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(57) ABSTRACT 

The present invention comprises a methodology for fore 
casting the effects of domestic and international trade poli 
cies on future trends in World dairy trade on an annualized 
as well as longer-term basis. The Spatial hedonic equilibrium 
model employed in the present invention is used to analyze 
World dairy Sector data and to forecast future trends by 
Simulating the regional market equilibrium impacts of trade 
policies in the world dairy sector. The model reflects both 
vertical (e.g. the processing of farm milk into many different 
dairy products processing that reflects the allocation of milk 
components (e.g., milkfats, caseins, whey proteins and lac 
tose) to various dairy commodities including primary, inter 
mediate and processed commodities) and spatial character 
istics (e.g. the distribution of milk production, demand and 
trade for dairy products in different regions of the world). 
Both domestic and trade policies, and their variations among 
countries, are incorporated in the model. The analysis fore 
casts the effects of trade liberalization on attributes of the 
world dairy Sector (including prices, production, consump 
tion, trade flows and the Welfare of producers, consumers 
and taxpayers in various countries). 
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FIG. 2d 
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FIG. 2b 
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FIG. 5 

Maximum Allowable Subsidied Exports for Selected Regions Under 
Alternative Scenarios (1000 MT). 
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METHOD FOR FORECASTING THE EFFECTS OF 
TRADE POLICES AND SUPPLY AND DEMAND 
CONDITIONS ON THE WORLD DARY SECTOR 

BACKGROUND 

0001. The present invention relates generally to eco 
nomic models to forecast the effects of trade policies and 
Supply and demand trends on market Sector pricing and 
shares, and in particular to an hedonic spatial equilibrium 
trade model that accommodates interregional variations, 
multiple products, and implicit markets for milk components 
(e.g., milkfat, casein, whey protein and lactose as allocated 
to various dairy commodities including primary, intermedi 
ate and processed commodities) to generate annualized and 
longer-term forecasts of the effects of trade policies and 
Supply and demand conditions on attributes of the World 
dairy Sector (including prices, production, consumption, 
trade flows and the Welfare of producers, consumers and 
taxpayers in various countries). 
0002 Historically the U.S. dairy sector has been a minor 
player in world dairy markets. Over the 1989-94 period, for 
example, the U.S. exported the equivalent of only 2.5% of 
total domestic milk production while accounting for 6% of 
the total world dairy exports (excluding intra-European 
Community trade). Evolving world trade liberalization, 
especially the completion of the General Agreement on 
Tariffs and Trade (GATT) Uruguay Round Agreement 
(URA), is changing this situation. The U.S. dairy Sector is 
increasingly integrated into a global dairy economy charac 
terized by increased private exports of U.S. dairy products, 
increased dairy imports, leSS government intervention, and 
additional foreign investment in the U.S. dairy industry. 
0003. This changing dairy trade environment offers the 
U.S. opportunities to expand dairy exports, as well as further 
opening domestic markets to imports from the rest of the 
world. To better understand the impacts of global trade 
liberalization on the competitiveness of the U.S. dairy sector 
in these markets, additional knowledge of international dairy 
markets and improved policy modeling capabilities are 
needed to help the U.S. dairy sector adjust effectively to the 
new environment. 

0004. With this motivation, the original goal of the 
present inventors was to improve world dairy Sector policy 
modeling capabilities and to provide a detailed, quantitative 
assessment of the impacts of trade liberalization, especially 
the Uruguay Round of the GATT, on world dairy markets 
and the U.S. dairy sector. While the literature on trade 
liberalization is vast, comprehensive and Systematic Studies 
on World dairy markets, both in regional and in commodity 
detail, have been quite limited. 
0005 The present inventors accomplished their initial 
general goal by (a) conducting a comprehensive Survey of 
the world dairy situation at a twenty-one region level; (b) 
assessing and Summarizing the then current trade liberaliza 
tion agreements, especially the URA of the GATT, for their 
potential impacts on world dairy markets; (c) assessing the 
literature to obtain insights on Supply/demand trends and 
agricultural/trade policy for the U.S. and major dairy pro 
ducing/consuming and exporting/importing regions; (d) 
using the insights and parameters from (a)-(c), designing, 
building and calibrating a world dairy trade model including 
twenty-one regions and nine dairy product markets, and, (e) 

Oct. 3, 2002 

Summarizing and evaluating the farm/wholesale impacts of 
alternative trade liberalization Scenarios and demand/Supply 
growth conditions on the U.S. dairy Sector. 
0006 These initial objectives were met and resulted in a 
World dairy trade model capable of forecasting the effects of 
various domestic and international trade policies and Supply 
and demand trends on World dairy trade in three to five year 
trends (Cox, et al., An Economic Analysis of the Effects On 
the World Dairy Sector of Extending Uruguay Round Agree 
ment to 2005, Can. J. of Agr. Econ. 47 (1999) 169-183; and, 
Zhu, et al., An Economic Analysis of the Effects of the 
Uruguay Round Agreement and Full Trade Liberalization 
On the World Dairy Sector, Can. J. of Agr. Econ. 47 
(1999) 187-200). However, further refinement of the data 
and model was required to improve the accuracy of those 
predictions and to allow more detailed annualized trend 
reporting. 

0007. The present invention addresses these problems by 
providing a refined methodology for creating a database of 
world dairy sector information sufficient to the task and for 
modeling the effects of domestic and international trade 
policies and Supply and demand trends on future trends in 
World dairy trade on an annualized as well as longer-term 
basis. The Spatial equilibrium model employed in the present 
invention is used to analyze the data and to forecast future 
trends by Simulating the regional market equilibrium 
impacts of trade policies in the World dairy Sector. The 
model reflects both vertical (e.g. the processing of farm milk 
into many different dairy products, processing that reflects 
the allocation of milk components to various dairy com 
modities, including primary, intermediate and processed 
commodities) and spatial (e.g. the distribution of milk 
production, demand and trade for dairy products in different 
regions of the world) characteristics. Both domestic and 
trade policies (and their variations among countries), as well 
as Supply/demand trends and exchange rate changes, are 
incorporated in the model. The analysis forecasts the effects 
of trade liberalization on attributes of the world dairy sector 
(dairy prices, production, consumption, trade flows and the 
welfare of producers, consumers and taxpayers in various 
countries). The forecasts are generated on an annual, as well 
as longer-term basis, providing information regarding vari 
ous attributes of the world dairy sector valuable to busi 
neSSes involved in the U.S. and other regional dairy Sectors. 
The world dairy price and trade flow forecasts provide 
valuable information that can be used by businesses to 
compete in the World dairy market, and by governments in 
policy negotiations. 

O008) 
0009 FIG. 1 is a flow diagram depicting the general 
Steps in the method of the present invention; 
0010 FIG.2a is a flow diagram of the allocation process 
of primary and processed commodities, 
0011 FIG.2b is a flow diagram of the allocation process 
of primary, intermediate and processed commodities, 

In the accompanying drawings: 

0012 FIG. 3 is a sample of an annualized forecast over 
a period of 5 years, including validations, 
0013 FIG. 4 is a sample comparison of the regional 
forecasted milk price impacts under various alternative 
policy Scenarios, and, 
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0.014 FIG. 5 is a sample comparison of the regional 
forecasted maximum allowable Subsidized exports under 
various alternative policy Scenarios. 

