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PREFACE 

This report is based upon work carried out by Masaru Kagatsume over 
the period 1980 to 1982 while he worked as a graduate fellow in the 
AERU. Dr Zwart of the Department of Agricultural Economics and Marketing 
at the College has been involved with the Unit's research programme into 
Japanese Agricultural Policy and the inter-relationships between Japan 
and New Zealand. This research programme has been financially supported 
by the Japan Advisory Committee. 

The present report describes an attempt to measure in quantitative 
terms the impacts of differing Japanese policies concerning the balance 
of imported final products and imported feedstuffs. 

Other publications emanating from this research programme include 
Discussion Papers No's 41, 4 7  and 5 7 ,  all of which discuss Japanese 
food policy and implications for New Zealand. 

P D Chudleigh 
Director 





SUMMARY 

In analysing New Zealand's problems of access to Japanese markets for 
livestock products, there has been considerable discussion about alternative 
import policies. Attempts to analyse alternative Japanese policies, which 
could improve welfare for Japanese producers and consumers, while at the 
same time increasing access for New Zealand products, have been dependent 
on understanding the interactions which exist within the Japanese livestock 
sectors. The aim of this study is to provide estimates of some of the 
quantitative information which is necessary to analyse these problems. 

The study develops a twenty-three equation econometric model which 
measures the interactions between the supply and demand for beef and dairy 
products, and the associated impacts on the feed grain sector in Japan. 
The production and consumption of livestock products is seen to be influenced 
to a marked extent by policy variables which are under control of the Japanese 
Government, or quasi governmental institutions. These variables influence 
both the price and level of imports of beef and dairy products, and are 
seen to play a major role in these markets. As might be expected, the 
short-run implications of changes in the policy variables are often relatively 
small, but longer responses appear to be more diverse and complex. 

The model clearly demonstrates the implications of following a policy 
which attempts to increase domestic prices. It is shown that for both 
beef and dairy products, a policy of increasing price support in an attempt 
to increase producer incomes, would cause production to expand and prices 
to fall. The long-run outcome of such changes is shown to be an increase 
in stocks and the termination of imports. 

Policies which liberalise the imports of products were shown to have 
beneficial impacts for New Zealand exports, but these effects appear to 
differ between the products. In general, the results showed that with 
liberalisation New Zealand's share of the import market would increase 
relative to Australia's, but it must be remembered that in some cases 
New Zealand's share of the market is substantially lower than that of 
Australia, the major competitor for New Zealand's livestock products. In 
the case of beef imports, and to a lesser extent dairy imports, the model 
has identified the trade-offs which exist in Japan between the imports of 
finished products and livestock feeds. These trade-offs are important in 
any analysis of food security for self-sufficiency in Japan. 





CHAPTER 1 

INTRODUCTION 

In recent years there has been considerable discussion about the effects 
of Japanese agricultural policy on the agricultural trade between Japan and 
Australia and New Zealand. This discussion has suggested that Japan's 
current policy of protecting livestock producers has led to a reduction in 
agricultural trade, and in the welfare of consumers within Japan. Alterna- 
tive policies which would guarantee the same level of income for agricultural 
producers, and yet increase consumer welfare, have been suggested in the 
past (~nderson (1982), Hayami (19791, Kagatsume (1980) and Kitson (1979)). Alterna- 
tive policies in general involve a trade-off, between domestic consumption 
and self-sufficiency in agricultural products, or between imports of feed- 
grains and finished products. The changes which have been suggested are 
sometimes dramatic and it is difficult to estimate the actual trade-offs 
that are involved. 

The aim of this study is to aid in quantitative evaluation of alternative 
proposals for the agricultural trade between Japan and New Zealand. The 
report deals specifically with the development of an econometric model of 
the Japanese feed and livestock sectors. 

Because the Japanese beef and dairy sectors are highly dependent on 
imported feed grains, it is important to consider the trade-offs between 
imports of meat and dairy products from New Zealand and imports of livestock 
feeds from the United States. Self-sufficiency and food security are stated 
objectives of Japanese agricultural policies, and yet the high level of 
dependence on imported feed stuffs means that Japan is vulnerable to changing 
conditions in international feed grain markets. In this situation, it has 
been argued that Japan should adopt a more flexible importing policy which 
has a reasonable balance between the import of final products and inputs 
such as feed. The mathematical model developed in this study is an attempt 
to measure the trade-offs which exist between these sectors. 

Chapter 2 of the paper provides a brief outline of the general structure 
of these sectors and later chapters discuss in more detail the methodology 
used in the development of the econometric model and the derivation of policy 
multipliers. The final part of the paper presents and discusses the multi- 
pliers which describe the dynamic impacts of changes in major policy variables 
in Japan. Such variables include the guaranteed prices and import quotas 
which are fixed by policy making authorities in Japan. 





CHAPTER 2 

THE ECONOMETRIC MODEL 

2.1 Introduction 

The model developed in this study can be divided into three general 
components; the dairy and beef models are self-contained simultaneous 
equation models of the supply and demand for dairy products and beef products 
respectively, and the feed grain component of the model essentially captures 
the derived demand for feed from both of the above sectors. In the present 
version of the model, the supply and demand for other meat products such as 
poultry and pork and fish are presumed to be predetermined. Each of these 
major sectors of the model are broken into sub-models which represent major 
product types within the industry concerned. The dairy sector model is 
disaggregated into a raw milk or drinking milk sub-sector and a more general 
milk products sub-sector. The beef sector model is also made up of two 
major components; the wagyu beef sub-sector, and the dairy beef subsector. The role 
of the dairy sector in providing beef calves for the beef sector is an 
important cross-linkage between the two major product types in the model. 
A schematic outline of the overall model is shown in Figure 1 .  

The feed grain sector is linked to the livestock sectors by the demand 
for feed from the total number of cattle in Japan. The demand for feed is 
made up of two major components, the demand for unprocessed feed and the 
demand for processed or compound feeds. Although an aggregate relationship 
is included, no attempt is made in the model to explain domestic feed grain 
production in any detail. An equation is included however, to explain 
imports of feed grains. 

The following sections briefly outline the structure and major components 
of these sectors. No attempt is made to provide a comprehensive background 
discussion of the sectors. Further information can be found in review 
articles by Longworth (1976) ,  and BAE (1981) .  

2.2 The Dairy Sector 

The Japanese dairy sector has grown considerably in the last twenty 
years as changing tastes in Japan have led to increased consumption of milk 
and other dairy products. Although rice is still the mainstay of Japanese 
agricultural production, livestock products now make up approximately 25 per 
cent of gross agricultural output. While dairy production only makes up 
about six per cent of gross agricultural output, production has expanded 
rapidly and there have been considerable adjustments in the structure of 
dairy farming. Over the last twenty years there has been a strong tendency 
for the number of dairy farms to be reduced and for the size of individual 
dairy farms to increase. At the same time total milk production per cow has 
increased by approximately 30 per cent. 

Demand for milk and milk products in Japan is relatively low by world 
standards and has increased at a slower rate than milk production in the last 
decade. Of the 65 million tonnes of milk produced in Japan per year approx- 
imately 60 per cent is consumed as drinking milk and the remaining 40 per cent 
is used in some form of processing. A full range of processed products are 
produced in Japan and in the last few years the production of butter and milk 
powders has reached a level that has led to an accumulation of stocks. 
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Although a wide range of dairy products was imported in the past, the only 
major imported product at the present time is cheese. Cheddar cheese is 
imported from Australia, New Zealand and other world markets to be used in 
the production of processed cheese within Japan. 

The import of dairy products to stabilise supply, and other stabilisation 
activities in the domestic market are under the control of the Livestock 
Industry Promotion Corporation (LIPC). The LIPC is a semi-governmental 
institution, established in 1961, with the responsibility of stabilising 
domestic prices of major livestock products both by intervention in the 
domestic market, and by controlling imports. Although prices for drinking 
milk in Japan are determined competitively, they are high by world standards, 
because of the natural protection which is afforded the fresh product. Milk 
for processing, however, must compete with imported product and is presently 
subsidised by the LIPC at a level somewhat lower than the raw milk price. 
This deficiency payment has a substantial impact on producers1 returns, 
although the payment of the guaranteed price is limited to a fixed quantity. 
Thus the guaranteed price (GP) and the liquid quota (LMQ) are both major 
policy instruments which influence the level of dairy production in Japan. 

The LIPC also controls the price level for designated dairy products 
(which includes butter and skim milk powders) by controlling imports and 
domestic stocks. An indicative price is fixed each year for each of these 
products; domestic storage is adjusted in order to maintain this price in 
the market. Imports of designated products are controlled through the 
issuing of import quotas by the LIPC. Over the last few years, imports of 
butter and skim milk powder have dropped virtually to zero because of the 
quota mechanism. Imports of cheese are handled through an alternative 
system which does not involve tenders but does impose a tariff, the level 
of which is related to the importer's use of the domestic product. Thus 
the indicative stabilisation price (BSP), the level of milk product imports (IMMP) 
and the level of dairy product stocks are the major policy variables which 
influence dairy product prices and consumption in Japan. 

Figure 2 presents a schematic outline of the structure of the dairy 
sector and the major policy instruments. The major links with the other 
sectors in the model are through the demand for feed and through the impact 
that the number of dairy cows has on calves which can be used for beef 
production. 

