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For the purpose of todey's discussion, I should like Yo view weber nolicy
from the standpoint of decision theory: water polisy may he regardad as a st
of decision miles in & mulbtistege decision process. In this process, & negusbee
of decizions extends over time and space in an “open” systen,
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The first step in such o study of welber poliey™ is to identify the systen
or sysbems in the control of vhich decision rules ave sought. In other words,
whol are the chaorscteristics of the weler-resources system with wivich waber

policy ig concerned?  This seemingly simple issus of gsystbem identification is,

T submit, at the root of some of the most sseviocus concspiual problems in con-

temporary waber researah.

o a:

The large and still expanding literature ov welber sconcmics during the last

decade iz mainly concerned with one parbticular ciass of & walsr-Tesources =
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1/ Glannini Foundetion Feper Fo. - . Pressnted to the Joint Mesting, Americen
Heonomic fssociotion and Ameriecan Farn Peonomie Associstion, San Franclees,
December 27-28, 1966 '

-8/ Professor of Agricultural Feonomles end Agiicultursl Feonomist im the BEx-

perigent Shation and on the Glzoninl Poundation, University of Cslifornia
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- that iz, the criterle of decision making. But the study of poliey includes &
whole declsicou-moking process end the lsplescntsiion and the effects of decisi

.

- 3/ In the terminclogy of decision theory, poliey refers to the dacision miles,
.;gj’;« E)

A

GBS .



\

nemely, the public mxlﬁimig@se davelopment of suvrface water *i;hmugh %amge
- dsms, camalsg, and other largéjeagiaeezimg str@&#&reaa The term public usually
refers to the federal geverﬁm@ét,-gnd ec@n@ﬁic'aﬁalyaie focuses on the effi-
‘ctency of federal investment in vatey resources. This is the seme class with
which the earlier discussion of b@ﬁ@fﬁ%@@@@ﬁiﬁmalya%g was’c@m&e@m@@-«@xem§l%fieﬁ
by the Green Book, the controversy about the TVA, end tﬁ@ varicus criﬁigu@g<éf’
the Army Fngineers end the Fuveaw of Reclemetion. The Green B@@k.us@d the term
ﬁi%@fnb&@im rroject for this class, but lﬁt@?i%ﬁé berms %&%@f°fé@§@fce$ Bysten
and water development becane synonymous with 16, |

Such terminology ié ﬁ@n helpful f@rvsev&ral'zg&a@nsa Firet, this pariiculax.
cisss ie less significant in inpute end oubputs then other classes, BSecond, thie
cless ie alweys cl@s@ly related to others as & pavt of an iﬂt@gﬁéﬁ@& systems 1%
is mevely & @m“nﬁmﬁwza Third, the decision ¥ules suggested in the litersture
for this subsysbem under covstraining a$ﬁum@£iéag_@za m@iﬁﬁﬁr ¥alid nox ?@l@y&&%
Lor the integrated system 28 a whole. ﬁherl&éﬁ point will ba'@l@%@f&teﬂ proge
ently (Ssetion 2), bub first let uwes ssk what ave the cbaxacﬁ@xiﬁﬁica_af an jn-
begrated water-resources systen as undevstood here?

Suech & systen i o nmixed groundvater-gurface uater system. Groundwater use
ia guentitetively at least as gignificant as surface-waber use, end integration
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of the two uses railses some of the most im@@xtanﬁ lssnes for waber policy.
éesigg of such a gystem does not necesserily involve large enginsering structures.
épprﬂgﬁiﬁt@ ingtituticnal stmuctures, on the other hand, ave & necessary. and
Lrequently sufficisnt conditiecn for its f&neéi@nimga Such institublons relate
ﬁe}w&teé?l&w imfluémaing water development, waber ellocation, and w&tﬁr gualitys
o water-digtriet lav controlling the é%t&b&iﬁhm@nﬁg orgaunization, and @péﬁﬁ%ﬁﬁm
of pﬁk&ic w@%@# distyicts; and to shole éﬁ& feders), adninistmbive sgenclies af~
‘uf&ctimg water development, ellocetion; end quelity. For shord, these structures

will be called hewve "wuter institutions.”
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Groundwster ia cieveléy}eﬁi&rgely by privaete zather than by public iovest-
ment. The publﬁ,é :anﬁm@m +hat is involved 5.?& Ty water dia‘iﬁrﬁets rather ‘éﬁ&n
. “lw fedevel and state govbm snts. Private f;mﬁ and waber dﬁ@'&:rie‘tg’ are slso
active in mitipurpose, muitiwnit surface-water developwent. Some ef the
Federel developnents ami the _%Hi‘@mm Shate Waber me outrank pﬁ.vatg and
. &i’sﬁrﬁ,ﬁ; devei@pmn'tzg in size of ;zidividml projecis s bub in the &igg;z?@gm@ s
vater development by privete firms and water ﬂ.,swv cts excesds that by fedewal
and stabe guveraments.

We may 28Y, then, thet the water-resouvrces system with which we ave com-
cerned consistis of ¢ 5‘ m‘%igg sectors which are pr:iwése firme, public diaﬁméc‘é;sh
and projecis of federsl and stsite gweemmeatsoj in agevegate gquantity of wmax
devels 3139&9 private fizme--households, farms, imdustrial corporatlions, and pum,ﬁc‘
u'isili‘%'.ieesﬁ«m'e the sosd aﬁ.g&:;i:?iean%‘m@y of opeyasing sectors. 1o second gmce
sve public water districts sueh ss irrigation districts, mmicipal vater dise
tricts (g&nei dspertmenta), end congervancy distwicis. Federal projects eve in
third plece and state pz*m@m‘;a sve lagt, J
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;j It should be noted thet o differendintion i made here between projects of
faferal am:. state ageneles znd those agebcies themselves. This is in asccordance
vith procedures of economic opitlsizing. Thus,; opbtimising procedures ave appiled
to projeets of the Buresu of Reclemation and not o the Buresu itself op the lsws .
regulati mg 1% establishment, orgamization, and operation. 4 pmﬁ_l,@l differen~
wiation 15 wade hewe belween pubiic wmier districts and the slabe wmley distwict
laws conbrolling the establishwent, ovganization, and operation of such disbtriets.

