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ABSTRACT
A MULTIPURPOSE SIMULATION MODEL
OF DAIRY/FORAGE FARMING SYSTEMS IN
NORTHWESTERN SPAIN (GALICIA)
By

Manuel Lopez Blanco

Galician dairy farming is characterized by widespread
inefficiencies due to a variety of reasons such as, small
gsize of farms, poor management of herd and pasture,
deficient sanitation, lack of modern equipment, lack of
access to credit, and <faulty marketing channels. All these
deficiencies result in low returns to factors of
production. The problems of Galician dairy farmers may be
compounded by the eventual accession of Spain into the
European Economic Community (EEC) which may result in an
adverse change of input and output prices and create many

other additional uncertainties.

Policy efforts to restructure the Galician dairy industry
focus on the availability of underused resources, mainly
land and 1labor, of the typical <farm. Releasing the
constraints blocking the <full use of these resources,
through the supply of credit and technical assistance in

order to raise the level of efficiency of Galician farms, is



at the core of the policy-makers strategy.

The purpose of the research was to build a simulation
model incorporating often dispersed Kknowledge about dairy
systems to help researchers explore the production function
of Galician dairy farms in order to produce prescriptions
for short-term and long-term managerial problems in a timely
and efficient way. The model was used in the assessment of
growth strategies under a variety of assumptions regarding
resource base, inflation rates, and credit programs, among

others.

The dairy/forage simulation model has six components
which, (1) set initial assets and update assets at the
beginning‘ of every year, (2) simulate grass and silage
production, (3) Keep track of herd demographics, (4)
simulate feed disappearance, milkK production and changes in
body weight of animals, (5) match feed needs to feed
availability and define feeding programs, and (é) elaborate

financial accounts and other performance indicators.

Several types of experiments were conducted with the
model . In the calving scheduling experiment it was found
that winter calvings resulted in higher returns than +fall
calvings. For the winter calving season, average calwving
times closer to the onset of grazing resulted in higher

returns. In the forage storage program experiment, the



better results were found with a program consisting of
wi thdrawing from grazing no more than 45 percent of pasture
during three silage cuts. In the <feeding rule experiment
four feeding rules were investigated, the best being one
consisting of supplying rations with the National Research
Council (NRC) recommended concentration of metabolic energy
(ME)>. Under the out—-EEC market scenario, best results were
obtained by supplying cows rations with only 96 percent of
~recommended concentration of ME. Under the in-EEC market
scenarioc best results were produced by supplying cows
rations with only 94 percent of recommended concentration of
ME. In the growth experiment it was found that farm
expansion under the current credit program was highly
profitable. However, cash-flow deficits appeared during the
firat years due to the gradual nature of the grass yield

buildup process in the reclaimed 1and.

The model promises to be of wuse in a wide variety of
management analyses of farms with different 1land size and
land structure. The model is especially well suited for
exploring the production <function of the dairy farm
business, uncovering aspects of farm operation poorly Known
and orienting research towards areas of the business where
more Knowledge would yield the highest payoff in terms of

enhanced efficiency and returns.
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PART 1

INTRODUCTION, BACKGROUND, THEORY, AND METHODS



CHAPTER 1

Introduction

In the next few years the Spanish economy will be
subjected to an intense shock as it joins the EEC. This
event will imply a profound alteration of the economic and
institutional environment in which Spanish industries and
firms operate together with prices and costs, economic
legislation, regulation mechanisms, scale of market,

conditions of access to world markets, etc.

The entry of Spain into the EEC will likely affect every
one of the economic sectors. However, it is generally felt
that the agricultural sector will have the greatest

problem. There are several reasons for this:

- The size of the Spanish agricultural sector relative to
that of the EEC which means that in some subsectors (e.
g., fruits and vegetables, olive o0il, etc) EEC’s output
and budgetary problems will be increased by percentages in

the 30-50 percent range.



- The comparative advantage of some Spanish agricultural
subsectors --fruits and vegetables—--is +feared in some

sectors of the Community.

- In both the EEC and Spain, subsectors more likely to be
adversely affected by the integration are located in
depressed areas in the Community <(Languedoc in France,
Mezzogiorno in Italy) and Spain (Galicia, Extremadura,

Norte, Ebro).

= The resolution of conflicts between competitive sectors in
Spain and in the EEC will require important structural
changes that in the current depressed economic context

will turn out to be costly in human and economic terms.

- In many aspects, Spanish agricultural production is

inefficient compared to the Community.

Spanish concern focuses on those agricultural subsectors
that will be adversely affected by the new price and cost

structures resulting from the integration.

The agricul tural activity in the most unfavorable position
seems to be the cattle subsector which will 1likely be
adversely affected by Jlower guaranteed prices <for final

output, together with higher prices for corn, soymeal, and



other intermediate inputs.

The vulnerability of the Spanish cattle sector is due to
too many small units (0-5 hectares or 0-5 animals) with low
profititability that leads dairymen to keep herds with
double (meat-milk)> and sometimes triple (meat-milk-work)
capability. This lack of specialization leads to low milk
yields per cow. Poor sanitary standards also affect
productivity. In addition, the 1low level of training of
many dairymen leads to inefficient management and
persistence of traditional practices of pasture and herd
management. Rigidities in inter— and intragenerational
transfer of resources, namely land, due especially to the
high price land reaches independent of its ability to
generate an income prevents farms from reaching efficient

size and become specialized.

Given the gap in competitiveness between the EEC and the
Spanish sector, the survival as commercial operations of
many dairy units, the standards of living of dairymen, the
level of imports related to the consumption and production
of beef and veal meat, and milk products (corn, soymeal,
young live animals, meat, milk) and many other
considerations important for Spanish agricultural policy,
will be affected by: a) the duration of the transition
period for this industry; b)) the effectiviness of policies

designed to reduce the structural gap mentioned earlier and



c¢) the conditions under which accession is achieved.

The imminence of Spain‘s accession into the E.E.C. brings
to the forefront as well the larger question of the overall
allocative efficiency of the livestock sector in catering to

consumers’ needs.

It is a widely shared view among Spanish agricultural
economists that past developments in the meat and milk
sector that allowed achievement of self-sufficiency in final
products resulted in an exaggerated reliance on industrial
feedstuffs made up of mostly imported raw materials <(corn,
soymeal, see Table 1-1 for the trends of raw material

imports.)



Table 1-1

Trends of Imports of Basic Feedstuf+fs,
Spain, 1935-80

Year Corn Soybean
(000 ™) (000 ™)
1935 S1.8 -
1940 é68.3 -
1961 251.3 489.1
1962 305.7 214.1
1943 960.5 213.1
1944 1149.8 216.3
1965 1560.0 438.1
1966 2428.5 790.1
1967 2575.2 833.4
1948 2315.3 981.2
1969 2343.5 1143.8
1970 1972.0 1255.0
1971 2056.7 1339.2
1972 2382.7 1467.2
1973 2717 .6 1215.7
1974 4102.6 1750.8
1975 4181.7 1936.4
1976 3540.2 2527.9
1977 4121.6 2240.7
1978 4358.9% 1662.1
1979 4369.9 2621.4
1980 4525.7 3264.8

Source: Jose Colino: El Modelo Espanol de Desarrollo Ganadero
y 1a Competitividad de las Producciones Carnicas del
Sector Vacuno, Investigaciones Economicas, N 18,
August, 1982,



The contention is that a pattern of regional
spécialization and production techniques adopted within the
regional segments of the sector was induced by a
questionable structure of incentives that penalized the

development of ex}sting internal forage resources.

Negative consequences of these developments are, among
others, too high a level of <foreign exchange spent on
imported <feeds and heightened sector instability due to
fluctuations in exchange rates and on world prices of qrains

and soymeal.

Of course, an opposite argument can be constructed from
the theory of comparative advantage. Given the structure of
prices and incentives, reqions specialized by using the
cheapest input wherever they could be found. The rapid
growth of the pork and poultry subsectors delivering an
increasing supply at decreasing prices seems to confirm the

soudness of the sector adjustment pattern.