2.3 The Beef Sector 

As mentioned in the previous section, the beef industry in Japan is 
broken into two major components. Wagyu beef is the traditional beef in 
Japan and provides approximately 35 per cent of Japan's beef production in 
any year. The remainder of beef production is split between dairy steers 
and dairy cows. Beef production has not grown as fast as dairy production 
in the last five years, but beef consumption has been increasing at a faster 
rate than dairy consumption. Beef consumption in Japan however, is still 
considerably less than in.most other countries in the world, partly because 
prices are substantially higher. 

The Japanese beef industry is protected largely by the operations of 
the Livestock Industry Promotion Corporation, who are responsible for controlling 
both the stability of domestic prices and the level of beef imports. As in 
the dairy sector, imports of beef are controlled by a tendering system. Quotas 
are fixed for a particular period and tenders are offered by the major exporting 
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countries, which include Australia, the United States and New Zealand. 
Imported beef is usually sold by the LIPC in such a manner that domestic 
prices will be stabilised. Price stabilisation bands for both wagyu and 
dairy beef are set by the LIPC, who use the resale of imported beef and 
also domestic stocks in an attempt to maintain market prices within these 
bands. In this general framework, the major policy instruments which the 
government uses to affect the beef market include the total import quota 
(BIMPQ) and the beef stabilisation price (BPSTB). Figure 3 presents a 
schematic outline of the beef industry, showing the major endogenous variables 
which include the total number of cattle, the production of wagyu and dairy 
beef, the prices of these products and total beef consumption. 

Within the total model imports from Australia and New Zealand are deter- 
mined by a simple market share model. The import quota is assumed to be an 
exogenous policy variable, but the share of the import market among Australia, 
New Zealand and other exporters is assumed to be determined by the relative 
prices of these imports. 

The beef sector has an obvious linkage with the dairy sector through the 
number of dairy cows which are available to produce beef calves. The linkage 
with the feed grain sector is through the demand from all cattle for both 
processed and unprocessed feed. 

2.4 The Feed Grain Sector 

Japan is highly dependent on imported feeds for its livestock sector. 
The self-sufficiency level for cereal feeds has dropped significantly from 
around 20 per cent in the early 1970's to less than 10 per cent in 1980. 
A similar situation exists for soya beans and other protein feeds. These 
feed imports come largely from North America and Australia and are purchased 
on the highly competitive world feed markets. Price uncertainty in these 
markets has often meant that Japanese producers have been faced with highly 
variable input costs. Domestically produced feed is mainly in the form of 
roughage for both dairy and beef cattle and is largely made up of rice and 
barley straw, and some green feed crops. 

Imports of feed grains are relatively unaffected by import policies. 
In Figure 4 it is shown that the endogenous variables in the feed grain sector 
are the level of imports and domestically produced feed, the amount of feed 
which is mixed and compounded, and total feed consumption. The exogenous 
variables in the feed grain sector are the cost of imported feed and the 
closely related domestic feed costs. 

This section has briefly described the major components and character- 
istics of the livestock and feed industries in Japan. Figures 2, 3 and 4 
summarise the relationships which are assumed to exist in the market, and 
the arrows shown in the diagrams depict the major lines of causality. Each 
of the endogenous variables is represented by an equation in the econometric 
model, which is developed in the next Chapter. The econometric model describes 
the consumption, production, price, trade and stocks of milk, milk products, 
beef and feed grains. Each of these endogenous variables is influenced by 
the major policy variables which have been described above. As the objective 
of the model is to look at general policy issues, the model has been aggregated 
in many respects. For example, there are many grades of beef, but in the 
final model there are only two categories; wagyu beef, which represents the 
high quality feed-lot beef, and dairy beef which represents all other lower 
quality beef products and which is readily substituted by imported beef. 
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This is a reasonable degree of aggregation as these products have very different 
demand characteristics and are also produced in different situations. It has 
also been necessary to aggregate the wide range of dairy products which are 
both produced and consumed in Japan. To do this all dairy products have been 
aggregated in terms of their milk equivalent content. This is a more critical 
form of aggregation and it does produce some complications in interpreting 
the final results. 

Because the focus of this analysis is on policy linkages, details of 
the specifications for individual equations are not discussed in any depth. 
The specifications used however, would generally conform to that expected 
in an econometric model of agricultural production and trade (~abys, 1973) .  
The discussion of estimates presented in the following chapter however, does 
outline some of the individual variables and the reason for their inclusion, 



CHAPTER 3 

THE ESTIMATED STRUCTURAL MODEL 

3.1 Introduction 

In this chapter the estimated equations for the overall model are presented. 
The relationships which are reported are the preferred estimates. Criteria 
for selection of individual equations involved a subjective weighting of the con- 
sistency of signs and the magnitude of the estimated parameters in relation to 
a priori reasoning, previous studies, statistical significance of the estimates, 
and the explanatory power of the estimated equations. Annual data from the 
period 1960 through to 1979 were used to estimate the parameters of the sto- 
chastic equations. Equations with two or more current endogenous variables 
were estimated using two stage least squares (TSLS) and other equations were 
estimated using ordinary least squares (OLS). In the application of two stage 
least squares, problems were encountered with the sample size. In this case 
the number of pre-determined variables used in the first stage of the two stage 
estimation exceeds the number of sample observations. Initial estimates of 
these relationships were made using instrumental variables to overcome the 
problem. Because the results were not significantly different from OLS results 
however, the results presented below are those from the ordinary least squares 
estimates. 

The variables used in the individual equations are defined in Appendix 1 .  

3.2 Estimated Equations for the Raw Milk Subsector 

As noted in Chapter 2.2 the raw milk sub-sector accounts for the milk which 
is consumed in liquid form. Table 2 presents the estimated equations and the 
associated coefficients of determination and Durbin-Watson statistics. The 
significance of the estimated parameters are shown as t statistics in paren- 
theses under each parameter. 

It can be seen from Table 1 that the demand for raw milk can be expressed 
as a simple dynamic function of the change in milk prices and the level of 
real personal consumption expenditure. 

The production of raw milk is primarily a function of the lagged price 
and the number of dairy cows, but is also influenced by the amount of milk 
which is eligible for the deficiency payment, and the price of feed-grain. 

Although the price of raw milk is determined in a competitive market in 
Japan, it is influenced by the guaranteed price for milk used in processing. 
The negative relationship between the price of raw milk and the demand for 
raw milk for other uses is somewhat more difficult to explain. It is possible 
that this relationship is caused by the fact that the lack of demand for raw 
milk has meant that prices have dropped at the same time as milk is channelled 
into other uses, such as the production of milk beverages. The importance 
of the lagged price of milk products is expected, and reflects the influence 
of the processing milk sector in determining the raw product price to producers 



TABLE 1 

ESTIMATED EQUATIONS OF THE RAM MILK SUB SECTOR^ 

Demand f o r  Raw M i  l k 

( 1 )  DRM = 144.971 + 0.983051 * D R M l  - 3.00634 * APRM + 1.01416 * PCER 
(9.18) (-1.99) (0.26) 

R2 = 0.99 D.W. = 1.71 

Produc t ion  o f  Raw M i l k  

( 2 )  QRM = 2126.63 + 4.98886 * PKMl + 1.72884 * NDC + 0.171078 * LMQ 
(3.25) (4.28) (1.76) 

- 71 .g169 * FDPR + 0.10319 * QMPl 
(-2.16) (0.46) 

R2 = 0.99 D.W. = 1.94 

P r i c e  o f  Raw M i  l k 

( 3 )  PRM = 47.3368 - 0.227139 * DOTH + 0.195461 X PG + 0.822b35 * PMPl 
(-2.196) (1.49) (7.52) 

R 2  = 0.98 D.W. = 2.06 

No. o f  Da i r y  Cows 

(4 )  NDL = 491.145 + 0717959 * NDCl + 0.339459 * PKDM + 1.55944 * UOTH 
(7.42) (0.49) (1.98) 

+ 0.0421802 * LMQ - 17.6993 * FDPK 
(0.97) (-1.80) 

R2  = u.99 D.W. = 1.15 

Returns f rom D a i r y  C a t t l e  

PRDM = 0.9746083 * PRM + 0.0253916 * PDM 

a 
Var iab les  a r e  def ined  i n  Appendix 1 .  The presence of a numeral a s  the  l a s t  
c h a r a c t e r  of a v a r i a b l e  name s i g n i f i e s  a lagged v a r i a b l e .  ( i . e .  DRMl i s  
DRM lagged one p e r i o d ) .  



The equation explaining the number of dairy cows is an important equation 
for the overall model, as it also has implications for the production of beef. 
It can be seen that the number of dairy cows is relatively slow to adjust, 
but there is a weak positive relationship with the returns received from dairy 
cows as well as the size of the deficiency payment. As expected, the number 
of dairy cows is also a negative function of the price of mixed feed. The 
relationship between the demand for other milk and the number of dairy cows 
is somewhat difficult to explain, but it is most likely associated with the 
strong growth in the demand for other milk products. For example, at the same 
time as there has been strong growth in dairy cow numbers, there has been an 
increasing trend towards the production of other products which utilise raw 
milk. The variable which represents the returns from dairy cattle (PRDM) is 
simply a weighted average of the price of raw milk and the price of beef from 
dairy cattle. This variable reflects the joint product nature of dairy produc- 
tion in Japan and the fact that some dairy cattle are kept solely for beef 
production. The weights, which are presented in Table 1 ,  are derived from the 
proportion of dairy cattle which are used solely for milk production and the 
proportion of dairy cattle which are used solely for beef production. 

