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. ABSTRACT
i

The expected profitability to farmers ffom acquiring additional

information on the biological response function of croé yield to
soil-salinit& is investigated. Firét, a switching regression approach
to estimate piecewise linear response function with critical threshold‘
level is pfesentea. Then, an.optimization irrigation model was dé-‘
veloped, aimed at determining the optimal use of irrigaﬁion water fo:
soll leaching. Finally, a loss function was defined, the expected
vaiue of sample information was calculated and- the optimal number of .

" additional rieeded observations was determined. Atv;éch stage, an
empirical anélysis, using data from potato field experiment in Isfael,

is presented.




INTRODUCTION

Agricultural production system involvee a large number of random
variables, numerous of them are physical and biological functions
connected with the production process. The knowledge of the biological
response function of crop yield to soil salinity is essential in
vdecision making regardiné irriéation with saline water. The paper
inueetigates.(analytically and empirically) the expected profitability
to farmers (the decision makers) of acquiring additionel'information
on this biological function. The true values of the response—function's
. parameters are usually unknown to the decision.maker, end therefore he
uses the parameters estimates and may become a victim of a sub—optimal
solution. The deviation from the optimum may be measured by a loss
function and the calculation of its expectation. The parameters'
estimates (which are arguments in the'loss-function)»are'based on a
priori information available to the decision maker. He can acquire
additional‘information which‘will reduce the'#ariances‘of these esti-
mates and, hence, wili improve his ability‘to choose a suitable strategy
with resulting decrease of the expected ioss‘(or; equivalently, increase d
of the expected profits); Value of sample information (EVSI)_is defined
as the difference between the reduction of the expected value of the
1oss—function due to the additional information and the cost of its
acquisition.. The Optimal number of observations ‘to be acquired is the
onevtnat maximizes EVSI.

‘An'Eccepted-hypothesigﬂEmong soil researchers states'that'the yield

of a given crop is a function of the average soil—salinity in the root




zone during the growing season. Increase of the. average séil-salinity
level sléws down the rate of growth and reduces crop yigld‘(e.g. [i, 11,
20]). The relationships between the soil-salinity level and the re-
duction of crop yields has been dealt with previously. Some works héve
shown these relationships in ﬁhe form of tables [1, 3, 6]; in other.
studies, the response function was hand—fitted to the available observa-
tions [15, 23].> Only few publications report estimates of coﬁtinuops
response functions based on the "best linear unbi;sed estimates" (BLUE)

\

criterion [14, 20, 22].

A detailed discussion of the response function is found in Maas

and Hoffman's article (see [llj). They compiled data on relative yiéld
-losses due to salinity with respect to a yide_:ange of‘crops, i.e., fruit
crops,.field croés and vegetables. They hypothesized a threshold soil-
églinity level, beyond'which a linear decrease in'relative yield is
obﬁained; vThe cfitical threshold hypothesis is also presented by [l].
| A broad theoretical p;esentation of decision'theory, value of in-
formation and the Bayesian approach can‘be found‘iﬁ t7j and [16]. A
number  of studies deal with the value. of infofmation in farm management
[13, 18] as well as in the management of water resourceé [5, 10]. It
should be pointedvout that most of these articles did not deal explicitly
with fhe choice of the optimal égtimate or with the optimal size of the
sample. Furthermore, the articles that dealt with the management of :
irrigation systems did not refer to water qualityf
To calculate the expected profitability to farmers of the additional

. acquired knowledge about thé biblogical‘requnse funcﬁion to soil salinity,

the following stages were taken:




1. Using a switching regression approééh (e.g. [17]) to estimate
the response function's pérameters, according to the response
function as formulated by Maas and Hofféan.

An optimization irrigation model for a monoculture farm‘was
developed, aimed>at determining the optimal AUantity of irri-
gatién water from ; given source for soil leaching (to reduce
salinity). 

3. A loss-function was definéd,'ﬁhe expected value of sample
information was calculated and thé optimal number of ad-
ditional needed bbservatioﬁs was detefmined (taking into-

consideration their desired spread).

At each stage, an empirical analysis using data from potato field experi-
ments carried out by Sadan and Berglas (see [19]) in the Negev area of

Israel, 1is presented{

1. ESTIMATION OF TﬁE RESPONSE—FUNCTION PARAMETERS

The following model was formulated:

if s < S
) 4 o 0

subject to:
(%) bo = aS0 +’bl '

See illustration in Figure 1.




