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Federal law is requiring increased levels of treatment for municipal 

wastewaters. The. 1972 Water Pollution Control Act Am§\ndments established 

the goal t,o ~revent, rec,iuce, and finally eliminate water pollution by 1985 

[Scranton Gillette, Inc., 1973]. Federal funds provide up to 75 percent 

of the const~uct:i,on costs of municipal t];'eatment plants. Cities and towns 

are examining alternative treatment teclp:1.iques to meet the _highe:i:- treatment 

standards and to quali~y for federal financial support. 

One such technique is land treatment• Land treatment is. the controlled 

application of.part:i,~l,ly treated wastes 'to the land :f;or the purposeei o+ puri­

fication and crop production .. As the wastes move thrqugh the soil, they are 

purified by bacterial decomposition, soil.part:i,cle .fixation, and plant re-,­

moval of nutrients~ Crops are produceq. and.sold as a by-product of the 

operation. 'I'his is a long establishe.d treatment technology which is being 

extended to other sect:i,ons of the Qnit:ed States. 

Municipal sewer,system officiaJ.s are usually thought to have t:he op­

jective of collecting and treating .a giyen vo~µme or wastes to a given 

. ' . j ' . 1 
level of ,treatment at the lowest.poss1ble,oper~'t1ng an~ construction cost. 

Little attention seems to have been given to the.influence of federal funding~ 

or by-produc:.t proc;luction and sales on the economics .of -wast.ewater treatment. 

This pape~ presents a model of local waste treatment production and the 
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North Carolin.a State Un;i.versity, Raleigh,- N. C~ 

1see Smith, 1969, for estimated of operating and constructio~·cost · 
relationships in convent:i:i;ma+ treatment plants. See Downing? 1Q69, for 
a discussion of;: collection and treatment costs over peak-flow periods. 
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deri.ved dema11d for land-intensive technology. The, adoption of land treatment· 

in the southern part of tbe United .states provides a test of the applicability 

of the model. 

Land,Treatment Technology 

The land treatment ,sites for municipal effluents range fr9m agr;icµltutal 

crops to golf courses. Table 1 prese11,ts a summary of the .uses oJ.+iP~ tt~at­

ment ,in California. The most ,prevalent activity is pasture and fqdd~f crpps, 

which iµake up 37 percent' .o; the totc1:L Urban .as well a~ rural ei:it¢$ are used:;· 

Not;e that 30 munictpalities use treated sewerage effluent to irrigate golf 
'1 . ,J, .. ,, ... 

courseei or la;l:ld$caped grounds. The larid receivi11,g the effluent ls used daily 
. . . I 

by the general public, The maj_or precau~ions are chl,.pri1g1.tion and s·p:taying 

at tJµi,el3.·'fhen the f~cil.ities are not• 'qe:i.J?,g .used. 
. . : ' ·- ,, 

'rqe,r~ is concern • that patp.qgens· of infectiOJJ.Ei ciisease$ in sewerage will 
:··( ":'.\ ;1 . ,; 

· :be sp:te;a4 9yer large land .. areae1 ~p,d , threaten the public more than fr9m con­

ventional treatment plants. Several_ states have )aws dealii;ig with chlori­

nation of wastes~, 4oneiumption of crop pr9q,4ce ~ anq establ:i.e1jrling barriers of 

unused land between the app1ic,;1tion site ~n<t t:he .~ublic (see Sullivan, et.al., 

1973). Glennon [1974]. has reported Qn res1:r~rch w};licp indicates that spray 
, , 

equipment modification and,high lev1,:+l':l of disi11,f'~qt;~on can sig1,1if+cantl.y re-

duce the dangers from airborne pathogens. 'Chlorii),ation pri9r to land treatme!l,t, 

appears more cost effective than large buffer zones in reducing health hazards.· 

The necessity to purchase lan<i ne/\lr.a toW'I} ;i.~ ofte'l;l. given as an obstacle 
'' .,, _. 

to l.ow cost Tan.cl treatinent. The speci~:L:i.zec;l l,ahor and tnanage111ent sldll,s to. 

operate a farm.are thought to be a prerequisite for municipal lc:J,nd treatment. 
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However, tllere are ,many . land. ,and l~bor': lease arraI,).gements which mu,tijf~al=!-,~ies 
• :, 9· -·. '1• 

are us_ing ta reduce .these problems. In ,additJon tC? se+f operati~n ~:f a i~n~ 

sii~, munic;pal •· qf,;i1ials can. ei.ther sell or .. give.' the ef:elue,t1.t t~ oth~rs . 
.. . ); 