In general, the results for the raw milk subsector explain a high degree 
of the variation in the endogenous variables. The signs of the relationships 
are consistent with a priori expectations, although the significance of the 
lagged dependent variables in many of the equations suggests that the variables 
arerelatively stable and adjustments are slow to take place. 

3.3 Estimated Equations for the Milk Product Subsector 

Table 2 presents the estimated relationships for the milk products sub- 
sector. 

The demand function for milk products is similar in form to that for 
raw milk. There is still a positive income relationship but the price of 
milk products is less significant than the price variable in the demand for 
raw milk relationship. The lack of significance of this variable could be 
due to the fact that the milk products are highly aggregated and cover a 
wide range of price levels. 

The quantity of milk products produced in the previous period explains 
the variation in the amount of milk which is used for the manufacture of milk 
products but, as would be expected, this level of production is also influenced 
by the price of the milk products,and the amount of milk which is covered 
by the deficiency payment, The production of milk products increased.as the 
quantity of milk eligible for the deficiency payment increases. 

As would be expected, the price for milk products is closely related to 
the price of raw milk. This is a part of the simultaneous relationship 
between the guaranteed price, the price of milk products, and the raw milk 
price. Another price which enters the relationship, is the milk product 
stabilisation price (BSP) which is the indicative stabilisation price 
announced by the LIPC. The price of milk products is also influenced by the 
demand for local milk products (measured as the difference between the demand 
for milk products and the imports of milk products). It can be seen that either 
an increase in the demand for milk products or a reduction in the imports of 
milk products will cause the price of these products to increase. 

Equations 8 and 9 in Table 2 describe the level of imports of milk products 
from Australia and New Zealand. In general, it can be seen that these equations 
are a function of the total import quota for milk products and the stocks held 



TABLE 2 

ESTIMATED EQUATIONS OF THE MILK PRODUCTS SUB SECTOR^ 

Demand f o r  M i l k  Products 

(5 )  DMP = 317.384 + 0.783463 * DMPl - 1.11678 * PMP + 6.6306 * PCER 
(4.50) (-0.74) (0.99) 

R 2  = 0.98 D.W. = 1.95 

Q u a n t i t y  o f  M i l k  Products Produced 

(6)  QMP = 279.496 + 0.710368 * QMPl + 1.07450 * PMP + 0.136964 * LMQ 
(4.26) (1.07) (1.27) 

R 2  = 0.95 D.W. = 0.91 

P r i c e  o f  M i l k  Products 

(7)  PMP = 7.54866 + 0.000415098 * PMPl + 0.951083 * PRM + 0.000203386 * BSP 
(0.0068) (16.20) (0.074) 

+ 0.00112657 * (DMP - IMMP) 
(0.69) 

R2 = 0.99 D.W. = 1.91 

Imports  o f  M i l k  Products f rom New Zealand 

(8) NZIMQ = -49.0186 + 0.12306 * NZIMQ + 0.362523 * IMMP - 0.0701803 
(0.60) (3.82) (0.38) 

* LSTK + 1.5338 * PCER - 1.85986 * NZRMP 
(0.61) (-0.80) 

R2 = 0.86 D.W. = 1.47 

Impor ts  o f  M i l k  Products f rom A u s t r a l i a  

(9 )  ASIMQ = -45.3349 + 0.112255 * ASIMQ + 0.210697 * IMMP - 0.320772 
(0.54) (3.37) (-2.82) 

* LSTK + 6.85752 * PCER - 3.95324 * ASDMP 
(2.70) (-3.041) 

R2 = 0.91 D.W. = 1.64 

Stock o f  M i l k  Products 

(10) STKMP = QRM - DRM - DOTH + IMMP - DMP - EXMP 
V V V V W W V V  

QMP 

a 
Var i ab l e s  de f ined  i n  Appendix 1 .  



by the LIPC. The two equations have a similar specification except that each 
equation is a negative function of the price of imports in that particular 
country. These relationships are significant, and reflect the competitive 
allocation of the import quota for milk products between Australia and New 
Zealand. Thus, while the quota quantity may be fixed, the allocation between 
Australia and New Zealand depends on price. The final equation in the milk product 
subsector is an identity which describes the change in stocks held by the 
LIPC residual of supply and demand. 

In summary, it can be seen that the milk product subsector is generally 
a flow-on from the raw milk subsector, and incorporates the competitive imports 
of these products from Australia and New Zealand. Despite the level of aggre- 
gation in dealing with milk products, the fit for the individual equations is 
good. As in the raw milk subsector,therelative significance of the lagged 
dependent variables suggests that the rate of adjustment in both the demand 
and the production of milk products is somewhat slow. This is possibly a 
reflection of the policy control which is imposed on the livestock sector 
in Japan, and the protection from instability which this has afforded. 

3.4 Estimated Equations for the Beef Sector 

As discussed in the previous chapter the production of beef in Japan 
can be broken into the two categories of wagyu beef and dairy beef. In this 
model, however, the beef consumption function is an aggregate of the two 
forms of beef. In Table 3 a summary of the estimated equations for the beef 
sector is given. The dynamic form of the aggregate beef consumption function 
is seen to be a negative function of the price of beef and a positive function 
of consumption expenditures. In this case the price variable is made up of 
a weighted average of the price of wagyu beef and the price of dairy beef, 
which reflects the relative proportion of these two meats in total beef con- 
sumption. Although the price variable is relatively insignificant, the 
expenditure variable has a major effect on beef consumption which reflects 
the luxury attitude towards beef consumption in Japan. 

Separate production equations are estimated for dairy and wagyu beef. 
The production function for wagyu beef follows the form of a conventional 
production function with total production being a positive function of the 
lagged price and a positive function of the total number of cattle. Price 
has relatively little effect, as the number of cattle is included as an 
independent variable in this equation and is the major factor affecting 
production in the short run. In a model of this type the longer run effects 
operate through the cattle number relationship. As might be expected, the 
feed price has a negative effect on the level of production as does the total 
beef import quota; this reflects the competition from imported beef and its 
associated price effects. The negative, although insignificant coefficient 
on TIME presumably reflects this slight trend towards decreasing wagyu beef 
product ion in Japan during this period. 

The equation explaining the production of dairy beef in Japan has almost 
exactly the same specification as that for wagyu beef, except that there is 
no negative time trend in production. Once again, the total number of cattle, 
the feed price, and the beef import quota are seen to be the most significant 
variables. 

While there are similarities in the production functions for the two 
types of beef, the price formation relationships show considerable differences. 
As would be expected, the price of wagyu beef (Equation 14)  is influenced by 



TABLE 3 

ESTIMATED EQUATIONS OF THE BEEF SECTOR a 

Beef Consumption 

(11) BFCON = -23 .g557 + 0.668373 * BFCON1 - 0.0291235 * (!*PWM + ~ * P D M )  
(3.58) (-G.63) 

3 

+ 2.60181 * PCER 
(2.63) 

R 2  = 0.96 D.W. = 1.37 

Produc t ion  o f  Wagyu Beef 

(12) QWM = -136.998 + 0.584502 * QWMl + 0.00343803 * PWMl + 0.0901691 
(4.8) (0.22) (6.49445) 

* (NBC + NDC) - 3.1701 * FDPR - 2.43709 * TIME - 0.489195 
(-1.20905) (-0.882826) (-5.04) 

* BIMPQ 

R 2  = 0.89 D.W. = 2.18 

Produc t ion  o f  Da i ry Beef 

(13) QDM = -29.3078 + 0.675005 * QDMl + 0.0289546 * PDMl + 0.0423148 
(3.20) (0.93) (1.60) 

* (NBC + NDC) - 4.09238 * FDPR - 0.241774 * BIMPQ 
(1.50595) (-1.33657) 

R2 = 0.95 D.W. = 1.86 

PPice o f  Wagyu Beef 

( 4  PWM = -167.399 - 0.0284611 * PWMl + 0.209965 * BPSTB + 56.9664 
(-1.78) (-0.096) (2.14) (3.51) 

* TIME + 0.620125 * PDMl 
(2.01) 

R 2  = 0.98 D.W. = 1.8 

PVice o f  D a i r v  Beef 

(15) PDM = -351.302 + 0.142068 * PDMl + 0.537432 * BPSTB + 1.53674 * BIMAPC 
(0.91) (5.22) (4.37) 

+ 0.785785 * (BFCON - BIMPQ) 
(1.92) 

R2 = 0.96 D.W. = 1.76 



TABLE 3 CONTINUED 

Number o f  Beef C a t t l e  

(16) NBC = 461.289 + 0.840605 * NBCl + 0.215479 * PWM - 5.48026 * FDPR 
(6.24) (1.11) (-0.19) 

- 22.1934 * TIME 
(-0.59) 

R2 = 0.83 D.W. = 0.86 

Imports  o f  Beef f rom New Zealand 

(17) NBMQ = 2.22322 - 0.414643 * NBMQl + 0.040221 * BIMPQ - 0.0407322 
(-1.2) (3.21) (-1.30) 