[Figure 1 about here]

average soil salinity level in the root zbﬁe

tmeq cl/1] dhring the growing season;
threshold-salinity of the soil [meq~Cl/1];

yield in tonnes per hectare (ha)é

independent rahdomvvafiables, ﬁotmallf distributed
with zero expectation; |

bO’ bl’ a, SO - the (unknown) parameters of tﬁevresponse

function satisfying (*).A

Assume that.we'héve T observations (Si, Yi) for estimating the

abbve-mentioned parameters. Let us arrange the Si in increasing order:

(t vobzo—

A regression model can be formulated:

b1 + aS0 + U11

bl + aSi + U21 'if .

- This model assumes independent normally distributed random deviations

with mean zero and TxT diagonal variancé—covariance matrix-Q. Its first t




diagonal elements are V(Uli) . ci and the other (T-t) elements are
) ,

V(Uyy) = 9 -
The logarithm of the likelihood function L(Y[SO,t), given S0 and

t, is

(3) 1In L(Y]SO, t) = - T In/2Z7 - t 1n op = (T-t)1n oy

. - |
L (Y, - as -b)z-—l— z'(Y-aS
1=1 4 07" T262 yupsg 1 3

A

b ' . . .
Let = [;l} be the vector of maximum likelihood es-timates; i. e., ‘

8
a

bl, which maximizes (3). As the square terms in (3) vhave negative
signs, these estimates of identical to the least 'square estimates (given
SO’- t)‘, so that one can write:

) B (sp ) = @tz y

where:

Ll
(For more detailed discussion see [8]).

1 2

equating to zero:

The MLE of 02 and 02 can be obtained by differentiétiug (3) and




Az" t Coa -~
v 01(50, t) = iil (Yi - as; - bl) /t

P

ay T s I

UZ(SO, t) = I (Yj - aS:j - bl) /(T-t)
J=t+1 . E

(4), (5) and (6) form a set of 4 equations in 4 vériébles§ these can

be solved numerically with the aid of a computer [9].

Substitdting these estimatés into (3) yields:

(7) | “1n L(¥[Sy, t) = - T 1n V27 - t In oy = (T - £)in S, - 7 -
Finally the estimates of Sp» t can be obtained as follows:

First step: Between every two conmsecutive oBservations Si—l’ Si (start-
ing at thg third observation and stopping three observations before the

end)“,,(7) is‘maximized numerically over S0 as follows:

s ) g ] L o
d=3 T3 L, o, 5,) 511 < Sy < S, {1n L(Y[s,), DY

Lo (S .,S. ) = . {1n L(Y[S,, T-2)}
T-2""T-3’"T-2 ST-B < SO < ST—Z A 0

Secon§ step: The optimal estimates of So,yt are SO, t which satisfy
o , b . ;
I
? R R R 1, = [
I o - A -~y = max
Ly, ) =1 (s, sp) 2<i<r2 LSip, 8 -

-

Let E.“ [sQ, by, aj.




. From the properties of MLE (e.g. [12]), under fairly general.¢onditions,
.ngié asymptotically normally distributed with mean § = [SO, bl’ a] and

variance covariance matrix:

ETEA . o
Lo = E -9 o> . The variances and covariances can be
°) 96 aej .

- i
calculated as functions of the observations S, and of a, §,, t, T, 0] >
o2

2 -

Empirical Results

The response function estimates are based on the experiinental
results of Sadan and Berglas (persomal communication). Their one year
experiment, conducted in the Northern Negev of Israel, provided a total

of 17 observations (Yi, Si) as presented in Table I.

[Table I about herel]

The following estimates for the responée function parameters (2)

were obtained by substituting the data in equations (4), (5) and (6):

Asymptotic

standard deviation

S, = 6.054 [meq C1/1] | (1.92)

il = 52.55 [tonnes/hal (3.2)

- tonnes/ha | }
a 1.09 [————meq Cl/l] o (0.2)




TABLE I

RelationshipSABecween Average Soil-Salinity (Si) ahd Pozaﬁo Yield (Yi) - The Negev Area,

48.1

8.394

33.2

12.263

45.4 - 38.9

12.401 12.774

34.3 '33.6  34.9 - 25.3 - 28.5

16.642 18.102 18.832  19.781  20.292

29.1

22.263

32.4

22.701

aYield [tonnes/ha].
b

period.

