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A COMPUTER IN THE MILKING PARLOR

Abstract

In this paper we report an experiment conducted to assess the

contribution of a computer system in the milking parlof to

detection of mastitis and estrous (udder infection and the time to
inseminate the cow). The experiment was carried out in a 700 cow
herd in Israel. It was found that the computer system contributed
significantly to productivity and profitability of the dairy

enterprise.

(key words: precision farming, computers in agriculture, dairy economics, milk

production, management information systems, mastitis, estrous)

The use of computers and innovative information technology in agriculture—including
the application of sophisticated georeferencing methods—has been gaining ground, but
the economic implications of these modern developments are seldom quantified. For
example,vno empirical assessments of cost or benefits were presented in the session
devoted to precision farming and the new information technology in the 1996 annual
meeting of the American Agricultural Economic Association (although
Lowenberg-DeBoer mentioned several studies in the discussion of the papers presented
in the session). The studies that did attempt to quantify the impact of the new
technology either analyzed the characteristics of the adopting farmers (Putler and
Zilberman) or assessed the benefits by comparing the performance of farms with
computers to those without; examples are, Verstegen, Dijkhuizen, Huirne, and
Renkema in pig production and Lazarus, Streeter and Jorfe-Giraudo in dairy.
Agricultural scientists discussed the technical aspects and potentials of computer

systems; example, Allore, Jones, Merill, and Oltenacu.




In this paper we report on direct measurement of the contribution of a computerized
information system in dairy. We focus on two major areas: mastitis detection and
identification of estrous. The first is udder infection, estrous is the time the cow is in
heat and ready for insemination. Both occurrences are economically significant events
in dairy herds requiring accurate identification and timely attention. The study was

conducted in a large dairy herd in kibbutz Yavneh, a communal farm in Israel.

The major findings suggest that the computerized Management Information System
contributed to reducing mastitis milk losses and, by facilitating better estrous detection,
improved the timing of insemination. The annual benefit in Yavneh after the first year
of adoption was close to' $70 per cow and the repayment period for the investment in

the system was three years.

The paper opens with a short introductory discussion of mastitis, estrous and a
computerized dairy management information system. The empirical core of the study
is presented in the sections reporting the findings for the Yavneh herd analysis. The
paper concludes with an economic estimate of the contribution of the computerized

information system.

Mastitis

Mastitis is a generalized term for a wide range of udder infections. Mild cases cause
short term loss of milk yield and reduction in its quality, but losses may be of long
duration and in severe cases cows have to be culled. The infection may be and has been
detected by visible symptoms, on sight. Early detection enables timely treatment,

reducing or even preventing mastitis related losses.

For the duration of the infection, mastitis-affected cows are milked separately,
sometimes by hand, and the milk discarded. In addition, even after recuperation from
the acute infection, normal yield levels are recovered only gradually. Accordingly, we

distinguish between direct milk loss—reduced production and discarded milk for the

duration of the mastitis incident; and indirect loss—long term yield reduction. The




combined loss of milk production is the major damage caused by mastitis in cows that
do recover. Additional mastitis related losses include the cost of extra labor required to
milk separately or by hand, medicine, if applied, and a penalty for low quality milk.
Quality is affected if mastitis is not detected and milk from infected cows goes into the
parlor’s milk tank. One of the prime tasks of the dairy operator is to minimize these
losses; early detection and accurate information on the affected cow’s condition and
history are crucial prerequisites. Computer connected electronic devices measure and
record the electrical conductivity of the milk; mastitis is then indicated by deviations
from normal conductivity. These deviations may be identified before the observation

of visible symptoms.

Estrous

Estrous is the period of heat. Accurate detection and consequent insemination increase
the probability of timely and successful conception. Estrous can be detected by visible
symptoms: unrest, mounting and vaginal discharge. Identified cows are examined and
inseminated if found to be in heat. Some cows may not display visible signs of
heat—this is an anestrous condition. In these cases, days from last calving are counted
and the cows are inspected by the veterinarian to determine estrous or cause of its
absence. Unidentified estrous reduces the probability of timely insemination, increases
the number of unintended and unproductive open days (days between calving), reduces

milk yield, and may result in culling of high yielding cows.