J In recept decades, water districts bhave chenged in part from water devel-
opers in thelr own right to retellers of wabter developed by federal and siate
projects. In some states~-for evample, Celifornis--Pederal and state projects
sre inbertwined. Statisticel seperation of quantitiss of water developsd by
Gistricts, fedexal projects, and siate projects hse becows inerecasingly diffi-
celt. For o more detelled dlscussion of the reletive significanee of the waricus
groups of operabing sectors in the above seﬁm , se&: 8. ¥. Civiscy-Hantrup, "Waber
Foliey," m‘msﬁmh of Applied Hydvology: Corpendivm of Weter-resuairges -
Technolozy, m@imrminmcm«z? Ven Te Chow EE@'&? Y@r?* MeGreaw-i1l Book Company,
166LY, Seevion 28, pp. 28-1 %o 28-25.
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In ovder to Lind declisicn zules for such an intsgrated zé&%se:réremumés
system, I should like to differenciote thres 1w»1gr of deeleion making. Whese f
levels c@ﬁsmwm & l@gﬁ.m mmé aigilar o %h@ wv&lzs oF @c»mmp‘z:‘amla%um
& ofeventiated in formel l@g,im_-i/ For the present purpose, 4hi Wf&md will
be colled ™ihe Lierarchy of dscisicn levels.” A

On the Tixgd level, the Iowest, the decision-paking pmmss relates eiimemy
te bhe c@mml of inputs ; mz%,m»ﬁ,a » and other qu&zxtim sive characteristics of the
m%er«z:@swzrces gyss%m. Thsee characteristics nay be detemminigbic or s‘“mehaw
tic; they may be in ymrmml or in v&m@'mmo Beeiéfsmx wehing on the next
hizher level, the second, contiols the i '“bi*“v'%‘.‘?.am@m Tremework of the decislon-
- making process on the firet level. ﬂﬁ the third level, the framework of the |
decigion-moking srocsss on the second level ,,«,s the subject of decisions.

Decisicon levels may also be concelved es opbimd ziﬁg levels. "his Gexm will
'm'is e ueed here because 1t veguives interpreteticn of mﬂmmr@- a8 & Pictiomal
CORg’ cmeﬁ or scientifie i’:’is't.;.en,J L9/ cach level, decisicn rules a¥e sought for
meking the best decigion on theld level. Although decislon-making processes dif-
fer from level to level, they are int @ﬁf@m'ﬁed beceuss the %ff’a’i’és:':‘%s af eam de-
cizioe cen be traced ‘t}.z‘z@ugﬂ all lower levels. From the G)b&.m‘ti@:& of theee |
effects on the water-vesources system, decision makers @az: learn how to make
:.ﬁ.ﬁp"’@“@mgiué‘i in &ﬁmmzmmm 5344 pm«*esses on all lwelﬁ. &:a-éh lesraing=--ox 1o
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1/ For sn spplication of ievels of @@nwpm aligetion 0 the concept "resources,”
gee Cirlacy-Wenbtrup, Resouvce Conservebion: Foobnomics and Policies (84 ed, yev.:
Berkeley: Division of Azriculiuzsl Sclences, U ,*rg\:z*sx'%gy of Califowaia, 1963),
Chep. 3. It scareely needs to be menbioned that the leogiesl pyrenld refsrrved to
heve carzies no comnotation of soclal or € thieal mai..ing.

g/ For o discussion of thi iﬁﬁ@mret %.:i,@ng see ©I 'ﬁ&zbyﬂ ntup, "Policy Con-
sidersbions in Form ,maawamm Besesreh in the Decade Ahesd,” Journsl of Feim
Beorowics, Yol. XXXVIII, E%'so (E@sﬂ&m@r 1956), 3,;‘:? . 130L-3311, ,
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computer jargon "Peedback~~is the essence of a mﬂ;ﬁig%g@ eieéisi@m process. The

deciai.an*&m&:mg émeesse on each level can be aﬁu&i&zﬁ in ite structure, ite fune-
A R

tioning, and its periformance.

We can now pmﬁee& $6 the appliea‘tién ot 'a‘shgsea g@@ml @@n@@m@é, As we
kmw, an integrated ws:!zerwragaumes systen is c.e,mpw@a of privete @m@ ye.,f&ﬁ,ic
operating ‘sectors ((_Se’mt.;@z:z 1} The decision ma}sim. on ﬁm level of GT}'&E.‘@@“ opery

ating sec;tm’a consti w:he@ m imﬁ level of -v;@ur.hiemmw. Dzeision rules f@* :
iﬂﬁs leml sye familiew ‘%;@ ewmmigtg bm&u&e &h@y ars idemblcal m-a ‘“"hs@” m},@
generelly suggested I d&aés:lém meking in emﬁ@m@ wi‘acmwmm ‘Kfﬁiﬁ ml«; %za&,
-qrigizaa&‘:;,y pﬁsstmteﬁ f«sx’.a ca}mulaﬁive eecmm@. mm and for the pmwam- ‘s:ami’i:@«-
saaking fizn. It wes lsfb%u. wndified for gmal.l@ ﬁa&iaﬁw srking in ovdsy to t@k@
necouwnt of probleas % nmlved in mggi‘ﬁga%iﬁg iﬁﬁ;@.'«?‘“ el whilities and m.n.i&g
with externelities. The. 17@;;&3;‘@; pevivel of ‘iﬁ:&g coneept c;»f 3@@5&3 Cime 131"0.“?@2'@&1&@
Ay be vegardsd as a special case of these t‘z;:é provlens. The publie : };ﬁmﬁ,ﬁmg

agent striving to obisin such Pavets optime in ’.mﬁéc%wmmwe«ea @mv@;‘i;@fm:m% by
b-é.n'i;emali zing az‘&emili‘tie@ hnz been dubbed ‘thq, j""‘“mr vaedn firm." :{/ .