Average soil salinity level [meq C1/1] in the rootzone (0-60 cm),

during the growing




‘Accordingly, GO = 45.95 [tonnes/ha] and,thé estimated.response function

is:
45,95 : if Si 5_6.054
i

52.55 = 1.09 S; if s, > 6.054

with other relevant statistics being:

" 2
t =3, cl

~2

gy = 15.78 [tonnes/ha]2

= 0.14 [tonnes/ha]2 H

- and R2 = 0.78
_The scatter—-diagram of the observations and the fitted regression

line are shown in Figure 2.
[Fig. 2 abou: here]

. It should be noted that this response-function (2) was compared to
estimaﬁion of alternative fofmulations (éll of them monotonically
decreasing, continuous and differentiable functions) and was judged.
"best" [8]. An "adjusted R square" (R2 adjusted for degrees of freedom)

was used as a criterion in this comparison.




2. OPTIMAL USE OF IRRIGATION WATER FROM A GIVEN SOURCE

FOR A GIVEN CROP (POTATOES)

Consider the yield expectation:

if S_ﬁSO-

as ‘+ by if S > Sg

\

Lét S be the present soil salinity level; S SO' Assume. that there
is a source of good quality water of salinity Cl [meq Cl/1]. Leaching
the soil with Q m3 of this water per hectare will reduce the salinity

~ to S, where:

| N - %0
s = Q Cl +3 2
w+3 o+

(see [4])

(N and y are known soil parameters).

Isolating Q gives:

N(S - S)

QUS) = ——
, T (@E+s -c1

A good empirical approximation is obtained by the following quadratic

regression:

1 e =K +KEGE - 5) + K5 - g_)z.




" S§+5 S . o
Let S = 2 be an approximation of the average salinity level

(before and after leaching). Substituting § =28 -8 in (10) yields:

Q(s) = Ky + KZG - 8) + Ky(S - 5’

= == %
where K2 2K§, K3 4K3.

Let P be the cost of the above—mentioned water supply in dollars/m .
The cost of leaching the soil (with Q m per hectare) denoted by c(s, s),

is:

aiy c(S, s) = P.Q(s) = PK, + PKZ(-S- - 8) + PK3g§ - 2.
A profit function is defined as:

| | ‘R (S, + b)) - Ry - CG, 5} if S'f‘ 5,
az) T(S) = '

'Rl(as + bl) - R2 - C(s, S)“ if S > S0

where:
R1 ~ net income in dollars per unit yield (tomnes) as a function
_ of the yield (revenue, less variable cost dependent on yield,

such as: harvesting, grading, packing and transportation).
32 — variable costs in dollars/ha, independent of yield.

By substituting (11) into (12) and then equating the derivative

9
;és) (for S > S ) to zero, S* which maximizes (12) is accepted:

Rla + sz

‘2PK3,

S* = § +




Since it is obvious that S* > SO’ it can be written:

_  Rja+PK, |
* = - <
(13) ‘ S | max (So, S + ‘ 2PK3 )

And, by substituting MLE ;, %O for the unknown pafameters a, SO:

~

Rla + PKZ )
2PK

(14) . §*% = max (éo, S +
. . ) 3

Empirical Results

The empirical approximation (10) to the leéching function (9), was:
achieved by dividiné the relevant range of soil-salinity into a lérge
number. of discrete points, calculating the value of'Q(S) by (9) for
each point and estimating the reéression—line (10).

For S = 20 [meq Cl/l] (A somewhét high initial soil salinity level
was chosen iﬁ order to emphasize the need of soil—leaching),'N = 3560
‘ [m3/ha], y = 0.7 (avérage_irrigated-soil parameters in the study area),

and Cl = 5 [meq C1/1], the following estimates were obtained:

K, = 132
K, =526  Kf=263

=. : ' % =
Ky =146 Kf = 36.5

(9) and (10) are preseﬁted in Figure 3 on the saﬁe set of axes (function

(9) is marked by the numeral 1, and (10) by the numeral 2).