DESCRIPTION 

0.015 Referring now to the figures, in which identical or 
Similar Steps are designated by the same reference numerals 
throughout, a detailed description of various alternative 
embodiments of the present invention is given. However, the 
present invention can assume additional embodiments, as 
will become apparent to those skilled in the art, without 
departing from the appended claims. 
0016 Referring to FIG. 1, the steps in the method of the 
present invention generally comprise (1) creating a database 
of world dairy sector data 100, (2) refining the model 200, 
and (3) running the refined and updated model under various 
policy Scenarios to forecast the effects of each of the 
scenarios on the world dairy sector attributes 300 (see FIG. 
1). The descriptions of these basic Steps are preceded by a 
description of the Spatial equilibrium model and policy 
Scenarios of the present invention, Since it will be referred to 
throughout the remainder of this Section. 
0017 Multiple modes of implementation of the method 
of this invention are possible. For example, the method may 
be implemented in a variety of programming languages on 
a variety of computer Systems. It may be implemented using 
pre-packaged Software or customized programming. Por 
tions of the database compilation Step may involve the 
downloading of data over the Internet, retrieval from a form 
of electronic Storage media and/or input by hand. 
0018. The Model and Policy Scenarios. 
0019. The hedonic spatial equilibrium model employed 
in the present invention is a model of the world dairy 
markets. The model is a Static, Spatial, multi-product, multi 
component (hedonic) framework of the world dairy Sector 
with vertical linkages among production Stages. It is used to 
analyze the data and to forecast future trends by Simulating 
the regional market equilibrium impacts of trade policies in 
the World dairy Sector. The analysis considers many Separate 
regions of the World, including the U.S., Canada, Mexico, 
China, India, Japan, Australia, New Zealand, western 
Europe, eastern Europe and the former Soviet Union (FSU). 
The model considers five types of farm milk (cow, buffalo, 
camel, sheep and goat) embodying several milk hedonic 
characteristics (fats, casein proteins, whey proteins, other 
nonfat Solids (lactose, salts, other minerals and ash) and 
further fractionations thereof) that can be processed into 
eight types of dairy products (cheeses, butters, whole milk 
powders, skim milk powders, dry wheyS, caseins, evapo 
rated/condensed milks, and other dairy products). 
0020 Notation: 
0021 Consider a vertical sector involving primary com 
modities used in the production of processed commodities 
that are eventually consumed in I regions. Each region is 
involved in the production, trade and utilization of the 
primary as well as processed commodities (see FIG. 2a). 
Let W (X) be the vector of primary commodities produced 
(utilized) in region i, i=1,..., I. And let yi (Z) the vector 
of processed commodities produced (utilized) in region i, 
i=1,..., I. All the primary and processed commodities can 
be traded between regions. Denote by T20 (t20) the 
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vector of export of primary commodities from region i to 
region j. And let C (c) be the vector of transportation and 
marketing cost per unit of primary (processed) commodities 
traded from region i to region j. 
0022 Processing Technology: 
0023 Dairy manufacturing is a multi-output process with 
different products being produced jointly. It is assumed that 
there are two kinds of inputs used to produce the processed 
commodities y in each region: the vector of primary com 
modities X, and other inputs denoted by the vector () (e.g., 
labor, capital). In the i-th region, the use of inputs (), must 
Satisfy (c), x, y) eT, where T is the production possibility 
Set. Efficient use of the inputs (); under perfect competition 
requires that they be chosen in a cost minimizing way: 

G(x, y)=minviri'a);: (a) A y)eT}. (1) 

0024 where r is the vector of market prices for v in the 
i-th region. G(x, y) in (1) is a cost function measuring the 
cost of optimal use of inputs (), conditional on primary 
inputS X, and output levels y. 
0025. In the context of the dairy sector, the primary 
commodities (five types of farm milk comprised of four milk 
components) can be transformed into eight processed dairy 
products (cheeses, butters, whole milk powders, skim milk 
powders, dry wheyS, caseins, evaporated/condensed milks, 
and other dairy products). The crucial linkages between 
primary and processed products are the milk components 
(milk fats, caseins, whey proteins, other non-fat Solids and 
further fractionations thereof) that are “rearranged” by dairy 
processing plants. In each region, the total amount of 
components found in processed products must come from 
the primary products. To the extent that each product has 
fixed composition, this means that the processing technol 
ogy can be represented by a Leontief technology with 
respect to milk components. Let as (bis) denote the matrix 
of quantities of the S-th component per unit of the primary 
(processed) commodities in the i-th region. And let matrix A 
denote a1, ..., as and B, denote b1, ..., bis), where S 
is the number of components. Then the transformation 
relationship between primary and processed goods in region 
i must Satisfy 

By;sAir, i=1,..., I, (2) 

0026. This is a Lancasterian specification establishing 
fixed proportion relationships between products and their 
components, where the components are perfect Substitutes 
across commodities. Under the Leontief specification, G(xi, 
y) can be written as gi(y) plus component balance restric 
tions (equation (2)). 
0027 Market Equilibrium: 
0028. In certain settings, market equilibrium is obtained 
through the maximization of a net Social payoff function 
given by the Sum of producer and consumer Surplus acroSS 
commodities as well as regions, net of transportation and 
processing costs. In a vertical Sector involving more than 
one Stage of production, the cost of transformation in each 
Stage also needs to be Subtracted. This gives the following 
quasi-Welfare function 

11. 

0029 where CS,(Z) is consumer surplus in region i, 
PS,(w) is producer Surplus for the primary commodity win 
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region i, gi(y) is transformation (processing) cost of final 
Secondary products in region i. 

0030 Assume that the quasi-welfare function V(w, x, y, 
Z, T, t) is concave and Satisfies ÖCS,(Z)/6Z=p, and 6PC(w)/ 
dwip, where p(p) is the vector of market prices for the 
processed (primary) commodities. This assumes that, under 
competition, market prices reflect marginal benefits for 
consumers and marginal costs for producers. In the presence 
of trade, the maximization of aggregate net Social payoff is 
Subject to two Sets of constraints: the trade flow constraints 
and non-negativity constraints. For the i-th region, the trade 
flow constraints are 

0031. These restrictions state that exports plus domestic 
uses cannot exceed domestic production, and that domestic 
consumption cannot exceed domestic production plus 
imports. This is true for primary commodities (equations 
(4a) and (4b)) as well as processed commodities (equations 
(4c) and (4d)). 
0.032 The optimization problem representing spatial 
competitive equilibrium then is 

Sistic to equations (2) and (4); (wix,y,z, T, 595 (5) 
0033. In the absence of government intervention (i.e., no 
tax/Subsidy and no quota distortions), the optimization prob 
lem (5) generates a Pareto efficient resource allocation. It 
also generates a competitive market equilibrium where the 
Lagrange multipliers associated with constraints (4) are 
interpreted as market prices. 

0034) 
0035. The next step is to introduce policy parameters in 
the above model to reflect domestic and trade policies. The 
incorporation of Specific duties (i.e., import tariffs and 
export Subsidies) is straightforward in that they are equiva 
lent to changes in transportation costs. However, the mod 
eling of ad Valorem tariffs is a little more complex. A simple 
way is to translate ad Valorem tariffs into equivalent Specific 
duties using observed prices. The drawback of this approach 
is that, in a market equilibrium framework, import tariffs 
influence market prices. This Suggests a need to treat market 
prices as endogenous in the calculation of tariffs. This is 
done here by Solving for market equilibrium iteratively, 
where each iteration uses updated Specific duties equivalent 
of the ad Valorem tariffs, until convergence is obtained. 
Upon convergence, the Solution is identical to the one 
obtained from Solving directly the associated mixed comple 
mentarity problem. Finally, most non-tariff barriers influ 
ence import Volume directly and can be introduced easily in 
Spatial trade models by adding appropriate restrictions on 
quantities traded. 

Incorporating Government Policies: 

0.036 The tariff-rate quota policy is modeled by intro 
ducing two-tiered tariff restrictions. The basic idea is to 
divide imports of a commodity into two parts: one is 
imported at the in-quota (lower) tariff rate; and the other is 
imported at the over-quota (higher) tariff rate. The Sum of 
these two parts is then available either as consumption or as 
inputs for further processing. Import quotas are always filled 
first at the lower in-quota rate before importing the com 
modity at over-quota tariff rates. 
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0037. The restrictions on export subsidies are dealt with 
in a similar way. For each country, Subsidized exports of a 
particular commodity are Subject to a quantitative restric 
tion, i.e., the maximum allowable Volume Subject to Subsi 
dies under the GATT. A country's subsidized exports may 
also be Subject to another constraint: the maximum allow 
able budgetary outlays that the country can spend on export 
Subsidies for a commodity or a group of commodities. A 
country will always use up its export Subsidy “quota” before 
exporting with no Subsidy. 
0038. Domestic government programs include price Sup 
port programs, production quotas and classified pricing. 
Price Supports can be modeled by introducing a government 
Sector (funded by tax-payers) with a perfectly elastic 
demand at the price Support level. Milk production quotas 
are handily modeled by adding appropriate constraints to 
farm milk production and adjusting farm level milk prices 
(the marginal cost of production) as market milk prices 
minus milk quota rents. If over-quota taxes are not too 
prohibitive, then a two-tier pricing Scheme is needed for 
modeling domestic production (i.e., using a within- and 
over-quota pricing Scheme in a way similar to the two-tier 
pricing discussed above). Classified pricing is modeled by 
introducing appropriate price wedges for the relevant prod 
ucts (e.g., fluid milk). 
0039 The following notation is used to incorporate these 
government policies into (5). Let II (T,) be the vector of 
unit-tariffs imposed on imports of primary (processed) com 
modities from region i to region j, and A (8) be the vector 
of unit-Subsidy towards exports of primary (processed) 
commodities from region i to region j. The vector of import 
quotas for the primary (processed) commodities in region i, 
i=1,..., I, is denoted by Q, (q). Finally, let S (S) be the 
vector of maximum allowable volume of Subsidized exports 
for the primary (processed) commodities in region i, i=1,. 
., I. 