* NBMP + 0.286785 * PCER + 0.00967931 * BFCONl - 0.0235798 
(1.81) (0.63) (-1.46) 

* QBMl - 0.949606 * TIME 
(-1.80) 

R2 = 0.81 D.W. = 1.69 

Imports  o f  Beef f rom A u s t r a l i a  

(18) ABIMQ = -9.12937 - 0.0409757 * ABIMQl + 0.568485 * BIMPQ - 0.0131342 
(-1.57) (28.89) (-0.64) 

* ABMP- + 0.536142 * PCER - 1.75941 * TIME 
(2.46) (-2.15) 

R2 = 0.99 D.W. = 2.48 

Stocks of Beef 

(19) BDSTK = QBM + BIMPQ - BFCON - BFEX 

a 
Var i ab l e s  de f ined  i n  Appendix I .  



the stabilisation prices which are announced by the LIPC. It should be noted 
that the price used in this equation is in fact the average of the ceiling 
and floor price, which reflects the general level of prices which the LIPC 
is attempting to maintain. Because wagyu beef makes up a smaller proportion 
of total beef production, it is dominated by dairy beef consumption and is 
influenced by the price of dairy meat from the previous period. The time 
trend is somewhat more difficult to explain, but is probably due to the increas- 
ing scarcity of very high quality wagyu beef and changing tastes. 

While the dairy beef price is also influenced by the stabilisation price, 
there is an additional influence from imported beef products. This is 
reflected in the average import beef price (BIMAPC) and a variable which 
measures the demand for local beef products. As was the case for milk products, 
this latter variable is a positive function of beef consumption and a negative 
function of beef imports. 

The equation explaining the number of beef cattle accounts for the herd 
of wagyu beef cows that are currently in Japan. As would be expected, this 
function is positively related to the price of wagyu beef and negatively 
related to the feed price. The negative coefficient on the time variable 
reflects the trend towards the decrease in numbers of wagyu beef cattle in 
Japan during the estimating period. While this equation has a relatively high 
degree of explanation, the level of serial correlation present in the final 
equation is a cause for some concern. 

Equations 17 and 18 describe the level of imports of beef from Australia 
and New Zealand. As for milk products, these two equations have the same 
basic specification in each case, except for the inclusion of the import 
price of the respective country. Other variables in these equations include 
the total level of beef imports into Japan and a measure of disposable or 
real income. While it might be expected that the total level of beef imports 
would be sufficient to explain changes in the import levels from Australia 
and New Zealand, it must be realised that there are also substantial imports 
from other countries such as the United States. In this case it is reasonable 
to expect that as factors such as incomes change in Japan there may be changing 
market shares among the different sources of imports, due to the differing 
qualities and characteristics of the imports from different countries. A 
similar effect would be noticed in the "TIME" variables which are included 
in each of these equations. In the case of imports of beef from New Zealand 
it was also shown that imports were a positive function of the previous year's 
beef consumption, and a negative function of the previous year's beef production 
in Japan. Although these latter effects are only marginally significant, it 
can be seen that a negative relationship associated with beef production in 
Japan is larger than the positive effect associated with increased consumption. 
If these relationships can be interpreted ceteris paribus, they reflect the 
declining competitiveness of the New Zealand type of beef on the Japanese - 

market as production and consumption grows. 

The final relationship in the beef sector model is an identity which 
explains the changing level of beef stocks, the majority of which are held 
by the LIPC. 

3.5 Estimated Equations for the Feed Grain Sector 

The major objective in modelling the feed grain sector is an attempt 
to measure the effect of changes in the livestock sector on the consumption 
and subsequently the import of feed grains. Table 4 shows the estimated 
equations for the major relationships in the sector. Equation 20 explains 



TABLE 4 

ESTIMATED EQUATIONS OF THE FEED GRAIN SECTORS a 

Produc t ion  o f  Mixed Feed 

(20)  MXFDQ = -609.171 + 0.971278 * MXFDQl + 0.557513 * (NDC + NBC) 
(21.36) (0.68) 

R 2  = 0.98 D.W. = 1.47 

Consumption o f  Feed Gra in  

(21) FDCON = 546.929 + 0.981216 * MXFDQ + 0.00964062 * FDCONl 
(109.11) (1.45) 

- 18.8683 * FDPR 
(-3.96) 

R2 = 0.99 D.W. = 1.88 

Impor ts  o f  Feed 

(22)  FDIMP = 11022.0 - 31.5772 * IMPRCW + 0.315955 * FDCON + 8.3152 * PCER 
(-1.31) (1.33) (0.77) 

R 2  = 0.85 D.W. = 1.04 

Produc t ion  o f  Feed Crops 

(23) FDCROP = -10377.8 + 1.58848 * FDCON + 2.80789 * (NDC + NBC) 
(5.81) (1.62) 

+ 119.712 * FDPR 
(0.33) 

R 2  = 0.98 D.W. = 1.37 

a 
Var i ab l e s  def ined  i n  Appendix 1 .  



the level of production of mixed and compound feed in Japan. This is a relatively 
simple function of the total number of cattle in Japan, including both dairy 
and beef cattle. The importance of the lagged dependent variable suggests 
that production of mixed feed is relatively slow to adjust over time. The feed 
consumption equation is seen to be primarily a function of the level of mixed 
feed production, but is also influenced by the price of feed grain. An 
alternative form of this model would use a reduced form equation in which 
Equation 20 is substituted into Equation 21, and thus the total consumption 
of feed grain would depend on the total number of cattle as well as feed prices. 
The formulation used in this model allows more flexibility in that it identifies 
further important variables. 

The level of imports of feed grain is estimated to be a negative function 
of the import price for feed grain and a positive function of the total level 
of feed consumption in Japan. Although the final estimated version of the 
equation included a positive relationship with real income, this is a relatively 
insignificant relationship which is probably related to the total trend in the 
level of imports of feed. 

The final equation in the feed grain sector explains local production of 
feed crops in Japan. As might be expected this variable is closely related 
to the consumption of feed grains and also to the total number of cattle on 
hand in any year. There is also a positive although insignificant relation- 
ship between the total price of feed and the production of feed crops, which 
are substitutes for purchased feed. 

In general the equations estimated for the feed grain sector explain 
a high proportion of the variation in these variables. These relationships 
are important for overall policy analysis as they measure the derived demand 
for total feed, and also for imports of feed, to satisfy the requirements of 
the livestock sector. 

3.6 Summary 

The econometric model outlined in this Chapter consists of twenty-three 
linear equations and identities. As has already been noted, the model is a 
somewhat aggregated summary of the relationships which exist in the livestock 
and feed sectors inJapan. The estimated relationships have shown the strong 
dependencies between the sectors and also the importance of dynamic relation- 
ships both within and between individual sectors. In order that these 
relationships might be studied more closely, it is essential to look at the 
model as a complete entity, rather than a set of twenty-three individual 
relationships. To this end, the following chapter develops a generalised 
theoretical framework for the analysis of the estimated model. The framework 
will be used in later sections to validate the model and also to derive policy 
response multipliers. 



CHAPTER 4  

FRAMEWORK FOR MODEL ANALYSIS 

4 .  1 Introduction 

This chapter presents a brief summary of a theoretical framework 
used to analyse a linear simultaneous equation system and to derive policy 
response multipliers. Although much of the material presented in this 
chapter can be found in Intrilligator (1978) and Johnston (1963) it is 
presented here in a consistent fashion to aid in the understanding and 
presentation of the estimated model. For readers who are primarily concerned 
with the policy implications of the model results, this chapter of the paper 
is less important, and they may wish to proceed directly to the section on 
model validation and policy conclusions 

4 . 2  The Structural Form 

The linear equations which have been presented in the previous chapter 
can be represented in matrix algebra form by the following dynamic equation: 

where A and B are n X n matrices 

C is an n X m matrix 

Y is the column vector of n endogenous variables 

Z is the column vector of m exogenous variables, and 

V is the column vector of n disturbance terms. 

In the estimated model n (the number of endogenous variables) equals 
23, and m (the nubmer of exogenous variables) equals 19. 

In order to investigate the performance of the equation system, it is 
necessary to solve the simultaneous equation system. In doing so, there are 
two stages of solution. The first is to solve for the endogenous variables 
as a function of all the predetermined variables and exogenous variables in 
the system. The second is to solve the endogenous variables in the system 
as a function of the exogenous variables only. The former is called the 
reduced form of the equation system, and the latter is called the final form 
of the system. 

4.3 The Reduced Form 

The reduced form is derived by premultiplying the inverse matrix of the 
coefficient matrix A in the structural form (Eq. I )  to both sides of the 
equation system, i.e. 

This manner of presenting a model will be used for deriving the 
dynamic multipliers and also in certain types of simulation (e.g. The ... 



coefficient matrix n2 in Equation 2 is also the short run impact multiplier 
matrix and can be used directly to measure the impact of the immediate impacts 
of a change in any of the exogenous variables). 

