,ffi ".ffi*Ig j$:,::,""::,:*;*.:l:JT
mterest rates will affect the. 

"lr-"" .J p.rr"* to be urrd"rt"k; A higherinterest rate will restrict projects tr u*" i""ing fairly rapid recovery costs.

Social lraps and Common property
social traps (Platt, lgTg; *Sld, Igzg) odst when individuals or troupsdo something for their-indi":a""i,--io"iiiJadvantag-e that is colectivery

flpffi *r*:tr,:,ffi;,iyrtr]il_Jd1"Hi:#,*:S*,m
actions' they' of need' 1e trapped into responaing to short-terrr situationsand conshaints' Even tr *ar"[.i""r"-try ilf, arr"r"r,tly, the outcome w,lnot.change unless there is colrectivei*i."'uy alr of the r€source users.Dooal haps are often 

i$ractable 
-bur-d"irrry 

not insorvable. commonproperty institutions win serve 
"r- "i 

-J#pte 
of sociar traps and alsopmovide an exampte of a method;fuG;'i;; b*"?ffi,,i""[";
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,3i$"'#trifr **-*fr i'*tirm**rff
I iE?"1*iT"'lr*"xx"..T1,g:q or herd in common.i: 3"lm:*H::: :':i. lffi"ffi,HXH :"""*:'i:f,",X*:n#:**[+8l1""""ffi 'ffi.#"fi :H4'rotala""'"na"po"t"=ffi 

#"::[Hil:"rHi'orcarryingcapacity.
ti t

ft ;, fuj o {'5!ffi:l"&':r#,frll,#'iTffi3",lgff::-,:** can coincide with':wr
"'!* trHftin.i'::*ffix$lr;:^::ilrfr0::f;{&fi1ffi*;ffi#

i T;,*i ;* ,ill#fr"1,'i'jiT,i;l1lf;,n"fft,"j;ffi"ll,l#Lt,o"
; the

fl i:r11fiT*ffi:;[],*il,Hffi #lx:*"{&ffi,H

,rg*'*fi#frTlthec, #IJ.ll.lv "r,r,!" """i1iil,triil:.":,mr,,g:fr il":;H[ ffiflH.r*Jii"'lii*, "J"T l"::oo "i ;hb ;ilJi
actiol
fis#^: *a"tt"t"'ll-r# t1y" potitioi-u"r"'* would Pass to others'

-#:r.n{f ;}*m*#;lT***l*.ffi'}*,+etdgroupsize,andinternatio;;,t*Xg"f:#:J:If XT,l"itiiH;,1*i]

;, outcomes are the . 
ouTcol'lEs

li#3T{"[]ffi,{-"d,,*ffi ':$'*f "#':Tf,'ili?T:

*:**trg,il#ffi iffi :#trtrfl tH,*,#*ffiree broad categories of **.*I
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concepb relevant to understanding and iudging outcomes are octemalities,

efficiency, and equitY.

Externalities

In the broadest sense, o<ternalities are the outcomes or effects of an action

that are not accounted for by the actor and that therefore do not influence

his or her decisions (Heyne, 1973). They can be either positire- or negative.

Three kinds of extemaiities are discuised here: technoloscal, Pecuniary,
and political

Tdchnological externalities, called simply externalities by most economists,

ale the unaicounted-for physical consequences of a decision or ngsourlce

ur". Of-rit" effects of pottuiion on air and water, soil erosion, and losses

il ;"i"r in wildlife habitat are physical effects caused by an individual

or g.-o,rp not bearing the full costs or benefits of the act'