Computer identification of estrous is based on activity measurements. Cows carry foot
tags with pedometers by which they are identified in the milking stall. The pedometers
count steps, the numbers are transmitted to the computer and the hourly averages

recorded. Deviations are marked as unrest, suspected estrous and possible ill health.

The system installed in kibbutz Yavneh at the time of the study could indicate heat in

cows that had calved at least once. Modern (1997) systems may detect estrous also in

calves before their first calving.




Afimilk System

Afimilk is fhe trade name of a dairy parlor information system partly produced and
assembled in Israel. Such systems include a PC and electronic devices which identify
cows, monitor their production variables, keep records and provide information to
assist decision making. Afimilk was first introduced experimentally in 1986 and by
now, more than 50% of the large herds in the country have installed the system. Two
other computerized systems are used in-a small number of herds: Afimilk performs the
following functions:

1. identifies cows in the milking stalls;

2. monitors the cow's milk flow and yield;

3. measures electrical conductivity of milk and indicates suspected mastitis;

4. records unrest and indicates estrous.

The system reports three times daily, summarizes data on call and flashes abnormal
findings. Parameters for significance levels of tests of deviations can be fine-tuned by

season or cow’s conditions.

The experiment

Kibbutz Yavneh, where the study was conducted, is located on the coastal plain in
Israel. The kibbutz operates several farm enterprises, among them a dairy of close to
700 cows. Milk marketing is controlled by a Marketing Board—kibbutz Yavneh’s
quota is 3,000,000 kg per year. This quantity is paid a regulated price (affected by

quality); “surplus,” above quota production, is paid much lower prices. Milking is done

three times a day and yields in Yavneh are relatively high; at the time of the study,
annual yield was above 10,000 kg per cow for an average of 32 kg per day for a 305
day lactation. The previous dairy parlor computer system was changed to Afimilk in
June, 1993 when the study began. For the dairy team, experienced with the former
system, the transition was smooth (it lasted one week) with no significant changes in
management and decision procedures. The team cooperated willingly with the research

project.




The milking cows were divided, with the introduction of Afimilk and the
commencement of the study, into a trial grotip and a control group. The information
provided by Afimilk and used for mastitis and estrous detection was made available to
the dairy operators only for the trial group. The information for the control group was
blocked at the source. Consequently, the herdsmen received just three yield
measurements per day for the control cows, whereas additional 9 measurements were
available for the cows in the trial group (steps per hour, rate of milk flow and
electrical conductivity of the milk for each of the three milking sessions). Without this
additional information the operators had to rely, in the control group, on conventional
methods of mastitis and estrous detection. The cows from both groups were mixed in

the cow sheds, group identity was masked and all cows were treated similarly.

The field study covered 18 months, from June 1993 until December 1994. In this way,
full lactation of all cows in the study were covered. Each cow's milk yield and other

parameters were measured and recorded three times a day. For cows that had mastitis,

direct daily milk loss was calculated, from the day of detection until the cow was

considered mastitis-free, as the difference between the average daily yield for the last 4
~ days before identification and the actual daily measurement at the time the cow was

~ infected. The magnitude of the indirect loss is difficult, if at all possible, to estimate for
individual cows as relatiVely higher yielding cows are more susceptible to mastitis.
Therefore we estimated the indirect loss by differences in the groups (trial and control)
between the average yield of the infected and that of the uninfected cows. The effect
of estrous detection was measured in open days (the days between calving and
confirmed conception). The contribution of the Afimilk system was calculated as the
value of the difference in milk production and average open days between the trial and

the control herds.




Although the Yavneh herd could be taken as the universe of the study population,
statistical significance is reported as if the measured magnitudes were a random sample
from the national herd (or a single year from a yearly time series of the Yavneh herd).’

This makes for stricter evaluation of the results.

The division of the herd

The milking cows in Yavneh were divided into trial and control groups. Cows about to
be culled were not included in the study. The selection was stratified by the following
variables: lactation, calving related diseases, number of days from calving and
projected milk yield. The stratification was lexicographic; that is, the cows were
assigned into one of three categories by lactation—first, second or higher; each of
these were divided again for calving related diseases—yes or no—adding two
categories for a total of 6, then again assignment was repeated within each category
into an additional six categories by days from last calving. The process ended with 606

cows in the study equally divided between the trial and the control groups.