Tf~~~ t sho:ws varfo~s land and ope,;ation arrangements of a size-stratified 

rarido~ sam~+!1 ·pf ~u~1ctp~l i~R-H tre_atll).ent ;.si,tes in t4e e~uthern Un,iteif. State.s 

[Young;, 19~M~ ,·i~tic~ that .:~~:ut 50 perc~~t of .t;he municir~+ities used pri-, 

vately own~~\~1114 -i~r t~e~tm.en; ;purposes.:'. $;i.~1:;y.:.:fG)ur perc~rit of the_ facilities 
: . _;, ··:·' : ••, -.. , ,' .I ·. ·.,· ... ".· ,··. .. 

were. operated }:,y nqtr--inunicipai' einpfoyees. · 
,. '\~ ' . ( 

In the past, purchase of land was not considered t' .~~ p-11-rt of c9p.struc­

tion cost eligible for federal support. 2 0ne ;:woul,q sus;1,q~ .:~filat. ].oca~ ~overn-
)~,i . :' ·:. ·, . 

men ts woul(;l .~voiq t;reatmeD:t · technol9gi~~. '.~li4·Ch h~y~ pi$h ~P.erati,ng. rel'ative. 
. . . ·.;•;, -I .... : :'\_ .- \ ._.. ·. -i.''. . . . . . 

to ccnistructiC:?n, ¢os,t H _f~4er~l ~4P~?rt,·;~ ,available ·only for the latter. 
, '.• ','. ·1' . .- ' . [>·l(', , .,, l, :'. ; • : • 

Data ,from Sulli,v~p.,_ et al. and Young, 1974 ,s\\gg~st(tljat t;he rat;f,.o -of operating 
i ' ·,j - . -~~~~;~.. :l :·?'.: •.'. • /~ ' 

an~ main.tenance to t~ta~ .cost ,may be hij?;her f~~ la~dc'tteatment facilities than 
. ' -~ . ·, . 

' . for conventionaLfacilities. Th1.3:s ~ a _hypothesfs to .,c~ms:i,der. is that federal 

srant;s far canstruction may have d:l.scour~ged_a<,i.optiop. of land treatment systems. 

':i:lk~,4~cisi~n.·tQ.~~;~ct !arid tr~atment rather than in-plant treatment is_ 
·' . ,,1. : .•. \ 

a l0ng;:3i~ij; dectaion. F~,t.ure ,P.rices of by'"-pr9ducts, r~quired degree 0f .· treat­

ment; ~v~r the' life <3f the. facilities' and -growth in v<;>lu1µe of .wastes must be ' 

c~nsi4,~red~- Tqe basic assumption of th~s artic~e, _i~ ,that econqmic 'incentives 

wil,l help explain past choices and wi~i en~~le aue ,to i:i:i.terpret hqw changes. 
. . ; . ~ . .. ;· i'; : :; .. '.; . ' . :_ \ . . 

2 ' ', 
Al,t;p.ough current federal legislatian expressly states tb,a.t ia:nd treat-:: 

men~ ,s 0
·,~- alternative' techn;.i,que must: be Ctmsiqereq, it ,is not clear if. land ', 

pui.cha;s~f'Jand leasing, and .spray equipment costs will be eligible for federal 
s~ppoft," 
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Table ;~ J:.~tld treattnent crops and activities it?, CalUornia, 1971. · 

Use 

Pasture and Fodder Crops 

Agricultural Crops 

Golf Courses an~ Landscape 

Recreationa+ Lakes 

Combinations 

Tot,;11 

·.· Number O:f . 
Uunidpalities 

50 

40 

30 

6 

8 

134 

Source: Qempiled frem Deaner [1971] 1 

l?'ercen:tage · 
of Total 

37 .3 

29.8 

22.4 
4.5 
6.0 

Table 2. Institutiena,:t, arrangements_ for m1'nicipal effluent disp<;>saJ,. 
'./ 

Municipally owned land: 

:Purchased.for :wast~ treatment and qp~rated p~ m~nicipq:J,ity 13 
Put:chises for waste treattnent and l~l;i~ed to farmers ·· · 8 
.Land purchased for otheJ: purposes 5 