F"*ili"ry externaiities are the unaccounted-for positive or.negative mon-

etary effect's of an action. Th"y are changes in relative -priceg 
that work

tt 
"ii 

*"y through the market to enhance oi detract from the value of asseB

hetd by others. fl"rpor,s"t to technologiLal extemalities often create pecuniary

extemilities and vice versa (Baum6l and Oates, 7975)' lt a steel mill's

;"ii"til is abated by regulaiions, thus "internalizing". t" -,"-"l"ological
Ltemaliry the resulting ftcuniary externalities can include higher prices

for steel'or lower profitt'for the-steel firms. Similarly, efforB to change

relative prices lead to changes in resources used in production or consumption

activities.
Political extemalities arise when the actions of a governmental unit affect

citizens of other units of government. The boundiry isgue is an example

of a political extemality. fi'o*"r"r, the effects of political choices on those

outside the choice ptoclts are measured by technologi-cal and/or Pequruary
effects. The land-use zoning decisions oi one jurisdiction can affect the

housing demands made on other jurisdictions: Restrictive zoning !o Preserve
agricdf,ral uses will force houiing developers to look and bid in other,

dore receptive iurisdictions and wil raise tire price of housing by limiting
supply.

Teihnological, pecuniary and political externalitied provide concepts for
categorizingithe outcomej of given institutions on resource use and the

muiion*eit. They also help to isolate the effects of market, administrative,
and traditional transactions-on resoor"es. Extemalities, as used here, become
a way of tracking human interdependence in resource use decisions'

Efficienry

E6ciency measures how well inputs are combined in the process of making ) {
outputs. It is used by economist 

", " 
social norm, based upon the perfectly i

cdrpetitive model, to iudge resource use. As with all outcome measurtes,
th€ tyPe of efEciency considered depends upon the units of measur€ment.
fpur'tiinas of efficiency are explainei herejtechnical, price, allocative, and
intertemporal (Freshwater and Appin Associates, 1985).
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In technical 
_erfioency, 

the physical combination of inputs to outputs issuch that no sreater orrtp,,t."i ilp;;.;:*rh;U;;Hinpus. Further,"technical efficienry is ioncerned tiitrr-*r" physical d6terminants of ,ideal,
output" (Bromrey, 1984). This includes, for *'#;i;h: phyical relationshiobetween grazing-and witershed ffiiioo o. tioiu.r.proiul##;#iiiH

Price or private economic 
"fha"rr"y 

is measured'uy-Loi.ir,g at how anindividuat or firm adjusts the ratio o?.;G;;dr#ilp."o*g upontheir relative_p--ces. p'rices serve-"" *ar*i'.r* 
"i "a"Ii]"""d from markettransactions. They adjust to ref,ect changing tastes, levels oii..o*", resourceavailability, and so on, when martcets wirk well. nri."r1igr,A a set ofproduction decisions that equate r;ni;g prices to-their-i*gi"a productioncost,.assuming profit maximizing behavror.

Alrocative efficiency is definei as the maximum consumption of goodsand services eiven ttre availabre ,-r"i, "lrr;;:T;.:s provide theIink berween tf,e productio" J;at;';r tn" n o, 
"r,a 

ir,.u"iara consumptiondecisions. tt impries an attocairon'-o-f' ,oo*""s, at the societar rever, toproduce a colleciion ana auo"ution ri gr"d" and services that resurts in asituation where no individual ."" u"-o,ia" better off *iitorri".,other beingmade worse off- Alrocati"e efficieicv requires that individuals equate themarginal benefit of the rast unit of'every type of gooa obtained by thatindividual. In this sense, it is 
" -""rrr" Lf tri" ffi.t""iry "oJtt.orsumptionof a particular good. For the i"airii"a, *'*i*,.- *"irrr" i, achieved ifthe ratio of prici p"ig foj ,tt" ir.al 

"quals 
the ,atio oitne marginar utiriryprovided by the goods. From ihe proa-u.tio., side the o"-tp"t mix is suchthat the sociar va-lues between ani-;;;;ffi,J';;:ii. the rate atwhich one is sacrificed ro, ttr" ;,h'".-b;ft;;;8;; =r...