The common dem%@n iole for priveale amd puhlm @p@%‘@ ng s@e,u@m 8pE d"%
maxislizeation of aB @@3@@“&.&3@,(@2'@2‘% o W@lfa:?ﬁ’ﬁ? Aﬁc‘&z‘ﬁ on untier copgbraintes Ye-
garding institulions, techuclogy, end resoures amiglsabiﬁwa Tn terms of foxmal
criterin, moximizetion is accomplished through Mﬁmﬁ.ug the ﬁ@@@mx&t@y gnd suf-
Pleisnt maﬁi :.é,,cm and othex qzia\.,inmtﬁ@ns given Wy the fivst and ﬁ%@@‘m derdva-
tives of the ¢ hg’ tive funchlon mws fc:me maximlzation over time, by Yhe caloulus
of varis *é:'?msv

ttle a@eﬁé to be egaid here aboub this declelion rule itself. Uhe coucep-
tual apd aperaticnal limitations of qmmmt@tew» optimizing in privabe an 4 in
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1/ Allen V. Knsess, The Feopomice of Reglenal ¥Woter Guality Mensgemwsob
(Beltimore: The Job % Fopking Eress, , 166k ) 2&553@
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| publiic decislion mk..ng have been discuasea elsewh@moJ There is, however, one

aapacﬁ of these limi‘é:m,ims "ch;a‘h is of mter@at ‘here because it p@ixﬁss w h@.

' next higher decleion level. Thls aspect is ‘hhe:«: trestment of institutions s -
comtmims in cgmntit@ﬁ;ive ay%imizﬁ.mg. Such uma‘m;@m doen Bob czwt\, c»@.l«a@xa»

tual problems in private ci@cision making. Ia s@cﬂ.@l decision making, h@ww,m:fg“
insﬁi‘mm@m correspond w@cepmally move o independent ox dependent veriahles

~ than %o constrainis.

The latter treatment @f .ins’i;muﬁ“zions has rec@w@é; eritical review in mlﬁ’sma
econoinies dw@%h “fhe theory of second best. “ﬂj This critique bas cast serious
doubts on the mﬁ.mi’%;y of Pareto optimizing mder institubional é@mr‘amims
- Whe'thez' or a@'t one egress usii:h the entize x'e:asmmg of this em‘%ﬁqw:, the mein
result can well be aaecepued‘ ingbitutional c@nﬁiﬁ@m are wneeyw;m:vﬁ cﬁf:f@%
‘ent fyom technologleal conditions and vesource svallsbllity. To look at the
former as constveints views -i;-héir sppeaTRnee only e:‘gn»'t&e Pirst decinion level.
On the second level, 'b.’a@y appesy as the agemtim wm‘;e in the deci si@nwmking
process, |

Thie y&@@se of ﬁecisi@@;%sakmg on the -'s.‘é;eaﬁﬁ level is not o eontrol di-

- rectly imputs, oubpubs, and other cuantitative characteristics of the water-

rasouvces system nox 't@b‘i:s%z&.m a path of quantitative welfare optime atb various

points in time under projected conditions f@iﬁ’{'ﬁh@a@ poiuts. Rather, the purpose

J Cirtacy-Hantrup, ”"Lili@%phy snd Objectives of Waberahed Policy,” Bconoilies
of Watershed Flomning, ed. ¢. S. Tolley snd F. B. Riggs (Ames: Towe Shube 'zm,v
V@mﬁ'.y Press, 1961), pb. 1-12; and “Comservation end Resouvee Progromaing,” Land
Beoromies, Yol. EXXVIT, Ho. 2 (May, 1961), ppa_ 105-131. :

2/ R. G. Iipsey and R. K. Lancaster, e General Theoxy of Second ‘Begt,"
Review of Economic Studies, Vol. XXIV(1), Wo. 63 (1956»43:5?)@ TPe L1l-32; John V.
Erutiite, ‘Weliere ﬁzgpec‘ﬁs of Benefit-Cost Analysis,” Beoncwies end Fublic Poliuy
in Weter Besource Develomend, ed. Steghen C. Smith end Bsery §. Canile (Ames:
Towe State University Press, 3,9612-});, Po. 22-33; sm& . &, Davis and A, B. Whinston,
"Welfare Economice snd the Theory of Second Eﬂ% 5" Review of Feonomic Studies,
Vol. XXuEE(1l), Bo. 89 (Jenuawy, 1965), pp. L=ib. o