Privately awned.land: 

Effluent seld to farmers or.others 
Effluent,given to farmers or.others 

Source: Cgmpiled frqm s1,1rvey ef n;mnic:i,palities [Y0u'9l~~ 1~74] 

10 
14 
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Economic Mod!a'.1-

Econollli.c models of pul:>lic services are difficult to specify because 

units of 6utput and pr:i,ces a~e aml:>iguous. Pnder ideal conditions. it w.ould 

be desirable to measure wastewater treatment services by the quantity of 

elements per unit of sewerage entering the. treatment facility~ the flow 

per day, the rate of flow of tota+ ~reatment and the concentration of 

elements remaining (ollowing treatment. Th:1,s would provide data for at;i. 
' 

engineering model- of the costs ~f removing eleme?,-t!:! from wastewate:rs. How­

ever, Young, 1~74, has shown that treatment costs '.:for a large sample of 

treatment p.J,.ant~ vary with rate of influent flow (Q1) and quantity of. 

elements remaining (Q2). 

With lancl trea~ment of wastes there is a third dimension of,output -

saJe~b+e py..,:p:r:oducts (Q3). If the treatment officials operate an irrigation 

system following primary and secondary treatment, t~e measures of oµtput 

are shown in the upper level of the treatment chain of Figure: 1. 

Figure 1. Wastewater treatment chain with land treatment 

~ liand treatment!··~ fsalesj 
or ➔ ladvan. ced secondary,! . Q2 1 ~ . ,; I tertiary ~ QQ,, . . streamd, 
~ ~ groun 

Q2 lstreamd, I . . lst.,re .... am~ 
·,groun ·water I ground 

QJ !Primary , 
----~- Secondary 

Alternatively, municipal treatment officials. can sell the effluent prior 

water( 

water j 

to land treatment. Also, they may choose adv.':!,nced secqndary or tertiary or 

direct disposal, 
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Technically, the three products (Q1 , Q2 , Q3) are jointly produced, but_ 

not in fixed proportions. Output of a crop (Q3) might rise then fall as more 

flqw (Q1) is applied with all other inputs and,Q2 fixed. If -nutrients re­

maining in the effluen:t (Q2) are allowed to rise, then the crops yield (Q3) might 

eventually dec:J.i~e from:: lact<:, of nutrients. Given inputs designated as those, 

primarily used in land treatment j L .(land and labor), and those, used in in-

plant treatment, K (capit·att.), anq uncqntrollable environmental _conditions (S) 

the production function (f) can be.written as: 

(1) 

From an instituti'onal viewpoint, the minimµm level of treatment is 

determined outside the munici,pal authority. A:%l. volume! of influent (Q1) 

must be treated. Tha.t is. in describing constri.r~tioti. a,nd operation of treat­

ment. facilities over the past twenty years it is assumed that population 

growth and wastewater flows are .not signfficahtly affected _by decisions of 

h ' i l . ff' 'l 3 Th h fl i ' 1 t e munic pa wastewater o icia s. us, t e ow s given as an exogenous y 

determined constant (k): 

Q = k 
l. 

(2) 

The degree of treatment (Q2) is often determined by.regulatory agencies. 

Municipalities must treat their influent so that their discharges_to streams 

3A~pqel.of treatment decisions,over,_recent hbtory for some citie1:1 
would, nee;ii t::o incl1,1de the optimum level of water and indu~trial surcharges . 
to regulate'the flow and quantity of suspended_wastes ent;ering the treatment 
facility. Most of the _construction decisions in the.empirical portion of this 
st.udy took place prior to implementation of surcharge systems. Se~ Elliott .. 
and Seagraves-[1972) for estimates of,the effects of surcharges. 
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do net. cause, the .streams to fall below minimum sta.n9ard,s; usuall~t s,p~cified 
i' 

as minim.um levels of dissolved oxygen (EM). Dissolved oxygen le¥1?lS · in st:~eams 

are functionally related. to wast~ discharge (~4) ~p.cl dilutlon p~~acity of tlle · 

stream. (R). Assullling that strea:in standards 9re fj:t=!-d:y col'l.stant geographically 

(E), the canstraint for required level .of tr¢atment· car b19 :written as: 

(3) 