Intertemporal 
-:T::lq 

*r,."ptu"ll1appti""'*e p"r"to Optimatity throughtime, acknowlgds,Te thal a particut"r';if ;-;;';il;I.ild distributedat one point in I*: yilt change i" 1n" f,r**..A;;;;ir"" ,.rour.*become scarceq, population gr;;;;;onsumption patterns change ef'cientoutcomes will change.
Economic calcuhlions of efficiencvconditions*;;1?'r*"";".',Hi;"9,,,8Til?#i:f ;"rffi ,r*}"ffalso assumes a statui quo aisiributioi . wii.,'r-, tt "* ;;ig"in"; technological

il:"il1r:#YuL:?+a6:x;*ri**x;ri;:"*f#ffi
therefore, resources are not effi&enttv'anocated by markets. In cases wherethere are manv deviatio"s r"om ii"';'J; competition requirements, partialpolicy measu.i" ttr"t 

"ri-i;J" ;;;"til;="ot all deviationr'ao ,,o, necessar,yimprove "sociar werfare." rm.i".ay, trwever, in a ress technicar sensg isstill used as a rough -""r"n" oi-Jip"-rt 
"ity ;;, ;;'G'on the ,,rea_

sonable" trade-offs involved in p"ffi .f,or""r.

Equity

1 1 Equity in access and use of resources is an important, if not transcendent,
I I policy determinant. Indeed, p"rr"y p*i*rptions based solely on economic

efficiencY o
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tputs is
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9ffis"""y criteria, which assume the status quo distribution, may receivelittle attention il thev do not coincide *itn trre'var;;i,h" LJJ6r,-.r.*(Shabman, 198a; Br6dgy, flael f"firy-i,ltysis, thercfore, usually entails
a description of the distri-butional 

"or,ruiu"r""s of choices beine considered.
-. 

Equity or faimess issues have been discuss"d la.g;t;;ii,;-porar 
,dimension, bul in p-rafcel intratemporal distributiois of 

"r""lth 
;;;"#;# ito t€sources often dominrT T" policymaking p1oc9s9. The policies adoptedand institutions considered depend [o a considerabre extent upon who isinvolved in the decisions. As in the case of f"riti"a ";i;;uril and theboundary.issue, i{ you are not invorved in the decisioilkhtr; interestsmay not be considered even if you are affected by the d"&i;;

The distribution of resources'also significantty itrects tt 
" 

-u"r,"rio, 

"rraf.:Tlil,fi--:ry1 to various segmlnts of society. w" 
"n" 

ioi"qual inour aDultres to respond to price changes, use technological changes, respondto uncertainties, and save for the fu-ture. poricy issuE, ;; th&;;re often
f::^"1:l tTrye the access to resources by virious groups. Disrributional
rssues a$o arise because.of the-ioint-impact naturc of-many environmentar
issues..The marginal cost of additional Lsers is 

"re"tirety'""io or,"" a"",air and y"igt-.ar€ provided. The issue then becomes allocating tne cost inan "equitable" manner. Additionally,_as previousty -"r,tio*t,,"grt"tirrgpoJlution, a.technologicar o<temarity, has monetary effects ,r, tii"-ra,r" orasseb associated with the pollution.

-I#:#;"",fl" ffiff"I,LrH*tr.hffiffi,:Jff,?,ftr,I:5_tr t teschewing a dedaration of the "best" distrif,ution. Because natural .#ffiJ I Iand environmental issues have inherent intertemporal choices, *r;;;;: I \

111l analfs* o.{,:l1ePo*, in some forsr, the effect of choices or"a" toa"yon resource availability and environmental conditions for the futu*.