Our research will focus on the dairy industry, and within
that industry, the problems of a particular regional

segment, Galicia, in northwest Spain.

We are concerned both with the impact that the entry of
Spain in the EEC will have in the dairy industry and with

the 1ongstanding problems faced by the Galician dairy



industry.

In the first part of this dissertation we will identify
the problems facing the Spanish and the Galician dairy
industry, and examine what new problems and opportunities
accession to the EEC will bring to the industry. We also
see what opportunities exist to face the challenge and what
policy measures are being advocated and implemented. We
look at the management probleme of dairy farme in Galicia
and at the alternative methods and analytical tools that may

be utilized to handle those problems.

In the second part we describe the mathematical blueprint
of the simulation model constructed to reach our research

objectives and the efforts made to validate the model.

In the last part we report the experiments carried out on

the model and a series of conclusions and final comments.



CHAPTER 2

Problem Definition. Scope and Nature of the Study

2.1. Development of the Spanish Dairy Economy. Outlook and

Problems.

Following the rapid economic growth of the 40‘s and early
70’s the demand for agricul tural products greatly expanded
and its composition changed profoundly, putting major
strains on a traditional, agricultural sector. The result
was higher prices that started a process of growth and

change in the dairy industry.

In Table 2-1 we can see the evolution of dairy herds, milk
production and milk yields per cow in Galicia and Spain from
1965 to 1978. The number of dairy cows in Spain and in
Galicia grew rather slowly, but milk output has Kkept pace
with demand via increases in yields as farmers substituted
Holstein cows for the indigenous breeds while Keeping herd
numbers at roughly the same level,. According to M,
Rodriguez, R.-2uniga, J. Ruiz-Huerta Carbonell and R. Soria

Gutierrez (&%), by 1976 Holstein cows were about 40/ of the

8



dairy cows in Galicia against only 214 in 1965. This
substitution of local breeds for high yielding cows is the
most significant way in which traditional Galician dairy
farmers tried to expand their output. Milk yields per cow
grew almost 2/ per year increasing total milk production

almost to self-sufficiency (table 2-2).
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Table 2-1

Number of Dairy Cattle, Milk Production and
Yield per Cow for Galicia and Spain, 1945-78.

000 Head Milk Pr (10 1itD Yield (1t)
Year —mmm e e e e e e e e ———————
Galicia Spain Galicia Spain Galicia Spain
1965 567.3 1495.1 83%.1 3277.5 1479.1 2192.4
1966 - 1538.0 532.9 2644.1 - 1670.3
1947 -- 1653.0 6%90.1 2923.4 - 1768.95
1948 620.5 1694.6 748.2 3271.9 1205.9 1930.9
1969 638.2 1781.2 769.3 3540.7 1205.4 1987.7
1970 é30.1 1826.9 775.1 3715.4 1230.2 1945.0

1971 é18.8 1861.0 730.6 3574.0 1180.8 1920.6
1972 403.9 1870.8 792.7 3790.5 1312.6 2026.3
1973 601.1 1935.1 1182.7 4791 .6 1967.6 2476.3
1974 966.8 1825.5 987.0 4279.9 1741.4 2310.6
1975 336.7 1811.4 1124.9 4373.4 2096.0 2414.7
1976 555.4 1821.6 1163.1 S5212.1 2094.0 2861.0
1977 635.0 1950. 1189.0 5353.6 1872.2 27446.0-—
1978 é73.6 19350. 13172.7 5559.5 1956.2 2851.0

Growth
rates/Z 1.23 1.92 3.28 3.85 2.02 1.89

Sources: - AEA Spanish Ministry of Agricul ture, 1978.
- Selected Agricul tural Statistics on Spain 1945-74,
uUsbAa, ESCS, Statistical Bulletin 630.
- DEA, CSIC, El Desarrollo Ganadero Espanol,
Madrid 1979.



11

Table 2-2

Spanish Production of Cow-Milk, Degree
é
of Self-Sufficiency (10 1t.)>, 1965-78.

- am - [ - — — —— — — — —— —— — — - — —— —— —— — —— — — — — — — — — ————— — — -

Years Production Imports Exports Consumption Degree of
Self-sufficiency
(1 (2 (3 (4)= (S)=
(1)+(2)-(3) (1)>/¢4)x100

1965 3278 45.5 - 3326.5 98.5
1966 3709 48.6 —-—— 3757.5 98.7
1967 3729 52.4 - 3781.4 98.6
1968 4015 ?1.5 —-— 4106.5 ?7.8
1969 4296 66.9 o7 4362.2 98.5
1970 4322 113.2 .8 4434.4 ?7.5
1971 4263 241.0 - 4503.4 ?4.7
1972 4512 118.0 1.6 44628.4 ?7.5
1973 4792 ?6.9 3.3 4885.46 ?8.1
1974 4931 406.4 .S 9336.9 92.4
1973 4984 211.3 .S S5194.8 95.9
1976 35212 137.9 1.2 5348.7 ?7.4
1977 S354 124.8 2.3 94746.5 ?7.8
1978 5560

Source: Jose Colino: "Galicia ¥ 1a P.A.C.". Agricultura
y Sociedad, July-September 1980

Climatic and resource factors and availability of pasture
and grazing land had traditionally maintained the beef and
dairy herds in the northern and western part of Spain
(Galicia, Norte, Duero, Extremadura and Western Andalucia.
See Map). These regions still account for about 80% of the
total herd with the first two, Galicia and North, making up

for about 467

Milk production, however, has spread throughout the



country as a shift in the relative prices of milk and dairy
feed-mix has enhanced the profitability of a dairy industry
without a forage base, allowing it to 1locate near major
consumption centers. This enabled the industry to take
advantage of available <feedstuffs and of a particular
structure of input and output prices to achieve a higher
levél of performance. By 1978 milk yields per cow in the
rest of Spain were about 3280 kg which is 1674 of the
Galician yields. This disparity in yields reveals that
Galicia remains a problem region. It also indicates that,
given the size of the Galician dairy industry, improving the
performance and efficiency of the Spanish dairy industry
requires an increased effort toward enﬁancing the

performance of the Galician dairy industry.

The current status of the negotiations between Spain and
the EEC indicates the beginning of 1986 as a likely date for
the entry to occur. After that date a transition period
will begin with complete removal of the barriers between the
spanish and the EEC markets only at the end of the

transition periods.

The Spanish dairy industry will face an important shock,
but a set of opportunities will also appear to the dairy
farmers and overall efficiency of the industry will probably
rise. The negative aspects of the adjustment stem from

lower efficiency of the Spanish industry vis—-a-vis the EEC.



According to many authors, the inefficiency is due to the

small scale of the Spanish industry.

Table 2-3 below shows a set of performance indicators for

selected countries of the EEC, Spain and Galicia.

Table 2-3

Characteristics of the Dairy Industry,
Selected EEC Countries, Spain and Galicia, 1977.

Country Numbers Mean Milk Milk Consumpt Consumpt
of Cows Size Product. Yields Fluid Dairy
(000> of Farm (000TM) (Kg/cow> Milk Products

(cows/ (kg/pers)(kg/pers)
farm) 1973
Germany 5417. 10.4 223523. 4158. 83.5 24.4
France 7510. 13.0 25142. 3348. ?1.2 18.5
Holland 2245, 27.0 10599. 4721. 141.8 23.9
U.K. 3327. 44.3 15168. 4559. 142.4 21.6
Ireland 1484, 12.4 4151. 27%97. 225.8 26.5
Italy 2945, 4.5 9454. 3211. 72.1 12.2
Spain 1950. 3.3 5345, 2744. ?3.1 6.8
Spain w/o
Galicia 1315. 3.4 4154, 3167.
Galicia 6395. 2.7 1189. 1872.