0040. In the context of a two-tiered pricing scheme, let 
the SuperScript IQ denote in-quota, OQ denote over-quota 
import restrictions, and SuperScript S denote Subsidized 
exports. ASSuming that import quotas for each region are 
pooling quotas (i.e., not bilateral quotas), the distorted 
market equilibrium can be expressed as 

(6) 
maxway.z. Tt (). CS, (3) + XPS (w;)-Xg;(y) – 

i i i 

X. TCi- X. ti; C X. Tele 
i,j ii i,j ii 

O O Xtr-X (ty-t) it'+XT, A, +X to: 
i,j ii ii 

(T-T) 199 

subject to Tie s Ti tle stii, 

XT's Q, Xi's a 
i-Fi i-Fi 

y T. s.S., tis Si, 
iti itl 

equations (2) and (4); (w, x, y, z, T, t, TIQ, '9) st o} 

0041) The model (6) represents world dairy markets 
under domestic and trade government policies. The first line 
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in (6) is similar to (5), but expanded to include classical trade 
distortions (within and over quota tariffs, export Subsidies, 
and production and import quotas). The following lines in 
(6) reflect the price distortions and quantity restrictions 
generated by government policies. Model (6) can be used to 
investigate empirically the effects of trade liberalization or 
other trade policies on the dairy Sector. 
0042 
0.043 Milk reconstitution technology is reflected in the 
model with the inclusion of intermediate commodities (see 
FIG. 2b). Several categories of products can be used as 
intermediate dairy processing commodities (e.g., butters, 
Skim milk powders, whole milk powders, condensed and 
evaporated milks, caseins, dry wheyS, milk protein concen 
trates and other products embodying fractionated milk com 
ponents) that may be used in the production of other dairy 
products. For example, cream may be considered an inter 
mediate commodity as it can be further processed into butter, 
butter oil, ice cream, buttermilk and many other dairy 
products. In the dairy processing practice of milk reconsti 
tution, milk powders, milk fat products, and other dairy 
products are converted back into fluid milk for consumption 
or are used for making other dairy products. 

Incorporate Intermediate Products: 

0044) To incorporate the reconstitution technology in the 
model, we assume there are two stages in the processing 
Sector. First, the primary products are converted into inter 
mediate products. At the Second Stage, Some of the inter 
mediate products are further processed into final reprocessed 
products. The other intermediate products and the repro 
cessed products compose the final consumption goods. 
Trade is possible following the first Stage of processing. 
0.045 Suppose a technology allows L types of interme 
diate commodities to be reprocessed into M types of final 
products, which is a Subset of final products. Let u be the 
vector of intermediate commodities produced in the i' 
region and Vibe the Vector of intermediate goods available 
in the i" region following the trade. A portion of v, vv, is the 
vector of intermediate goods reprocessed into final com 
modities in the " region, and vectory, is the output of the 
reprocessing procedure. Let G (X, u) be the cost (i.e., costs 
of other inputs except for dairy material inputs) of trans 
forming the X of primary goods into ui of intermediate 
goods. Under the Leontief specification, G(x, u) can be 
written as gi(u) plus component balance restrictions. In a 
Similar fashion, let H (VV, y) be the transformation costs 
converting VV of intermediate goods into y of final com 
modities, which can be written as h(y) plus component 
balance restrictions. Let t be the shipment of intermediate 
goods from the i" region to the j" region. Furthermore, let 
E be the matrix representing the nutrient composition of 
reconstituted goods and F be the matrix representing the 
nutrient composition of intermediate goods. 
0046) The optimization problem (6) with an intermediate 
product reprocessing stage is characterized in equation (7) 
assuming that reprocessed products share the same trade 
policies as other products. 

(7) 
maxway.z.T.t X. CS, (3) + X. PS (w;) - X. g; (iii) - 
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-continued 

Subject to wis: Ti, Tii > Xi, 
i i 

B; it is Axi, 

it at tii, ti; : vi, 
i i 

Ey; s F, vvi, 

v, -vi + y > Xi, Xij > 3. 
i i 

i i i T. s. Tii, i < t t < ti, 

iii iii 

XETs S, X(t) + i)ssi, and 
iti iti 

(W, X, it, vs. VV, y, z, T., t, i. T19, 19, 19) > 0. 

0047 Equation 7 extends the optimization problem (6) by 
incorporating: 1) the cost of processing intermediate com 
modities into final commodities (h(y)); 2) the shipments of 
intermediate commodities (T,) under within (t') and over 
quota (t') tariffs and export subsidies (6); 3) an 
expanded component balance incorporating the conversion 
of intermediate products into final products (EysF"VV, 
noting that Bus AX, is equivalent to (2)); and 4) expand 
ing the trade balance (v-VV+y;2X,ti, X,t2Z), import 
quota (X,j(t +t')sq.), export Subsidy (X(t+ 
T; )ss) and non-negativity ((W, X, u, V, VV, y, z, T, t, T, T', 
t", t')20) constraints of (6) to include the intermediate 
and reconstituted final products (V, VV, y) and trade flows 
(ti). 
0048. To analyze the effects of these various policies on 
world dairy trade, the model is run to provide a BASE 
scenario 310 (see FIG. 1) that reflects recent world eco 
nomic conditions. Using this BASE Scenario, the model is 
then re-run to simulate the effects of various policies 320. A 
number of the possible policy Scenarios are Summarized 
below. It should be noted that several scenarios describing 
Specific year forecasts are described in the following by way 
of example only. The actual years forecasted will change 
with each Set of model Simulations. 

0049. BASE Scenario: 

0050. The model equation (6) is solved using the General 
Algebraic Modeling System (GAMS) optimization package 
(though as noted previously, alternative computer programs 
may be used). First, a model is specified to provide an 
accurate representation of the World dairy markets. This 
gives a BASE Scenario that reflects recent world economic 
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conditions 310. This BASE scenario is then modified to 
Simulate the effects of various alternative policy Scenarios 
regarding, for example, GATT commitments and demand/ 
Supply shifts. A Series of Sensitivity analyses are then 
conducted on the BASE model with respect to the magni 
tude and the functional form of transportation costs, demand 
and Supply elasticity parameters, and manufacturing cost 
Specifications. In order to understand the relative importance 
of natural trade barriers (transportation costs) versus man 
made trade barriers (trade distortions) in world dairy trade, 
Several Scenarios are generated with each of the major policy 
instruments (tariffs, import quotas, and export Subsidies) 
eliminated and the results compared with the role of trans 
portation costs. 

0051. After the model is judged to reasonably replicate 
the data inputs in the BASE Scenario, it is used to Simulate 
the World dairy situation in Several alternative policy Sce 
narios 320. Combining policy changes with predicted 
demand/Supply changes, a number of Scenarios are then 
generated to forecast the annualized changes in the World 
dairy situation, as well as longer term changes. 

0.052 Policy Scenario Simulations: 
0053 When the calibrated BASE model generates solu 
tions that are reasonably close to data inputs, it is used as the 
benchmark against which the results from other simulation 
Scenarios are compared 340. These Simulation Scenarios are 
divided in two major groups: ceterisparibus policy analyses, 
and forecasting Scenarios. The first group includes a free 
market scenario (FM, total elimination of trade and trade 
related domestic policies), a Scenario with the trade policies 
of a certain year under the GATT (e.g., for the year 2000 
under the GATT (GATT 2000)), and one with both trade and 
domestic policy changing from the BASE period to the year 
selected (e.g. the year 2000 (Policy 2000)). The forecasting 
Scenarios consist of various combinations of policy changes 
and projected exogenous demand/Supply changes. 

