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The Economics of aStack Pollutant:
Aldicarb on Long Island

Abstract

A stock pollutant is a residual waste that can accumulate or degrade
over | e Aldicarb was: a;;pesucxde used: by farmers growing |

standard of 7 parts per bﬂhan (ppb) Aldxcarb was banned fmm use on
Long Island after 1979. In this paper we develop a dynamic model of a
stock pollutant. The model is calibrated for aldicarb on eastern Long
- Island and. steady-state solutions for:static profit:maximization and the
maximization -of discounted net benefits (welfare}:are estimated. The
New York State health standard of 7 ppb is associated with a pesticide

applic lon rate. less than eng-tenth the pmﬁt—maﬁmizing rate. and it

contam
avefagg c&ncentrati.on of aldicarb is not expected to d.ecline belcw 7
ppb until 1996.



The Economics of a Stock Pollutant:
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L mtrotiuction and Overvié;v

The use of agri(ﬁ;l;tu;gl ch.em‘icals offers society substannal :
benefits in term; of pé;t cm}l‘fvml and higher crop ;yigldsi.ﬁ deﬁﬁci-des
and fertihzers howev;r, ;are n w recogniz

grdundwaié:r eantan;inz;ﬁon. A_ré.cex;t study sfpcnsorerd by :the Soil
Conservation Service foﬁnd that 42 of the lower 48 states reported
some regional, local or suspectedﬁgroundwater contazr}ination due to
pesticide use (Fairciuild 1987). Thirty ;”our states bla;pe nonpfnint
agricultu:rai pcllﬁﬁen )fmriﬁe)ir failiﬁ;e to ar;h;ﬂeve federal w’a}tﬁr,: quality
goals, while 29 states have idenﬁfiedlgrount:’lwater contamination by
cherﬁi-cals as a major co:nce)rn‘ (Aﬂéerson 1987). It is estimated tbﬁat
46 percentj of the counties in the coﬁﬁguqus United States have some
groundwater contamination caused by the use of agricultural
chemicals. In these areas it is Mer estimated that there are 19
million p;:ople who obtain drinking water from private wells, w;th an
additional 34.5 millic;n people served by public groundwater systems.

The widespread extent of contamination from agricultural chemicals



can be partially attributed to: the 300 percent increase in fertilizer and

This rapid growth in fertﬂizer and pesticide use, and the large extent

of agricultural groundwater contamination has focu-sed attentmn on

mid 19703 saw a series )of | papers that extended the theery of optunal
economic growth to the optimal management of stock pollutants -
residual wastes that aeeumulate and degrade over time Papers by

Plourde (1972) Snnm (1972} Keeler Spence a.nd Zeckhauser

[1972) and Forster (1977) are frequefxﬂy )cited examples 0f this
earher work Mare recent}y. the;ﬂatake [ 1989) has fonnulated a more
general ‘model that cantains these earher mtdels and some models of
renewable i‘eS'ources. Aafs speicial eaees. o |

The earlier literature was essentially theereﬁcal Wxth only
passing reference to examples of stack poﬁutants Apphed stuches of
actual f.nstances of gxeundwater) ‘eerlltammaﬁon. on the other hand
would gen‘eraliy abstrac“t from dynamic considerations and oxﬁy foeus

on static eQuﬂibrium. Shechter (1985) estimates economic damages
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from contamination at ‘the Price Landfill in New Jersey Edwards
(1988) uses survey methods to estimate indnndual wﬂlingness to~pay
to prevent future nitrate contaminatmn of gmundwater drinking

supplies. Lichtenberg et al. (1989} examine the regulatinn cf cancer

Ot paper is mest clesely re}atefd tex the study by Andersen et

al. (1985), ‘who éxamine the use of aldx%:arb aﬁd groundwater
contamination in Rhode Island. Using data froin 85 indiviéﬁal vvalrells
they esﬁmate a contamination function that depends on well depth
and distance from tt;e presumed appheaﬁan sita The?tﬁen sulve for
the static application rate that satisfies the upper bound standard on
contamination for dnnking water. |