Source: Jose Colino: Galicia y la P.A.C., Agricul tura vy
Sociedad, July-September 1980
If Galicia is disregarded, Spain shows the smallest mean
farm size (Table 2-3). This size, however, is not much below
those of Italy, Ireland, Germany and France. The
heterogeneous structure of the EEC dairy industry can be

further observed in Table 2-4. We can see there that about
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S74# of all farms in the EEC had less than 10 cows per farm
and that only about 107 were larger than 30 cows per farm
which can be considered the threshold for efficient sized
farms. Furthermore, J. Colino [18] tells us that about 38%
of the EEC dairy farms have less than S5 cows per farm. Milk
vields per cow show high wvariation among countries. Given
the 1Jlow level of intra-EEC trade in fluid milk we can
conclude that disparities of farm structure and performances
have not resulted in the dairy industry of any country
taking over the <fluid milk market of any other country.

Clearly the deficiency in Spanish dairying is largely

associated with the Galician dairy industry.

Table 2-4

Distribution of Dairy Farms in the EEC Countries
by Numbere of Dairy Cows (in thousands). December 1977

Countries <10 10-20 20-30 30-50 >S5S0 Total
Germany 302 146 48 20 2 518
Belgium 26 22 10 7 1 =Y-)
Denmark 16 18 10 10 3 57
France 273 186 75 35 7 576
Holland 18 18 16 19 12 83
Ireland 70 24 12 ? S 120
Italy 390 36 13 8 é 453
Luxemburg 1 1 1 ] 1 4
U.K. 12 10 10 16 24 72

Source: E. Diaz Patier: 1a Ganaderia Espanola ante la
Integration en 1a C.E.E., Revista de Estudios
Agrosociales N 1146, July-September, 1981.



Another reason why the entry of Spain into the EEC will
have a negative effect on the Spanish dairy industry is
because of the shifts in prices of inputs and outputs that
will allegedly occur after accession. The price of milk, it
is asserted, will fall, and the price of concentrates will

rise squeezing out the profitability of many small farms.

A study carried out in 1980, by E.W.F. Peterson, A. Pelach
Paniker, H.M. Riley and V. Sorenson ([40] <for the USDA
establ ished the difference in prices paid and received by
Spanish farmers under two scenarios, Spain in and out of the
EEC, for several commodities for the year 1979 Table 2-5

below shows these two scenarios.

We can see in Table 2-5 that had Spain been a member of
the EEC in 1979 the dairy farmers would have experienced a
reduction of 8/ in the price obtained by their main output
and an increase of 11/ in the price of a critical, not
readily substitutable, input, when compared to the Spain out

of the EEC situation.



16

Table 2-5

Prices Paid and Received by Spanish Farmers
under two Alternative Scenarios, 1979.

Product Units Spain out EEC Spain in EEC % Change
Feefstuffs pts/Kg

Barley . 11.46 13.75 +18.5
Corn . 13.5 15.195 +12.
Sorghum . 12.5 14.80 +18.4
Feed Compounds

Cattle Fattening s 16.3 18.1 +11.,
Dairy Compound ' 16.8 18.5 +11.
Beef Feed-mix . 12.0 14.5 +20.8

Live Animals (pts/head)

Young Calf 40 Kg lwt 16500. 15800. -4.2
Dairy Cow (head) 60000. 60000. -

Prices Recieved by Farmers, as of 1979

Product

Corn (pts/kg> 13.55 13.65 +.74
Barley 'y 11.30 13.36 +18.3
Beet (pts/kg lwt) 136.55 133.8 -2.0
Veal ‘s 145.35 165.3S -
Cow mi 1k (pts/1t) 19.30 17.75 -8.0

Source: E.W.F. Peterson, A. Pelach Paniker, H.M., Riley, V.L.
Sorenson. Spain’s Entry into the European Community
Effects on the Feedgrain and livestock Sectors.
usbAa, ERS, FAE Report 180.
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The figures of Table 2-35 were obtained for the year 1979
and were consequently dependent on the exchange rate
alignments corresponding to that year. However, from that
period the currencies of many countries have experienced
large changes in their values and the 1979 in EEC scenario
shown in Table 2-5 wés by 1980-81 apparently no longer
relevant. According to Jose Colino [18] by 1980/81 the EEC
indicative price was about 22.26 pts/1t for milk with 3.74
of fat matter. During the same period the Galician dairy
farmer was getting between 20. and 21.25 pte/lt for milk
with 3.4% of fat matter. These same currency realignements
have, however, resulted in a major increase, much higher
liKely than what Peterson et al. considered in 1980, in the

prices of the imported feedstuffs (corn and soybeans).

Entry into the EEC will 1likely result in a change in the
pattern of international and interregional trade for the
Spanish and the Galician dairy industry. It is considered ¢
E. Diaz Patier [248], Jose Colino (181> that the southwest
French dairy industry will have the comparative advantage in
the Spanish northeast milk market displacing from that
market the Galician and North dairy industry. On the other
hand, simul taneous entry, as it is 1likely, of Spain and
Portugal into the EEC will mean that the Galician dairy
industry will gain access to an important and undeveloped

milk market. For a market of about 10 million people the
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Por tuguese dairy industry produced in 1978 about 554 of the
Galician milk output. 1In 1973 the consumption of milk per
capita in Portugal was 357.4 1t against 93.1 in Spain (the
data above comes from J. Colino [18]). The existence of a
large and undeveloped markKet with respect to which the
Galician dairy industry has locational advantage provides an

excellent oportunity for the Galician dairy farmers.

Another positive aspect of the entry for the Spanish dairy
farmers comes from the difference in price support
mechanisms between the EEC and Spain. Al though both systems
guarantee minimum prices for the farmers, the Spanish system
does not guarantee that all milk produced by the farmers
will be acquired by the processing industry. Only about S0
to 60 % of milk output in Galicia is purchased by the milk
processing industry, the rest being converted into cheese by
the farmers, fed to the calves or consumed in the farm, all
suboptimal uses of milk from the farmers point of view. The
Spanish farmers work under gsome sort of qlobal output
constraint which has many distributional effects (the
smallier farmers are more negatively affected than the
larger) but which has meant that no surplus disposal
problems, and the implicit budgetary costs, have resulted
from the price support mechanism. The change in regime, if
no structural change occurs in the EEC price support

mechanism, will release the marketing constraint and,
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providing that the quality conditions are met, will result
in increased revenues for the Spanish, especially Galician

farmers.

2.2. The Galician Dairy Industry Problem. Diagnostics and

Prescriptions.

On the basis of total annual rainfall, Galicia is the
wettest region of Spain, but it is located in the crossroad
between an oceanic and Mediterranean climate and suffers
from a summer dry spell affecting its southern part. Lack
of rain during the summer and 1low temperature during the
wiﬁter result in a typical pasture growth pattern with a
high peak during the spring and a lower peak during the fall

and very little or no production the rest of the year.

Population is about 2,700,000 people, 375,000 of whom are
farmers (most of them dairy and/or beef farmers). Regional
income per capita ranges between 40 and 834 of the national
average. Agricultural income—-per capita is much lower,

perhape half of the non-agricul ture level,
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Galicia has an extension of almost 3 million Has. out of
which slightly more than half a million are allocated to
annual crop cultivation and almost as much to pasture.
There are about 900,000 Has of forest and, most importantly,
almost 800,000 Has of underdeveloped <(although not unused)
scrub land, most of which is communal or public land. There
are around 1| million head of cattle in the region, of which
about 435,000, are dairy cows,. Thus the region has an
important place in the national cattle subsector. It KkKeeps
23% of total cattle and accounts for roughly 147 of total
slaughter, and is also a major exporter of feeder cattle to

other regions. It produces around 224 of total milk

output.

Galician agriculture suffefs from a variety of structural
ilis: too many small farms, <farms too fragmented, farmers
too old, deficient herd and pasture m#nagement techniques,
low cattle sanitary standards, lack of capftal and lack of
access to credit, wvery 1little technical assistance, and
inefficient marketing channels. According to the 1972
census (which gives rather unreliable figures) the average
number of dairy cows per farm was 2.7 and about 244,000, or

687 of the total farms had fewer than 4 Has.