0.054 Ceteris paribus is used to mean comparative static 
analysis of policy changes only, given that regional demand/ 
Supply curves are fixed. Three policy Scenarios are consid 
ered. The first policy scenario assumes that each GATT 
member country applies its minimum trade liberalization 
obligations in the year 2000, for example, under the URA 
(i.e., maximum tariff rates, minimum market accesses, and 
maximum allowable export Subsidies). This Scenario 
reflects, in some sense, the pure effects of the URA. The 
Second Scenario analyzed in this Section involves GATT 
trade policy changes as well as projected domestic dairy 
policy reforms. These are considered simultaneously 
because Some domestic policies have to be adjusted accord 
ingly to meet GATT commitments during the implementa 
tion period of the URA. The third scenario in this section is 
the Free Market situation. This scenario is identical to a 
Scenario in the previous Section (i.e., one with full elimina 
tion of the Status quotariffs, import quotas, export Subsidies, 
and related domestic policies). Unlike tariffs, export Subsidy 
restrictions are specified in terms of maximum allowable 
Subsidized quantity and budgetary outlays under the URA. 
Member countries are free to choose their Subsidy rates as 
long as they do not violate the Volume and budgetary outlay 
restrictions. The model assumes that the countries having 
export Subsidy policies will try to maximize their export 
volume during the implementation period of the URA. 
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0055 GATT 2000: 
0056 GATT 2000 refers to the scenario where each 
GATT member country fulfills marginally its URA commit 
ments for trade liberalization by the year 2000 (or other year 
as appropriate). Hence, the model assumes that maximum 
allowable tariff rates and minimum import quotas under the 
URA will be the applied trade policies. Non-World Trade 
Organization (Non-WTO) members are assumed to keep 
their current (or the BASE period) trade policies. Domestic 
policies remain at the BASE level, as do the demand and 
Supply Schedules. Thus, this Scenario is used to assess the 
ceterisparibus effects of the URA of the GATT on the world 
dairy Sector. 
0057 Policy 2000–Adding Domestic Policy Reforms: 
0058. The pressures for liberalization in world dairy trade 
come not only from the multilateral agreement, i.e., GATT, 
but also from internal Sources in many developed countries. 
The large budget burdens of commodity programs in heavily 
protected dairy Sectors increasingly conflict with the domes 
tic considerations that led to their extensive adoption. 
0059. In Policy 2000, trade policy changes under the 
URA and projected domestic policy changes (for the year 
2000, or other year as desired) are combined. Three types of 
domestic policies are assumed to change in this Scenario: 
price Supports, production quotas, and direct dairy Subsidies 
for manufacturing milk utilization. 
0060 Free Market (FM): 
0061. In the Free Market scenario, the model assumes all 

tariffs, import quotas, and export Subsidies are eliminated 
from the BASE. Domestic farm policies that are closely 
related to trade, Such as price Supports and production 
quotas, are also eliminated. The only type of farm policies 
kept is classified pricing policies in the U.S., Canada, and 
Australia. This is an analysis to explore the foremost poten 
tial of trade liberalization in world dairy markets. It provides 
important information about the competitiveness of each 
region in World dairy markets, and about the potential 
ultimate results of the trade liberalization efforts of the 
GATT (WTO). This assessment can also serve as a support 
ing analysis for the future WTO negotiations. 
0062) Adjustment for Demand/Supply Shifts and Fore 
CaStS: 

0063 Income and population are generally considered 
the most important determinants for aggregate demand. The 
linkage between income/population changes and demand 
shifts is the income elasticity (using per capita income) and 
population elasticity. The model assumes the population 
elasticity for all dairy productions is one, i.e., 1% population 
growth leads to a 1% increase in total demand. In a partial 
equilibrium analysis, income and population changes are 
treated as exogenous demand shifters. In this study, the 
model assumes parallel demand curves shifts, which means 
Slopes of demand curves are fixed during the shifts. Gener 
ally, the income elasticity of food products tends to be lower 
the higher the income level and the higher the per capita 
consumption. 

0064. The other set of demand shifter estimates is based 
on projected regional gross domestic product (GDP) growth 
rates (e.g., 1994-2000, or other ranges as data are available). 
The World Bank has already published the GDP growth rates 
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for the first three years of this period. For the second three 
years, the forecast data from other Sources is used, especially 
investment companies, which publish a variety of GDP 
growth rate forecasts with consideration of important mac 
roeconomic factors, Such as reform processes and economic 
CSS. 

0065 Supply shifters are more difficult to identify in 
Sectoral models. The major determinant, technological 
change, is hard to measure directly. An indirect approach 
may Sometimes be used in which the changes in other 
production factors are Subtracted from the total production 
change and a residual computed that is interpreted as a 
measure of technological change. This idea also applies to 
the estimation of Supply shifters in Sectoral models. A 
change in production can be explained by price changes 
(movement along a Supply curve) and other changes (Supply 
shifters). ASSuming the production growth rate and price 
change rate are known, the Supply shifter can be measured 
S 

A ln Q-mA in P (8) 
0066) where m is the price elasticity of the supply. 
0067. This supply shifter embodies not only the techno 
logical change, but also possible changes in government 
Subsidy, tax policies and other farm policies. Other factors, 
Such as weather and input prices, are also likely included in 
this shifter. Because Several policy changes are explicitly 
integrated in the model, using the shifter estimated by 
equation (8) to forecast the future world dairy situation 
might be inappropriate in certain situations. 
0068. Simulating Demand/Supply Changes without 
GATT (2000GR): 
0069. The first scenario analyzed in this section assumes 
no policy changes over the BASE Scenario and shifts 
demand/Supply following the historical trends observed dur 
ing 1989-95 (or other period as appropriate). This scenario 
can be considered a new BASE (referred to as 2000GR, 
where “GR” stands for “Growth”) on which the assessment 
of impacts of policy changes is made. Moreover, comparing 
the impacts of demand/Supply change with the ceteris pari 
bus policy analyses in the previous Section will provide 
information about the relative magnitude of policy impacts 
with respect to other factors, Such as income, population 
growth and technological changes. 

0070 Forecasting Year 2000 (2000GRG and 2000GRP; 
or Other Year as Appropriate): 
0071. The scenarios combining projected demand/supply 
changes and policy changes reflect the model forecasts of 
the year 2000 world dairy situation (or other year as appro 
priate). Two scenarios (2000GRP and 2000GRG) are imple 
mented for the forecasting purpose in this study. In both 
Scenarios, GATT member countries use their marginal poli 
cies under their URA commitments (i.e., maximum tariffs, 
minimum import quotas, and maximum allowable export 
subsidies) for the year 2000. The difference between these 
two scenarios is that, in 2000GRP, several domestic dairy 
policies change in Selected countries (the same as in the 
Policy 2000 Scenario), while in 2000GRG, domestic farm 
policies are the same as in the BASE. In short, 2000GRP is 
the combination of 2000GR and Policy 2000, while 
2000GRG combines 2000GR and GATT 2000. 
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0072 Free Market in 2000 (2000GRFM): 
0073. The 2000GRFM scenario reflects the full trade 
liberalization situation in the year 2000 given that the 
demand/supply shifts follow historical trends (1989-1995; 
years may vary with the particular analysis). Trade related 
domestic policies (price Supports, production quotas and 
direct Subsidies) are eliminated as well in this Scenario. 
0074 Adjustments to Demand and Supply Shifters: 
0075. In the previous forecast scenarios, the demand and 
Supply shifters are projected from the trends in historical 
data (ie., 1989 to 1996, or other period of time as appropri 
ate). This type of simple projection approach can be useful 
in general, but it is quite naive. Forecasts based on adaptive 
expectations do not consider what has happened recently 
and what will happen in the future, and consequently, should 
be treated cautiously. For example, in Eastern Europe and 
FSU, the GDP growth rate was about -5% a year during the 
BASE period, when the countries in these regions Started 
economic reforms. These economies have become more 
stable and positive GDP growth rates have been observed 
recently in many of these countries. As a result, a minus five 
percent growth rate is definitely not a good projection of 
growth rate for the period of 1994-2000. The current finan 
cial and economic crisis in East Asian countries will reduce 
the GDP growth rates in affected countries significantly, due 
to the contagion effects on the rest of the World. A similar 
Situation exists in the forecasts for regional milk Supply 
shifters in the regions with Sharp declines in milk production 
in the BASE period due to various macroeconomic factors 
that are expected to disappear in the future. 
0076 Under these considerations, a rational expectation 
approach where new information being used could be more 
appropriate than the adaptive expectation (where only his 
torical trends are used) to predict demand/Supply changes. A 
set of modified projections based on real GDP growth is 
constructed. For countries without forecasting information, 
the historical data is still used. Changes are made mostly on 
Organization for Economic Cooperation and Development 
(OECD) countries and important emerging markets, Such as 
East Asia and East Europe, the former Soviet Union. For 
example, due to the currency, financial and economic crises 
in most East Asian countries, their economies are expected 
to have lower GDP growth rates than before. 
0.077 Simulating Low Demand Growth (2000LGR): 
0078. The 2000LGR scenario (LGR stands for “Low 
Growth”) is the counterpart of 2000GR with new projections 
on demand and Supply shifts (again, the year may vary with 
the particular analysis conducted). The Scenarios with the 
adjusted demand/Supply shifts are referred to as the Low 
Growth because the major differences between 2000LGR 
and 2000GR result from the lower GDP growth (thus the 
demand growth) in East Asia. It should be emphasized that 
the “Low-Growth” scenarios are not sensitivity analyses, but 
rather as more realistic projections of the year 2000 Situa 
tion. 