The objectwe of ttns paper is o dei?élop a dynarmc x;mdel of
peéﬁcideuse and groundwat,er contaminaticn and to use the rﬁadel as
a framéwork for exammmg groundwater contaminat:on by the |
pesticide aldzcarb on Long Island New Yerk Aidxcarb was registeréﬂdn
by the U.S. Environmental Protection Agency (EPA) in 1974. It was

used to control a variety of pests a:ffectmg“ti'xe production of fruits and

3



vegetabié;.' i’o&to growers ;n/ Ix:oné Island found 1t effective in
controlling the Coloradq( “potatc beeﬂe (Leptmotarsa decerrdtmeata)
and the golden nematode (Globodera rastochiensis)

Toxicological studies of aldicarb have provided no. indication

that the pesﬁcide is carcmogenic, mutagenic or teratogenic. Itis, .

study ef 50 women has suggested a ;mssible assoctaticm between the
eonsump;i‘pn ?of;.a;ﬂircfa‘rb—t;pntamm&ted ,@?Q@Wa‘t‘ﬂl and abnormalities
in ;r-céﬂ éﬁbse@ although no clinically apparent immunodeficiency
was noted {Foire et al. 1986}

Aldicarb is mabile in the environment and has been found in
the graundmter af at least 15 states (Nxelsen and Lee 1987). ‘In
August of 1979 aldlcarb residues were detected in water from private
wells on Long Island. In subsequent tesﬁpg. app;p)@tqgtely 2,300
wells were found to have concentrations of aldicarb and its oxides,
sulfone and sulfoxide, in texcess of the New York State l:;galtvh guideline
of 7 microgféms per liter (ug/ {,); gqg;yalgnt to 7 parts per billion
(ppb). Aldicarb was bapned from use on Ifangvnlrsland aft&r 1979.

In this paper)the‘ dynamics of aldicarb are modeled by a simple

difference equation relating surface application to groundwater



coneentratlon \The equatmn glves a gaod ﬁt to Obseﬁéﬁons onyth)e
average concemranon of aldicarb in the aquifel"fc'}rv eastél;rl l..ong
Island. Expressiens for the optimal levels of pesticide application»
potato yield and aldicarb concentration are derived for the case when
the production function for {:oatatoes and the damage function fOr

aldicarb are quadratic By reversmg the normal ﬁow of loglc in such

safe drlnkmg water standard An apprommately-optxmal feedbéck
control is determmed that mxght be used to set the pestu:ide
application ratevwhfv:vrl the aldicarb concentration is not optimal. To
our knowledge our research is l.lle flrst attempt to apply a dynamlc
model to an actual mcxdent of éonta.mination by a stock pollutant

In the next section we develop a fairly general ,}madd of
pesticide application and \.grt}undwéter pollution. A Iikely t;_i;m[e;g_g:azth for
the )stoék pollutant is Suggestedw as famlérs proceed from Ievels of
pesticide appllcaﬁon that maxmnze statlc proflt to Ié:vels :regulated by
an environmental agency In the third ‘section the madel is calibrated
for the case of aldicarb on Long Island. Parameter estimates permit us
to calculate what the average concentration would have been had the

ban on aldicarb not been imposed.r We also calculate the damage
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upportunity cost of the current standard

o A Madel ai' Pesficide Application and Groundwater COntamination )

V'The '1general nwdel and case study make use of the fonowing

'S¢ = the amount of pesticxcle per hectare, apphed in year t,

Z = the psesticida cancentration n the gmundwater in year t

LN the number of‘ ‘hectares under cultivatien
p = the per unit (farmgate) price for the cummodity Yt,
c= the cost per unit far the pesticide St.