Evaluating Outcomes

lj:=ll*r: ,effcie.nV, and equity are central to natural resource and 1envuonmental problems' Resorvinga problem invariabry inrrolves ctroosins I

T::g policy prescriptions that arE noi value neutral 
"rra -"y ;fi i" ,i: Iseation of an extemality. Incgrqorating these issues into *,J "*ryriJil Iproblem is often the maior taskior 

";;";";"ri"t involved ir, "ppu"illlf iNevertheless, for many economists efficiency is the key criterion used to Iiudge the desirability of outcomes. a- mo["emcient sorutio" i, ,;;;; i

r.Eil,!-,m1:r;'1m'[,:',,'Jf; };fig.H"*,hlrxff :#iltmar8inal cost will result in a aistributioi of-'g*a, and services in whichnobody can be made better off without someone else being made worse

:Xrrflfl::t this is a powerfirl result, ii is nestrict"a;- i, r"g,t"""

H:tdTr"ilE"ffiirffi ,H*#,ffi#ilL rffi

I

i
i

transcendent'
on economic
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presence of technological externalities, for o<ample, moving a single marketto a point where marginal cond.itions are satiified n""a iot-i*prove ourcollective well-being. 
{}rttre+ the perfecuy competitive model is silent onissues of distributio;. ff more ;;fi;;J or less inpurs are consumed thisis a desirable outcome. thu", m'akinq- G. *""ftf,y,;;"-;"h; providingthat no poor people are made woo" o?, i" i.rrt as desirable in aiompetitivemodel as makine the poor wearthier and'leaving th";"h 

";-poo."r. e"noted in the disirssion on 
"qrity, 

iil;;;;H;;"yir,,"1,,r* ao"r_mination of which outcomes are the most desirable.
Despite these limitations, efficienry;;L a useful criterion for economists.

ll-ii"y cases the gains from 
" ",oi" "mLnt solution are such that Iosersare compensated for the change, and thereby a clear u"""ni *r"rts, whmthis is the case, an argument fir a more 

"ma"r,t 
,ri"ti"i [-n"J to refute,pro-viding compensation takes place.

Even in cases that are less clear it rnay h useful for an economist toadvance the case for-efficient *f"iio"rrl"rticularly if, i" ;""loping theargument, allowance has been made for^the p."""1.,""'"J-oi"*airi"". r"such cases economists. must recognize that they are now advocates ofparticular outcomes and cannot ctai"m *rat *r"i" p,i,ritiri ;;;;;; a value-neuhal argument. Efficilncy-.arguments may not be ge'nane in all cases,but they may improve the discission i;"-*, to the ultimate decision.

CONCI.US'ON
In analyzing the interaction of resource characteristics, policy constraints,institutions, human behavior, 

"r o.r"u *-thu.ort"o-"s of poricy options,economics can make a- significant contribution to natural resource anderrvironmental policymaki"I. rnir 
"hapter-has 

presented a framework used
T__,ao": .d:g""r -by ecoiomisb for'analyzing natural ilJ;; and en-vuonmental issues. Many economic and phyiical"con""pe n";" b""" defined.Although most of the definitio"t rto"rii'"-acceptable to most economists,the points emphasized- and the grr"p*ir-rrconcepts reflect my perceptionof how the toils of economicrs-carr be appried to resource policy Gsues. The
llthors oj the. chapters that follow *ii o.!;d" ;;;;"t":i Id,*, ,hi"tramework as befits their needs and approac:hes. The i.i""i 

"I-tri, chapteris to provide an overview of importani'"o*"ps; the diverse approaches toeconomic analysis represented in the case,t &", ;h;JJ;;;-"i{Jii" o""a""with a more specific understanding or io", 
".Lr,o-io can be usefulry appriedto natural resource and environdental issul.

NOIES

:",:i;'3: 
jiril:9"."r"T".tr":E1l-:*f n#T'iH1.!17?S:tr#economists but other terms are iess clear. foi o"_pf", see Randall ttsnti2. In economics riterature, higrr-o<crusioi cosi;l;iililil;;ffi lJJ""'1". ."r*public goods. However, public ioods-;;i;;;* ti*i. aJn,"a a" eitia rrigh_
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rdF,o-I, ioint-impact, or goods th"t !E public should provide. Given this confusionin the literature, the temr is not used here.
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