As seen in. Figur~ l the:i:e are several choices of· technologies and inpu~.s 

to obtain required levels. of treatment >(Q.2).. High volumes (Q1 ) .will raise 

final ccmtaminant conqentration assuming other inputs, are .fixed. If mor~. 

nu.trients are taker), up by plan.ts on land tre~tmep.t raising saleable by-product 

yielc;l (Q3), then q2 should fall. The technical possibilities for achievip.g 

various effluen,t: con,centrations.c!9-n 'be writtep. as another produat;on function(h) 

ap.ci sub~tituteci into equat:l,C)n 3 to obta,.in: 

(4) 

The treatment authqrity profit relationship (Z) which can potentially 

sell by-products, but has constant service cha,.rges (C) is: 

where. P3 = price of by-products,, PL = price of lanc,:l; inputs, PK = price of 

capital for non-land technology and.G = share of capital cqst!:! paid by the 

local government;. In the past, construc~ion costs were partially cj:ffset by 

federal support, and it is assumed th.at only local costa concern local public 

~ecision ma~,;i• 

To find optimal combinations of land inputs, capital, and production of .,, . 

Q3 one can maximize equation 5 subject to .the treatment constraint 4 by the 



4 Lagrangian method: 

PL - Pii - Ah~ = 

GP -K Pf 1 -Ah 1 = 
3 K K 

- p - Ah' = 
3 Q3 

h(Ql' Q3' L, K, S) 
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0 

0 (6) 

0 

- E(R) <: 0 -

The set of equat+ons in (6) can be solved for the land input~ 5 By 

reintroducing the required level of flow (Q1 = k) to treat and assuming 

that the production relationships in equati9ns (1) and (4) are of the 

power function form with constant term a, the derived form f9r the land 
0 

input (L) is: 

L = a 
0 

a 
Q 5 

1 
°' E(R) 7 ex.a 

s (7) 

vlhen one C\:msid,ers L to be an input to the. land treatment technology 

such as land, then expression (7) is equivalent to a factor demand relation~ 

ship. As for a.~y demand relationship, one woulq, expect a1 to be 11egative, 

and the substitute price coefficient, a2 > 0. Land sites may have higher 

operating and.lower capital costs relative to conventional plants. There­

fore; less land treatment would be ad9pted with a rise in non-local.support 

4 ,, ' ' 
f' is the .. partial derivation of equation 1 with respect to land 

input (t). A is the Lagrangian multiplier equal to the marginal cost 
of a more stringent degree of treatment (E(R)) constraint. 

5solution of the system of equations with an inequality requires 
that the following condition be met: A [h (Q1 , Q3 , K, L, S)] ·.:. E (R) .;. 0. 
For this eq.ua. tion. ;. o equal z.e:i;'o.• the .municipa. li. ty must be pro.vidin-g t. he 
minimum allowable level of treatment given the particular river flow: 
Q2 = E(R). ~f the mu~icipality acts as a loss minimizer over the long 
run, this equality appear~ reasotfable. 
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for construction; . that is, ~3 ~ the coefficient on focal share :ls expect1=d 

to be positive, a4 represents the effect of changes in the price of by­

product:s on the demancl for land. treatment; its "sign is expected to be 

positive from standard der,ived dema.p.cl ,theory. 

The remaining vari::i,ple~ are expecteq to have negative effects on land 

treatment, The. effect pf .increased waste flow . (Q1). on adoption of land 

treatment is not unam\)iguobs, If costs of.landt:reatment relative to in­

plant treatment are less favorable.as waste volumes it').creases as Young 

[1974] found, the;n one wcmid expect d.S < O, Yot1ng [1974] and others 

have found thatat highlevels of BODS removal~ costs increase at an in­

creasing rate in conventional treatment plants, Thus, as final,concentra­

tion requirements become more,stringent (less BOD5 a+:1,9~eq. into reqeiving 

waters) one.woulc:l expect land treatment to becqme,lei~i;i,c;ostly:relative 

to in-;-plant secondary or tertiary trea,tment (ci.6 < O). Among cities 

situated on streams of variou~ flow one woulc:1 ~;x:pect lowel;' flows to be 

associated with higher dissolyed oxygen standards whicq w,~mid, 'favor land 

treatment (a7 < O). The environmental variable (S) is tptal rainfall. 

Additional rainfall will increase land acreage and storage costs (a8 < 0),, 

Land treatment.inputs (L) are.used,when the plant,ac:lopts land treatment 

technology. If many randomly chosen cities are included in an analys:ts, 

equation seven can be estimat19d as a probability (range zero to one) ·of 

ac:loption f~nction. 