S W(St Zt) =2 concave welfare or net beneﬁt functwn for society
y the degradaﬁon rate cxf the pesticide in groundwater

a=a scahng parameter alse reﬂecting degradation in the
-unsaturated. zone. {above: the water table},

p =1/(1 +8) = adiscount facter, where § is the annual discount
rate,

1 = the residence time, in years, for the pesticide in the
unsaturated zone.

6



| We Wﬂl begin by eonsiéenng the liker time péth for the |
pollution stock when the pesticide is applied to N hecta_res by f@ers
who seek to maximize static profit. We assume initially that these
faﬁners have no concern or legal reSpax}sibﬂi:ty for groundwater

poliution and that the pesticide accumulates unnotxced by health

Such a farmer would seiéct a)‘)lé;re‘l) éf pestielde ;pphcévt/i(t);:-x °
which mammiZES prafit T = pF(S) - cS The ﬁrst order conchuon
d::/dS 0 unphes pF (S) = ¢, where F’(S) >01is the flI‘St denvatxve of
the per hectare production (response) functmnd If the production
functian is quadratxc thh Y/ha a¥ bS dsz where a»>b>d>0,
then the proﬁt mammxzing level of pestlcide apphcation is gwenv by
the expression S (pb c}/(zdip) assuming pb > c. | -

Wxth N hectares, each recezvmg Sy kﬂagrams éer year the
total annual apphcatmn rate for the regmn would be NS,. If thls rate
were applied for a long time the cc;ncentratiori of the pesncide in the
grcundwater might apprsach an ethbrium where the biologlcal and ~
chemical processes affecting degradatxon and ox:-.dation precisely ‘

offset the rate of accumulation from surface apphcatmn. As an



approximation, suppose that the pesticide moves through the
unsaturated zone to the aquifer where it accumulates or degrades

according to

Uz =1 7)Zt+aNSH - S o)

If the pesticide is ;;:‘;ipﬁed at rate s,z per hectare for all t. the steady-
state cencenb*aﬁon of the pollutien stock is gwen by z,.,. (a/'y)Ns
Starting from an unpolluted condition (Zo = 0) the stock pollutant will
accumulate, asympto‘ucally approaching Z,, (see Figure 1). Next,
suppose that the carxtaminaucn is discovered just before ty and that
health officials or envimnmental regulatnrs impose. restrictions on the
applicétioﬁ rate to reduce the cancentration below Z,. Perhaps there
is a health target z, Which is regarded as an acceptable
concentration. Figure 1 shows this target bemg reached at t = t5.

If Z,t exceeds the optimal concentraﬁon Z*, some form of
regulatmn or economic incentives may be required to mduce farmers
to apply the pesticide at the optimal rate How are we to determine 2‘
and the apnmal approach from Z,;? | H .

Conceptually we might proceed by defining the social net

benefit function W; = ®{Y,,Z,) = W($,Z,), where the production
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function has been directly substituted into ®(-) and where Wg > 0 and
W, < 0.are the partial derivatives of W(-J' with respect to S, and Z,,
respectively. . Maximization of the present valie of net social benefits -

may be stated mathematically as

Maximize z pt W(S,.Z)
t=0

Subject to Z,,; = (I - PZ, + aNS,_,
The Lagrangian for this problem may be written as

L=, p{W(SuZ) + phel(l = PZ, + ONSye = Zgsy ) @)
2 )+ ph

In the Appendix we derive the first order conditions and evaluate

them in steady state. They can be reduced to two equations

- p%aNWZ
Ws TN (3)
Z = (o/Y)NS (4)



which characterize the optimal steady-state values of $'-and Z".

Ws, be equated to-the present value (in perpetuity} of marginal social
cost (or damage), where the increment in pesticide application is
applied to all N hectares, transformed by «, lagged by t periods and
evaluated at the augmented discount rate of (8 + 7).

Consider the following form for the objective funetional.

W, = Nip(a + bS, - d82) - ¢S] - mz? 5)

The expression in the square brackets is net revenue per hectare.