4.4 The Final Form 

In order to investigate the dynamic properties of the equations system, 
a final form relationship can be derived. To do this it is necessary CO solve 
the first order difference equation of the reduced form ( ~ q .  2). Following 
the usual procedure for solving difference equation systems with fixed coeffi- 
cients, the following equation can be derived: 

where the X (i = I ,  ..., n) are the characteristic roots of the coefficient 
matrix n of the lagged endogenous variables, and (Gi.) (i = I...n) is the 
matrix ok the arbitrary constants which are determine& by the initial condi- 
tions. This equation is known as the final form. The first term in the right 
hand side of the final form equation (3), shows the long run equilibrium or 
stationary values, ~*(t), of the endogenous variables corresponding to a 
given set of the exogenous variables, Z*(t). 

The second term in the right hand side of the final form equation, y(t), 
shows the systematic fluctuation of the endogenous variables around their 
long run equilibrium. In the terminology of difference equations, the final 
form equation (3) is known as the general solution. The second term in the 
equation is the homogenous part of the solution and consists of the linear 
combination of the eigen values (characteristic roots) of the lagged endogenous 
variable coefficient matrix (nl) in the reduced form with the exponent t. The 
first term in the equation corresponds to the "non homogenous part of the 
solution", and is the coefficient matrix for ~ ( t )  (i.e. (I - n1)-h2). The 
coefficients are identical to the long run multiplier matrix which will be 
discussed in the following section. 

It can be shown that the systematic movement of the endogenous variables 
around their long run equilibrium value depends upon the magnitude and sign 
of the dominant eigen value. If the absolute value of the dominant eigen 
value is less than one, then the system has stability and if it is a positive 
real value, then the system will converge monotonically towards equilibrium. 
If it is a negative real value, then it converges towards the equilibrium in 
an oscillating manner. If the absolute value of the dominant eigen value is 
larger than one in either of the above cases, then it diverges from the long 
run equilibrium. If it is a complex number, then it shows cyclical convergence 
to the equilibrium. The absolute value of the number shows the amplitude of 
the cyclical movement, and the periodicity of the cyclical movement can be 
derived using the real part and the imaginary part of this complex number. 1 

4.5 Dynamic Multipliers 

In the preceding discussion, two kinds of multipliers (short run impact 
multiplier and long run multiplier) have already been referred to. In this 
section a more systematic explanation of these multipliers will be presented. 

If the complex number can be represented as a+bi then the periodicity of 
the cycle is equal to 2T -' b 

/tan 



If the reduced form equation ( 2 )  is lagged one period: 

and substituting into the reduced form equation (21, the following statement 
can be derived: 

By continually substituting for the lagged variables this procedure can be 
repeated S times such that; 

where: T is the iteration number. 

The stability conditions are essential to this analysis as long run multipliers 
will be relevant only as long as the model is stable. The stability condition 
means that the absolute value of the dominant eigen values must be less than 
one. This implies that the matrix n S+ ' approaches a null matrix as S increases 
to infinity, i.e. 

S + 1 
lim n = 0 
S +-W 

1 

In this situation Equation (6) is simplified to the following: 

Definitions of the various multipliers can be obtained from successive com- 
2 r ponents of the exact part of this equation (i.e. n2, ~ 1 ~ 2 ,  n1 n2, ... n1 7~2). 

These matrices describe the effect of changes in exogenous variables on the 
endogenous variables in the same or successive periods, and are known as the 
delayed multipliers. The multipliers are generally broken into the following 
major categories. 

Short run static multipliers 

The short run static multipliers measure the influence that a one unit 
change in an exogenous variable (Z) will have on the endogenous variables (Y) 
within the same period assuming all other predetermined variables are held 
constant. By taking the partial derivative of Y with respect to Z in the 

t t final form equation (7) where T = 0, the matrix of impact multipliers is 



Long run static multi~liers 

The long run static multiplier (also known as the equilibrium or stationary 
multiplier), shows the impact of a sustained unit change in an exogenous variable 
on the endogenous variables after a long period of time. It describes the 
change in an endogenous variable between two stationary states, and can be 
derived by taking the partial derivative of the final form with respect to the 
fixed variables, ~(t), which represent a sustained change in some exogenous 
variable. 

- 
where: Z(t) = Z 

These multipliers equal the sum of the delay multipliers up to an infinite period 
lag (T-1. 

Delay dynamic multipliers 

The delay multiplier describes the impact of an impulse change or the 
effects of a one period change in an exogenous variable on the current and 
future values of the endogenous variables. Since the exogenous variable returns 
to its original level, its effects on the endogenous variables would decline as 
time.increases, depending on the strength of the feedback and assuming the 
system to be stable. It can be derived by taking the partial derivative of 
Equation ( 9 )  with respect to Z(t-T); 

Cumulative dynamic multipliers 

The cumulative multiplier describes the effects of a one unit change in 
the exogenous variable (which is maintained over T periods) on the current 
and future values of an endogenous variable. In the evolutionary expansion of 
the final form of the model, the coefficient of the exogenous variable can be 
written as follows: 

Since the value of the exogenous variables remains constant over the T periods, 
Equation (8)  becomes 

The cumulative dynamic multiplier can be derived by taking the partial 
derivative of Y(t) with respect to ~(t): 

This equals the sum of the delay multiplier over the periods. 



Each of these types of multiplier can be used to provide information 
about the manner in which the system responds to changes in specific exogenous 
variables. 

An alternative, more general form of analysis shows how the model responds 
in a situation where more than one exogenous variable is changing at any one 
t ime . 

4.6 Simulation Analysis 

In simulation analysis the values of the endogenous variables (~(t)) 
are estimated for specific values of ~(t-l), ~ ( t )  and ~ ( t )  or ~(t). The 
simulated values of the endogenous variables can be used both in forecasting 
and policy analysis, as well as in general validation procedures. The 
alternative types of simulation and their applications are briefly discussed 
in this section. 

There are three basic types of simulation associated with model analysis: 
partial, total, and final. In a partial simulation, actual data for the 
exogenous and policy variables ~(t), the lagged endogenous variables ~(t-l) 
and the endogenous variables appearing on the right hand side of each equation, 
are utilised to obtain a set of partial predictions for each of the endogenous 
variables Y(t). A total simulation places greater dependence on the model's 
ability to generate the endogenous variables, and only actual data for the 
exogenous variables ~(t), and the lagged endogenous variables ~(t-l), are 
required. In the final simulation, values of the lagged endogenous variables 
Y(t-I) as well as the current values of Y(t) are generated from the model, 
and only actual data for the exogenous variables Z(t) are needed. The latter 
method of solution is that most often associated with policy simulation analysis 
where it is necessary to measure the effects that changes in a policy variable 
will have on the endogenous variables over time. 

Simulation of a commodity model can follow directly from its estimated 
reduced form: 

To obtain a sequential set of values for the endogenous variabls requires 
solving the simultaneous equations using the actual or predicted values of 
all lagged endogenous variables and the exogenous variables. The sequential 
values of Y(t) are obtained through iterating over each of the n endogenous 
variables and for each time period. 

Policy simulation analysis is normally performed by manipulating the 
values of the exogenous or policy controllable variables Z(t) and observing 
the resulting changes in ~(t). The disturbances U or Vt may be suppressed, 

t 
or generated following a random or autoregressive process to provide a 
stochastic simulation. The analysis may be carried out over the sample period 
which has been used to estimate the model parameters, or over some post-sample 
period. In the former case, the goal might be to explain how a commodity 
market would have behaved if other policies had been followed, while in the 
latter case, the goal becomes one of determining the future impact of such 
policies. Simulation analysis can also produce forecasts of key market 
variables based on conditional predictions of the exogenous variables. 

The reduced form simulation could be applied to almost any appropriate 
commodity model. However, the reduced form solution procedure becomes difficult 



when nonlinearities exist in variables or coefficients, or when equations are 
dynamic and contain lagged endogenous variables. In this case an alternative 
model solution procedure known as the Gauss-Seidel procedure can be used to 
solve the structural form of the econometric model. This procedure is briefly 
outlined below. 

Given that the general structural form of econometric model can be 
written as follows: 

and given a set of starting estimates (0) for the endogenous variables on 
the right side of the equation, and values for the exogenous variables, each 
equation can be solved to obtain a set of estimates for the dependent variables; 

These estimates on the left side of each equation can then be used to obtain 
a second estimate (2). 

This procedure can be continued for up to r iterations. The consecutive 
estimates of ~ { t )  will converge on a particulzr value such that; 

The value of L is selected as a critical percentage so that at convergence the 
final estimated value does not differ from the previously estimated value by 
more than L (for example, L = 0.1 or 0.01). When the convergence criterion 
is not met, the estimates are placed on the right hand side of each equation 
and the procedure is continued. It should be noted that the critical value 
applies to each variable and to each equation until the full set of equations 
is solved for a particular period. 

Once the stationary values of the variables Y(t) are attained they can 
be used as the lagged endogenous variables Y(t-l) in the right hand side and 
simulation advances to the subsequent time period (t+l). Whilst this proce- 
dure involves many iterations which consist of evaluating equations, it is 
ideally suited to computerisation and can easily handle non-linear equation 
systems and complex lag structures. 

The reduced form simulation procedure was used in this study to provide 
S-imulations which were used to validate the estimated model. Although the 
alternative types of simulation were used to test the validity of the model 
under alternative situations, a standard set of validation tests was used 
to evaluate each of these simulations. 