Empirical Analysis 

Over the past twenty to thirty ~ears most cities and towns have built 

and f:l_nanqed wa,eq:ewater treatment facilities. Most ,have _not u1;1ed large 
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ameunt$ of land, yet m1:1,ny in the southwestern part of the. Unit;ed St;ate$ have. 

To apply the above medel, a samplei. of . 500 southern d.tie~ were surveyed in 

1973 to obtain dat;a on wastewater treatment costs. One1 hundrec;l a"1d twenty-

6 five cities responsed of which .so used land treatments~ 

Both questicmnaire responses and .secondary data. sources w:~r~ uije.d to com­

pile input measures for each treatment facility. · Land (P1 ) a~g labGr (PL1), · 
;'.·-l , ' 

. . 

prices utilized were co1.mty agricultural land and sll:.i.lled woriar 'ft.fage .rates, 

re~pec ti vely [U. S. Department of Commerce, 19 72a ~ 1,9T.3J. The price of capi.­

tal or non-land inputs (PK) was take.n to be the product . of local interest rate 
~/ 

on sewerage plant constvuction. bonds t:i.mes the regional construction cc;,st in­

de~ [Young,· :l,~7f a,t1d Fed.era+ ij~ter Pollution Control Aqministratilm, 1968J. 

A more comp;pit:e <;lescriptic;,n ·· of the effect of input prices (including electri­

city and chemicals), on treatment .plant costs can be found in Young and Carlson,. 

1974. 

The local r~lative cest of 1an4 treatment, to conventiqnal, treatment was· 

expected tc;:, chap.~~• as subsidy 'level changeg. l'he measure u.sed for local 

share .. (G) was all muti:f.cipalities contribution to treatmel:\t plant cc;>nstruction 

. . '· . . . 7 
dividecl by total cen!:ltruction cost for a given year. 

By-prc;:,duct prices for the many <l'Hferent commodities produc$d were,. 

difficult to quantify because of.crep rota.dons and unpriced comm9clit~es 

6:t:$ :L's ~esential to diE;ltinguish between the decj.sion. :t;Q adopt land. 
treatment ap.d. the shorter-;-run decision of the tntensitY of .its use ence 
installeq.,·. ' In this', C~S'.f':!,,t;he former is being erya,lµat~cl. . Th~. pr9blem of 
bias sa111plip15 'dµe t·~C ri~ih~r r!,!sponse. pites, front :J.arg;~r plants was correc­
ted for 'py str.ie strat:i.txing the.samplie, and following ntail questionnai~es 
with telephone, req4Ejli;its•Cf~L all. resp~ng~nts eq~ally •. , '.Clle sample ,distribu~ 
tion had; a very simt~ar Size dist;i~i.rt4.etl t9 the parent populatiqn. 

7shares were const;~t for all Ju~icipalities• in a given year due to 
data limitations. · Lo.cal shares varied from 47 t'o 100 pe1;C:ent of construc-
tio11, cost [EnvironmentalPrete~tien Agency, l,971~. · 
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such as landscape irrigatiQn~ ._ The proce4ure followed_ was ·to assume tbat 

the by-product was irrigation water, not crops. L6cal -_ irrigation water 

price per acre foot,was used [Heady and.Agrawal, 1972]. Nu~rient values 

in th~ irrigation water were assumed constant across all locations. 8 

Municipal sewerage officials wereable'to supply-data on treatment· 
. . . . : . 

. . 

v1;>_lume (Q1) and treatment level (Q2) · ~~ter' ~econdarf fr~~tme~t [Young, -1974], 
. - . ",•"-. ··":-:· . . . · .. ' ·. . . ·-''.>-i: ... { ' 1 (· '.: . ' 

Tr,ea:t~~ti; :V!:)lume wa~ m.,~~ured as avep,g¢ -~p.:;tion gallop.ei .per gay treated. 
: .:~)<>-:_:_.'. ·:. f :_\ .. . •. . i\ :· -{ _; . r -~:;; :- ; .• __ -~ . .- . . - •·· -.. . . 