0079. In 2000LGR, trade and domestic policies remain 
the same as in the original BASE. Using 2000LGR as the 
new, Low-Growth BASE the impacts of the GATT and 
domestic policy changes on World and regional dairy mar 
kets are reassessed, and compared to the results with those 
from the previous ceteris paribuS analyses. 
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0080 Forecasting 2000 with Adjusted Demand/Supply 
Shifters: 

0081. With the above adjustments to the demand/supply 
shifters, two scenarios (2000LGRG and 2000LGRP) are 
Simulated to forecast the global dairy Situation in the year 
2000. Only trade policy changes have been taken into 
account in the 2000LGRG simulation. Both trade policy and 
domestic policy changes are considered in the 2000LGRP 
simulation. 2000LGRG parallels the 2000GRG scenario but 
with adjusted demand/supply shifts and 2000LGRP parallels 
2000GRP in the same fashion. Free Market at 2000 Revised 

(2000LGRFM): The 2000LGRFM Scenario reflects the full 
trade liberalization situation in the year 2000 with the 
adjusted projections for demand/Supply changes. 

0082 Welfare Measures and General Results: 
0.083. In addition to the traditional partial equilibrium 
welfare measures, producer and consumer Surplus, govern 
ment revenues from or expenditures on trade policies (tariff 
revenue minus export Subsidy Spending, which can be 
considered as the net benefit to taxpayers) as a part of total 
welfare are also considered. 

0084. In the GATT 2000/Domestic Policy Changes simu 
lation the focus is on the regional welfare implications of the 
changes in trade/domestic policies in the ScenarioS relative 
to the “Low-Growth” BASE (2000LGR). In the Free Market 
Scenario the Welfare changes under full trade liberalization 
(versus the “Low-Growth” BASE) are analyzed. In this Free 
Market scenario (2000LGRFM), all tariffs and export Sub 
Sidies are eliminated. Thus, government revenues from and 
expenditures on trade policies are Zero. 

0085) Step I: Creating a Database of World Dairy Sector 
Data 100 

0.086 A tremendous amount of data is required to opera 
tionalize the World dairy hedonic spatial equilibrium model 
of the present invention. As a result, the first Step in the 
process of forecasting the effects of trade policies on World 
dairy Sector attributes is to condition a preliminary Set of 
data (for a number of years) for use as the input to the BASE 
Scenario model. This is done by (a) compiling and updating 
a database of World dairy Sector data from various Sources 
110, (b) manipulating and transforming the data to produce 
files of the data in a form usable by the spatial equilibrium 
model of the present invention 120, and (c) updating the 
BASE model files of aggregated data 130. It should be 
noted, that it may be possible to acquire a preexisting 
database to use as input to the model of the present inven 
tion, in which case, this first Step of creation of a database 
may be skipped. 

0087. Some of the main data inputs used to operate the 
BASE model include (1) base year farm level prices and 
production of primary commodities, wholesale level prices, 
production, and consumption of Secondary dairy products, 
(2) a regional wholesale Sector value-added matrix (farm 
wholesale processing and distribution costs); (3) interre 
gional transportation costs; (4) regional Supply and demand 
elasticities; (5) regional income elasticities; (6) GDP growth 
rates, and (7) regional trade distortions. These data of inputs 
are in Some cases available as is, and in others must be 
derived or calculated Separately. 
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0088 Compiling and Updating a Database of World 
Dairy Sector Data 110. 
0089 Much of the information on dairy production, 
consumption and trade that is needed to perform the method 
of the present invention is available in raw form from public 
Sources. It should be noted, however, that private Sources of 
information may also be used to, in Some cases, more 
accurately simulate the effects of various policy Scenarios 
and Supply and demand trends on the World dairy Sector. 
0090 Publicly available data used in the spatial equilib 
rium world dairy model originates generally from three main 
Sources, the Food and Agriculture Organization of the 
United Nations (FAO), the International Monetary Fund 
(IMF) and the Organization for Economic Cooperation and 
Development (OECD). 
0091. In general, production and trade data for various 
years come from the FAO and OECD (e.g., milk production 
by country, production data of processed foods, and trade 
data by country; using OECD data for all OECD countries). 
The exchange rate and gross domestic product (GDP) 
growth rate data used in the model come from the IMF. The 
price data and Stock change data for the model is provided 
by the OECD (OECD data is used for all countries where 
possible, otherwise FAO data is used for the country). 
Regional trade distortion data (regional export Subsidies, 
import tariffs and quotas, etc.) are obtained from the URA of 
the GATT. For certain non-GATT member countries, the 
U.S. Dairy Export Council provides tariff and import quota 
information. As well, other commercial Sources of actual (de 
facto versus dejure) implementation of the URA GATT 
commitments can be utilized (e.g., Tariffic database). 
0092. Once the raw data is downloaded from the various 
Sources, the data must be cleaned (the labels of the data set 
are changed to conform to the corresponding data labels in 
the relational database, e.g. MS-Access) and resaved in a 
form importable into the AcceSS database. 
0093. The data is organized into raw data tables and 
grouping tables. Raw data tables are tables that include one 
or more fields that can be mathematically manipulated. Raw 
data tables are used to Store disaggregate raw data, e.g., by 
country and product. Raw data tables include those for 
production (milk and commodity), composition (milk and 
component), import quantity, import value, export quantity, 
export value, price, Stock, exchange rate and GDP growth. 
0094. By contrast, grouping tables store information to 
define aggregation and Sorting criteria for a specific field. 
Grouping tables include, e.g., region, product category, 
continent, region order, and category order. By changing the 
information in these tables, users may easily regroup or Sort 
data in alternative formats, making the data retrieval very 
flexible. 

0095 Countries are grouped into regions: 220 countries 
are grouped into 21 regions including, WEU-all countries 
in Western Europe, including Malta, EEU-all countries in 
Eastern Europe, FSU-all countries from the former Soviet 
Union, CHN-China, Hong Kong, Taiwan, Macao, and 
Mongolia, JAP Japan, KOR-Korea, South and North, 
SEA-Southeast Asia Countries to the east of Myanmar, 
including Myanmar, IND-India, OSA-other South Asian 
counties, AUS-Australia, NZL-New Zealand, MDE 
Middle East including Cyprus, NAF North Africa, SAF 
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Republic of South Africa, CAN-Canada, USA-U.S.A., 
MEX-Mexico, SAMN-South America excluding Argen 
tina, Chile, and Uruguay, SAMS-Argentina, Chile and 
Uruguay, CAM-Central America and Caribbean Countries, 
excluding Mexico, and ROW-all other countries, mostly in 
Sub-Sahara. 

0.096 Product categories include MILK-milk of cows, 
buffalos, goats, sheep, and camels, CHE-all types of 
cheese & curd including fresh cheeses, Such as cottage 
cheese; BUT all milkfat products, consisting of butter, 
ghee, and butter oil; WMP whole milk powders; SMP 
skim milk powders and buttermilk powders; DWH-dry 
wheys, CAS-caseins and caseinates, CEM-condensed 
and evaporated milks; and RES-dairy not included above, 
mainly fluid milk, Soft, and frozen products. 
0097 Regions are organized into continents as follows: 
W. Europe=WEU; E. Europe/FSU=EEU, FSU; E. Asia= 
CHN, JAP, KOR, SEA, S. Asia=IND, OSA; MidEast/NAF= 
MDE, NAF; N. America=CAN, USA; S/C America=MEX, 
SAMN, SAMS, CAM; Oceania=AUS, NZL; and Rest of 
World=SAF, ROW. 

0098. In Summary, the database (updated with new data 
as and when it becomes available) contains demand and 
supply data for 37 dairy products and 220 countries. For 
production data, it has annual production data for milk from 
5 animal species, 7 types of cheese (according to the milk 
origin), 5 types of milkfat products (according to the milk 
origin), 6 dry dairy products (including milk powder, casein 
and dry whey), and 4 kinds of condensed and evaporated 
milk. There are no production data for fluid milk, soft 
products, frozen products, and whey products except for dry 
whey. These products are defined in the residual category. 
The unit for production data is metric tons (MT). 
0099 Trade data include those for all products except that 
fresh milk trade is treated in residual category rather than in 
raw milk. This means that, “Fresh whole cow milk' is 
different from “Cow milk”, and “Fresh sheep milk” is not in 
the same category as "Sheep milk'. As a consequence, there 
are no trade data for raw milk. There are 4 Sets of trade data: 
Import quantity, Import Value, Export quantity, and Export 
value. The quantity data are in MT and value data are in 
1000 US dollars. 

0100 Price data are available only for 5 types of raw milk 
and are in local currency units per MT. Very limited price 
information for other dairy products from non-FAO sources 
has been added into the database. The database also includes 
official eXchange rate data that are used to convert price data 
from local currencies into U.S. dollars. 