4.7 Validation Criteria 

The objective in any validation exercise is to show how closely the model- 
generated endogenous variables (Y(t)) approximate the actual data (~(t)). 

As parametric tests to measure the forecast error between actual and 
estimated values or simulated observations, single point criteria have trad- 
itionally been applied. These include the mean absolute percentage error . 

(MAPE) : 

n 
MAPE = - C (~(t) - ~(t)) 

n 
t= l A(t) 

and the root mean square error (RMSE); 

l RMSE = J ;  I: (~(t) - Y(t)l2 

where ~ ( t )  = actual observation values and ~ ( t )  = forecast or estimated values. 
Similarly the Theil inequality coefficient, U, which is essentially a standardi- 
sation of the RMSE can also provide information as to sources of error. 
Depending on the desired standardisation, there are three types of U coefficient; 

The coefficients U and U range from zero to one, but U2 ranges from 
l 

zero to infinity. In a91 cases the smaller the value of U is the better the 
goodness of fit. It is obvious that in a situation where ~ ( t )  = ~ ( t )  then 
the numerator in all of these measures will tend to zero. 

A non-parametric test, the Turning Point Errors Test is also useful as 
a measure of goodness-of-fit. The test measures how well actual turning 



points are simulated during the historical period, under the assumption that 
the ability of a model to predict turning points is a test of the validity of 
a model. The measure has four possible outcomes; a turning point will actually 
exist and the model will either predict or not predict it. Alternatively, no 
turning point exists and the model will either predict or not predict one. 
These four possibilities are illustrated in the following diagram; 

Predicted 

Turning Point No turning point 
pp- 

Turning Point f 
1 1  

f 
Actual 1 2  

No turning point 

Each cell represents the frequency of each alternative. Perfect turning 
point forecasting implies f12 = f2, = 0 ;  that is, there are no turning point 
errors. Expressing these errors in proportional terms provides a measure of 
turning point errors which can be identified as follows. 

The total turning point error (TPE) can be defined as, 

TPE = 

A measure of error due to turning points missed (TPlvIE) is, 

f 
TPME = 1 2  

f + f  
1 1  1 2  

A measure of error due to falsely predicted turning points (TPFE) is, 

f 
TPFE = 2  1  

f + f  
2  1  2  2  

Each of these measures ranges between zero and one; small values indicate 
satisfactory turning point simulation. 

The difficulty with each of the measures outlined above is that, although 
they do allow comparisons to be made between the goodness-of-fit for individual 
variables, they do not provide a rigorous statistical test. This implies that 
they cannot be usedto make probabalistic,or concise statements about the overall 
validity of a particular model. These measures must be used carefully to 
identify the overall value of a model, but more importantly they can be used 
to identify weaknesses which may exist in the specification or estimation of 
a particular model. 



CHAPTER 5 

SYSTEMATIC REPRESENTATION OF THE ESTIMATED RESULTS 

5 . 1  Derivation of the Estimated Structural Form 

As outlined in the preceding chapter, the general structural form of the 
econometric model can be written as follows: 

Using the estimated results of the structural equations, the coefficient 
matrices A, B and C of the model are presented in Tables 5, 6 and 7. 

As the first 19 equations in the model, which make up the dairy sector 
and beef sector, form the simultaneous block, the first 19 rows (or columns) 
of the coefficient matrix (A) have non-zero elements both above and below the 
diagonal. 

The last four equations in the model, which correspond to the feed grain 
sector, form the recursive block, and the last four rows (or columns) of the 
coefficient matrix  havenon- on-zero elements only below the diagonal line. 

The B matrix (Table 6 )  which has the same dimensions as the A matrix 
contains the coefficients which are associated with the lagged endogenous 
variables in the model. The C matrix  h able 7 )  has 22 rows which correspond 
to each of the equations in the model and 23 columns which correspond to the 
exogeneous and policy variables in the model. 

5.2 Derivation of the Estimated Reduced Form 

Given the estimated structural form, and pre-multiplying the inverse 
matrix of (A) from the left hand side, the general reduced form can be 
written as follows: 

Using the estimated results of the structural form the coefficient 
matrices IT and IT in the model are derived and presented in Tables 9 and 10. 

1 2 

Table 8 presents the inverse matrix of A and the coefficient matrices 
 IT^ and  IT^ are presented in Tables 9 and 10 respectively. As has already been 
noted, Table 10 measures the impact of the exogenous variables on each of the 
endogenous variables and corresponds to the short-run impact multipliers. 

5.3 Derivation of the Estimated Final Form 

As the general reduced form becomes the first-order difference equations 
system, it is possible to derive the final form by solving this equation 
system for the endogenous variables. The non-homogenous part of the solution 
is solved by substituting Y(t)-; ?.into the reduced form and the resultant 
equation system is: Y = (I-IT,) IT2*z(t). Coefficients are presented 
in Table 1 1 .  For the homogenous part of the solution, by substituting 



t 
~ ( t )  = X into the reduced form it is possible to derive the characteristic 
equations and solve them for the characteristic roots: 

or in matrix form; 
A t  

l +  

~ ( t >  = (I - v )-l n *z(tj + (m. . I  I 2 h2'- i,j = 1 .. . n. 
1 J 

The estimated characteristic roots (X) of the coefficient matrix nl, 
in the reduced form of the model are shown in Table 12. The elements of 
the matrix m are arbitrary constants which are determined by the initial 
conditions for each of the variables. 

5.4 Stabilitv Test 

Among the characteristic roots of .rr , the most dominant eigen value 
has a maximum absolute value XS = -98305. This is a positive real number 
which is less than one, which implies that the Japanese livestock-feed 
grain market possessed, in 1960-79, stability of the type that following 
any transitory disturbance, the endogenous variables would converge monotoni- 
cally to their equilibrium or stationary values. This convergence, however, 
would occur at a relatively slow rate because the dominant characteristic 
root is close to one. 

It should be noted that X,, X,, and XZ3 have latent roots with negative 
values and absolute values less than one, which show an oscillatory conver- 
gence to the equilibrium value (i.e. dampened oscillation). However, these 
mats have much smaller absolute values than X,. 

In addition to these, the eigen values X1, and X15, are complex numbers 
with an absolute value of less than one, which would suggest cyclical con- 
vergence to the equilibrium value as time passes. The periodicity and ampli- 
tude of their cyclical movement are computed to be T = 177 (i.e. frequency = 
0.00564 cyclelyear) and A. = 0.782 respectively. The absolute value of these 
complex roots are slightly smaller than the dominant root X and hence these 

9 cyclical variations would be dominated by the monotonic var~ation shown by 
X, and will not appear in the apparent total movement. Moreover, this cyclical 
component shows a periodicity which is too long to be observed. This is 
presumably due to the fact that this model uses only linear relationships and 
has a maximum lag of only one period. 

As stated above, all the estimated characteristic roots have an absolute 
value which is less than one. Hence, it can be considered that the whole 
system of the Japanese livestock feed grain sector is stable during the 
sample period. At the same time, it has shown that it takes a long time to 
return to the equilibrium state and almost always exists in the disequilbrium 
(non steady) state. 

These results about model stability should, however, be carefully 
interpreted. The results are dependent on the choice of the set of exogenous 
variables and given an alternative set of exogenous variables, the model 



could turn out to be unstable. What has been shown is merely that under the 
selected set of exogenous variables and model structure, these markets were 
shown to be stable. 

During the sample period for the estimation of this model there were 
unusual circumstances such as the oil shock in 1973 and the food crisis in 
1974-75.  These unusual events almost certainly affected the stability of 
the market. Thus, in order to derive more reasonable estimates of the 
stability during this period, it would be necessary to include dummy variables 
to exclude the effect of the extraordinary movements from the system as a 
whole. However, because of the desire to restrict the total number of variables 
in the model, this procedure was not followed, and this has almost certainly 
had an effect on the stability measures derived. 
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ESTIMATED CHARACTERISTIC ROOTS 





CHAPTER 6 

VALIDATION OF THE MODEL 

6.1 Introduction 

The previous chapter summarised the estimated coefficients and response 
parameters of the overall econometric model. Before considering the economic 
implications of the responses which are implied by the estimated model, it is 
important to consider the overall validity of the model. By using the model 
to simulate over the estimation period, it is possible to get an idea of how 
well the model explains the changes that have taken place. Although these 
tests would be more meaningful if the model were used to simulate conditions 
in the future, or some period outside of the estimation period, the lack of 
such data precludes the possibility of such a test. It is also relatively 
less important in a situation where the major aim of developing the model is 
to understand the response relationships within the sectors rather than to 
provide forecasts. 

While it may not be possible to make concise statements about the 
validity of a particular model, the validation exercise is 
valuable in identifying weaker parts in the structure of a particular model. 
To aid in identifying these problems the validation exercise is broken into 
three major parts or tests. The partial test is essentially a measure of 
the ability of the individual equations to explain the variation in the 
endogenous variables. No account is taken of previously generated endogenous 
variables or the simultaneous interaction which exists between equations. 
The test criteria are thus equivalent to those which would be derived from 
the original estimating equations. 