Mastitis detection

The total number of mastitis incidents during the time of the study was 316; of these,
116 were in the control group and 200 in the trial group (Table 1, in which, it is worth
noting, all the differences between the groups are statistically significant). These
incidents occurred in 170 cows; some cows suffered from the infection more than once
during the period of the study while others did not show mastitis symptoms at all. Such
differences can be expected, certain cows are more inclined to develop mastitis than
others; but as our analysis was concerned with detection, we regarded each incidence
as a separate independent realization, whether such incidents occurred once or several
times for the same cow. Assuming that the groups did not differ systematically (an

assumption to be corroborated by findings below), the larger number of identified

' With centrally coordinated artificial insemination, average genetic yield potentials of all herds

are essentially identical. Individual cows (phenotypes) naturally vary in performance.

Differences between herds are also substantial, probably due to management and local

conditions.




cases in the trial group indicates more accurate detection of the computer supported

system than on sight.

Not all the incidents were included in the statistical analysis to follow. Cows in the
first 10 days of milking as well as cows in the last 5 days of lactation were excluded
since it was impossible to estimate the yield effect of mastitis in these stages. Incidents
which lasted less than 24 hours were also not included. Deleting these cases, 220

incidents were analyzed, 90 in the control and 130 in the trial group.:

Table 1 reports two additional statistics: the average duration of incident in the control
group was 4.4 days as against 3.9 days for the trial group. Electronic monitoring both
assisted in early detection and may have flagged cases which might have gone
unnoticed. Early detection leads to immediate treatment, where necessary, and a
shorter duration. An additional benefit was that medical treatment, when applied, was

less intensive.

Table 1. Mastitis detection

n =606 Total  Control Trial Stat. sig.

Number of mastitis infected 170 74 96 p<0.05
| COWS
- Number of incidents 316 p<0.05
Number of analyzed incidents 220 p<0.05
of these
mastitis incident duration

(Mean £SD) 4.42+2.14 3.94+2.42 p<0.05

% of medically treated 86.6 78.5 p<0.05

incidents

In Table 2 we divide the incidents by length and report direct milk loss (yield loss in

- the period of infection). Consistently with the shorter average duration reported in

Table 1, there were more short term incidents (2-3 days) in the trial than in the control

group and fewer long term cases. The differences in milk loss per day were not




significant but the overall loss per incident— 65.1 kg per cow in the control and 44.8
in the trial group—were significantly different from each other.? As already indicated
with respect to Table 1, the differences between the trial and the control groups in
Table 2 reflect more accurate detection and timely treatment. If, in addition, some
control group cases were undetected, the differences in milk loss underestimate the
contribution of the computer system: when mastitis is undetected, lower quality milk is

not discarded and the dairy is penalized.

Table 2: Mastitis incident duration and direct yield reduction

Number of Loss per Stat. sig.
incidents incident kg/cow
(MeantSD)
Incident Trial  Control Trial Control
duration

2-3days 70 38 21.3+199 24.6+18.2
4-5days 37 28 574 £543 61.3+589
6-10 days 20 24 103.9£72.8  133.6£101.8
Overall 127 70 44.8+10 65.1+52.9

Note: milk loss is in kg per cow.

In Table 3 we report total milk loss, direct plus indirect. The reporting is by group and
sub-group: trial and control groups, cows with mastitis and cows without, and within
the groups by length of lactation—cows that were milked more than 270 days (Days In
Milk, DIM) but less than 305 DIM were grouped under the 270 DIM heading, cows
‘with more than 305 days of milking were grouped under the 305 DIM heading. Cows

? Not all mastitis cases were cured. The prevailing policy was to cull cows that were not cured
in 10 days. Accordingly, two trial and four control cows were culled. They were included in
Table 2 in the 6-10 days category. Three other cows in the experiment group were treated as
special cases. These were high yielding cows that, following severe mastitis and early
detection and medical treatment, the Yavneh team decided to save and left them in the herd for

longer periods: 12, 13, and 18 days. Their average direct milk loss was 352 kg. They were not

culled, but being special cases, were not included in the report of Table 2. In addition, 6 cows

from the trial group and 14 from the control were culled due to low yield.