The cost of contaminated groundwater is-assumed to be proportional
to the 'squafe of the jr:tnms:en’tratifm. Because of tk;e uncertainty in
dose-response relatmnsths it is probab}y impossible to obtain a direct
estimate af m. lf the regulatory standard is treated as the ophmal
level of contamination, Z°, it is passible to -solve for the associated
value of m and the marginal social cost of groundwater contamination.
For the quadratic form in equation (5) we can use“the steady-state

equations to solve for two related expressions
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S‘— “yipb= cl(‘é+’¥)
2[a 2Np m+~ydp(5+y}]

- ®

m= {aN{pb ~c] - Zyde e+y)
A Eai"N;:fZ

S AT

.......

function of ail the parameters mcludmg m. Note that as

m — 0, S - S, =[pb - c] / (de) Thus, if there Were no cost to-
groundwater contammatxon the static profxt mammmng apphcatmn
rate. is aptxmal m the long run.. Equation (7) def‘mes the irnphed valuer
of m assocxated thh the hydronorme parameters and the prevalhng

health standar‘d, A

HI. Aldicarb on Eastern Long Island
To calibrate the model for aldxcarb polhmon on Long Island we

begin by attempting to recanstruct the pesﬁcxde apphcation rate (or

leadmg) from }975 thmugh 1979 Table 1 contains informatxon on

the number of hectares (ha) planted in potatoes, total production (Yy,

11



in hundred weight, cwt.), the yield i;er hectare (Yt /ha) and an estimate
of the kilograms (kg) of aldicarb applied from 1970 t.hrough 1979.
The recommended application rate was three pounds per acre which
converts to 3.362 kg per hectare (where 2.471 acres = 1 hectare and
1 kilogram = 2.205 pounds). The estimated aldicarb application in
1975 is problematic. We assume that,one—half of theﬂelds applied
,aldifcarb at the recammehded dosage. Fram 197*6 thféugh 1.9?91?; is
beheved that aldxcarb was used on all ﬁelds {Pacenka et al 198’7}

The seﬂs oh eastern Long IsIand are sandy, vnth rapxd
percolation from the unsaturated zone to the water table. It seems
likely that aB or most of tﬁe a;ldxcarb apphed in the spring or sux;nmer
weuld pass through the unsaturated zone Within a yeax This weuld
imply thai %ﬁv 0 Thxs assumption was subsequently borne out by
preliminary numerical analysxs where we employed a gnd search for
combinations of 1, ¥, and o that minimized the mean sum of squares of
simulated from observed concentrations. With 1 =0 it is poss;ible to
estimate y and then calculate a.

In 1980 the Suffolk County Depértment of Health Semces
began an extensive ri%é;:ﬁtoring program of wells within the county In

the second column of Table 2, under the heading Zt, we report the

average aldicarb concentration for wells that tested positive from 1980

12



through 1989. The observation in 1981 (1 1 6 ppb) is regarded as an
outlier by public health officlals. With 1 equal te; ;;ﬁre we ran two
regressions to estimate the d‘e;gradation rate, y. In the ﬁrst we
replaced the outlier by the average of the 1980 and 1982 observations.
In the second we discarded the 1980 and 1881 6bservations. In both

we used OLS, regressing Zm on Z& while suppressalg the intercept

The regressmn results are sunxma;nzed in ’I‘able 3

level in both- regressionis. Adjusted R2, though inappmpnate when the

intercept has been suppressed, are also réported. Positive serial
correlation is present in both regressions but dées not bias o-u"ra

estxmate of ¥, In the ﬁrst regressicn the esﬁmated vaIue ef 'y is. 0 0‘793.

currespandmg to a half-life of 8 378 years In the second regressxon |
years. -

With t© = 0, equation (1} will imply“:iﬁat the observed
concentration in 1980 depends on the aldicarb apphcatmns from

1975 through '1979. Alternatively, "gi%;en' ‘the obsetved concentratl Gr[

an estimate of y we can calculate o according to

13



O == e

BN e ity -
=175

(8

For v = 0.0793, we calculate & = 2.010x10™. For y = 0.0684, we -

calculate o = 1.971x10°%.