[Fig. 3 about here]

With P = O.l'[dollars/ms]s"; Rl = 161 [dollars/tonne] , the following

vaiuves for potatoes were obtained:




S* = 15.8 [meq C1/1]

Q(%*) = 4917 [m3/ha]

3. 'THE LOSS FUNCTION AND THE VALUE OF ADDITIONAL INFORMATION

In the followingbsection, the.loss function and its pdssible situ-
atlons are defined the expected value of sample information is calculated
and the optimal sample size is determined (taklng into consideration the
desi?ed spread of the additional observations).

Let us define a loss function:
L0SS (S*, S%) = m(S*) - (5% &

One may distinguish between 8 alternatives associated with its
possible values, based on all possible‘combinations of the relationships
between So and SO, S* and SO’ S* and S0 But, four of chem‘can be dis-

regarded, since a, S0 are consistent estimates (being MLE) . and therefore -

tend to a, SO’ respectively, so that:

(16) | P_(S* > S, and s g §5) + 0

*x < g% 3
a7n Pr(S < S0 and S* > So) >0

The four remaining alternatives can be described as follows:

(a) So > So, S* >.SO, S* > So

Substituting in (15) yields:




Rja + PK, |
27K ) + Rib) - R

‘ _ Ra+PK, _ _ R+,
..P[Kl+K2 (S———zﬁq—.—-S)‘+K3 (S--—E—Ka———S) 1}

‘LOSS (S*, §%) = {Rja G +

_ Rla + PK
- {Rla (S + ———= ) + Rlb

a+? R.a + PK o
-P[Kl-i‘K (S--Rlzpl%K2 S)+K (S~T£"—-2—I,I<:3—Z~S)2]}

2 0 2
Rl (a - a)

4PK3

Similarly:

a7 G-
LOSS (s*, S*)»é : ’—4ﬁ-(3—-——

s = Akaa
(©) Sy <8y, S%=8), §* =5

.LOSS(S"‘ S"')={R1(aS +b1)-R-P[K1+K (S S)+K(S-S)]}

- (R (a5 + by) - R, - PR, + K, (§ - ég) + x3(§ - 571

= - PRy(S, - Sy) - Byl - s - G - 5%




LOSS (S%, S*) = {R,(aSy + b)) - R, - P[K, +K, G - Sy) + K3(§ - 30)2]}

- {Rl(a§0 +b) =Ry - P[K +K, § - 50) + Ky S - §o)21}

= - (Rja + PK,) (5 - Sp) - PRl G - so)z - G- 597

Using indicator functions we write the loss function concisely as:

‘R%(a=a)?

(18) LOSS (S*, §%) = 75— - Lok 5> 5}
. 0

- 2 = a2
; + {- PK, [¢s - SO) - (- So) ]

A

- PK2(50 - so)} Iigh = So} - Rla(SO - So) Lk = So}.I{Sb < So}

where I takes values of 1 or 0 as follows:

1 expression true

I . =
{expression} .
0 otherwise

As a, S0 are randomvvariables, the loss function is also random.
For given values of So, a, oi, ai, and for a given scatter §T of the ob-

servatioqs Sl; ceey ST’ the conditional‘expéctation of the loss function

is:




(

i

‘ 2 A 2 2 -
. = * * M =
(19) TOSS (01, Oys 35 Sy "?;r) E[LOSS (s*, S )/cl, 0ps 35 Sy §T]

2

“Ka

= f (a - a) dN(a, V(a)) I{s* s 8 }

+{-2x85 J Gspancsy, V6 ) + &y | G2 - shancsy, vE )

- 7K, I Gyspantsy vEMY g, . o Rla.£ O NLIC ORI
| . o}

R2

K
" TK,P v(a)- Trax s So}

L .
+ {PRV(S,) i

/o 7(50) be Tige = 5o}

Let G(oi, c%, a, So) be the joint prior distribution of o’i, o’%, a,
SO'
8

distributions knowmn® :

Assume that these four variables aretindependent, and their marginal

(1) Pf(U::lZ. = dl) = Pr(ag =d
(1) 2~ s, 8,
@i1) Sy~ LA, 8,0 O

where d d

1> %9° 51, 6_2, Al’ A2 are

Under these assumptioné, the expectation of (19) will be:




: ' —_ 2 2

R

4K_P 3
3. {s* > SO}. o {S* = SO}

2

el fﬁﬁa' ).