0101 Stock data are available in aggregated form. For 
example, rather than data for different types of cheese, only 
ending Stock data for cheese as a whole is available. There 
are five product categories having Stock data: cheese, butter, 
whole milk powder, Skim milk powder, and casein. If 
unavailable from the FAO, data are gleaned from other 
Sources to make the database as complete as possible. Many 
Sources provide annual Stock change data rather than ending 
Stocks for each country. We convert Stock change data into 
ending Stock by arbitrarily adding Starting Stock data for the 
first year. Since in the majority of Studies only Stock changes 
are of interest, this “conversion' should not affect data 
accuracy. 
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0102) To estimate the trends in demand and supply 
changes the database also includes real GDP growth rate 
data. Real GDP growth includes both the population growth 
and GDP per capita change, and has been adjusted for 
inflation. Data are obtained from the World Bank, and are in 
percentage growth terms. 
0103) Trade policy and milk component data are not 
Stored in Access because they are in rather aggregated forms 
and involve many calculations. These data are Stored in a 
variety of Excel files instead. 
0104. Manipulating and Transforming the Data to Pro 
duce Updated Files in a Format Usable by the Model 120. 
0105 The data in the compiled database is manipulated 
to provide information in a form appropriate for use in the 
model. Country level data need tremendous data manipula 
tion and processing to obtain regional level computer input 
data. The compiled database tables are queried to retrieve 
information of whatever sort is needed by the model, and/or 
further calculations are made to derive new information 
from the data. In this way, regional level data and other 
calculated data are prepared for input to the BASE model. 
0106 Queries may be constructed to retrieve information 
for regional milk production, milk price and milk compo 
Sition, for example. Standardization and/or reconstitution 
parameters may also be derived. For example, the degree of 
intermediate dairy products (skim and whole milk powder, 
evaporated/condensed milks, dry whey protein concentrates, 
butter/anhydrous milk fat) and usage to make the final 
demand dairy products (cheese and residual category prod 
ucts Such as fluid milk, frozen and Soft products) may be 
calculated by country and/or region. Any number of addi 
tional queries are possible limited only by the imagination 
and requirements of the user. The results of the queries may 
also be exported in Spreadsheet format, if desired. 
0107 Various calculations are also performed to deter 
mine other values for use by the model. For example, 
consumption is generally computed from a Supply and 
demand balance worksheet where consumption is taken as 
the residual of Production+Imports-Exports+Beginning 
StockS-Ending StockS (=Consumption; if stocks data are 
missing, they are omitted in consumption). Another calcu 
lation is performed to increase the accuracy of FAO data on 
production and prices. A three-year average is calculated for 
any given year's data (e.g. 1995-1997 data averaged to give 
year 1996 value). In this way the more recent year data of 
the older database are updated using current year data. 
Interregional transportation costs (TC) are calculated as flat 
transportation costs (e.g., for non-refrigerated products 
(whole and skim milk powder, casein, evaporated & con 
densed milk and dry whey), TC=S0.018/MT/Nautical mile; 
for refrigerated products (cheese and butter), TC=S0.027/ 
MT/Nautical mile; and a very high rate is used for fresh milk 
products (to characterize partially high trade barriers on 
fresh milk products)). As well, commercial Sources can be 
used to obtain more detailed and country to country Specific 
transportation costs. Distance data are derived from Defense 
Mapping Agency data. 
0.108 Updating Supply/Demand Trends and Exchange 
Rates 125. 

0109 Naive Supply and demand trends are updated by 
choosing compound growth rates (by product and by coun 
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try) to minimize forecast error over the 5 years prior to and 
including the current BASE year data. Annual quantity 
forecasts are generated from BASE data using compound 
growth rates for each product and region. Prices are adjusted 
to quantity forecasts by Subtracting price changeS/demand 
(Supply) elasticity from the forecast demand (Supply) 
changes. The GDP and population projections are used with 
income elasticities to forecast demand for product/region. 
0110. The BASE model is run to generate linear regional 
Supply and demand curves using regional Supply and 
demand elasticities (derived from USDA SWOPSIM data; 
see, Roningen, V., J. Sullivan, and P. Dixit, 1991, Documen 
tation of the Static World Policy Simulation (SWOPSIM) 
Modeling Framework, Staff Report No. AGES 9151, Wash 
ington, D.C.: USDA/ERS) and base level prices and quan 
tities. Regional income elasticity data are derived from 
USDASWOPSIM for major countries, and is computed for 
other countries assuming that countries having similar 
development Status have Similar demand characteristics. 
0111 Updating the BASE Model Aggregated Data Files 
130. 

0112 Newly retrieved, manipulated and in some cases 
updated data (as described above) are merged with current 
BASE model files to update them. Once this is done, the 
model itself can be updated as per Step II below. 
0113 Updated data include (a) regional milk production, 
price and composition; (b) regional production, consump 
tion, Stocks, imports/exports and price for all commodities, 
and, (c) component balance at the regional level (milkfat, 
casein, whey protein, lactose). The updated component 
balance includes (a) production of milk components (using 
FAO data); (b) utilization of milk components (using FAO 
data); and, balance of the Surplus/shortage on the residual 
(nontraded) product category. 
0114. The result of Step I is to transform the model's files 
of World dairy Sector information to accurately reflect the 
recent World economic conditions and to be usable by the 
model. In this way, the BASE scenario model is specified to 
provide an accurate representation of the World dairy mar 
kets and reflects recent World economic conditions. 

0115 Step II: Refining the Model 200 
0116. During this step of the method, the BASE model 
data are adjusted to be consistent with model Specifications 
before the model is used to do other analyses: (a) the BASE 
model of the World dairy Sector is run to generate prelimi 
nary world dairy sector attribute forecasts 210, (b) prices are 
calibrated and the model resolved with the price calibrations 
and updated ad-valorem tariff rates 220, and (c) the results 
are validated and the model parameters refined accordingly 
230-250. This process is iterative and results in a refined 
model able to predict world dairy Sector attributes accu 
rately. Solving the resulting refined BASE model yields 
optimal regional values for milk/commodity production and 
consumption, commodity trade flows, milk/commodity 
prices and implicit component prices (fat, casein, whey 
protein and lactose). These resulting BASE values can then 
be used to measure changes that result when the model is 
resolved under various policy Scenarios in order to deter 
mine their effects on the world dairy sector (see Step III). 
0117 Run BASE Model of the World Dairy Sector to 
Generate Preliminary World Dairy Sector Attribute Fore 
casts 210. 
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0118 Using the updated model files, the BASE model is 
run to generate a preliminary Set of annualized forecasts. 
Output Summary files are created for farm level prices and 
production; commodity prices, production and consumption 
by product and country/region, imports and exports by 
product and by country/region; commodity trade flows by 
product and by country/region; and producer and consumer 
Surplus (welfare), net costs to treasury (tariff revenues minus 
export Subsidy and intervention price expenditures). 
0119) Calibrate Prices and Resolve the Model with the 
Price Calibrations qnd Updated Ad-Valorem Tariffrates 220. 
0120 Price calibrations are performed in order to address 
certain limitations of the data. FAO provides price data only 
for primary products (raw milk prices). The Secondary dairy 
product price data is obtained from Several other Sources 
that, unfortunately, only provide information for major dairy 
countries and major dairy products. Moreover, Very limited 
information is available on dairy manufacturing and distri 
bution costs. Estimates are made of the manufacturing and 
distribution costs for major dairy products (cheddar cheese, 
butter, skim milk powder, and whole milk powder) in Several 
countries (mostly OECD countries). To handle these data 
limitations, the model is used to compute unknown manu 
facturing and other cost parameters while Solving for the 
optimal base Solution. 
0121 The basic idea of this calibration procedure is to 
Search for the values for those unknowns that are consistent 
with the model Specifications, equilibrium conditions and 
the parameters based on data that are available. This 
involves solving the model a number of times with the 
calibrated data updated in each run. The procedure can be 
divided into the following steps. Step one: "guess” the 
values of the unknown manufacturing and other cost param 
eters as the Starting values and Solve the model. Step two: 
compare the model Solutions with the data, which include 
the original "guessed” data. Adjust those "guessed” data/ 
parameters in the direction that will potentially reduce the 
deviation of model Solutions from the data, and Solve the 
model again. Step three: repeat Step two until no further 
Significant changes are needed to alter the model Solution. 
0122) The goal of calibration via updating manufacturing 
costs is to replicate the data for regional milk price and 
production data by choosing region-specific adjustments on 
processing costs. Using the procedure described above we 
obtain region-Specific price calibration wedges that make the 
regional milk prices in the model Solution the same as 
observed price data. 
0123 Given that the milk Supply curves are fixed, cali 
brating the milk price in this manner is equivalent to 
calibrating regional milk production because the calibration 
procedure is to move the equilibrium points along the fixed 
Supply curves. AS for the calibration of regional prices of 
Secondary products, the position of the associated regional 
demand curves is adjusted to the points that are relatively 
consistent with milk Supply curves and other demand 
curves, on which good information (generally the regions 
including OECD countries) is available. Using the proce 
dure described above, the unknown prices, thus regional 
consumption, can be calibrated. The regional demand curves 
are then reset with the updated prices by re-computing prices 
intercepts and slopes under Standard formulas using 
assumed demand elasticities, BASE quantity and calibrated 
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price data. After Sufficient iteration of the calibration pro 
cess, BASE data is replaced with the current model solutions 
for all non-OECD prices. 
0.124 Market prices are treated as endogenous in the 
calculation of tariffs. This is done by solving for market 
equilibrium iteratively, where each iteration uses updated 
Specific duties equivalent of the ad Valorem tariffs, until 
convergence is obtained. Upon convergence, the Solution is 
identical to the one obtained from solving directly the 
asSociated mixed complementarity problem. Finally, most 
non-tariffs barriers influence import Volume directly and can 
be introduced easily in Spatial trade models by adding 
appropriate restrictions on quantities traded. 