Table 2-6 below gives the farm size structure for the year

1977.
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Table 2-6

Galician Farm Size Structure, 1977

Size N Farms N Head Head/Farm
0- 3 Ha 113145, 226634. 2.00
3- 5 Ha 47272. 154632. 3.27
S5-10 Ha S53865. 254452. 4.72
10-20 Ha 28144, 194454. é.90
20-50 Ha 6643. 66387. 10.00
>S50 Ha 375. 14271. 38.05
249444, 210832. 3.65

Source: C. Rodriguez Epelde, C. Posada Naria, R. Gonzalez
Santillana, 1a Produccion de leche en Galicia,
mimeo.

As we can see in Table 2-&é the stocking rate is very low

for all farm sizes with more than 447 of all farms having

fewer than 4 heads per farm.

The figures in Table 2-é come from census and global
statistics that are considered somewhat unreliable. More
reliable information has been obtained by E. Diaz Patier and
F. Sineiro whO conducted extensive surveys in 1979 and 1980
of wvarious municipal districts all over Galicia [27] (28].
The first survey, in 1979, was made in the Inner Galician
Plateau, a quite homogeneous area. The second survey drew
data from various municipal districts all over the region.

Table 2-7 below show the internal farm structure of the



average farm.

From Table 2-7 we can obtain two different measures of the
stocking rate. If we consider the total size of the farm
the stocking rates are .43 and .56 cows/ha for the 1st and
2nd survey data respectively. If we disregard the underused
bushland area the stocking rates rise to 1.97 and 1.37

cows/ha which gives a different picture of farm efficiency.

The surveys provide information on a large number of
socioeconomic factors characterizing the Galician farms.
Most important among them is the degree of adoption of a
series of technical equipment and practices that reflect the
degree of modernization of the farms. Table 2-8 shows the

rate of adoption of modern equipment and practices.
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Table 2-7

Distribution by Land Type of the Average Farm Area
In Galicia, 1979, 1980.

1t Survey (1979) 2nd Surveys (1980)

Land Type Ha A Cows Ha A Cows
Irrigated Pasture .46 5.36 .70 7.54
Noenirrigated Pasture .81 ?.44 1.08 11.63
Artificial Pasture .23 2.48 .27 2.90
Cropland 1.28 14.92 1.74 11.73
Bushland 5.80 &7.40 5.50 59.20

Total 8.58 100. 5.48 ?.29 100. S5.21

Source: E.Diaz Patier & F. Sineiro Garcia. Factores que
limitan la Utilizacion de las Tierras a Monte. Estudio
de una Zona de la Meseta Inrerior Gallega.
Communicaciones INIA, Serie: Economia y Sociologia
Agrarias, N 7, 1979,

—-——=, Factores que limitan la Utilizacion de las
Tierras a Monte. Il Analysis de Ocho Municipios en
Diferentes Z2onas de Galicia. Communicaciones INIA.
Serie: Economia ¥y Sociologia Agrarias, N 11, 1981.)
C.Rodriguez Epelde, C. Posada Naria, and R. Gonzalez
Santillana [48]) made a detailed account of the problems
plaguing the Galician dairy farms. They distinguish two
major types of problems: (a) Socio-economic; (b)> Technical.
Among the socioeconomic problems they make a further

distinction:

i> Structural: Small size, excessive fragmentation,

dispersion of plots, defficient electrification, bad
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roads.

ii) Economic: Lack of resources, expensive loan conditions

and not enough credit.

iii) Social: Farmers too old, lack of training, inefficient

marketing channels,

Among the technical problems they also distinguish:

i) Low forage production due to bad choice of crops and
varieties, inadequate and insufficient fertilization, poor

management of crops.

ii) Low cattle productivity caused by poor genetic
endowment, poor feeding, poor reproduction management,

lack of sanitary control, deficient installations.

iii> Low product quality due to poor milking procedures,
inadequate milking installations, poor milk handling and

conservation procedures.

iv) Investments poorly planned. Inadequate mechanization

and buildings. Bad choice of investments.
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Table 2-8

Rate of Adoption of Modern Practices

by Farmers in Galicia in 1979,
“Practice N of Farmers v
Tractor 1ss av.23
Milker 29 7.34
Modern Barn 8% 22.55
Silo 40 10.12
Artificial Pasture 155 39.23
Hybrid Corn ?S 24.05
Total # of Farmers 395

Source: E. Diaz Patier (251

Adoption of modern practices has been slow which
contributes to the low stocking rates and low milk yield per
cow of the Galician dairy industry.

To solve these problems many authors recommend the
concentration of efforts on the S-20 hectares farm strata
which amount as we saw in Table 2-6 to about 87000 farms.
The general opinion is that rational development of the
underused resources (especially land and 1labor) of these
farms will result in a Galician dairy industry able to
withstand the <feared EEC competition and able to take
advantage of new opportunities that the accession will
generate. The extent of the chronic structural and
technical problems that we just mentioned require, however,
more than a token structural policy for those opportunities
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to be realized.

By the late 1970‘’s the decision-making establisment
started to take a look at the basic constraints blocking the
growth of the subsector. During those years several
agencies within the Ministry of Agriculture were dealing
.with some of the structural problems of the industry: the
IRYDA, Instituto de Reforma y Desarrollo Agrario (Institute
for Agrarian Reform and Development) addressed the problem
of excessive parcellation and small size of farms through a
land consoclidation and land improvement program. The SEA,
Servicio de Extension Agraria (Agricul tural Extension
Service) provides -- among other tasks performed -- credit
to finance the settlement of young farmers. The Ministry of
Agricul ture also ;¥fers through its diverse departments a
panoply of subsidies, health programs, investment tax
credit, insurance programs, etc, that have a direct bearing
on the subsector. Finally and most importantly, because
dealing exclusively with the 1livestock sector, the ADG,
Agencia de Desarrollo Ganadero <(Agency for Livestock
Development), created in 1969- to implement a credit program
funded by the World Bank, has since administred a supervised
credit and technical assistance program which stresses the
development, until now neglected, of the pasture and grazing

lands.

Research, conducted by the regional experimental stations
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of the INIA, Instituto National de Investigaciones Agrarias
(National Institute for Agricultural Research) has also
increasingly focused on the technical problems of 1land
reciamation and pasture and grazing land development and by
now, at least in what concerns the northwest and north of
the country, a set of technical recipes exist that can be

delivered by the extension service to the farmers.

In 1980 the ADG completed a diagnostic study which
attempted an assessment of the potential for improvement of
the sector in every agricultural region. By constructing a
set of synthetic farm growth models (based on the research
produced by the experimental station) for every regional
situation it estimated the credit needs <for each farm
situation on the basis of which a national credit plan for
the period 1980-1984 was designed. The ADG plan calls (for
all Spain) for the formulation of 2515 farm plans for the
five-years period, with a total required funding of 19486
mitlion pts (about $130 million; $1 = 150 pte) of which 3899
millions pts ($26 million or 204 of the total) should be
contributed by the farmers themselves. Loan conditions are:
length, 12 years, 3 years grace period and interest rate of
134 (with an inflation rate roughly the <same or slightly

higher).

The potential for development estimated by the ADG

diagnostic study is shown in Table 2-9.
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Table 2-9

Potential Increase in Productivity in Galicia
in Thousands of Equivalent Cows, 1980.

Increase in Productivity of Forage Crops 97.1
Increase in Productivity of Natural Pastures 207.9
Increase in Productivity of Upgraded Bushland 294.4

Total : 599.4

Source: Agencia de Desarrollo Ganadero, II- Galicia, 1980.

The potential for development and improvement in Galicia
is high. The ADG diagnostic study found that through modest
(and reachable) increases in the productivity of existing
crop and pasture land and reclamation of part of the
existing scrub land, <feed resources might grow to allow
increases in the number of cattle of about 435,000 breeding

cows.

Technical recipes are now available to convert the scrub
into pasture lands and many farmers are aware of them. For
historical reasons, however, a great share of the scrub land
is still common property tied by a very complex status which
givee wuse rights but not exchange rights to communal right
hold;rs. Common property land accounts, according to some
estimates, for about 324 of total land. Reclamation of that

extension, now technically feasible, and enlargement to more
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efficient size of many farms faces first of all a direct

legal obstacle.