) V(g dG(Ui: Ugs a, so)
V2r  {5* = 5} '

Let us now calculate the profitability of acquiring additicmal
observations (Si’ Yi)' For a sample -of a given size T let §*T be the

scatter which minimizes (20). According to Yahav (see [21]) under the

assumptions (1) - (iii):
2 2
1) o] =0y

(1) s, '\:»U[‘O, 1]

(141) there is a continuum of observationms,

the optimal spread will be according to the Beta (%— ’ %) densif:y:-

1 1
53(1—-5)3'—%5-/—?—);——,— if 0<S<1
| @ @

5107
3°3 . .otherwise

This solution was adapted to our case, where the number of the.obser-

vations is discrete, and further:

- ) : ‘ - 2 2
f V(a)dG(cl, oy 2 so) + PK f V(So)dc("l? Ops s So?



| 2 _ 2 _
(1) of =4, ¢ 95 d,

(1i) Sy~ ULay, 4,0 :

S-E;-observations were taken in the vicinity of‘Al, 5
vicinity of A2’ and 1/3 uniform spread between the above two groups.

2_1
373

At this stage we have no proof that this spread will indeed minimize

(20), and it is only an intuiti&e approximation to Yahav's result.
Finding the optimal spread is a complicated statistical problem,
wﬁosé analytical solution would not be discussed herg.. Howevér, ‘the
sﬁggested spread (hereafter "spread I") was empirically compared,ﬁith
two other alternative spfeads of additional observationst
Assume that D hectares'ofvpotatoes are grown in the region where the
(Si? Yi) observaiions-were taken, with. the same~teéhnology, soil and c;imate
conditions. Let n be the number of additional observatiops to be taken
and'CO(n) - the cost of their acquisition. With H(T, §%) describing
the situation a priori, the expec;ed value pf additiBnél information -
to the potato groweré of that region - from n observations with spréad
is: |

*
$T4n’

- (21) EVSI(n) = D[H(T, é%) - H(Tfn, €¥+n)] - Co(n) .

The optimal number of observationms, n*,'can be determined by:

(22) EVSI(n*) = max EVSI(n)
n - )




fmpirical Results

The empirical‘applicationvof the above described analysis, to a-
potato growing region in the Northern Negev area of Israel, is presented
below. The aggregate expected benefits to the regibn's potato growers,
from improved response data are calculated and the optimal sample size
is determined.

Based on the empirical estimates of the response-function parameters,
>thg following approximate values were assigned to dy» dZ’ sl,,az, Ai and

~2
=
+0.21 5 = -1.30 = a - 0.21
1.5 ; 7.5= 8§

Acgordingly, the marginal a priori distributions are:

2 = = ‘e | '- 2 = =
P (o] =0.1) =13 P (s, = 16) = 1

a~ U(-0.88, - 1.30)

Sg ~ U5, 7.5)

The suggested "spread I" of additionmal observations was compared
with two alternative spreads, "gpread II" uniformly scattered in the
~Tange S0 = 4.5 to SO =.7.5, and "spread_III" unifofhiy scattered from
So = 6.054 (SO) to S, =>20(§). For P=0{1[dollars/m3],'Rl = 161[dollars/

tonne], D = 2000[ha] (the Northern Negev, where this experiment was




.conducted is the main producer area of potatoes in Israel), and '
C (n) = 260 N[dollars] (these expenses constitute 130 dollar/observation
of direct costs +! 130 dollars/observatlon .due to the opportunity cost of
the research personnel), the obtained values of EVSI(n) are presented .

din Table II.

[Table 11 about here]

Based on the results of Table II the following should be empha51zed°
(i) "Spread I" is substantially superior over the two

other spreads for all values of n. Based on "spread I",

'whlch.is eu intuitive approximation of Yahav's [21] |

findings, the estimated optimal sample eize is n* = 15

and the expected value of additional information is

23992 dollars. |

"Since some approxioetions &ete used and slnce the

underlying statistieal theory is mainly asymptotic

.and‘assumes the use‘of large sample, the results,

which are based on medium size sample,must be regarded

as approximate. fﬁeirjmain value is that they enable us

to learn_the order of ﬁagnitude of EVSI and to draw

operatlve oonclusions about the benefit of additional

sampliog. . ;
The present level of knowledge of the potato growers'inf
that region is relatively high and any improvement io
production due to a better knowledge of the response-

function is eXpecteo'to be relatively small’ Since a




TABLE II
The Expected Value of Sample Information (EVSI(n)) for the

Three Alternative Observations Spreads (Dollars)