'.:’t.s o maintein and to increase welfave by camﬁ,numely inflivencing é@@iﬁim
maling on the lower level uvnder consteatly changing conditions Thet for any
point in tine canoot be émj@c‘mdm@zcﬂ ouly %gmlyémmﬂ that ave alvays wacer-
tain with wespest to actun: ‘Gocuryence. | »

in order to fulill such aé yamx}m , each water ingtituiion may be vegmuded
ag & decision-maling @yst@a that Ponctions as a whole with a particilar patlbern
of chenge. Under the consbitutional oxgarization of &e United Statesz and ca‘fl‘r:wr
Heptern dendperscies, the systen is mﬁiﬁeﬁ theough actions by the three f@mmz?ae&s
‘::zf gf,»%femm@ntwth@ legislative, judicial, end execubive--cocd with o dlfferent

£

range over which modification can be acecmplished. Modificabion dekes plate on
\
‘ \ | v
the federyl, the stete, and the local levels; generally the state level is the

st m@@z‘ﬁé‘;f% for waber institubioms. |
Performence of such a '&ee;is:i@n‘m@kmg gyetem can be appraized only by view-
ing the z‘fszm'@m ag it funckio s over "U?b Uﬁﬁ@r vexrious ecéﬂ@mie conéitions. I%
18 c@ﬁcc@ﬁm&ﬁﬁg inedegunte o eﬁgspmiée @@rﬁoﬁmﬂe@ Wy rsmf‘mﬁﬁg ‘bempural cross-
sections of the system for parblcular conditions and poinbs in time. Criterda
| for performmnce mast be sought on the system's own level. They meedl not be the
sém@ ag '?a»hm@e on the lower level discussed previocusly. FNeithex neéc‘;! ‘the criteris
on the lower level be those thad econcuists suggest they shouvld e, ‘ma*’ we segk
 for the sectnd level ave criteria thet could sezve as e@mé@t 2Ily end cpava-
i‘;:ionélly E’Eﬁﬁ‘.ﬂiﬁ(jﬂdl proxies for the Fietlonal construct of opbimizing welfere.
They ey be 'cza:il@d ﬁ.mtewenmg criteria in ami@gg with intervening vaviables.
The seapch for such eriteria will be wndertaken in the following section
(8ection 3)

While the second decision level is the most significant one for the siudy

of waber policy, it does rot complete cur hisvsvchy. A third decision level

,



. Water ipsti mm@m 'y h@wevez’, are not confine

8.

was implied by the m"ez'encc “to the emmitu‘amml @rgammﬁ@m of the Mteﬁ;-
Smﬁ@s 5 which sa‘izs the 7msﬁ.c ﬁamor%. for wteﬁ‘*p@lﬂw as for all other pﬁlim@.m :

 modern Wa sstern é@zmmmeso f_

| v?:mghiy ﬁévai@paa emz@x ias%:i'&wwm gxisted. m ancﬁem‘z fm@&l societles m& feiw
:_:sm’i;es in tﬁh@ 0L and m sh@ E%@w w@rm ‘féhey eﬁsﬁ in primitive mﬁm& @@.szam*
mmit.ws in Afries no 1&55 &:han in modexn aut}m':itraz'%an states. ‘Imm d@@w not

' p@mﬁ: ‘skebak amg, the diffex'@mes bet%@n waa,ez’ iﬂ@%ﬁm’hﬁ@ﬁﬁ in ALEP M& ss@cﬁ,@w
“*&;‘ies: Although the c&u@a&- cenpection is mmmvemml, the besie @?@;&mma‘@l@ﬁ

: ef e society is always cl@se,ly m‘tem'ela'te& ‘with w&te?* mamm‘ii@m, Au‘:@zﬁ,ﬂ@ﬂy
this org&aimti@n may be. r@garée& c@ﬁc@ptuam a8 a s@e;l&l @:cmmnwmmag ;mf@ce
ess on the next high@.» 5 the th ird, ievel oi‘ @m:' hi mrchy Discusslon @:3 m”éai.»s

' -lev@:l would leed amy from %&:«er policy and n@eﬁ ngﬁ "b@ undertaken heve;

3. Criteris for. Ui Perforpance 1.;%‘%@%@;@%

Decisicu-making ipﬁbé@ss@a' on the S@c@n@ ami 'thiz'@, levels eve 8 ga:m of *%,frze
pioliticﬂ process. When @e@m@mﬁ o8 was under 3&@@@ 28 p@ii“timl e@@nfmg :ﬁ: maﬂ@m?
passéa the p@lﬁ.‘&i@a&pﬁf@é;@m in the ﬁ”hxéy of ’;ﬁ@%ﬁ;&i@}i’é m&kﬁ;ﬁgg Leter, emphasis
shifbed toward the au ﬁiﬁa%i'v’e jépféimziﬁg model elmozt to the @;f@mgiém of othew
decigion-maiting PrOCeEses. Ecmevem there az*@ ~‘m‘é@n@@mfm‘m%& F@?‘%- exanple,
Lﬁ,nﬁblmm ard bis e@amﬁ;h@m in @weml books, esgpeeially in ke last one s armie
.'ish&t the politieal ;@"2’@@%5& i &h@ ﬁaﬁty valid: mzd r@l@mﬁm general md@l uf da-

v ciamn m?smg.“/ He appli% ;.is cenbral thewe @ﬁ ”mtuﬁl accommodation of

ﬁu.‘nmlumm&wmwﬂmﬁwdGBﬁﬁﬁpmdmﬂ@',ﬂ:mcvmvw‘m.ﬂﬂ-nn».auw&zd’

1/ Robert A. Debli apd Charles E. Lindblom, Poliitics, Esonomies, and Welfave:
Plaoning snd Politico-Economic Svetems sglvedmt@ Ba@icm@ia}, l‘?s@ eenges
(Bew York: Harper & Brothers, 1953§ 55Tp. '