stmulated va}uesto the obiservédyamgs, This was done for the two'
estimates of y (and their associated o-values) with the results listed in

third and fourth ‘ecolumns of Table 2 and plotted in Figure 2. Itis

interesting to.note in Simulation I, with the:larger.y:and thus shorter

- ha;lf—alife thatthe average aldicarbconcentraﬁen is riot praj:éctéd to
decline below 7 ppb until 1996. In Simulation II, with the lower v and
longer ha1f~hfe the avgraég: aldicarb concentration is not projected to
decliine( below 7 ppb untﬂ_ 1998 o

The production or respanse function far potatoes was:
calibrated in the following way.  In the period prior to aldicarb use
(1979- 1974)the average yiel-q was 577.8 cwi/ha. From:1976 through-
1979, v\;rhen all farmers were applying aldicarb, the average yield-

increased to 726.5 cwt/ha. We assume that the recommended

14



application rdte of 3.362 kg/ha was als6 the proﬁt maximizmg rate
This results in two equations: 726.5 = 577.8 + b(3.362) - d(3.362)2
and 3.362 = (pb - ¢J/{2pd). The first equation is the quadratlc

productum functmn evaluated at the preﬁt maxirmzmg application rate

and the second defines the stahc prafit maxirnizing apphcatlon rate.

The parameters. P and c are the price per hundred welght for

Long Island potatoes and ﬂle cest per kﬂogram for a}‘dicarb ’[he

average pnce )fﬂr Long Island potatoes fer the pmod 1976 1979 was p
= $3.78/cwt (New York Agncultural Statwstzcs 1983 p 16) whﬂe the
cost for aldicarb in 19’76 was $5 51 /kg Given these parameter values
the two equations unply b = 87 00159 énd d = 12, 72218 and the per

hectare pmductxcm funetwn becemes

'Y,/ha = 577.8 + 87.00159 S, ~ 12.72218 &2 (9)

where the average yield for the period 1970-1974 serves as the
intercept. This curve is drawn in Figure 3.
In the numerical analysis that follows we will use the estimates

of y and o when the outlier was replaced by the average of the 1980

and 1982 observations. The discount rate is set at five percent (3 =

15



0.05) and we assume 2, constant production area of N = 9,330

hectares. We then have the following parameter set.

o=2 01x10'4 =005 (p=09524 y=00793

'c=)0( a=5778  b=87.00159  c=55I

d-—1272218 N=9350 p=378

| As a benéhm:ark cénsxder ‘the case whefe the ;ian;age;
coefﬁcient, m, :is zero. implying there ts 1o cast to aldicarb
accumulation in the groundwater In this case static profit-
maﬁmizatlon sulves the &elfare—maximiéatién problem and we obtain
Y /ha 726.5 and z '— 79: 69 ppb The iatter cancent:ratmn is an |
estimate of the average concentration that would have) existed in thé
aquifer underlying eastern Long Islan& had pesﬁeide apphcation
remained at the profit-maximizing rate on N 9,350 hectares.

If the New York State health standard of 7 ppb is adopted as
the optimal Eoﬁcen&*étion z, then wé can calculaié the implied
damage coefficient accerdmg to éciuation k7) as m = 13 550 ($/ppb?).
Given the values of o, Y, and N, the New York State ;s,tandard of 7 ppb

could oﬁ.ly be maintained with a pesticide application rate of S* =

0.295 kg/ha. It is unlikely that such a low application rate would be

16



effective in cemtrcllmg the Calorado potato beetle

'I‘he current ban on using aldicarb nnphes that heaith ofﬁcxals
are seeking to reduce the groundwater ccmcentration of aldxcarb as
rapxdly as possible ’I‘Ins pohcy is somenmes referred to as the mo—st