‘Number of
Observations - n

12 15 18 21

"EVSI(n), "Spread I"
EVSI(n), "Spread II"

EVSi(n),."Spread II1"

14364 17185 22290 23658 23992 23898 22993 21058

4610 8843 11277 12782 13614 14133 14398 14482

6562 9149 11253 13550 14631 15467 16330 16738




short run optimization md4e1 was assumed, the resﬁlts
might be regarded as downward biased: actually, im-
proved estimatés of the response function's parameters
may contribute to the.region farmers' benefits for
more than one growiﬁg season. It should be expected,
however, that mﬁlti—period’optimization model (&ithv.
soil saliﬁity as dynamic state»ﬁafiable), may yield

‘a higher values of ESVI.

SUMMARY

Thé;éStimafion of,ﬁhe éfeSponse function".of'a"given crop to soil
salinityiand the calculation of the expected value of additional infor-
mation on the paraméteré of this function are important steps in the
process offdecision making, regarding irrigation Qith saline water under
conditions of uncertainty.' |

A method for the esﬁimatioh of a "responsevfunc;ion" following
Maas and Hoffman's (1977) specification wés‘develdped and the stochastic.
properties of the‘estimated parémeters were discussed.

An optimization model for ﬁhe determination of thé optimal quantityv g
‘of water from a given source needed to leach the soil was ﬁormulated.

A loss function was constructed, its possible states were defined and
its expeétation’derived.

Finally, the expected value of sample information (EVSI) on the
response function parameters was calculated. The optimal sample size

was determined, with regard to the preferable spread of the additional

! H
)

observations.f;}!




The empirical results are depending on the physical data and the

assumptions made and are therefore releQant to the region under con=
sideration. Although the procedures introduced are quite complex, once
a computer program 1is wrltten, they can be applied to other crops end
regions at a relatively low cost. |

There are at least two dlrections for.possible extension of the
analysis: (1) Computing expected value of sample information (EVSI),
in a 1opg—run analysis, referring to the waterfsoil—crop farm system
over a sequence of severel irrigation seasons, taking into consideration
the long—ruo soil-leaching process. (ii) Computiog EVSI for a single
crop within a multi—cul;oie farm framework, wieh several erop alternatives,
several water sources differing in quality, quantif} aod prices, and
several fields differing in area ehd initial saliniey (Feinerman, 1980).
The anelysis presented in this papef can serve as a buiioing block in
.such extended analysee. Its main advantage seems to be in providing
conceptual eno'methodological framework to investigate the problem as

well as an efficient tool for empirical analysis.
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FOOTNOTES

Ypeleting the first two and the laét threeIObservation intervals
eliminates.the possibility oy = 0 or o, = 0 which would make (7) equal

infinity for any S0 in these intervals. .
5A11 the monetary values aré at January>1§78 price level.

6The observations Y, are normally distributed, the prior demsity
function is everywhere positive, and the loss function is proportional.
to the squared error. It is therefore asymptatically true that ﬁayes
éstimates (the parameter estimates which minimize ﬁhé expected loss) are

identical to the MLE, (e.g. [2]).

7Based on (16) and (17), one may disregard the case (S* < S,
S* > SO). Hence, the loss function for (b) should be the same as the

loss function for (a).

8Based on conve;sations with soil researchers and our a priori
knowledge, we beiieve that it is possible to assign closed intervéls
to the unknown true parameters. Since we are not aﬁle to assign dif-
ferent probabilities to subset lengths of ;he above mentioned interval,

we assume prior uniform distributioms.

9The optimal EVSI (23992 dollars/region) found in Table 2 coﬁstitute

less than one percent of the total revenue of the potato growers.




FIGURE LEGENDS

Figure 1: The Response Function.
Figure 2: The Estimated Response Function of Potatoes.

Figure 3: . Quantity of Leaching Water (Q) as a Function of the Target

Soil Salinity (S) (Initial Soil Salinity § = 20 meq C1/1).







POTATO YIELD (TONNES/HECTARE)

n n w o w w w H
o)} o4} O N H ) ® )
| | I | | I | -

SNOILVAY3SEO e

wn
O
—
wn
>
r
=
—

s
3
(¢)]
L0
o
>




w
@
<
-
O
I
T
~N
M
E
x
W
=
=
©
<
T
O
g
W
_1

"FUNCTION (10)

o FUNCTICN (9)—>Z 2
1 | 1 L |
o 12 14 T 20

TARGET SOIL SALINITY (meq \cl/l)




PREVIOUS WORKING PAPERS

Yoav Kislev and Hanna Lifson - An Economic Analysis of Drainage Projects.