0125 Validate Results and Refine the Model Parameters 
Accordingly 230-250. 

0.126 Once price calibrations are complete, the model is 
resolved with the calibrated price data and updated endog 
enous ad-valorem tariff rates 230. The model Solutions are 
validated by comparing them with actual data 240 and the 
model parameters refined accordingly 250 to better align the 
model results with the actual data. 

0127. Some of the model parameters refined by the 
process include (a) domestic policy parameters (e.g. inter 
vention prices, production/consumption Subsidies, quota 
rents, fluid/manufacturing milk price wedges), (b) trade 
policy parameters (e.g. GATT commitments (import quotas, 
two-tiered import tariffs (within and over quota), export 
Subsidies (quantity and expenditure)), and (c) Standardiza 
tion/reconstitution parameters (e.g., the degree of interme 
diate dairy products usage (skim and whole milk powder, 
evaporated/condensed milks, dry whey protein concentrates, 
butter/anhydrous milk fat) to make final demand dairy 
products (e.g., cheese and residual category (fluid milk, 
frozen and Soft products) by country/region). 
0128. As an example of the validation procedure, con 
sider the following. The BASE model is run to forecast 
annually to 2000 using only information available in 1995. 
Native supply/demand shifters based on 1989-1994 data and 
annual eXchange rate forecasts are employed. The resulting 
annual forecasts are then compared with actual annual data 
from 1996, 1997, 1998, and 1999 for farm prices, milk and 
commodity production, trade, etc. The accuracy of the 
model can then be assessed and the model assumptions (e.g., 
Supply/demand trends) refined accordingly. The focus is on 
near-term assumptions as these will affect the accuracy of 
the shorter-term forecasts. 

0129. The model is run again with the refined parameters 
and the validation proceSS repeated until the model Solutions 
conform acceptably to the actual data. When this occurs, the 
model is deemed to be refined sufficiently for its forecasts to 
be used for comparison with model results under various 
policy scenarios. The refined BASE model 310 yields fore 
casted optimal regional milk/commodity production and 
consumption, commodity trade flow, milk/commodity prices 
and implicit component prices (fat, casein, whey protein and 
lactose), among other forecasted world dairy Sector 
attributes. 

0130. The validated model is run to forecast out 5 years, 
updating the next year forecast with the current model 
Solution (see, e.g., FIG. 3 Sample output table, also includ 
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ing validations). Thus the model produces five years worth 
of annual forecasts that can be updated periodically as new 
data are acquired. 

0131 Step III: Running the Updated Model Under a 
Plurality of Scenarios to Forecast the Effects of Each of the 
Scenarios on the World Dairy Sector Attributes 300. 

0132) The BASE simulation described in the previous 
Section, provides a reasonably good representation of World 
dairy markets. For that reason, it may be used as a bench 
mark to compare results from other simulations 340. The 
model is modified to reflect various policy Scenarios and run 
to generate world dairy Sector attributes under each of the 
policy scenarios 320, and these forecast results 330 are then 
compared with those of the BASE run in order to determine 
the effects of each of the policies on the world dairy sector 
340. 

0133) Run Model Under Various Policy Scenarios 320. 
0134) The policy parameters of the BASE model are 
adjusted according to each policy Scenario and the model 
Solved (examples of Several domestic and trade policy 
Scenarios are given above in the Section on the model and 
policy Scenarios). The model is run to simulate the effects of 
a policy and generates annualized (and optionally also 
longer-term) forecasts of various attributes of the world 
dairy Sector including Supply and demand trends and 
eXchange rate changes. 

0135 Compare Forecast Results with those of the BASE 
Run to Determine Policy Effects 340. 

0.136 Output files are generated from each policy sce 
nario 330 run and compared with the BASE Solutions 340 in 
order to solve for the effects of the policy scenario. Sample 
output tables are given in FIGS. 4 and 5, by way of example 
of the effects of various policy Scenarios on the World dairy 
Sector attributes of farm milk prices and maximum allow 
able Subsidied exports (note that the output may be Summa 
rized in a variety of ways besides in table format, including 
graphs and the like). Other attributes may be likewise 
summarized. Please note that though FIG. 1 depicts the 
forecasting of three policy ScenarioS at 330, any number of 
Scenarios may be run. 

0137 Other Embodiments 
0.138 While the above description contains many speci 
ficities, these should not be construed as limitations on the 
Scope of the invention, but rather as an exemplification of 
various embodiments thereof. The above-described embodi 
ments are Set forth by way of example and are not for the 
purpose of limiting the present invention. It will be readily 
apparent to those skilled in the art that obvious modifica 
tions, derivations and variations can be made without 
departing from the Scope of the invention. For example, 

0139 a) the database of the present invention may 
include private Sources of information in addition to 
the publicly available Sources, 

0140 b) other public sources of data may be used in 
addition to those described above; 

0141 c) regions may be formed by aggregating 
countries differently than described herein; 
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0.142 d) dairy components may be aggregated in 
different ways to the various categories of commodi 
ties, and, 

0143 e) the parameters of the model may be modi 
fied to reflect a variety of policy, as well as non 
policy Scenarios. 

0144. Accordingly, the scope of the invention should be 
determined not by the examples given, but by the appended 
claims and their legal equivalents. 

We claim: 
1. A method of forecasting the effects of a plurality of 

trade policy and Supply and demand Scenarios on a plurality 
of attributes of the world dairy sector across a plurality of 
regions, the method comprising: 

creating a database of World dairy Sector data, the data 
comprising a plurality of factors pertaining to dairy 
primary, intermediate and processed commodities 
including components thereof; 

refining an hedonic Spatial equilibrium model of the World 
dairy Sector using the World dairy Sector data; and, 

running the refined model under the plurality of Scenarios 
to forecast the effects of each of Said Scenarios on the 
World dairy Sector attributes on at least an annualized 
basis. 

2. The method of claim 1, wherein said plurality of 
attributes of the dairy Sector comprise prices, production, 
consumption, trade flows and welfare of producers, consum 
erS and taxpayers. 

3. The method of claim 1, wherein said plurality of 
regions comprise the United States, Mexico, China (includ 
ing Hong Kong, Taiwan, Macao and Mongolia), India, 
Japan, Australia, New Zealand, western Europe (all western 
European countries including Malta), eastern Europe, the 
former Soviet Union countries, Korea (north and south), 
Southeast Asia (countries to the east of and including 
Myanmar), Other South Asian countries, Middle East 
(including Cyprus), North Africa, Republic of South Africa, 
Canada, South America (excluding Argentina, Chile, Uru 
guay), South America (Argentina, Chile, Uruguay), Central 
America and Caribbean countries (excluding Mexico) and a 
remainder category of mostly Sub-Saharan Africa countries. 

4. The method of claim 1, wherein Said primary com 
modities comprise cow, buffalo, camel, sheep and goat milk 
and Said components comprise fats, casein proteins, whey 
proteins, other nonfat Solids and further fractionations 
thereof. 

5. The method of claim 1, wherein said processed com 
modities comprise cheeses, butters, whole milk powders, 
Skim milk powders, dry wheyS, caseins, condensed milkS, 
evaporated milkS and other dairy products. 

6. The method of claim 1, wherein said intermediate 
commodities comprise butters, skim milk powders, whole 
milk powders, condensed milks, evaporated milks, caseins, 
dry wheyS, milk protein concentrates and other products 
embodying fractionated milk components. 