that did not reach 270 DIM were not included in the loss estimates of Table 3. For

comparison, the lactation yield of a cow was taken as her lactation for the indicated

days; for example, yield for the first 270 days was taken for the cows in the 270 DIM

(and not the total amount of milk they gave for the whole length of the period of

lactation). As indicated earlier, the loss estimates were prepared at the group and

sub-group level. The numbers in the table are averages per cow in group for the

lactation yield; for example, there were 29 cows with mastitis in the trial group with

305 DIM average sub-group yield of 10;896 kg milk per cow; similarly, 21 cows with

mastitis in the control group yielded an average for 305 DIM of 10,387 kg per cow.

Table 3: Comparison of yields by Days In Milk (kg per cow)

n =606 Less
than
270
DIM

Lactation days

Average in herd

Cows without

305

mastitis

270

Cows with
mastitis

Trial group
yield
Number of
COWS

SD

Control yield
Number of
cows

SD

Yield
difference in
trial’s favor
Stat. Signif.

10606
119
+1425

10289
112

+1182

317

p<0.05

9184
128 90
+1061 +1499

9121 10290
127 88
+1258 *1236

63 223

29
+1140

10387
21

+981

615

p<0.05 p<0.05

Several points are worth noting. Yields of cows without mastitis in the trial and control

were not significantly different; the Yavneh herd was divided to groups of similar

average yield. The yield differences for cows with mastitis were statistically

significant, reflecting, we repeat, timely detection and treatment in the trial group. Note

also, that for the four comparisons (trial and control and 270 and 305 DIM), the yield

of most of the mastitis infected cows was equal or higher than for the non-infected:

high-yielding cows are comparatively more Susceptible to infection (similar findings




are reported by Houben et al and Lucy and Rowlands). The data of Table 3 will be

used in the economic analysis below.

Estrous detection

Table 4 summarizes the major findings for the 352 cows that fitted into the study's 18
months schedule and with pregnancies of less than 150 open days. Delayed
impregnation—defined as having more than 150 open days—is usually caused by
problems unrelated to inaccurate estrous detection; such as reproductive system
malfunction and diet deficiency disorders. These pregnancies and the explanation of

their greater open day differences are beyond the scope of this study.

As the data in Table 4 indicates, there was no difference in the conception rate between
the trial and the control groups, it was 31.5% for each group. Once estrous was
detected and the cows

Table 4: Conception rates and open dziys

n=352 Control Trial Difference  Stat. sig.

Number of cows 180 172 8
% examined for anestrous before
insemination 35.5 20.3 p<0.05
Conception rate (%) 31.5 31.5
Pregnancies with <150 open days 111 125

(%) (61.6) (72.6) p<0.05
Open days (Mean + SD) 1143 ¢ 111.1 £ . n.s.

48.0 52.5

inseminated, control and trial cows reacted in the same way. There were however
significant differences in anestrous cases (cases in which heat was not detected but
estrous suspected by day counting) and in the number of open days. By both measures,
cows in the trial group, with 20.3% anestrous and 111.1 open days, did better than
those in the control group. We have also found, but not reported in Table 4, that the
differences between the trial and the control groups increased with age. It is more

difficult to detect estrous in older cows and the electronic devices are, therefore,

comparatively more important for these cows.




Benefits and costs

Computer detection reduced milk losses due to mastitis and open days of milking
cows. The calculation of the benefits in our experiment was based on data gathered
from the extension service of the Ministry of Agriculture (Rosen and Yechieli, 1995)
and were converted to US dollars at the prevailing rate of the study time, 3.02 NIS per
dollar:

Gate price of 1 kg standard quality milk - $0.36

Cost avoided 0.10
Net value of 1 kg milk loss prevented 0.26
Value of open day prevented 3.14

The cost avoided is the cost of feed conventionally attributed to marginal milk
production, above body maintenance. Although it is questionable whether infected
cows ate less because of the reduction in yield, we deducted this element of cost to stay

- within conservative bounds of estimated prevention of milk losses.