Yair Mundlak and Ran Mosenson - Two- Sector Model with Generalized Demand.

" Yoav Kislev - The Economics of the Agr1cu1tura1 Extension Serv1ce " (Also
in Hebrew).

Dan Yaron and Gldeon Fishelson - A Survey of Water Mob111ty on Moshav
Villages. .(Hebrew). .

‘Yakir Plessner - Computlng Equlllbrlum Solutions for Various Market Structures

Yoav Kislev and Yeshayahu Nun - Economic Analysis of Flood Control PrOJects
: in the Hula Vallqy, ‘Stage. One - Final Report. (Hebrew). =

Yoav Kislev and Hanna Lifson - Capltal Adjustment with U= Shaped Average Cost ’
of Investment. : _ , , , , ,

Yair Mundlak - Emp1r1ca1 Productlon Functlons w1th a Variable Firm Effect.

Yair Mundlak - 'On Some Implications of Maximization with Several ObJectlve
Functlons

Yair Mundlak and Assaf Razin - On Multistage Multiproduct Production Function.'

Yakir Plessner and Meri G. Kohn - Monopollstlc Behav1or in Sltuatlons of
Expectation Motivated Demand. ,

Yaklr Plessner and Meir G. Kohn - A Model of Optimal Marketlng P011cy

Yoav Kislev and Yakir Plessner - An Appllcable L1near Programmlng Model of
Inter-Temporal Equ111br1um

Aharon Ben-Tal and Eitan Hochman - Bounds on the Expectation of a Convex
Function of a Random Variable with Appllcatlons to Dec151on Making
Under Uncertalnty ,

Yair Mundlak and Zvi Volcani - The Corre5pondence of Eff1c1ency Frontier as
a Generalization of the Cost Function.

Uri Regev and Aba.Schwartz - Opt1ma1 Path of Interreg1ona1 Investment and
Allocation of Water.

Eitan Hochman and Hanna Lifson -.Optimal Control Theory Applied to a Problem
of an Agricultural Marketing Board Acting as a Monopolist

Mordechai ‘Weisbrod, Gad Stretiner, Dan Yaron, Dan Shlmshl, Eshel Bresler -
A Simulation Model of Soil Variation M01sture (Hebrew) .

Yoav Kislev, Yakir Plessner, Aharon Perahia - Multi-Period Linear Programmlng
with a Consumption Application. "(Hebrew).

Ran Mosenson - Fundamental Dual Price- Rent Relatlons in Input-Output Analysis -
Theory and Application.

Yoav Kislev and Benjamin Nadel - Economic Ana1y51s of Flood Control Project in
the Hula Basin. (Hebrew)

Yigal Danin and Yair Mundlak - The Effect of Capltal Accumulation on a Well
Behaved n-Sector. Economy. , ,

Pinhas Zusman - Power Measurement in -Economic Models.

Aba Schwartz, Uri Regev and Shmuel Goldman - Estimation of Production Functions
Free of Aggregation Bias with an Application to the Israeli Agriculture.




Yakir Plessner - A Theory of the Dynamic Competitive Firm under Uncertainty.

Robert E. Evenson and Yoav Kislev - A Stochastic Model of Applied Research.
Meir G. Kohn - Competltlve Speculatlon '

Yoav Kislev and Ur1 Rablner - Animal Breedlng --"A Case Study of Applled
Research.

Jack Habib, Meir Kohn and Robert Lerman -.The Effect on Poverty Status
©in- Israel of Considering Wealth and Variability of Income.

Yoav: Klslev, Michal Meisels, Shmuel Amir - The Dairy Industry of Israel.

Yair Mundlak - Agr1cu1tura1 Growth in the Context of Economic Growth.

Meir Kohn - Beyond Regre551on A Guide to Cond1t10na1 Probablllty Models
in Econometrlcs

Yair Mundlak - Models with Varlable Coeff1c1ents —-Integratlon and
.Extension.