David Breybrooke and Cheries E. mgnﬁblam, 4 8 “‘*ﬁ-mﬁeﬁﬁm@f Dacigion: Policy
Bveluation es & Sosiel Procese (London: The Fa*‘ e_?ﬁ@&s of Gﬁ.@m@@g “Collier-
Macmillan Limited, 1563 e ;- 260p. o

Chevles E. mmmm 5 The E@:&;@lhg@m@ of :@8&@&:&7‘@@{‘ u@@mmg ¥aking
Trough Mutual Adjustment (ﬁw Tork: The ¥ree, Presse, 1065), 352p. '




partisans” to private as well as to publie decision malking. Others have sug-
gested that the political process shéulc’i mérely supplement quantitative opti-
mizing in the s@lﬁ&;mn of specifiec t@chnieal éiffi@ultieag for exswple, to
deterndne trade-off values between different objecbives of publie :i,wesm@nﬁ;cy
HMultidimensicnality of the éb;ﬁect:ﬁ.ve function hes long been & major concepbusl
and operaticnal dAifficulty in quenbitative optimizing.

These ¢nd similar suggestlons erve & refreshing change from reﬁ;emﬁzmg over
~and over the goal of quentitative optimizing--often with little regeyd for the
operaticnal possibility of fulfilling the necessery end sufficlient conditions
and other quelificetions. There are, however, two provisos which I should like
4o make: IMirst, one must recognize the differences betueen decision-mmking |
processes on diffevent levels: the political process must be brought in ab the
gsecond level; it c@mé‘h be relied upon to sclve £d heoc the meny tectnical Alffi-
culties of guantitative optimizing. Second, conceptually s@é;ﬁ.@f‘aﬁ%@w criteria
must be provided to differentinte a "good” from 2 “bed” deeision.

By the suthors mentioned snd by others, agreenent based on mubval sceormde
datiom of parsicens is sp@gizmc%d 88 ﬂie main eritevion. Such & criterica hss
gtrong eppeal in & Western democracy. But its amﬁ.i@ati@@ involves several con-
eceptusl difficulties. The eriterien regulives s careful definition of the wmeening
of political agreement and & specificetion of the weans bf "E»rmgmg it sbout.
¥hile the cxiterion is operatiomal inm the sense thet "feasible” desecisions are
always selected, it dosz not ensble one to maké & selection betuwean altewnative
dseisions for all of which agreensnt is attelnable. Sgresment may fluctuate over
relatively sﬁwﬁ; pericds of time for subsiantially S.d@n‘@ﬁml decisions; this
would not make the eriterion incparative e.t_ any point in tiwe, bui differentiaticon

Qe ed e €3 AV M3 OGP e €3 I M D R B Y A W @ w8 € &3 €5 o0 o @) @ & O & @ o 4 o o o 02 © 2 © o 6
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1/ Arthur Masss, "Berefit-Cost Avslysis: ISs Belevanee to Public Investment
Deeisions,” Quarterly Journal of Hcongmice, Vol. LiyEX, No. 2 (1366), pp. 208-226.
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between good and bad decisiouns weﬁm have 11‘@*@1@ meaning umée—r Ghese conditions.
Pinelly, and most importantly, the agm%m@n‘a cﬂt&ri@n i8 not wvseful in sppre i
ing p@rfom&ﬁee for the purpoze of scienbific aml:miss.

To fimi' 2 Bore sati@faefgéry eritevion is nob easy. Bub saim@e the soeciel
. seciences mey be regardsd as an e:«a,,tensien of humen ecology, parf@mac@ criteriea
used in our sister sciemes Ay of‘f@r a e;uggesf:;iom

Genetiei@ﬁs, smﬁymg genotypes, p@p&lamems, and ggeci sg ﬁi:?f@rez:a bimte
between favorable snd unfavorable gene mrie.ms, mutations, a.m} %8y am abbey
chareet»risties.i S%wden‘iss of mxma&l ?@e&havi@r diﬁf@v%nai%m 'b@‘é’:-\’:?&:’“@ﬁ fevoreble
and mfawmble inzstim%s enil other hadit pad b@ms of behavior wﬁ; th Véwi@ ws de=
grees of @pexmefss ©o l@ammg.fy These and similaf appraisals of Lhax‘asf teristicgs-
from mol@cular to sgc:lal»-a@m vased on & ccmm erit@m@ﬁ, zzﬂmelyg syrvival under

the pressure @f 8¢ 1@6%35.021« One m’i.ght e*&pl@m the ﬁ@@@i‘bﬁ,m’@y of ap‘al;mnz: a slai-

lar crit@ri@a 'L@ ch&r&c'i:eris‘m@s of e@ozwmic hebammy in @m c&se ta the per-
formance of :mﬁer inssitutions. H@m; survival must be mt@rpmteﬁ in eeononic
terms, that 'is,, ‘-n@t. iﬁi physicel grovwth and numbers bub ia @@mozﬁic growsh and
velfare. | |

The ﬁra‘ﬁ; step m such &n exploration is. ‘iza sote some relevant comesybusl
implications of survival value as s ez&*iﬁ_eﬁ.@n of performance. Sm:‘i‘mz;l value
13@3.@3'&;63 only éirection, even though highly quentitetive met thods mRY b@ used
in é@%mlﬁ&mg 1%3 i% carpot be employed, thferéfw@,, Por cz%minmg ostims. TG

§;/ Curt Stern, "The Genetic Hesources of Man, " Faburel Resowrces: Quality
and Quantity, ed. 8. V. Cirlsey-Woembrup end James J. Parsons (Rerkeley: Uni-
versity of California Press, 1867). (In ‘nr@sse) :

Ernst L‘%ayx', Animal Species and Bvolution (Cambridge: Hervard University
Press, 1963), T9Tp-

2/ Kounxad Iovems, On fesression (¥ew York: Hovcouwrt Brace aud World, Ime.,

lgwd) 2 3‘%@°

. Tinbergen, The Stud y of Iastinet (Ozford: Clevendon Press, 1&%) 228p.
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nes no nmomsbive comnotation: it is useful for seientific ennlysis; but ?fér
political aacisfieﬁ making, its usefulness is indirect and uncertain. Knowledge
of structure ;iﬂﬂ;’.‘i Punetioning of 2 ay%m is f@qmim@. before ';‘;.é@x'f@rma@% azﬁ_" its
individusl c‘mmateristﬁ.@s cen be appmisgﬁ._ ﬁp@misal is valid onky f@ir a
gpecified envirvomment or sequence of enﬁmu@n‘cs.