Table 5 reports the benefits per cow in the herd in Yavneh. Milk loss prevented, 248
kg, was calculated as the weighted average for yield difference in trial’s favor in Table
3 (for average in herd). The number for average open days is from Table 4. Total
benefits per cow are $69.60. The information generating equipment needed to perform
the tasks we considered—imastitis identification and estrous detection—is optional, it
may be added to the basic equipment in the milking parlor and milk recording
facilities. In Yavneh, the investment for the additional equipment =~ was $200 per cow
(it would be markedly less today). This includes foot tags, milk meters, data
transmission components, monitoring equipment, installation and setup. The
repayment period is therefore less than 3 years; or, alternatively, for a system expected

to last 5 years, the internal rate of return is 27 percent.




Table 5: Gross benefits (per cow in herd)

Differential benefit Measured for Yavneh

Prevented milk loss _ $64.48 248 kg
Reduced open days $ 512 3.2. days
Total benefits $69.60

Concluding remarks

We have reported an experiment in one herd. The findings clearly indicate a favorable
benefit-cost ratio, even if the system would last in the milking parlor for only a few
years, as so often happens with modern equipment. Several comments are now in

order.

The cost per cow will be larger for smaller herds. The benefits, on the other hand,
could increase with size and with the difficulty to recognize individual cows and their
particular problems. Kibbutz herds are relatively large. The conclusion may be

different for family farms with 30 - 50 cows.

The human factor is of great importance in livestock enterprises, and Yavneh, as

indicated, has a dedicated group of workers, professional and motivated. It may well be
that the contribution of the computer system would be greater with an average team.
Particularly, one may expect the share of the contribution of estrous identification to be
larger in many other dairies. Also, it is often claimed that the benefits of a computer
system should be attributed to improved management practices in teaching operators
the significance of even minor nuances in livestock behavior and performance. This
component was probably only of minor importance in Yavneh and, still, as our
findings indicate, the computer system contributed substantially to profitability of milk

production in the kibbutz.

We attributed benefits only to losses prevented in milk and open days. But these are
not the only benefits; for example, early detection of mastitis and accurate
identification of estrous may reduce culling of problematic, often high-yielding, cows.
We similarly did not include in the benefits the prevention of discarded milk of
mastitis infected cows, labor of milking by hand the infected udder, and the cost of

medicine prevented.




REFERENCES

Allore, H., Jones, L., W. Merrill, and P. Oltenacu. “A Decision Support System For
Evaluating Mastitis Information.” J. Dairy Sci. 78(1995): 1382 -1398.

Gelb, E. An Economic Analysis of Computer Use in Agriculture. Ph.D. dissertation,
Hebrew University, Rehovot, 1996 (Hebrew).

Houben, E., A. Dijkhuizen, J. Arendonk, and R. Huirne. “Short and Long Term
Production Losses and Repeatability of Clinical Mastitis in Dairy Cattle.” Journal of
dairy Science 76(Nov. 1993): 2561-78."

Lazarus, W., D. Streeter, and E. Joffre-Giraudo. “Management Information Systems:
Impact on Dairy Farm Profitability.” North Cent. J. of Ag. Econ. 2(1990): 267-277.

Lowenberg-DeBoer, Jess. “Precision Farming and the New Information Technology:
Implications for Farm Management, Policy, and Research: Discussion.” American
Journal of Agricultural Economics, 78(December 1996): 1281 -1284.

Lucy, S. and G. Rowlands. “The Association Between Clinical Mastitis and Milk
Yield in Dairy Cows.” Animal production 39(1984): 165-75.

Putler, D., and D. Zilberman. “Computer Use in Agriculture: Evidence From Tulare
County, California.” Am. J. of Ag. Econ. 70(1980): 790-802.

Rosen, S., and Y. Yechieli. “An Evaluation of the Selection Process in Dairy Herds.”
The Israeli Cattle Breeders Association Monthly, 254(1995): 41-43 (Hebrew).

Verstegen, J., A. Dijkhuizen, R. Huirne, and J. Renkema. “Determining the
Profitability of Management Information Systems: Methods and Empirical Results.”
Proceedings of the Symposium on Herd Health Decision Support Systems, Utrecht,
The Netherlands, 1993, mimeo.