The 1:'l;'~~tw,$*t:. level measure- . desired for the analysis was _ f :i:nal cone en ... 
·, -~ " . . 

tration o~ BOD5 (mg/1) returning to st~eams and grotmd: water. 9 Most land 

sit~s did net,monitor final B0I>5 ~n the_ return waters; this value was esti­

~ted fer :e~¢h ~and lt;iciiity using characteristics such as applicat:lon rate. 
! !.;;.I• '. :,,' ." ' j .· . • 

e·:rop typ~·~ ,~~:li trpe, degree of. pretreatment -and other va;ri~'ble$ [Young, 
• ',_; I • 

1974']. ',;. 
·(:': 

'.ph~ eilVd.ronmental constraint (~) w~s- taken to be prepottional tC? 
I.'. . .· . · . .._ 

avex·age 'river flcpw of the stream .nearest· the muni_cipalit;y [U. S, D~partment 

o.£ Interior~ .197.3J. Anl'!,ual _rain:t;all es.timates (S) were_ from near~st weather 

stations [U,,. S, Dl?partment of Commerce, ,1972b]. 

Estim1;1tion_ of the paramet;ers.of equation seven was cc,nq.uct;ed by linear 

an~, no~-linear multiple .regression. N:on-linear i'E3gress+on W$S at;tempted 

, ~~~1 C- . :tl: .. ' 

8 '•.•:-· 'i_' •: . ,, '' ' ·-,- . ' --- .· :· 
_ Thi~; :~~e~ not illlE;i th~~ t er~,ilizer ~:rdces do not, i~f:ue_nce, _ land 

treatment. d.A¢isbns. ,_ Fot tno/3.t; years _when the sample of -citie~ were 
con~ideiini;fft~nd ,treabhtint ~ /fiirtilizer -prices were relatively cotistant. 
Fo.r an evalui:i.tion of estimatec;l effects of fertilizer price changes for 
1~73:74 ·1:>n praf~.'t~q,ility of. operating land sites see [Young an~. Carlson, 
~IH 4 l • '_ _ - · · --

.. 9 . ' ·. . 
_, ,At,i:empts were made to d,etermine concent;rat~e;m of nuttients. and 

):l~ayy_ m,~;a.ls.,. 0~1~ a .few sites me~sure4 th,ese a~te:r ,secondary tre~tment 
and n,an~ afte; lan4, treatment._. BOD5 was µsed ~s a rQugh approxim;i,tiQn 
of,t;teattnent-+evel since data were available. 
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because the _depend.ent var_iable is interpreted as, the proba,'bility of land 

treatment adoption; a variable with a zero to one range. Both the linear 

and non_-linear spec;:ificatiQns w:i,.11 have error disturbances .wh;lch are. 

heterosced.ast:i,c, The advantage of the non-linear tE¼chnique i~ th~t th~. 

predicted. value lies between zero and one, and, thus, i~ -~ probabilfty 
\ 

measure. The parameter estimates will be unbiased a,;,.d ~Hidien.t [Gallant~ 

1973], 

Tab;l.e 3 g;~ves tbe parameter estimates for the line.ar and non-linear 

techniques. Thenonl:l,near parameter estimates are preferred because of. 

t~e e;ffec~ive zero-one, probability cc,nstraint, and the. model yields a 

lower level of une~plained error (SSE) than the linear.form. The linear 

model parameter estimate$ were used as start.values for the _non-linear 

estimation and are given for comparison. All variables have the expected 

signs, The coeUicients for the price of capital (PK), local share of 

capital costs (G), price of by-pr'oduct (P3), volume of wastes (Q1), final._ 

BOD5 concentration (Q2), river flow (R) and annual rainfall (S) all were 

significantly different from zero at the .1 or lower levels for the ncm­

linear case. 

The coefficient for the,price of land was not significantly different 

from ZE\lro. The agricult1.1r~l pr1rce of land err;, the medial). heusing value 

(which :was also tried) may J1ot p~ve represen.ted the cost of_ land, easements 

for treatment purposes. Examination 'of'Ta'ble~ land 2 reveals that in 

many cases land. us~cl. for treatment w~s not p~rchasecl, or _.if purchased was 

USfird; £cpl\ ):ligh- value activities in addition to. land treatment.:· 'the additional 

cost of using golf courses or pa~ks for lanc;l treatment i$ less than the pur­

chase price iri.many cases. 
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Table 3. Estimated Demand Cu:i;ves. for Land Treatment Ado,pt~ona· 

Use 
. . b 

of Land Treatment Mean value of ... " 