Division of communal lands among communal title holders
should, by allowing many farms to reach efficient size, lead
to a Pareto-Optimal improvement, and is currently underway
in many places. However, 1legal and administrative problems
(investigation of who holds what rights wi thin each
community, etc.)>, high transaction costs in getting farmers
together to agree on the division, etc., has slowed the

division process considerably.

In summary, we can analytically envision three patterns of
structural change which have taken or may take place in

Galicia concurrently.

(a) A continuation of the off-farm migration process
affecting family farm workers (and many farm operators).
This process has been going on since the early 50°s and
accelerated during the 60‘s and early 70’s as labor salvage
value rose following the general economic growth in Spain
and Europe. Concentration of land did not ensue however due
to high population pressure, lack of capital and high land
prices and because many migrant farm operators retained
their land holdings (probably as a hedge against inflation,
among other reasons). This process <slowed considerably

during the 1late 70‘s and early 80‘s as economic growth
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halted in Europe and Spain and high unemployment rates
settled in. Galician farm population grew older as young
people left the sector en masse (and the region and country)

during this period.

This off-farm migration pattern may resume any time
economic conditions allow it to proceed, given the existing
gap between farm and non-farm income per capita, although it
is questionable whether a pool of young people to draw from

still exists in the sector.

In any case, the rigidities and imperfections of the land
market may block any major farm restructuring through the

buying and selling of land as people leave agricul ture.

(b> In-farm structural change. For example, the upgrading
of underused 1land resources controlled by farmers as they
adopt new technologies and follow a vertical growth
strategy. Supply of credit, research, extension and
education will play a major role in this process of
improvement of physical and human resources. This type of
structural change appears to be the focus of current policy

programs |1 ike the ADG credit/technical assistance program.

(c) Mobilization of common-property land resources through
division or any other means which would result in increasing
average farm size. After the institutional process is over

an in-farm vertical-growth structural change as described in
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(b) above may ensue. Obviously the solution -
characteristics, timing —— to the institutional problem is a
critical element in the development of this pattern of

change.

Process (b)) will be at the center of our research.
Upgrading the bushland hectareage and expanding the dairy
herd of the typical farm will require a profound change in
the management practices. A new technologry encompassing new
crops, improved fertilization, production of silage, forage
conservation policies, cattle management practices, feeding
regimes, health management, milking procedures, etc, has to
be developed and evaluated by the experimental station
researchers, mastered by the extension agents, conveyed to
the farmers and learned by them. The process will pose
significant technical and financial problems. Detailed and
refined information regarding the best management practices
to follow and the 1likely consequences of any recommended
growth strategy is required. The production of that refined

information is the object of this research.



CHAPTER 3

Theoretical Framework.
The Dairy/Forage Farm Management Problem

in the Galician Setting

We have seen in the last Chapter that improving the
performance and productivity of the Galician dairy industry
calls for a strategy <focusing on a particular group of
farms. Those between 5 and 20 hectares are to be brought to
a higher level of performance following a vertical growth

path.

The target group of farms are characterized for having an
important proportion of their resources, mainly labor and
land underused. The strategy calls then for supplying
enough credit, and under such conditions, farmers can
upgrade their underused 1land and acquire complementary
inputs, -machinery, buildings, more dairy cows, etc- , so
that output per hectare and unit of labor will increase,
average costs will be reduced and the general efficiency of

the industry will rise.

1



Putting a traditional dairy farm through the modernization
process involves more than just acquiring new inputs,
Managing a medium size modern dairy <farm is a difficult
problem, ‘and quite different from that of managing a
traditional dairy farm, which requires a good deal of
information to be collected and processed by the manager in
order for good decision-making to be made. Consequently, it
is not only the physical assets of the farm that must be
upgraded and added to; the management skills of the farmers
must also be improved if the growth process is going to be

successful .,

Recognizing the management problem of the growth strategy,
the ADG plan provides for technical assistance to accompany
the supply of credit to the target farms. Under a market
environment which has tightened 1lately, and which will
further do so when the entry is completed, sound technical
and managerial advice is critical for a viable growth

process and good economic performance to result.

The production of good technical and managerial advice to
be provided to the target group of farmers is the task of
researchers in the experimental station, the ADG, and the
extension service. The agronomic, biological, nutritional
and economic problems present in the operation of
modernization farms are, however, not trivial at all. There

is also the compliementary need <for information that could



35

orient the research into those areas where the payoffs are
highest, so that scarce research resources are most
efficiently spent. Attempting to meet these two needs is

the goal of this research.

We can distinguish four types of technical and managerial
problems or <set of problems involved in the operation of
dairy farms: (i) Cropping and forage conservation problems;
Cii) Herd management problems; (iii) Feeding policy
problems; (iv) Equipment selection problems. A fifth
additional problem relevant to our case is: (v) Growth
manag;ment problems. We will now examine these problems,
the forms they take in the Galician context, the analytical
me thods used and answers obtained by previous research that

dealt with them.
(i) Cropping and forage conservation problems.

The cropping and forage conservation problems arise from

the different seasonal pattern of grass produciion and feed

[n)

requirements from the herd. In Galicia, as we will later
see in more detail, seasonal grass growth follows a two-peak
curve, with a high peak at mid-May and a low peak between
mid-October and mid-November. During the summer there is
lTittle or no production of grass, lack of water being the
cause. On the other hand, feed requirements <follow the

biological and productive status of the cows. They take a
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smoother path than grass growth and peak between & and 10
weeks after parturition. The two seasonal patterns of grass
growth and feed requirements can be articulated by setting
the calving date of the herd so that the heaviest feed
requirements during the year coincide with the high peak of
the grass growth curve, Finding the optimal mean calving
time in this context requires a process of trial and error

that if done via real experimentation would be very costly.

A related problem to finding the best mean calving time is
deciding on an appropriate <forage conservation policy.
Whatever the ideal mean calving time is, it will always
happen that during the year there will be periods of feed
surplus and periods of feed deficit. The way to transfer
feed from surplus periods to deficit periods is by reserving
a portion of pasture for grass silage production during the
peak periods and giving that surplus feed to the cows during
the. deficit periods. The number of silage cuts to make and
the proportion of pasture to be reserved for silage are
critical decision variables that must be determined. As
with finding the optimal mean calving time a trial and error

procedure must be followed.

Another more typical agronomic problem is finding the
optimal fertilizer application rate <for the cropping
program. Since usually 'a market price for grass does not

exist, matching the instrumental marginal wvalue product of
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fertilizer in the production of milKk with the price of
fertilizer, as classical production economics would tell us
to do, is not a trivial problem. Given the complexities of
the dairy‘s imperfect substitutability relationship with
concentrates, a whole systems experimentation is once again

called for.

Decsigning an efficient rotation plan which results in a
high utilization of the grass produced by the cows

represents an important problem also.

Finally, we saw in the previous chapter that the typical
dairy farm has a small but important portion of ite land
that can support a cropping program. Iﬁformation is now
available ( Jaime LLoveras, [44]1) on alternative crppping
patterns for several locations in Galicia. Nevertheless a
whole system experimentation would 1likely be necessary in
ordef to see how the different cropping alternatives fit

into the whole system.
(ii> Herd management problems.

The single most important herd management problem is
finding the optimal stocking rate. However, as we will see
;hortly, makKing that determination requires consideration of
the <forage production probiem and determining the optimal
rate of consumption of forage and concentrates on an annual

basis.



An  important herd management problem that we already
mentioned is fixing the mean calving time which would set
the pattern of feed requirements throughout the year. Also,
setting the length of the calviqg and lactation periods is
critical if slippage between the grass growth curve and the
optimal feed requirements curve is to be avoided. The rate
of weight gain, and hence the nutrition programs, of growing
calves and heifers <for replacement is important in order to
shorten the time for the heifers first freshening, i. e.,
the ¢time at which they will become productive. This, of

course, can also be considered a feeding problem,.