The total test takes account of the interaction between endogenous ̂ 

variables in the simulation for any one period. It does, however, assume 
that all lagged endogenous variables are known with certainty. This test 
provides a measure of the ability of the overall model to account for the 
simultaneous reactions within the sectors of the model. The final test is 
carried out by simulating the model simultaneously using only model-generated 
values of lagged endogenous variables. This test comes the closest to 
approximating a true forecast situation, as the only information provided is 
the level of exogenous variables and initial values for lagged endogenous 
variables. 

. It can be seen that the three tests provide a progression of increasingly 
difficult criteria which must be met to establish the validity of the model. 
By breaking the test into these individual components it is easier to identify 
the major source of any difficulties in the overall model. 

6.2 The Partial Test 

The results of the partial test are summarised in Table 13. As stated 
above, the results simply reflect the accuracy of the original estimating 
equation, except for the identities which can be seen to have a perfect 
explanation. It can be seen from the R square (R~) measure that all of the 
equations have an excellent fit with the minimum R2 of .8 and a Theil U of 
. I I. In general, the mean absolute percentage errors for the individua!? 
equations are relatively low, but problems do arise with some variables. These 
are caused mainly by either exceptional individual observations, as in 



TABLE 13 

SUMMARY OF VALIDATION RESULTS - PARTIAL TEST 

Theil Coefficients 
R Square U. u1 U2 

MAPE 
Turning Point Tests 

TP E TPME TPFE 

DRM 

QRM 
PRM 

NDC 
DMP 

QMP 
PMP 

NZ I MQ 
AS I MQ 
STKMP 

BFCON 

Q WM 
QDM 
PWM 

PDM 
NBC 

NBMQ 
ABIMQ 
BDSTK 
MXFDQ 

FDCON 
FDIMP 

FDCROP 



the equation for the imports of milk products from Australia, or it is 
caused by the relatively low absolute value of some variables. The turning 
point error tests show that most of the equations have a probability of 
a turning point error of less than .3. However, some individual equations 
have relatively high turning point errors. This is especially true for the 
equation which explains the number of beef cattle (NBC) and the equation 
which explains the price of raw milk (PRM). As many of the equations in 
the model have large coefficients on the lagged dependent variables, which 
imply a slow rate of adjustnent to changing exogenous variables, it is to 
be expected that the model might miss some of the short run changes in the 
actual data. 

6.3 The Total Test 

The results presented in Table 14 show that in general the degree of 
explanation does not fall when the simultaneous relationships are incorporated 
in the simulation. The major exceptions to this are the variables which 
explain the stocks of milk products and beef products. In the model these 
variables are explained by identities which are essentially residuals from 
other variables such as consumption, production and imports, in which case 
it is not surprising that these variables are subject to considerably more 
variability than the other variables. In effect, they account for residual 
variability in the other variables which go to make up the identity. The 
other variable whose explanation has decreased significantly is the production 
of wagyu beef (QWM). The major cause of this error is probably that the 
estimated equation depends largely on the endogenous variables which explain 
the number of beef cows and the number of dairy cows. Thus, any errors in 
the estimation of these variables would be passed on to the production equation. 

In general, the calculated mean absolute percentage errors (MAPE) are 
relatively low except for variables which have low means, such as the stock 
variables. The turning point error test shows that the ability of the model 
to predict turning point has deteriorated from the partial test. This would 
be expected as errors from endogenous variables are passed on to other 
endogenous variables. Apart from the stock variables, however, the only 
equations which show turning point errors of greater than 50 per cent are 
the relationship explaining the number of beef cattle (NBC) and the relation- 
ship explaining the price of milk products, both of which have a turning point 
error of 52 per cent. 

6.4 The Final Test 

As has been discussed previously, the final test is the most rigorous 
test of an econometric model at it includes a test of the dynamic relation- 
ships which have been estimated. The results presented in Table 15 show 
that the ability of the model to explain the historical events have not 
deteriorated considerably when model-generated lagged endogenous variables 
are incorporated in the simulation. Apart from the stock variables, there 
are only three other variables whose R2.has fallen below 80 per cent. These 
relationships include the quantity of wagyu meat produced (QWM), the number 
of beef cattle (NBC) and the New Zealand share of the imports into 
Japan (NBMQ). As would be expected, the Theil U and MAPE measures have 
deteriorated somewhat with the dynamic simulation, but there are individual 
case where the MAPE have improved. 



TABLE 14 
* 
SUMMARY OF VALIDATION RESULTS - TOTAL TEST 

Theil Coefficfents Turning Point Tests 
R Square U. MAPE 1 U 2 TPE TPME TPFE 

DRM .g961 .0111 .l755 .4661 2.2272 0.0000 0.0000 .OOOO 

QRM ,9887 .0212 ,4185 .4679 4.2417 0.0000 0.0000 .OOOO 

PRM .g762 .0319 -3409 .8856 4.9626 .4211 .5000 ,8750 
NDC 
DMP 

QMP 
PMP 
NZ 1 MQ 
AS I MQ 
STKMP 

BFCON 

QWM 
QDM 
PWM 
PDM 
NBC 
NBMQ 
AB IMQ 
BDSTK 

MXFDQ 
FDCON 
FDIMP 
FDCROP 



TABLE 15 

SUMMARY OF VALIDATION RESULTS - FINAL TEST 

Theil Coefficients Turning Point Tests 

R Square U. U 1 "2 MAPE TPE TPME TPFE 

DRM 

QRM 
PRM 

NDC 
DMP 

QMP 
PMP 

NZIMQ 
ASIMQ 
STKMP 
BFCON 

QWM 
QDM 
PWM 
PDM 

NBC 
NBMQ 
ABIMQ 
BDSTK 
MX FDQ 

FDCON 
FDIMP 
FDCROP 



The general measure of turning point errors also shows some improvement 
in comparison with the total test. Of the 23 endogenous variables, eight 
have a lower percentage of turning point errors in the final test, and only 
five have a higher percentage of turning point errors. This suggests that 
the dynamics incorporated in the model are a reasonable representation of 
the market structure. Some of these results can be explained by the aggregate 
time path of the endogenous variables. Many variables in the model have a 
strong time trend with relatively few turning points. In a situation where 
the simulation model uses estimated lagged endogenous variables, the model 
is most likely to recreate these strong time trends. The fact that there 
are relatively few turning points can be seen in Figures 5 to I 1  presented 
in Appendix 11. These graphs give an indication of the general ability of 
the model to simulate past conditions for some of the major variables in 
the final test. The selected variables are considered to represent some 
of the major ones in each sector. 

In general, the graphs show the strong time trends which exist in some 
of the variables in the beef and cattle market. The relatively stable 
trends in the predicted variables reflect the stable nature and dependence 
on lagged values which is incorporated in the econometric model. 

6.5 Summary 

The validation exercise has shown that the estimated econometric model 
is a reasonable representation of the Japanese livestock and feed sectors. 
The very high degree of explanation is partly attributable to the fact that 
many of the variables in the model display strong time trends; the lack of 
ability to predict turning points is partly a reflection of the low speed 
of adjustment of the overall model. The lack of turning points and the 
possible inability of the model to anticipate the turning point is of some 
concern when the major objective of the model is to measure the responsive- 
ness of the endogenous variables to policy changes. For this reason it is 
important that consideration be given to the validity of the multipliers 
which are to be derived from the estimated model. The following Chapter 
of this report presents the major multipliers for the model and discusses 
both their consistency and validity as well as their implications for policy 
analysis. 



CHAPTER 7 

MULTIPLIER AND POLICY RESPONSE 

7 .  1 Introduction 

Chapter 4 of this report described how the impact, delayed, cumulative 
and long-run multipliers could be derived from the reduced form and final 
form of the econometric model. Because of the amount of information involved, 
a complete set of these multipliers is not given. However, Table 10 in 
Chapter 5 presents a complete set of impact multipliers for each of the 22 
exogenous variables and 23 endogenous variables. Similarly, Table 1 1  presents 
a complete matrix of the long-run multipliers for the same variables. The 
multipliers presented in Table 10 and Table l i  are in absolute form, which 
means that the size of the multipliers must be considered in relation to 
the units and the size of the variables concerned. For policy analysis it 
is often more relevant to convert this information to percentages and thus 
present the multiplier in terms of elasticities. 

This chapter considers in more detail the elasticities with respect to 
the seven major exogenous variables in the model. Most of these variables 
are policy variables which are under the control of the Japanese Government 
or quasi-government institutions. These include guarantee prices and quotas 
for both beef and dairy products as well as the import quotas for both of 
these products. The major non-policy variables considered are personal 
consumption expenditures, which reflect trends that are likely to continue 
in the Japanese economy, and the import price of feed, which has in the past 
been a major cause of instability for the Japanese livestock industries. In 
Tables 16 and 17 the short and long-run elasticities for each of these 
variables are presented. 

7 . 2  Response to Income Changes 

The variable PCER measures disposable income in Japan. As might be 
expected, the major influence of income changes is through the demand for 
raw milk, milk products and beef. The influence on demand leads to price 
increases which in turn have an impact on production in later periods. 
The lagged effect of these responses is evident in the relative size of 
the long and short-run elasticities. The response in the demand function 
shows that demand for both raw milk and beef is elastic, with income elasti- 
cities of approximately 1.5 in both cases. The demand for milk products is 
somewhat lower with an elasticity of . 7 7 .  The apparently large effect that 
changes in income have on stocks of both beef and milk products comes through 
changes in consumption, which have a direct influence on the level of stocks. 
These elasticities appear somewhat more important than they are in absolute 
terms as the levels of stocks are usually relatively low. 