7. The method of claim 1, wherein one of said plurality of 
Scenarios comprises a base Scenario to reflect recent World 
economic conditions. 

8. A method of forecasting the effects of a plurality of 
trade policy and Supply and demand Scenarios on a plurality 
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of attributes of the world dairy sector across a plurality of 
regions, the method comprising: 

creating a database of World dairy Sector data, the data 
comprising a plurality of factors pertaining to dairy 
primary, intermediate and processed commodities 
including components thereof, creating the database 
comprising: 

compiling the data; 

transforming the data to be usable by an hedonic Spatial 
equilibrium model of the World dairy Sector; and, 

updating the data; 

refining the model using the World dairy Sector data, 
refining the model comprising: 

running the model under a base Scenario to forecast the 
plurality of World dairy Sector attributes under a Set 
of recent World economic conditions, 

calibrating a portion of the data, Said portion compris 
ing at least price data; 

re-running the model using the calibrated data; and, 

validating the model, and, 

running the refined model under the plurality of Scenarios, 
comprising the base Scenario and a plurality of non 
base Scenarios, to forecast the effects of each of Said 
non-base Scenarios on the World dairy Sector attributes 
on an annualized basis as a difference between a 
Scenario's forecast and the base forecast. 

9. The method of claim 8, wherein said plurality of 
attributes of the dairy Sector comprise prices, production, 
consumption, trade flows and welfare of producers, consum 
erS and taxpayers. 

10. The method of claim 8, wherein said plurality of 
regions comprise the United States, Mexico, China (includ 
ing Hong Kong, Taiwan, Macao and Mongolia), India, 
Japan, Australia, New Zealand, western Europe (all western 
European countries including Malta), eastern Europe, the 
former Soviet Union countries, Korea (north and south), 
Southeast Asia (countries to the east of and including 
Myanmar), Other South Asian countries, Middle East 
(including Cyprus), North Africa, Republic of South Africa, 
Canada, South America (excluding Argentina, Chile, Uru 
guay), South America (Argentina, Chile, Uruguay), Central 
America and Caribbean countries (excluding Mexico) and a 
remainder category of mostly Sub-Saharan Africa countries. 

11. The method of claim 8, wherein said primary com 
modities comprise cow, buffalo, camel, sheep and goat milk 
and Said components thereof comprise fats, casein proteins, 
whey proteins, other nonfat Solids and further fractionations 
thereof. 

12. The method of claim 8, wherein said processed 
commodities comprise cheeses, butters, whole milk pow 
ders, Skim milk powders, dry wheyS, caseins, condensed 
milks, evaporated milkS and other dairy products. 

13. The method of claim 8, wherein said intermediate 
commodities comprise butters, skim milk powders, whole 
milk powders, condensed milks, evaporated milks, caseins, 
dry wheyS, milk protein concentrates and other products 
embodying fractionated milk components. 
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14. The method of claim 8, wherein one of said plurality 
of Scenarios comprises a base Scenario to reflect recent 
World economic conditions. 

15. A method of forecasting the effects of a plurality of 
trade policy and Supply and demand Scenarios on a plurality 
of attributes of the world dairy sector, the method compris 
Ing: 

running an hedonic Spatial equilibrium model of the World 
dairy Sector, the model inputting data from a database 
of World dairy Sector data, the data comprising a 
plurality of factors pertaining to a plurality of dairy 
commodities, Said commodities including primary, 
intermediate and processed dairy commodities and 
components thereof; 

refining the model using the World dairy Sector data, 
refining the model comprising: 

running the model under a base Scenario to forecast the 
plurality of World dairy Sector attributes under a Set 
of recent World economic conditions, 

calibrating a portion of the data, Said portion compris 
ing at least price data; 

re-running the model using the calibrated data; and, 
validating the model, and, 

running the refined model under the plurality of Scenarios, 
comprising the base Scenario and at least one of a 
plurality of non-base Scenarios, to forecast the effects of 
the at least one non-base Scenarios on the World dairy 
Sector attributes on an annualized basis as a difference 
between Said at least one non-base Scenario's forecast 
and the base forecast. 

16. The method of claim 15, wherein running the spatial 
hedonic model comprises: 

calculating an amount of Surplus acroSS the plurality of 
dairy commodities and a plurality of geographic 
regions by adding producer and consumer Surplus, 

Subtracting a cost of transporting and processing Said 
plurality of dairy commodities acroSS the regions, 

Subtracting a value reflecting the net effects of a plurality 
of classical trade distortions, 

modifying the foregoing analysis by a set of values 
reflecting price distortions and quantity restrictions 
generated by the at least one non-base Scenario; and, 

Subjecting the preceding calculations to at least one of a 
plurality of constraints dependent on the at least one 
policy Scenario. 

17. In a method of forecasting the effects of a plurality of 
trade policy and Supply and demand Scenarios on a plurality 
of attributes of the World dairy Sector by running an hedonic 
Spatial equilibrium model of the World dairy Sector, an 
improvement to further optimize the model results compris 
Ing: 

incorporating into the model a plurality of factors per 
taining to a plurality of intermediate dairy commodities 
that may be reconstituted for use in the production of a 
plurality of final dairy commodities, the plurality of 
factors comprising: 
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cost of processing the intermediate commodities into 
the final commodities, 

shipments of the intermediate commodities under 
within and over quota tariffs and export Subsidies, 

expanded component balance incorporating the con 
version of the intermediate commodities into final 
commodities, and, expanded trade balance, import 
quota, export Subsidy and non-negativity constraints 
of the model that include the intermediate and recon 
Stituted final commodities and trade flows; 

whereby milk reconstitution technology is reflected in the 
model. 

18. A method of modeling the regional effects of a 
plurality of trade policy and Supply and demand Scenarios on 
a plurality of attributes of the world dairy sector by solving 
for a market equilibrium value over a plurality of regions 
under at least one of Said policy Scenarios, the method 
comprising: 

calculating an amount of Surplus acroSS a plurality of 
dairy commodities and the plurality of regions by 
adding producer and consumer Surplus, the plurality of 
dairy commodities comprising primary, intermediate 
and processed commodities, 

Subtracting a cost of transporting and processing Said 
plurality of commodities acroSS the regions, 

Subtracting a value reflecting the net effects of a plurality 
of classical trade distortions, 

modifying the foregoing analysis by a set of values 
reflecting price distortions and quantity restrictions 
generated by the at least one of Said policy Scenarios, 
and, 

Subjecting the preceding calculations to at least one of a 
plurality of constraints dependent on the at least one 
policy Scenario. 

19. The method of claim 18, wherein said plurality of 
regions comprise the United States, Mexico, China (includ 
ing Hong Kong, Taiwan, Macao and Mongolia), India, 
Japan, Australia, New Zealand, western Europe (all western 
European countries including Malta), eastern Europe, the 
former Soviet Union countries, Korea (north and south), 
Southeast Asia (countries to the east of and including 
Myanmar), Other South Asian countries, Middle East 
(including Cyprus), North Africa, Republic of South Africa, 
Canada, South America (excluding Argentina, Chile, Uru 
guay), South America (Argentina, Chile, Uruguay), Central 
America and Caribbean countries (excluding Mexico) and a 
remainder category of mostly Sub-Saharan Africa countries. 

20. The method of claim 18, wherein said primary com 
modities comprise cow, buffalo, camel, sheep and goat milk 
and Said components thereof comprise fats, casein proteins, 
whey proteins, other nonfat Solids and further fractionations 
thereof. 

21. The method of claim 18, wherein said processed 
commodities comprise cheeses, butters, whole milk pow 
ders, Skin milk powders, dry wheyS, caseins, condensed 
milks, evaporated milkS and other dairy products. 

22. The method of claim 18, wherein said intermediate 
commodities comprise butters, skim milk powders, whole 
milk powders, condensed milks, evaporated milks, caseins, 
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dry wheyS, milk protein concentrates and other products 
embodying fractionated milk components. 

23. The method of claim 18, wherein said cost of trans 
porting and processing is calculated by adding a cost of 
transforming Said primary commodities into Said interme 
diate commodities, a cost of processing Said intermediate 
commodities into Said processed commodities, a cost of 
transporting and marketing Said primary commodities 
between regions, and a cost of transporting and marketing 
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Said intermediate and Said processed commodities between 
regions. 

24. The method of claim 18, wherein said plurality of 
classical trade distortions comprise within and over quota 
tariffs, export Subsidies and production and import quotas. 

25. The method of claim 18, wherein said plurality of 
constraints dependent on the at least one policy Scenario 
comprise component balance, trade balance, import quotas, 
export Subsidies, trade flows and non-negativity constraints. 

k k k k k 