Yigal Danin and Meir G. Kohn - An Ana1y31s of the Israe11 Graln Market and
Purch351ng Policy. ' ;

Yoav Kislev - The Monetary Approach to the Israeli Balance of Payments

. Meir Kohn - A Theory of Innovative Investment.

© Yair Mundlak and Joseph Yahav - ANOVA Convolution and Separatlon A Fresh
View at 01d Problems. , _

Meir Kohn - Why the Dynamic Competltlve Producer Should Not Carry Stocks of
his Product.

Yair Mundlak - Agricultural Growth - Formulatlon Evaluatlon and Policy
Consequences »

Dan Yaron, A. Dlnar and S. Shamlah - First Estimates of ProsPective Income
Losses Due to Increasing Salinity of Irrigation Water in the South
and the Negev Regions of Israel. (Hebrew).

Yair Mundlak - On the Concept of Non—Significant Functions and its
‘ Implications for Regression Analysis.

Pinhas Zusman. and Michael Etgar - The Marketlng Channel as an Equilibrium
Set of Contracts.

Yakir Plessner and Shlomo Yitzhaki - The Firm's Employment Policy as a
Function of Labor Cost Structure.

Yoav Klslev - Management Rlsk and Competltlve Equ111br1um

Yigal Danin and Yair Mundlak - The Introduction of New Technlques and
Cgpltal Accumulation. :

Yair Mundlak - Elements of a Pure Theory of-Forecasting‘and the "After
Keynesian Macroeconometrics',

Yoav Kislev and Willis Peterson - Prices, Technology and- Farm Size.

' David Bigman and Haim Shalit - Applied Welfare Analy51s for a Consumer
Whose Income is in Commodltles

David Bigman - Semi- Ratlonal Expectations and Exchange Rate Dynamics.

~ Joel M. Guttman - Can Political" Entrepreneurs Solve the Free-Rider
~Problem? :




Yakir Plessner and Haim Shalit - Investment and the Rate of Interest
Under Inflation: Analysis of the Loanable Funds Market.

Haim Shalit - Who Should Pay for Price Stabilization?

David Bigman - Stabilization. and Welfare with Trade, Variable Levies
and Internal Price Policies.

Haim Shalit, Andrew Schmitz and D%vid Zilberman - Uncertainty, Instability
and the Competitive Firm.

David Bigman - Buffer Stocks and Domestic Price Policies.

.David Bigman - National Food Policies in Developing Countries: The
Experience and the Lesson.

. David Bigman - The Theory of Commodity Price Stabilizatioﬁ and Buffer.
: ‘Stocks Operation: A Survey Article. |,

Yoav Kislev and Willis Peterson - Induced Innovations and Farm Mechanization°

Yoav Kislev and Yakir Plessner - Recent Inflationary Experience in Israel.

~ Yair Mundlak - Cross Country Comparison of Agricultural Productivity.

Michael Etgar & Ilan Peretz - The Preference of the German Market for
Quality Tomatoes (Hebrew).

Tzvi Sinai - The PrOfltablthy of Land Development for Agriculture in
Israel (Hebrew) .

Ilan Beeri - Economic Aspects of the Settlement Project in Yamit (Hebrew)

David Bigman - Stabilization and International Trade.

Nava Haruvi and Yoav Kislev - Cooperation in the Moshav.

Michal Meisels-Reis - Specialization and Efficient in the Poultry
Industryrln Israel (Hebrew).

Joel M. Guttman - Matching Behavior and Collective Action: Theory and
Experiments. :

Yair Mundlak - Various Aspects of the Profitablllty of Milk Production. (Hebrew)

Yair Mundlak & Joseph Yahav - Inference with Stochastlc Regressors.

Pinhas Zusman & Clive Bell - The Equilibrium Set of Dyadic Contracts.

Yoav Kislev & Shlomit Farbstein - Capital Intensity and Product Composition
in the Kibbutz and the Moshav in Israel.

David Bigman - Food Aid and Food’Distribution.

Haim Shalit and Shlomo Yitzhaki - Mean-Gini, Portfolio Theory and the
Pricing of Risky Assets.

Rafi Melnick & Haim Shalit - The Market for Tomatoes: An Empirical Analysis.
(hebrew)

Dan Yaron & Hillary Voet - Optimal Irrigation With Dual Qualitv (Salinity)
Water Supply and the Value of Information.

David Bigman & Itzhak Weksler — Strategies for Emergency Stock Planning.