Indeoendent Variables variables Log .Linear Non linear c· 

Constant Cit 
0 

0,665 i -1.211 

Price of land Ip 1123.74 -0.007 -0.110 
L (-0.180) (-0.693) 

Price of labor PLl 3.49 -0,158 -0.752 
(-0,914) ;(-1.185) 

Price of .• capi t;al p 875.17 0.142 0,882*** 
K.- (1. 019) (1.364) 

Local share of G 0,84 o. 2882''** 1,361** 
ca.pital costs (1. 46~) (L 738) 

Price of by-product p 9,30 01, 022** 0.101** 
3 (2,087) (2,206) 

Volume .of wastes Q;i_ : 10, 97 \ -0.008 -0.129*** 
(0.311) (-1.347) 

Final BODS concen- C!2 41,92 -0.087* -0.501* 
traticm (.::.2,408) (-3.146) 

Rl,ver flow :R 37856.58 -0.018** -0.067** 
(-2;291) (-2,142) 

Annual rainfall ·s 30~ 6,7 -0.166* -0.382** 
(-2. ~o:p (-1. 792) 

R 
2 Q.368 d 

SSE . 18,830 18.137 

a . . Values it?- parentheses are t values for t~st o;f significance from 
zero. Sample size is 125, 

* ** *** ' ' denote significance at ,01, .05 a.n4 .1-level, respectively. 
with a one~tailed test. 

b'l;he dependent-vari~bie · is the probabil:i.ty 111 the log linear case, 
In the nbn"'."linear case the del)endent variabl1:a 1s the standard normal 
deviate. 

cinterpretation of the non-linear ~egressipn tequires a table of 
standard norm.al deviates, d[l~f(L)]/qi = elasticity, ... where F(L) is a cumu­
lativg normal di~tribution for the stari.!ardiz~d normal random variable. (L). 

L = r. ~. , L (Xi), i 1 = the independent va~iable, and ;i are the esti-
i=o i n . 

mated cb~fficients. This leads to the following elasticities at the means: 
PLl = 1.51, PK= +1.59, G = +2.30, P3 = +.33, Q1 = 1.99, Q2 .,, -1.09, R = 

- • 15 ' s .., . .;.. 0 77 • 
d 2 · .. 
·-~ i~ undefined in the non-linear case. 



The parat\lete;- estitn.ates · for the noq~linea,:r lllOdel can be given -.elasti­

city interpretations by referring tq a table .of .s~ancl~rrd normal c;lev;lates 

(see bottom of Table 3). The variable to wl\ich land treatment is .most. 
. ... . ' 

responsiyeis local construction cost share.CG) •. A 10 per~ent decline in 

the .share .paid by local gove,;nment (i..e., ;i.ncre~se .in federal or state. 

sµbsidy) would result in about.a 23 perc~qt decrease in the probability 
. \ 

of land treatment;. Ttius~ f~de;ral policy with.respect to which types of 
,.• !' ' . 

treatment . costs are .el:J.gibl~ for federal support has been a major force in 

local decisions on selecting or not selecting land treatment;. 

Thedec:l,sion makers did appear.to be,responsive to.the prices of labor 

(P11) and; capital (PK) in selecting treatment. technology. (elast:t.city 111 -1.51 

and + 1. 59, respectively). Although these variables are not as significant . . 

as others, this does, give. limited su_pport for the .belief that treatment 

systel!l designers consider relative Jac;~or _pric~s. 

The price of irrigation water (J?r1¢e of ,l>y+piodu.ct: ~ I' 3) h{:\d a highly 
. . 

significa.ni; effect on the ,ac;loption of l~md, t:r,atm~nt (t 1111 2. 21) • This, plus 
l . ·:'-· :·. ... ·. 

r··•····· ' ,._1, 

significance ,of G and PK' substant:La.tes tpe profit tn.aximizing motive of · 
' !' . ' '; . ' .. 

the sewerage treatmentmanage:rs specified in t~e economic moq~i pf equatiqn 
. . : : ' ' . . . . . _' • . .' ;) -~- ,, • - { . . l .. . : ' • 

5. The elast~city for P3 i13 t ~33 meaning, that a 10 percent :inorease in .the, 

price of irrigation prices will increas~ the prob~bility of 1~~4,tr~~tm~nt ::::•,. ,, , 

by 3.3 pe:i:cent.· Areas such.as Florida where irrigation prQdµ¢ti,i,,ity is 
. ,. .. ; ., .. ' .,,, ' \ 

high and land treatment is low will probably ·adopt land t];'eatment.rapi4,1y. 
I , • ,. ' 

. ',.' .t 

This .. trencf. will be reinforced by higher fertili~er prices /itnc;l • crep prices 

[Yqun~ ~4 C~rlson, 1974]. 