Deciding when to replace oldEr cows oOr cows with
reproductive and productive problems reguires close
attention <from the manager. Heal thy cows may also be
replaced by heifers in first 1lactation if the expected
marginal returns per unit of time of the old cow are less
than the expected average returns per unit of time of the

heifer (J. Hlubik [361>.
(iii) Feeding policy problems

Dairy scientists, nutritionists, economists and others
have spent a great deal of time searching for a solution to
the feeding problem which, stated succintly, consists of
finding the optimal rate of concentrate and forage to feed

the cows. Optimal often means those rates that will result
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in the highest returns over feed costs.

The way of looking at the feeding probiem has varied over
the past years as new analytical techniques developed and
deeper understanding of the biology of the dairy cow was

achieved.

In the beginning (i.e., during the 40s and 50s) it was the
production function approach. The concepts of diminishing
returns and substitutability or compiementarity of outputs
were concepts that the economist was familiar with <from the
theoretical point of view. The feeding problem would be
easily resolved provided that field research would come out
with a neat, well-behaved production function linking
concentrate and forage consumption rates to milk vyield.
Once the production function is Known it would be a matter
of finding the expansion path or least-cost-input
combination in the input space and then the high profit
point in the total physical product and marginal physical
product spaces where the input would be a composite of the

inputs in their least-cost combination (J.C. Redman [&41).

The experimental issues emerging from the production
function approach were aptly stated by J.D. Coffey and W.D.

Toussaint [15].

"(i) Are the marginal rates of substitution
between hay and grain constant or changing?; (ii>



Does the principle of diminishing returns apply to
milkK production? (iii) What is the economic
significance of the feed-milk relationship?"®
Researchers were able to find production functions which
showed diminishing returns and slightly curved
concentrate~forage isoquants. On the basis of this finding
they moved to find the optimal input combination rate and
the optimal feeding rate, i.e., the high profit output
point. However, the fits were not as good as expected,
variances of coefficients were high, and many important
variables were not included in the regression, especially
body weight changes, which likely resulited in biased
estimates. Also the regressions contemplated the feeding
problem on an annual data basis or only a small phase of the

lactation cycle of the cows.

A way of dealing with the shortcomings of the first
experiments was to include in the regression all the
supposedly omi tted variables so as to improve the quality of
the fits. E.O. Heady, J.P. Madden, N.L. Jacobson and A.E.
Freeman [34] incorporated into the analysis many other
variables: stage of lactation, cow ;bility, body weight,
index of inbreeding, age of cow. L.M. Hoover, R.L. Kelley,
G6.M. Ward, A.M. Feyerherm, and R. Chaddha [37] added body
weight change and environmental temperature as new
regressors. The regressions explained up to 854 of the

variation in milk yield. The results were promising enough,
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apparently, to confirm the soundness of the production

function approach. According to Heady et al.[34]:

"The study, while not considered final in
regspect to coefficients for numerous variables,
suggests that with further research, many aspects
of dairy cattle breeding, nutrition and management
can be incorporated into a single estimated
production function".

A shift to another analytical technique considered more
adequate in dealing with the <feeding problem was announced
earlier, by Coffey & Toussaint [15]1. After critically
looking at the research conducted by the proponents of the
production function approach they concluded that (i) there
was a wide range of feeding over which returns are not
affected very much; (ii) Hay=-grain isoquants are almost
linear; (iii) Optimum rations lie near the stomach-capacity
1limit for most prices of hay, grain and milk; (iv) Feeding
cows hay, free choice, results in greater returns than for
limited feeding when body weight changes are considered.
Based on these considerations they recommended the use of

linear programming techniques to tackle the dairy feeding

problem.

The advice was heeded by many researchers. In 1969 G.W.
Dean, D.L. Bath and §S. Olayide [23] developed a linear
program to maximize income above <feed costs for dairy

cattle. The model took advantage of the accumulated
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Knowledge produced by dairy and nutritional scientists
concerning the nutritional requirements of the dairy cow for
milk production, body maintenance, etc. Feeds were
connected to milk yield not in the direct way emphasized by
the production function approach but as carriers of a
variety of nutrients that the cow metabolism would allocate
to various tasks, mainly body maintenance and milk

production.

The model simultaneously .selects the concentrate and
forage components of the ration, the roughage-concentrate
ratio, level of <feeding per cow, and quantity of milk
production maximizing income over feed costs. The model
works on a per cow per day basis but considering its static
nature is only applicable to a short phase of the lactation
cycle since the milk production curves incorporated in the
model are only valid for a particular stage of the lactation

cycle.

Improved Knowledge about the nutritional requirements of
the dairy cow resulted in a refined, although essentially
similar, model that D.L. Bath and L.F. Bennett [&4] report on
in 1980. They report an increased awareness of the
limitations of the model which is only wvalid for the first
phase, <from parturition time to the peak of lactation, of
the 1lactation crycle. The model resolves, for that

particular period and for a particular cow, the problem of
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choosing the components of the concentrate and forage
portions of the ration, which is an important problem for
drylot Jlarge-scale dairy farms without a cropping system

that purchase most of their feedstuffs.

We Know, and will see later in more detail, that cows
differ in their milk production ability, that for every cow
annual milk yield increases substantially from the first to
the sixth lactation falling slightly in the seventh
lactation, and that during the lactation cycle daily milk
vield follows a defined path, rising steeply in the first §
to 8 weeks after parturition time, reaching a peak, and then
falling at a slower rate, in an almost linear fashion, from

peak time to the end of lactation.

These facts mean that for an LP model such as the one
developed by Dean, Bath et al. to be capable of providing
useful information on a whole system basis, a collection of
models should be constructed, ideally, for every cow
ability, every lactation number, and every distinct stage of
the lactation cycle. Implementation of such a collection of
models for managing a dairy farm would be, by time and cost

considerations, prohibitive.

In a simuiation model designed to handle the cow
replacement problem, J. Hlubik [36]1 gets around the

lactation stage problem by incorporating in a simulation



biological dairy cow model an LP feed selection model
similar to Dean & Bath ‘s model which is solved once every
month during the annual production cycle. Hise model is,
however, a single cow model and would not be able to deal

with the whole farm system management problem.

The newest approach to tackle the dairy farm technical and
management problems is based on the systems approach.
Improved knowledge about the biology of the dairy cow has
resulted in the conceptualization of the milk production
process as a complex, dynamic, nonlinear, biological process
that would fit into simple, static, 1linear, analytic

frameworks only with great difficulty.

A.C. Bywater and J.B. Dent [11] see the milk production

process in the following light:

*milK production (...> is a continuous sequence
of events involving more than one output (i.e.,
milk, progeny and body tissue). It is an
enterprise in which present decisions within a
herd greatly influence the spectrum of future
decision opportunities.

The relationship between feed intake and milk
yield is not a simple one and is conformed by
factors within the animal and in the feed on
offer.

Level of intake, stage of lactation. growth
requirements, pregnancy and body energy status all
have a profound effect on the way the cow uses the
enerqgy available to her."

We will follow this new philosophy in our research, taking
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advantage of the accumulated KkKnowledge about the biology of
the dairy cow as it is collected in the National Research
Council guidelines [55] and in the relevant literature on

dairy systems.