rapld approach path" (MRAP) and would be uphmal in a discrete-hme

control pmblem where the obJectxve func:txon ean be expressed as a

quas;—concave functmn af the stata vanable (Spence and Starrett ‘\

19’?5} Our otgective funcuon daes n@t satisfy‘the czmdmmns for |

MRAP te be stnctly optxmal and a less rapxd appmach path in the
vicinity of (Z‘ S‘) should be adcxpted
W;th =0, the ﬁrst-o;rder necessary conditions can be shown

to imply a system of two first order difference equations given by

om )Zx N [ o n;NV’+ a +5)dp] ‘ _“:'(5 +u‘f)[pb j o]
-t (=ypdp T

Spy = (-a*lg' — 9D (10)
,Zt+1=(1 ~'Y)Zt+CtNSt Do . (11)

In steady-state these two:-equations will imply two isoclinés in Z-8 *
space [see Figure 4). The optimal feedback control policy (also called
the stable manifold) is shown as a line segement through (Z*.S") ‘which
directionals indicate to be a saddle-point equilibrium. For the

17



parameter estimates in our madel the exgenvalues {or characteristic
toots) are O 7214 and 1 4555

It is well known (Sargent 19’79) that the optimal feedback

conttol is Iinear in a problem With a quadratic objectxve functmn and

linear dynamics In ZyZm space (or policy space), the optimal policy

" our case: 11 G 7214 and we' can salve fcr £ by noting that at the )
steady-state optnnum e=(1- ’n)Z“ h For Z =7 ppb we calculate €=
1.9502. This yields the optxmal policy Zm = 1 9502 + 0. 7214 Z.
We can’ obta;ln the optimal feedback control by substitutmg
Zy, in the op:tnpa% poli)cy, and then solve for S§;. When th.ls is done we
thainst = 10375 - 0.1666 Zt This line cérre-spbnds:vié the stable
manifold in Figure 4 and can be ué.@d to guide the system to (Z°,S") in
an optimal fashion. It is interesting to note that the intercept of the
optimal feedback control on the Z, axis occurs at approximately 9.79

ppb, implying that aldicarb should not be used until the concentration

declines below 9.79 ppb. With the average concentration at 12.1 ppb

in 1989, continuation of the ban, in our model, is optimal.

18



A stock pollution model was deveioped and’ calibrated for the
problem of grotindwater cortamination by aiai}:arﬁ‘anféagfemi‘mng

Island A dynamic’ Gptimizatxon problem was posed and equatmns

identifying the steady-state epﬁmum were abtamed for the case where

optxmai: fif “ ﬂzre‘ pmﬁt‘-mam I ‘tz‘i‘n;g »a;pphcatian ‘rate w:as 3.362 kfg/‘ha, o
our ‘estimates of ¥ and o predict that the average concéntrationi of

aldicarb wéuld Have equﬂibrated at about Zﬂ ‘soppb.

then the implied damage vceefﬁéi}gnt in our quadrétic objective

function is m = 13,550 ($/ppb?). The associated optimal application
rate is only 0.295 kg/ha, less than one-tenth of the recommended
dosage. It is unlikely that such a low épplica:ﬁén rate would be
effective in controlling the Colorado potato beetle and golden

nematode, and other methods of pest management will remain

19



necessary even when thé concentration level declines below 7 ppb.
For our estimates of 1, v, and a, the concentration of aldicarb does not
decline below 7 ppb until 1996 or 1998.

The steady-state Lagrange multiplier has an interesting.

interpretation. Mathematically it is given by the equation

x=-—(1+5){pCb 2ds) elfe (12)

For our parameter estimates, and S” = 0,295 kg/ha, the value of 1 is
approximately - $1,540,500, This may be interpreted as the-annual
marginal opportunity cost of the health standard of 7 ppb. .In our

model if the annual health risks of an aldicarb concentration in-excess

of 7 ppb are thought to exceed $1 5 mﬂlion, thEn New York State may

20
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Appendix
The first order necessary conditions associated with the Lagrangxan
given as equation (2) in the text are as follows.