Botij., • tbe . level of t'l;'eatment: (Q2) Sil:14 ~x,.v;Ltox_i~ental cqnst'l;'aint · variables 
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(R) indicat~ that as policies on the maximum allowable effluent levels .and 
' ' 

use of stream.dilution potential are restricted, lanq t;eatment· will rise. 

A,10 percent lowering of the BOD5 allowed (lowering Q2) increases th~ pro­

bability of adopting land treat~ent by about 11 percent. Reductiqn in,· 

stream fl0"1 for dilution purposes by 10 percent has been'.associated- with a .. \·; 

1.5 pex-cent increase in land.technology acceptance .. 

'.J:'nez:e is also evidence.in Table 3 for higher probability of.cities with. 

smal+er·volumes (Q1) and less annual rainfall (S) to accept land treatment 

more readily. Young and Carlson [1974] also found evidence from cost curves 

to i~4icate that land treatment is better suited for small towns. In com-. . Yi.,. . ,. . 

. .. . . 

p4r!s,bi1 with· conventional treatment pl.~nts. a· .5 million gallon a day lan<;l. 

system would save $.07/1000 gallons treat~d, while .a 10 mgd. ·system would 

onl,y have a $.05/1000 gallon cast differential at 85 percent BOD removal. 

This size .association may be due to lower transpartation cost.or higher 

availabil,ity of land easements in smaller towns. Further evaluation is 

needed, sine~ a simple populatien density variable had no effect in a pre.­

v~ous,estimate of equation 7 [Young, 1974]. 

Implication~_for Wastewater Treatment !~vestments 

Municipal wastewater officials have respoµ.d,~d':t~ econQm:,_c;: incentives il'). 
• • .. i . 1 ' 

selecting technology.~?1 th,e ;Past. Irrigatio~ pric~s, federal subsidies and 

relative labor and cap.ital prices help expl~+P..: #n~: .aqoption Qf ~and treat­

ment systems •. However, the PU+Chase price oi l~n4 o~s not t,,e~n)''a''~~jQr 
" • ;_:• ,• : I ,• ' \•; C •; • ,\ • '. _.; ~• • ,' :, ; • 

consideration in accepting er rejecting land treatment. +h~f~ ~eeI!l 'to be. 
·1 -·.:;·.Ii ' '· 

many ways, to obt;:ain land ,treatment rights tq private .and pu'b~~~;'1~~d\bther 

than purc~~se. 
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The 111ajor decision ml(iking change which land.treatment introduc;:es is 

design and operation for profit maximization (loss minimization), rather 

than cost lflinimization. · Quite often this will invpl-ve tQ~ use of specialized 

laber an(\ man~gelllent .·through contracts with fa;m m,anagers:, lawyers and engi-

· neers. Land.freatment systems have more.variable.inputs (labor andmainte­

nance) than •.conventional plants wh;lch allows clo~er ad,justment to relative 
··. "}• . . . :·· ' . 

input ,prices. (Younij and. Carlson, 1974, proviqe teEt;~' of mi:r~•ginal value 
-: ;~ 

preducts for land and non'....land treatment. sites which·sub$tantiates this 

observation). 

This analysis strongly indicates that municipal officials should try 

to determine what degree ef treatment (BOD5 and nutrient removal) will be 

required by the st~te an4 federal regulatory officials,in the future •. Like­

wise, policies on use of streams _fc;,r dilution will be crit~~#,*J;n fhoice ~f 

treatment . systems •. A forecast of the growth .. rate .in vol,U'ql~ ~J wastes (Q ) . l 

does not ._appear to be as .critical to the tech~ology 'decision·~ ..... . 

Choice of . treatment system ha_s been respensive tc;, ~,d,eral financing 

in the past. This is likely to cont;:l.nue. Consequertly~ granting agencies 

have a responsibility to insure that by'.""product produc;tion :le included in 

the ,ev0r+1+,~tion 0£ alternative sys.tams. 
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