The feeding problem takes a simpler form in the Galician
context. Only two feeds are considered: <(a) Commercial
concentrates with a constant nutrient content. (b)> Forage,
in form of grass grazed and silage, whose nutritional
quality varies throughout the year. We can conceptualize

the daily feeding problem in ¢this case as a simple two

activities, three-contraints, linear program. The
activities are concentrate consumption and forage
consumption. The constraints are me tabolic energy

requirements, crude protein requirements, and the dry matter
intake upper bound. The system of equations must be solved
every day (or week) since the constraints shift from one day
to the next due to the changes in the biological status of
the cow, in the 1lactation curve, in the dry matter intake
and in the nutritional quality of the forage. Furthermore,
no market exists <for the forage input and consequently no
price, requiring, as we will see in more detail in the next
chapters, an iterative procedure to find the best

concentrate-forage feeding rule,

We had mentioned eariier that the feeding probliem, the

forage production problem and finding the optimal stocking



rate were interrelated problems. Let us now see that in
more detail. The <following system of equations, on an
annual basis, will help us in our discussion. Let Y be
total milkK production, LC total lactating cows, ¥y milk
yield, <c¢ concentrate consumption per cow, f <forage
consumption per cow, dmi dry matter intake per cow, a herd
mean age, F total forage production, H total hectareage, »f

yvyields of forage per hectare, n fertilizer rate per hectare:

Y = LC * vy (1

y = h (c,f,a) (2>
dmi = c + (3
f=F / LC 4>
F=H % yf S
yf =g (n) (&)

Given (3) we can rewrite (2) as:

y = h (c, dmi-c, a> (2a

(4) can be rewritted as:

LC=F / ¢ (4a>

or taking into account (5> and (&>

LC=H * g (n) / § (4b>
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We have now the reduced system:

Y = LC * y (1)
y = h (¢, dmi-c, a> (2a)
f = dmi - ¢ (3a)
LC=H * g (n> / ¢ (4b)>

In this system, where a, dmi, and H are given, we can see
that deciding on the two values ¢ and n will completely
determine the rest of the variables. Given c we obtain milk
yield from (2a), we also determine forage consumption per
cow, €, in (3a). This value of < together with the
fertilizer application rate n will <fix the stocking rate,
LC, in <(4b). The prices of milk, concentrate, and
fertilizer, will determine the optimal concentrate—-forage
ratio, forage production per hectare and stocking rate in an

interrelated fashion as we have said.
(iv) Equipment selection problems.

Making a sound selection of the equipment most adequate
for a dairy farm taking into account its size and labor
endowment, is critical toward enhancing the profitability of
the farm business and the viability of the growth process.
The choice usually encompasses a wide variety of
alternatives regarding housing type, milking systems,
feeding machinery, manure disposal systems, tractor size and

machinery complements <for the cropping program, etc. Every



machinery selection will result in a labor requirements
profile during the year that must be matched with the 1abor
available in the farm. Every alternative involves a stream
of costs and benefits over its 1life, and a budgeting
procedure would need to be followed in order to find the

best alternative for every type of farm.

Also, it is critical to evaluate the profitability of
irrigation schemes that will raise the grass growth curve
during the summer. Such investment would radically alter
the forage and feeding problem conditions as we have
envisioned them in the pages above and would allow the
stocking rate to be increased substantially and total farm

ocutput to rise.

Solving the machinery selection and the investment
decision problems is, when wusing the classical budgeting
approach, a costly undertaking. Thus the need arises for an
analytical tool that can get the budgeting job done more

efficiently.
(v) Growth problems.

The providers of technical and managerial information will
be required to come out with sound prescriptions for the
four types of problems examined above. Furthermore, these
problems will have to be faced in the context of a growth

process that will require careful and sound long-term
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forward planning.

S.B. Harsh, L.J. Connor and G.D. Schawb [33] state a set
of prior conditions that must exist before a farm is capable

of undertaking a growth process. These are:
1. A farm must be profitable or potentially profitable.

2. A minimum starting size is necessary in order to generate

savings or to attract outside capital.

3. Some underutilized resources need to be available to

combine with newly acquired inputs.

4, Additional resources must be procurable for the farm

operator, especially capital.

U. Renborg [47] also stresses the existence of unused
resources within the firm as an opportunity <for growth to
occur, He also points out the new managerial and <skill

abilities required to manage the new larger farm.

The ADG strategy and the group of target farms toward
which the growth strategy is addressed seem to comply with
that set of prerequisites., Underused resources, land and
labor, do exist and a minimum starting size is envisioned in
the ADG strategy. The credit and managerial constraints afe

also accounted for in the ADG strateqy.

Nevertheless, a forward detailed look of the farm business
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as it grows is necessary in order to assess the viability of
the growth process and the profitability of the investment.

Checking to see whether the funds allocated to the growth
program return a payoff high enough is neccessary if
misallocation and outright waste of resources is to be

avoided.

In the Galician dairy farm growth process the timing of
the investment, the evolution of output growth and the
financial conditions of the loans taken by the farmers have
profound influences in the outcome of the gro@th process.
Accurate projection of output and input use during the life
of the investment requires paying careful attention to the
demographic evolution of the dairy herd since, ag we have
seen, milk potential depends on the age of the cow
(lactation number). The solvency and the liquidity of the
farm business are dimensions of business performance that

must be closely moni tored during the growth process.

In the Galician case the land reclamation part of the
project which is the foundation of the growth process will
determine the evolution of the economic performance of the

farm during the life of the investment.

Upgrading bushland into seeded pasture and having it
producing at a level commensurate with <fully developed

pasture is a process that takes, according to F. Sineiro
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73], at 1least four to five years. This means that the
capacity of the land to support a 1larger dairy herd will
rise in pace with the grass yields on developing pasture.

The timing of the investments, especially the building up of
the dairy herd, the conditions of the locan, and the market
environment, are all factors that will influence the outcome

of the growth process.

The growth process is likely to take place in a context of
constant medium to high inflation rates that must be taken
into account in the process of designing growth plans for

the target group of farms.

A final set of managerial problems émerges from the
uncertain, climatic, biological, political,and economic
environment surrounding the <farm business. The growth
strategies should be checked for probable undesired
develépments in the farm firm ‘s environment. Climatic and
biological Eandomness, especially, must be considered by the

providers of managerial advice.

Finally, considering the multiplicity of problems,
technical and managerial, that Galician dairy farms face,
the variety of farm types considered, and the dimension of
the aggregate problem, i.e., modernizing a target group of
about 85000 farms, efficient use of scarce research and

extension services calls for efficient, 1abor-saving,
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analytical procedures that would produce timely and sound

prescriptions adapted to local farm conditions.



CHAPTER 4

Me thods

In this chapter we will first list a set of stylized facts

concerning Galician dairy/forage farm systems that a
comprehensive analytical framework should be able to
handle. Second, we will examine and compare briefly

optimizing versus nonoptimizing approaches to tackle the
problems. Third, we willl describe the system simulation
modelling approach which is our _hethod choice for this

research endeavor.

4.1. Methodological Requirements of the Research.

A comprehensive consideration of the problems involved in
the management of Galician dairy/forage systems should be

able to:

1. Project the seasonal pattern of grass ryields (Kg DM/ha)
throughout the year for the different types of pasture:

irrigated, nonirrigated.

53
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2. Keep track of changes in nutritional quality of the

different types of forages during the year.

3. Handle alternative forage conservation policies.

4. Incorporate yield-fertilizer response functions Ffor the

various crops produced by the farm.

S. Keep track of the dairy herd age composition both

throughout the year and between years in a dynamic way.

6. Handle such alternative herd management policies as
setting calving dates, lactation cycle length, heifers

first freshning date, etc.

7. Accurately track the productive and reproductive cyclie of
the cows throughout the year: pregnancy, lactation,

calving period, open period, dry period.

8. Handle such herd replacement policies, as culling rates,

and purchase of breeding stock.

?. Project removals of cows from the herd for a variety of
reasons: disease, reproductive and productive performance,

disinvestment decisions, etc.

10. Handle the complex biology of the dairy cow in detail.
This means consideration of the temporal patterns of milk
production (lactation curve), dry matter intake, body

weight as they evolve throughout the different stages of
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the production-reproduction cycle of the dairy cow.

11. Project metabolic energy and net energy requirements for
maintenance, weight gain, pregnancy along with milk
production requirements and crude protein requirements of

the animals making up the dairy herd.

12. Handle the previous problems for the typical cow,

growing calf and heifer in every age cohort.

12. Project the growth trajectory of the growing calves and

replacement heifers.

14. Project aggregate feed requirements and feed
availability during the year. Supplement the on-farm
produced feed with commercial concentrates during energy

deficit periods thoughout the vear.
1S. Handle alternative feeding rules.

16. Keep track of the financial status, i.e., solvency,

liquidity, earning ability of the farm business.