PREVIOUS WORKING PAPERS

Zvi Lerman and Caludia Parliament - Performance of U.S. Agricultural
Cooperatives: Size and Industry Effects.

Yoav Kislev - The Economic Organization of Citrus Production in Israel
(Hebrew).

Zvi Lerman and Claudia Parliament - Comparative Performance of

Food-Processing Cooperatives and Investor-Pwned Firms in the
U.S.A.

Alan Swinbank - Europe After 1992 and Implications for Fresh Produce
From Israel.

Ziv Bar-Shira - A Non-Parametric Test of the Expected Utility Hypothesis.

Yoav Kislev - The Water Economy of Israel (Hebrew).

Yoav Kislev and Willis Peterson - Economies of Scale in Agriculture: A
Reexamination of the Evidence.

van Dijk G. and C.P. Veerman - The Phllosophy and Practice of Dutch
Co-operative Marketing.

Eli Feinerman and Ariel Dinar - Economic and Managerial Aspects of
Irrigation with Saline Water: The Israeli Experience.

Yoav Kislev - Family Farms, Cooperatives, and Collectives.

Pinhas Zusman and Gordon C. Rausser - Organizational Equilibrium and the
Optimality of Collective Action.

Yoav Kislev - The Economics of Water Resources - Principles and their
Application (Hebrew).

Dan Yaron, Ariel Dinar and Hillary Voet - Innovations on Family Farms: The
Case of the Nazareth Region in Israel.

Pinhas Zusman - A Conceptual Framework for a Regulatory Policy of the
Israeli Water Resources (Hebrew).

Eitan Hochman and Oded Hochman - A Policy of Efficient Water Pricing
in Israel.

Dan Yaron - Water Quota Allocation and Pricing Policy in Agrlculture
(Hebrew).

Yujiro Hayami - Conditions of Agricultural Diversification for Economic
Development.

Pinhas Zusman and gordon C. Rausser - Endogenous Policy Theory: The
Political Structure and Policy Formation.

Domingo Cavallo - Argentina’s Recent Economic Reform in the Light of
Mundlak’s Sectorial Growth Model.

Pinhas Zusman - Participants’ Ethical Attitudes and Organizational Structure
and Performance.

Pinhas Zusman - Membership Ethical Attitudes and the Performance and
Survivability of the Cooperative Enterprise.

Yoav Kislev - The Cooperative Experience in Agriculture: International
Comparisons.

Robert M. Behr - Developoment and Prospects of World Citrus Markets.

Zvi Lerman and Claudia Parliament - Financing of Growth in Agricultural
Cooperatives.




Claudia Parliament and Zvi Lerman - Risk and Equity in Agricultural
Cooperatives. .

Csaba Scaki and Zvi Lerman - Land Reform and Farm Sector Restructuring
in the Former Soviet Union and Russia.

Zvi Lerman, Evgenii Tankhilevich, Kirill Mozhin and Natalya Sapova -
Self-Sustainability of Subsidiary Household Farms: Lessons for
Privatization in Russian Agriculture.

Ayal Kimhi - Optimal Timing of Transferring the Family Farm from Father
to Son.

Ayal Kimbhi - Investment in Children, Selective Off-Farm Migration, and
Human Capital of Future Farmers: A Dynastic Utility Model.

Meira S. Falkovitz and Eli Feinerman - Optimal Scheduling of Nitrogen
Fertilization and Irrigation.

Shlomit Karidi-Arbel and Yoav Kislev - Subsidies and Planning in Broilers--
the 1980s. (Hebrew).

Karen Brooks and Zvi Lerman - Restructuring of Socialized Farms and New
Land Relations in Russia.

Karen Brooks and Zvi Lerman - Changing Land Relations and Farming
Structures in Former Socialist Countries.

Vardit Heber and Yoav Kislev - The Protection of Domestic Production
in Agriculture - Three Product (Hebrew).

Eyal Brill and Eithan Hochman - Allocation and Pricing of Water Under
Common Property at the Regional Level (Hebrew).

Yacov Tsur and Eithan Hochman - The Time to Adopt: Count-Data
Regression Models of Technology Adopting Decisions.