BL

“a“I:"- t{wz+(1—Y)PM+1} Ph 0

e t; o
8{97\@.1} {{( 1 'Y)Zt + (INSt_,t Zt+1]} 0

Simplifying |
Ws +"a§t;'t*'19~t+m+1 =0
<i = PPy — M =-Wy
R A aNS;.

At the stéaﬁy*—st&te”bpti'rnuél
pi = -Wg/(aNp")
pAMA -9 -1 +8l=-W,
Z = (o/yY)NS

Substituting the expression for pi into the second equation yields

- ptanZ

which is numbered as equation (3) in the text.
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Figure 1. A Possible Time Path for the Stock Pollutant Z,.
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Figure 2. Observed and Simulated Aldicarb Concentrations
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Figure 3. The Per Hectare Production Function for Long Island
Potatoes
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Figure 4. Isuclin?e"s.;-DEEetinnals’,;m& the Stable Manifold
for the Saddle-Polnt Equilibrium (2°,8°) . .
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Table 1. Production, Hectares, Yield per Hectare and Aldicarb
Application on Eastern Long Island, 1970-1979.

Year (t) Production Hectares Yield/Hectare Aldicarb
1970 8,293 12,545 661 0
1971 7.245 12,747 568 0
1972 5,585 10,926 511 0
1973 5,375 10,117 531 0
1974 6.750 10,926 618 0
1975 6,058 9,510 637 15,986
1976 7,409 9,712 763 32,651
1977 7,182. 9.307 772 31,290

1978 6,175 9,510 649 31,972
1979 . 6,431 8,903 722 29,931
where

Production is measured in hundred weight (cwt.) x 10°,

Hectares are converted from acreage figures in New York
Agricultural Statistics, 1979 ,p. 16, where 2.471 acres = 1
hectare (ha),

Total AIdiea‘rb equals Ntst where N, are the number of
hectares planted in year t and we assume that S, = 3.362 kg/ha
was applied to half the héctares pIanted in potatoes in 1975
and to atl hectares planted m 1976 thraugh 1979

The mean yield per hectare from 1970 through 1974 was
577.8, while the mean yield from 1976 through 1979 was
726.5.
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Table 2. Sim‘ﬂaﬁon Of Zu_x =, (1 - 'y)Z% -+ C!‘N‘St f@ﬁm 21975 s 0
Aldicarb from Table 1 estimates of y&nd calcul:ated o.

Obsereved Sxmulation I Simulatmn Il

Conecentrations - y'= 0.0793. oy = 0 0684 ,
Z a=2.01x104 @=1.971x10-4

0.00.,

T el

g e
- -

-

-----
.....
.....
.....
- o -

-

——

(1) Z; are the average concentration (ppb) of aldicarb tn wells
that tested positive, taken frorm Bureau of Drinking Water (1990),
(2) In Stmulation I the value for y results from an OLS
regression, intercept suppressed, of Zt+1 on Z{ when Z;9g; was
replaced by 22.35, the average of the observed values tn 1980

and 1982, and

{3) In Simulation II the value for y results from an OLS
regression, intercept suppressed, of zt+1 on Z omitting the
observed values in 1980 and 1981.
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Table 3. OLS Esﬂmatas of 7

1. Ouﬂi&r Replaced by the Average of the 1880 and 1982
Concentrations

Zm = (1 - Y)Z, = 0.9207 Z,
(0. 0255)
Number of Obsevatiuns =n=9
t~statistic = 36.0278 : '
Adjusted R2 = 0. 83%5
]Ziurbin~Watsm Statistic = 3 4120
ralue for y = 0.0793
alf~hfe = 8, 3?8

2. .1'98{):’?:;&51-98-.1 Obsefrvgﬁansgei&ed

zt+1 = Il Y]Zt = 0.9316 Zt
(0. 0358)

Number of Obsevationis =n =7
t~staﬂstic = 25 9917

Imphed Half-life = 9 783
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