17. Be able to assess in a capital budgeting way a variety
of equipment and investment alternatives. Project the
implications of these equipment alternatives on 1labor
requirements and match labor demand with labor supply

determining labor deficits or surpluses during the year.

18. Accurately simulate the growth process of the farm
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business under a wvariety of credit conditions and
alternative market environments payring particular
attention to the financial implications <(on solvency and

liquidity especially) of the growth process.

19. Be able to incorporate climatic, biological, and market

uncertainties.

4.2. Optimizing versus Nonoptimizing Models.

Two alternative types of analytical tools or models are
widely used in the study of complex <farming systems,

optimizing models and simulation, or nonoptimizing, models.

The distinction is, of course, not a sharp one. Optimizing
models can be used in a simulated mode (e.q.
parameterization of LP models) and simulation models,

depending upon their size, can be optimized using a variety

a optimal control or nonlinear programming algorithms.

In principle, any farming system’s situation can be put in
optimizing (LP> format or simulation format. Apparently,
from the long history of LP applications, only imagination
can limit the capacity of LP to handle probliems. A variety
of classical constraints on the technique (J. Roy Black & J.
Hliubik [71) like divisibility, proportionality, additivity
(independence), exclusive activities, nonstochasticity of

parameters have been released through new techniques:
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Separable programming, integer programming, quadratic
programming, chance constrained programming, stochastic

programming, etc.

As we saw earlier, there is a variety of programming
approaches to dealing with the feeding problem on a stage of
lactation basis. We also saw (Chapter 2> that handling the
dairy farm management in a comprehensive way, i.e., all cow
ages, all lactation stages, required a large collection of
LP models that would be too costly to operate. Although the
LP technique provides an efficient way of solving the
feeding problem where there is a large set of feeds <from
which to choose, in our case only two trpes of feeds are
inuolbed, and the nutritional quality of one of the <feeds
changes during the year. As we will see later, the feeding
problem of the Galician dairy farms can be tackled with a
simple set of time-varying equations, and no complex LP

solutions are needed.

The growth processes of farming systems have also been
studied within a programming framework. Recursive (T,
He idhues [35]1) and polyperiod programming have been the most
used techniques when the production activities of the farm
can be cast in a static, annual format. However, accounting
in an LP model <for the intra—-annual and between years
dynamic evolution of the dairy herd, Keeping track of age

cohorts, weights, nonlinear lactation curves and dry matter
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intakes, and events 1like parturition, pregnancy, end of
lactation, etc, although not impossible, (J. Hlubik * s
partial solution [34)) would result in a matrix of a

prohibitive sjze.

In summary, casting the dairy/forage system as we have
envisioned it earlier, in a programming framework, would be,
in our opinion, an arduous, costly and inefficient way of
studying the dairy/forage farming situation as it exists in
Galicia. The rigidity of the LP framework would make it
difficult to handle the “continuous sequence of events...
an enterprise in which present decisions within a herd
greatly influence the spectrum of future decision
opportunities", which, in the words of A.C. Bywater and J.B.
Dent [11] characterize the dairy farms. It is the
flexibility of the simulation approach in dealing with
dynamic processes, its free—format characteristics and the
absence of need for a solution algorithm which make it

suitable to our research problem.

4.3, System Simulation Modeling Approach.

The core of the system simulation is a model or set of
models of the structure and processes constituting a system
within which a specific set of problems is encountered and

related sets of objectives have to be attained. The
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approach typically includes problem formulation,
mathematical modeling, conversion of the mathematical into a
computer model, mode | testing and refinement, and

simulation, which is the application stage.

T.H. Nayior, J.L. Balintfy, D.S. Burdick and K. Chu [5é4]

define simulation as a technique:

"That involves setting up a model of a real
situation (system) and then performing experiments
on the model."

J.R. Anderson [4] defines it:

"Numerical manipulation of a symbolic model over
time."
Both are concise definitions that aptly capture the

essence of the simulation modeling approach.

The system simulation approach can be characterized as a
general, flexible, iterative, adaptive, and
problem—-investigating process., [t is general with respect
to philosophies, techniques, Kinds and sources of data and
information. Its flexibility rests in the building=block
organization of its modeis, allowing for the development and
incorporation of new components and the substitution of
simpler components by more disaggregated ones as necessary

for particular analysis. It also allows for the use of a
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wide range of model ing techniques from different
disciplines. The iterative process traces the 1likely
consequences of specific decisions and policies across a
wide variety of dimensions of interest to decision-makers
(such as time, space, income class). Through interaction
with analysts and decision-makers, then, additional policy
options may be defined for testing and modification in the
models themselves. It is an adaptative approach in that
improved knowledge about data, parameters, and structural
relations can be progressively incorporated into the
models. Finally, the approach focuses on the investigation
of and search for solutions to actual problems. Posi tive
and normative Knowledge is required for this, and the
approach is especially useful whenever an objective function
encompassing the various goals of the decision-makers cannot

be defined.

In addition to their primary contribution to policy
assessment and design, system simulation models can make
three other noteworthy contributions. First, during the
modeling stage, a deeper understanding is gained by analysts
and decision-makers of the structure and behavior of the
socioeconomic system. Second, simulation analysis provides
important insights about research priorities in three ways:
(1) in the indication of data collection priorities (through

sensitivity analysis), (2> in the identification of
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structural relationships and behavioral patterns about which
theoretical disciplinary Knowledge is lacking, and (3> in
the identification of technical and scientific research
areas with high potential investment payoffs. Third, a
system simulation model can work as a sort of laboratory in
which new Knowledge and hypotheses about parameters and

structural relationships can be tested.

In the Fig 4-1 below we can see a diagrammatic
representation (taken from A. Wright [792]1) of the stages

involved in a simulation study.

Typically, the system simulation approach consists in an
iterative process involving two steps: system analysis and
system synthesis which are repeated several times until
convergence, to a desired degree, between the operation of

the real system or situation and the model is achieved.
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Figure 4-1: Simulation Modelling Stages
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Following the specification of the problem and the
research objectives, a simulation study starts by collecting
information, quantitative and quélitative, about the
operation of the system. In this phase of data collection,
Knowledge about the system is drawn <from a variety of
disciplines that treat the system from different points of
view, Disciplinary information is, however, not alwayrs,
regretfully, of the type required for a complete simulation
of the system. The heterogenous and incomplete information,
theoretical and empirical, obtained is used, together with
necessary assumptions required to fill the knowledge gaps,
to create a synthetic model of the system. The simulation
model, once validated, i.e., successfuly compared to the
operation of the real system, is used in an experimental,
analytical, mode enabling the analysts to 1learn about the
detailed operation of the real system under a variety of
circumstances, and changing values of the assumptions made
(sensitivity analysis). The experimentation and the
sensitivity analysis often uncover areas of model operation
very sensitive to some of the hypotheses made earlier during
the model construction phase. The controversial model
operation draws the attention to those areas of the model
(unknown parameters and deficient equations) causing it,
thus orienting the disciplinary, analytical research into

high payoff aspects of system operation. The orientation of



the arrows in Figure 4-1 shows the iterative process of the
approch and the possibility of going from one stage to any

other when need arises.

The new analytical research ideally results in improved
knowledge of the system that is incorporated }nto the
model. New validation and experimentation follows and so on
in an wunending, iterative process. The direction of the
arrows in Fig 4-1 illustrates this iteration process of the

technique.
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CHAPTER S

Research Objectives

The main objective of this research is to create an
analytical tool, i.e., a simulation model, which would
incorporate, in an integrative manner, the existing, often
dispersed, Knowledge about dairy systems. The model should
be able to help researchers explore the production function
of Galician dairy farms in order to produce sound
prescriptions for a wide range of short-term and long-term

managerial problems in a timely and efficient way.
More precisely, our research objectives are:

1. To construct a general dairy/forage simulation model that
can tackle the stylized facts of Galician dairy systems as

they have been specified in Chapter 3.

2. To study on the basis of the simulation model and for a
small-scale dairy farm<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>