ﬁ@;né of shese implicatione remder {he Qri*e;@ri@za msuited for our purpose.
It will be recalled that gquanbitative ;pmeis@om and optimizing m‘;e nst iavolved
on the second level of descisiorn making. Further, & criterion is desived that is
‘useful for s«aiémf@ifié amalysis. For political d@@i&zi@n‘mkmg, such & eriterion
can only be & é@@l@m&ﬁt@m one, its gigﬁiﬂé&ﬂee depending on the :iz?a,lusmé of
scientific wnaarst@;mﬁ;ﬁ.ng on political agre@sﬁenﬁ.

S'mivaifvaiue vca@zbe applied izz: various %?aygq Eometimes 4t is the performe
ance of wat@ié institutions as it affects tﬁs& viebility of operabing sectors (in
the sease of;'Séﬁﬁiou 1) thet iz of imserest: f@r easmple, how weter-Alstrict lav
affects the %ia%ﬁlity of wabter distz'mté during economie depressions or their
growth in umﬁ‘{@rﬁi@v&lﬁgﬁﬁ Tegions. Sometimes it is the weber-resouress system
iteelf that 1.@ of im;@rést;- f&z* exnEple, tﬁ,?}s@t extent are %a@i;@r' institutions
responsible ji‘?ér ”ti’;e growih, stagnstion, and decay of irvigation systens in wauy
perte of the "’e%:rcax"m&? , @mm% hms&vérg ac;ien“&;iﬁg inberest is f@@@e@ on how
vater é.ms%i‘i;éxg@igﬁs;aes;gg@@i@u.y waber ii_gwm&ré z"’elza"t'w the i’mlfaré of a whole

region in mri@m perieds of ibs development.

B, Illustretions ami Céml@iom

In order %o bring the concepbtual enalysis (Sections 1-3) closer to spplisd
vater ressazch, some of these exsmples nay be spelled oul further.

80 @ifTicult problems of waber policy is the alloestion of

54
[1:]
m
a

Ezmong th

5

costs of water development auong beneficiaries for the purpose of rertywent.

Al



iz.

For waber disbricts; solution of tﬁib problem is exuciel for vigbilitiy because
they c@,mm x@ly on the rescurces or ‘&hié federal and gm*&;e '&;:t:eﬁsuriem Veter
research can use wo ‘gpproachess E‘iﬁé&_‘ﬁt, ‘throug;h various computetionnl 'ﬁ;@e::?micgme@
of benufit-cost snalysis one can pmj@ct benefits acceruing to diffe m; Erouns
of bzemﬁ.cia-ﬂés and allocate costs a:’;ﬁi_fepagm@nt move or less inm proporvion.
The second aﬁypﬁe&@h focuses on alternmtive characteristics of weter=istrict
lenso 'The oﬁ,ﬁe@ﬁw ‘of this approsch’ :iss ﬁze @pﬁmi&e the historic perfomence of
these @&ém«:ﬁeﬁs@i@g and to selacttheéé;withf survivel value in terus of
visbility of dlstricts. o |
Since th& Hright fct of 1857, @alifomia h&s had & gm,@i; deal of experience
in @mpl@ymg district uammi@a &ﬁd wat@r yzx.ces ixo various combinstions. With
some m@iﬁcga;m; in 1,9;07, the @rigmal taxaibion provisions of the Hright Ack
have st@g& ‘uﬁi '??311 under the test of eyéii@al{am zs'%m@m’@l econonie change.
@@zweé;éﬁélg; the difﬁcﬂl%ies of water di&‘%rictv in cﬁ;&wr she RJ@:B; in Canads, end
elasevhere m’&"largejly due to the &ba@rgc@ of s.mil&, provis] ions im vater=district
lav. fGhe ﬁe‘a;aiis are of grest :mﬁ@f@gﬁ fé’sr iﬁsti‘mﬁ;i@ml ami:fsﬁ.s, s bime
does n«i}'& p@mi’h discussing them h@mo‘y- -.f'}in smm“ﬂm one mey suggest that as e
b&sz’;s for rez:ﬁm@n% %o water diastricts ,"ééﬁiipﬁﬁé’ti@n of Indireet benefits end of
@ptixmx cost dleea%i@a have yet Ho é‘@mnsgmte their gu@@rﬂ.@rzﬁ 7 over the re-
sults ot m@t&m donal cﬁamc*?;@msucs fﬁ;@steé over some 80 yesrs. In cther words,
a clmigimaﬁakmg proecess on the second 1@%»13 ‘Eﬁy ecntrolling decision moking on
the fizei level, has performed in & 'eéay'ma‘i; is concepbuslly and operaticnslly
‘more aceepieble é;imn 24 hoc™ s@;@%aﬁ.ﬁ‘&iéé‘téd computetions. One might cell the
taxetion provisions of the Uright Act em institutiorsl characteristic vith sur-
vivel value,