Shuky Regev - Farm Succession—-The Legal Aspect (Hebrew).

Yoav Kislev - A Statistical Atlas of Agriculture in Israel, 1994 Edition
(Hebrew).

Eithan Hochman and Eyal Brill - Homogeneity and Heterogeneity of
Bio-Resources in Economic Models.

Eyal Brill and Eithan Hochman - Allocation and Pricing of Water with
Common Property at the Regional Level.

Kwang ho Cho - An Economic Diagnosis and Decision Model of Dairy
Farming.

Shuky Regev - Farm Succesion in the Moshav - A Legal Examination.

Naomi Nevo - Inter-Generational Transfer of Farms in Moshavei-Ovdim:

 An Ethnographical Enquiry.

Menahem Kantor - Water Issues in Israel Towards the Next Century
(Hebrew).

Ayal Kimbhi - Estimation of an Endogenous Switching Regression Model with
Discrete Dependent Variables: Monte-Carlo Analysis and Empirical
Application of Three Estimators.

Zvi Lerman - New Style of Agriculture Cooperatives in the Former Soviet
Union.

Dan Yaron - Israel Water Economy - An Overview.

Israel Finkelshtain and Yoav Kislev - Prices vs. Quantities: The Political
Perspective. -

Eyal Brill and Eithan Hochman - Allocation of Common Resources with
Political Bargaining.




9601
9602
9603
9604
9605
9606

9607
9608

9609
9610

9611

19612

9701

9702
9703

9704
9705

9706

9707
9801

9802

Eyal Brill, Eithan Hochman and David Zilberman - Allocation and Princing
of Water at the Regional Level.

Eithan Hochman and Eyal Brill - The Israeli Water Economy: Reform vs.
Reality.

Yacov Tsur and Amos Zemel - Pollution Control in an Uncertain
Environment.

Claudio Pesquin, Ayal Kimhi and Yoav Kislev - Old Age Security and
Intergenerational Transfer of Family Farms.

Israel Finkelshtain and Yoav Kislev - Economic Regulation and

Political Influence. ,

Ayal Kimhi - Household Demand for Tobacco: Identifying Reasons for
Non-Purchases

Zvi Lerman and Karen Brooks - Land Reform in Turkmenistan.

Zvi Lerman, Jorge Garcia-Garcia and Dennis Wichelns - Land and Water
Policies in Uzbekistan.

Zvi Lerman and Karen Brooks - The Legal Framework for Land Reform
and Farm Restructuring in Russia.

Ayal Kimhi - Off-Farm Work Decisions of Farmers Over the Life Cycle:
Evidence from Panel Data.

Tacov Tsur and Ariel Dinar - On the Relative Efficiency of Alternative
Methods for Pricing Irrigation Water and their Implementation.

Israel Finkelshtain and Yoav Kislev - Political Lobbying, Individual
Rationality, and Asymmetry of Taxes and Subsidies.

Israel Finkelshtain and Ziv Bar-Shira - Two-Moments-Decision Models
and Utility-Representable Preferences.

Yair Mundlak - Agricultural Production Functions - A Critical Survey.

Israel Finkelshtain and Yoav Kislev - Political Lobbying and Asymmetry
of Pigovian Taxes and Subsidies.

Yair Mundlak - The Dynamics of Agriculture.

Yoav Kislev & Evgeniya Vaksin - The Water Economy of Israel—An
Illustrated Review . (Hebrew).

Zvi Lerman - Does Land Reform Matter? Some Experiences from the
Former Soviet Union.

Yoav Kislev & Gadi Rosenthal - The Watershed (Hebrew).

Yair Mundlak - Land Expansion, Land Augmentation and Land
Saving..

Yacov Tsur & Amos Zemel - The Infinite Horizon Dynamic Optimization
Problem Revisited: A Simple Method to Determine Equilibrium
Structures.

Yacov Tsur & Amos Zemel - Regulation of Intertemporal Public
Projects. 4

Yoav Kislev - The Economic Heritage of Ran Mosenson.(Hebrew).

Ehud Gelb, Yoav Kislev, Hillary Voet - A Computer in the Milking Parlor.