© M ca 8T R AD D e &2 G T M S W @D @ @ @ @Gy & M e W @ e e @ . e @ a6 @ ap  gr  en 4 en  em

1/ For details, see Micheel F. Brewer, Water Pricing
ticular Refersnce to Californis irmmticm Districts, Univers
Glannini Foundation Mimeographed Heport Fo. 235 (Bevkeloy, 145C
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ngsitubions are the sysbems of water
gl e thet funetion in g@eét variety im the 5@ atates and in wost orgeniged
opmuities all over '“S:Ifée w&zlﬁ.a Here slso, Cal‘.i‘ema c:ﬁ?er% m‘beméﬁ;mg: Frokd
,@i@l Por appraising ggeffem&me uwnder g ség}ie&c@ of different economic
enviromnenhs. ’ |

Starting in the 2;85@?5 » Agﬁem industrial iwe; of z&a‘t.,rm-f-wz’ placey mdning--
was more imporiant than agﬂmlmu‘al, ves in apﬁsmml, Botmrban ?egwm wz’;w
- #lghts heve coptrolled m’t@ﬁ?“d@&r@l@zﬁs@m R allm‘%eﬁ water, and im‘“ﬁi.sz#mse& ,:saé,er

quelity vp o the present doy, vhen &g&ﬁmﬁtui&&l vee of water is dominani in

find

- O

&

e of the most highly industrielized states @fme unieaf.g?‘-‘/ This a@y@zs@iﬁﬁy
o m? weter law in rerponding o and i&ﬂu@nﬁng}éﬁa@im chenging @e:mgﬁ;iﬁe ,ézi% :

vimﬁ'mm; aan be explaiped ;?L&rg@ly by Gthe ﬁmﬂmgmg side by side of two. 1@@3;“
syptens, one tased on wipar;azzg the other on i’éﬁ@mpmative rights. Over tim, E
they have coms to @ vorkable blemd. For gmﬁr;dmterg this biend can be 'ega.edg,d

o L e,
a8 a spesellic system, that of epryelative ﬁ,ght,z%.f’*/ _
::wm»wmwx:nmurwc-;!n'a,‘m-q‘wcxvn“uaaﬂ-wu¢nm'ﬂow.-ea:n-.m'rsc:r-.-w

J

. g,j For comparing different uvses quentitetively, two factors arve freguently
not sulficlently eonsidered: (1) vhether conveymnce loszes erve included or ex-
eluded for agelevdiuvral use and (2) vhether water use by steam-electvic plonts--

- the guamtitetively wost signilicent one awong industrizl vses-~is incinded ov
excluded for Industriel use. In Califomnle, for example, agriculiural use is
87 percent; indusiriel use, S percent; and domesiic use, B percent of %oial use,
17 conveyaiee losses are included and steam-slectzic plents avre excluded. Agri-
ecultural uze iz 67 percent; industrial use; 25 percent; and domesile, 8 pereent,
i conveyance losses are excluded and stesm-elecizle plands eye ingluded., In
terms of water consumption, the fompsr is & move sppropriate comparison; providsd
that double coumting is avolded. Some conveyance losses are used via grouwadwater
and countied then. Thers is conslderable interfizm reuse of water both in agrl-
cultural and in industrial use; the quantitative exient of such reuse is not
kaswm. Btsam~electric plants use, largely, cooling waber that is not usable Lox
other purposes and, iv any event, is not consumed. Potentlally, of course, most
domestle wie cen be made nonconsunmptive. ' o '

2/ Ciriacy-Wantrup, “Some Ere;imnzs,c Issues in Weter Rights,” Jourpsl of Ferm
Beoonozics, Vol. YXIVII, Ho. 5 (December, 1955}, pp. S575-835.
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To "f,h@ BUT @rﬁ @m; ‘observer, the Californis "”mi:g:"f @;é? @aﬁermmgm systens
/é@eam as ubter confusion. I% is often criticized 'by eeonamiste who have mde
it wesponsible for retardation of water .d@%ﬁl@ﬁ%ﬁ% ; wizalloeation of ma'%;@ﬁ,
@msas-im&mg of xﬁa,t@rg émﬁ o’chm" inefficlencles. Insteances of this ?@imi exigt,
although «they famm's am %eammtw moTe res;mzz ,5,"@@& for 'E:.h&m '%:}ma’mﬁax _Lw
Bven 1€ vaber :ia,g vere ‘solely m:&p@mibl@ > economlc inefficlencles mﬁerp&rﬂ
tlauler eonditions s particulsr points in time ere not sufficient for an ime
dletsent of the vhole institubion. As we have seen ({é@@ﬁim‘ 2} 3 's;?m@i funetion
of water :im@@i‘m&;i@m is nol to meximize econcmic efficicmcy for parbticvisr
conditions end polnts in time bma o mmem clm@is"‘s’.@m weking on fi:h@ lmsex
tevel under mz*&csm t_m& ceﬁ%ﬁ&@t&,} changlng condi'i"i@nm

systems in Mﬁ’a.mng ame fum»

In gsi:'m@*mg the aaﬁi‘@n‘

m@ of mﬁ@r*umgh‘%;

,'-tlcm , 8 dichotomy of oF te aF mg been «i@'ﬂml@: . They are geeurliy %mms‘t

l@gg&l; phygﬁ;@al o and 't@mm@ ume%aime.@ss an mﬁbﬂiﬁg in vaﬁmm legés;ﬂ. smﬁ

econsmle categovies. App. wmg uhese eﬂtmﬁa '&:@ C%;ﬁ.ifcmm wter ‘!.sm gives a |
arily ggzm:i “fﬁ:* * Californie water low h@%»_@&:ﬁf@m@ﬁ relabively well-~us eom-
;gm“@fi ‘?ﬁ‘i,ﬁ other wotar-low wys'izémswin stmﬂmmg; water developmant, allocating
mmrﬁ' and gamfﬁ:-e@mmg weber q,.aalﬁ’w oVer morse ‘&}m’a & @wn%mr of ww&”&um@. @:%ng@s
: iﬁ‘a the eeoncuie sgm%fﬁmxﬂ;aea% To be sure, am’m mm@%m charecterlstics, such
as the systen of @:ﬁf@ﬁ@ééﬁ@é:a% 5 heve lost survivel value auﬁ are m ,,y' ﬁﬁmm ed
‘by others. |

The @f@m@% of gmh e geneval evaluatior is nob to deféﬁd Californis water
law bub o m@g@% thet im the perpetual process of legal adaptation, seonomiste

.:aeam‘u(gmwamc&mmmmunwaumﬁ'auumu-mua‘wo—mumﬁommnaw

‘ / @iﬁiwy«%&tn@ s ”@on@@ptﬁs Ugad as E@@m&ﬁe Criteria Por & System of Water
m,ghw " Eeovomics end Publie FPolicy in Walsy Resource Development, ed. Stephen C.
Saith and P Emazz*y H. Castle Mm%e Icwa State Unlv@z"sity Press, l%l:»), Tp. 251-2TL3

. and "Weter Boomomics: Relstions to Law snd Poliey,” Waters ond Weter Lew ip the

United Stetos, ed. Robert Rumet Clark (Chlesgo: Allen Smith end Co., 193750

mm

In pm&n)
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could be move helpful by meking caveful institutional emaly@es of the p@ rform=
anee of vager law than by zfait@mﬁng the eritieisnm that weter lew has failed
to optinize wabter Jdevelopmend -é&z’d am;@;ca%ian Zox particulsar @@ﬁﬁimm@ and mi:vir@a;
in 'a‘;imm Such oxd iﬁ.@im is myﬂ;hex valid nox z’el@mmﬁ becouse its criteria m'@
nol anplica‘ble e 8 gﬁt@m @@@ﬁaﬁi@g on the s@c@nd Geclzion l@valo

if. BRy é’x?aw a mmlmﬁm for water reseawch, it is theb @cﬁ.@wf&@we analy:

éi' @.? weber ins titutions ie o promising field for ecomomiste. Like all insti-
Hwbional amﬁ,ggis, i% iz closely relsied '&o the mﬁtﬁc&l prefevences, the |
empbions, aud the soelsl eouditioning of the :mﬁ%resﬁ;igﬁ%rwmm@% vhat some
inmsmg&‘&wg heve c@ll%& the "rape” of @mﬁs Yalley. This e}zéuemga to sel-
‘entific amimé@ et be fa@ea. Evé@ though some m%z-éal is slanted eund some
werely deﬁ@ﬁ@tﬁ.ve, wich is %‘F@Q&lw‘bl‘:” m»e@@n@sﬁe alstory, politicel. seiensce,

lay and englneeving %*.ba% iz vai@;%m@ for an anelyticel treatment of the sirue~

tuve, the ﬁm@‘ti@ﬂiﬂgg end the performence @f water iﬁ;_@i:i‘aw?ai@m% in cthiz Srest.
m@ag'ﬂs, %:-l‘s@@réf=“£@al congtiuete and thely %&e@tﬁ@gaﬁe no less needed than in %he
ama:wsi@ @f the maxked ;gzl&e@e The hiewmkw of decision l@v@le is the ms&t e
portant ef such @@aﬁ'@m@s, From it follows uh@ ‘hasie d.:;”fwreme between de-
eision rules (eriteria) on the fizet @m second levels.

Az %0 critevia for decisions on Tthe v&:@:&mﬂ 1@"&?@1.9‘ ‘é.h, &zppma@, sugpested
heve focuses on whed ?ﬁé ealled iz_z;%m*aming cﬁﬁeﬁ& a8 proxies for «,:;s;%’:mﬁ zz,},%
welfave, uwamely, on instituticnal ;émmﬁﬁsﬁieé thed heve éﬁw.em»‘?;f Bedl favors

gble or wfaverable affscts on v&lfsweo - Bmwples ‘w@m glven Lfap o of “mw most

&

Amportent water institublons. Otber institutions would lend «a\mbmg to the

vsame BPrroach. o |
This spproach is greatly .,n@w@meé in @@@zﬁ@mw mm@:ﬁy axge:‘ﬁ.v v:i,éz' it :mw ne

t:ma period 4o anocther Wl not m@ce@awﬁy '%shmu@ i.zmr aﬁitﬁl& m@ Y m“s@w @*‘?‘ |

verigbles and eguations :m pethens Wi@&l models. Tt velies e?ca\&i ﬁ theoret mm'
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OnG ﬁmﬁm bt l 238 on the mzz} ;u; Elon pﬁmlmﬁ’;@a Emphegle is on determining
@@uﬁiﬁi&w for e@gﬁfmi@ grc mh a‘&; T q:,«cm. on ioca mg _}saa;istg, on avoiding dead~
&, a‘Z' shreghs a:a,b@r than on eom@mmg 'ishe 3}10@&@*@: iL, tene e, and on a,ﬁap'?cazmliw
‘E:u sr than opbimm a tmu@at, %ﬁs ap_@;rwbcn does v_ni@*@:@m@@n&m es-%;%miah

eriteris for economic optimizing, but 1t offers a basls for weter policy at sucs

cesgive siages of decision meki