It is interesting to note the impact that income changes have on 
imports of both dairy products and beef from New Zealand. In the short-run, 
income changes appear to have substantial impacts on imports of these products, 
especially beef. These short-run effects have already been discussed and 
are presumably caused by preferences for products from New Zealand in relation 
to products from other countries. The long-run elasticities, however, are 
somewhat different. For dairy products it can be seen that there is a 
negative impact in the long run. For beef the long-run elasticity is some- 
what less than in the long run although still positive. These diminishing 



TABLE 16 

SHORT-RUN IMPACT ELASTICITIES FOR THE MAJOR 

EXOGENOUS AND POLICY VARIABLES 

PCER P G LMQ BSP BPSTB FDPR IMMP BIMPQ 

DRM 

QRM 
PRM 

NDC 

Dbl P 

QMP 
PMP 

NZIMQ 

AS IMQ 

STKMP 

BFCON 

Q WM 

QDM 
PWM 

PDM 

NBC 

NBMQ 

ABIMQ 

BDSTK -37.3180 .0836 1.2764 - 1.4405 -4.5530 - 3.5151 

MXFDQ .0000 .Q001 .0018 - .0007 -0.0019 - -0.0000 

FDCON .Q005 .0001 .Q017 - .0007 -0.0046 -0.0000 
FD IMP .0687 .0000 .OQQ2 - .0001 -0.0006 - -0.0000 

FDCROP .0002 -0004 .0068 - .0007 0.0004 - -0.0001 



TABLE 17 

LONG-RUN E L A S T I C I T I E S  FOR THE MAJOR 

EXOGENOUS AND POLICY VARIABLES 

PCER PG LMQ BSP BDSTB FDPR I MMP BIMPQ 

DRM 

QRM 
PRM 

NDC 

DMP 

QMP 
PMP 

NZIMQ 

ASIMQ 

STKMP 

B FCON 

Q WM 

QDM 
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PDM 
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NBMQ 
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FDIMP 
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responses are most likely caused by the increase in domestic production which 
occurs with a lag following increases in domestic market prices. This 
response serves as a demonstration of the responsive nature of production of 
these products in Japan, and is a reasonable reflection of past events. 

Response to Changes in the Guaranteed Price for Milk Products 

The guaranteed price for milk products (PG) is the government determined 
price which is paid for purchases of milk for manufacturing from farmers in 
Japan. As might be expected, this variable has a positive effect on the 
production of milk in Japan because of the close linkage between this price, 
the price for raw milk, and the price for milk products. The increased 
number of dairy cows leads to increased production of both wagyu and dairy 
meat, although it does not appear to have a direct effect on the price of 
these products. The increased production which would be associated with an 
increase in the guaranteed price also leads to an increase in the level of 
stocks of both milk products and beef. This reflects the stabilising 
influence of these stocks. As would be expected, a change in a policy 
variable which leads to increased production, would also lead to increased 
imports and use of feed products, especially in the long-run. While the 
elasticities for this response appear to be relatively low in absolute 
terms, the multiplier shows that an increase of one yen per kilogram in 
the guaranteed price leads to an increase of 7.6 thousand tonnes in imports 
of feed grains. 

7.4 Response to Changes in the Maximum Quantity Eligible for Deficiency 
Payment S 

The variable LMQ measures the total quantity of milk which is eligible 
to receive the guaranteed price for processing milk. With a complex policy 
variable such as this, it is somewhat difficult to outline a-priori expecta- 
tions of the responses. It is generally assumed that this variable has the 
effect of controlling the production of milk by reducing returns to producers. 
The results from the model however, indicate that this variable has little 
impact on price, but it does influence quantities produced in these markets. 
An increase in this allocation leads to increases in dairy cows, production 
of raw milk, and the production of milk products. This increased production, 
however, leads to increases in stocks of milk products, as well as stocks of 
beef products following increases in beef production. In a similar manner 
to the guaranteed price, this variable does not appear to have any influence 
on the imports of dairy products from New Zealand, but it does have a negative 
effect on the imports of New Zealand beef. This relationship is due to the 
fact that any policy instrument which increases beef production in Japan 
decreases the demand for imports from New Zealand which are directly com- 
petitive with Japanese dairy beef. 

7 . 5  Response to Changes in the Stabilisation Price for Milk Products 

It is difficult to put a specific interpretation on these elasticities 
because the variable used in the model (BSP) is a weighted average of the 
stabilisation price for the various milk products. The stabilisation prices 
are the price levels which the LIPC attempts to maintain through its market 
intervention operations. It appears from the results, that this variable 
has relatively little impact on the markets other than a short-run negative 
effect on consumption of milk products and a positive impact on the price 
of milk products. These relatively small short-run effects lead to more 



wide-ranging long-run effects, including increases in returns to farmers, 
in dairy production, in beef production, and hence in the demand for imported 
feed. .These elasticities show the well established effects of government 
control of market prices. Attempts to legislate increases in market prices 
usually lead to decreases in consumption, but even larger increases in 
production, and hence substantial increases in stocks. Although the model 
does not suggest that such a change would have an effect on imports of milk 
products from countries such as New Zealand, this would undoubtedly be the 
situation if the changes were sufficiently large and sustained. 

7.6  Response to Changes in the Beef Stabilisation Price 

The beef stabilisation price operates in a similar manner to the dairy 
product stabilisation price and provides a basic guideline for the market 
intervention operations of the LIPC. As would be expected, such a price 
change leads to an increase in the associated market prices, which leads to 
both decreases in consumption and increases in production. Thus, as consump- 
tion decreases there is surplus production which inevitably leads to increased 
stocks. 

7.7 Response to Changes in Feed Price 

The variable (FDPR) is not a policy variable, and is exogenous to 
the model because it is largely determined by the price of imported feed 
products. As would be expected, increases in feed prices have a negative 
influence on the number of both beef and dairy cattle, as well as the long- 
run production of beef and dairy products. The decrease in production of 
beef leads to a run down of domestic stock and in increase in imports of 
beef. Many of these changes take some time to occur, so the short-run 
response is somewhat less than the long-run response. Although the elasti- 
cities are not large, these effects do underline the vulnerability of the 
Japanese production system to fluctuations in imported feed prices. 

7 .8  Response to Changes in the Imports of Milk Products 

The policy variable (IMMP) measures the quantity of imports of milk 
products which are largely under the control of the LIPC. The quantity 
tendered for import is viewed to be a major restriction on imports of 
products from New Zealand and Australia. The short-run impact of an increase 
in the quantity of imports is somewhat limited, but as the short-run effects 
work through the model, the longer term effects on the Japanese livestock 
sector become more obvious. In the short-term an increase in imports leads 
to a reduction in the price of milk products which causes an increase in 
consumption and a reduction in domestic production of milk products. The 
increased imports also lead to an increase in the stocks of milk products. 
The elasticity for this increase in stocks appears to be quite large, and 
in absolute terms the multiplier shows that a one tonne increase in imports 
leads to a .g98 tonne increase in domestic stocks. While this increase in 
stocks would appear to negate the benefits of increased imports, it must be 
remembered that the products imported could be considerably different from 
those in stock. The response in the imports from Australia and New Zealand 
show that with a one per cent increase in import quota, New Zealand receives 
a proportionately larger share of this increase than Australia. In absolute 
terms, for every tonne increase in imports, imports from New Zealand increase 
.36 tonneswith .21 tonnes from Australia. The remainder is presumably made 
up of imports from other countries. 



In the long term the change in the quantity of imports has a more 
diverse effect. The reduction in the pric-e for milk products leads to a 
reduction in the overall price which farmers receive for milk. This leads 
to an eventual reduction in dairy production with a very small reduction in 
beef production. The reduction in dairy production, however, does lead to 
a saving in terms of imports of feed. The absolute results suggest that for 
each tonne increase in imports of dairy products, there would be a .03 tonne 
reduction in feed imports. It would be expected that this coefficient would 
be substantially larger, but it must be remembered that the observations used 
in estimating the model cover a relatively small range of import levels. This 
relationship can be seen in the way in which increased imports in the model 
lead to increased stocks of dairy products. While these responses may be 
valid for small fluctuations in import quotas, they would not be relevant for 
any substantial increase in imports. In such a situation stocks would not 
be allowed to accumulate and production would be reduced along with a reduc- 
tion in feed imports. It is unfortunate that the model cannot pick up these 
wider range responses, but the estimates of the model are limited by the 
data available and the aggregate nature of the model. 

7.9 Res~onse to Changes in the Beef Im~ort Quota 

Beef imports are controlled by a system similar to that used for dairy 
product imports and are also under the control of the LIPC. The response 
to increases in the beef import quota to some extent parallels the response 
to increases in dairy imports. In the short run, an increase of one percent 
in the import quota leads to an increase of 0.99 per cent in imports from 
Australia. In absolute terms, however, New Zealand's share is still small. 
For each tonne increase in imports New Zealand would have a share of .04 tonnes 
and Australia - 5 7  tonnes. The increased imports do not have an effect on the 
price of dairy meat. This result reflects the facts that the imported meat 
is substituted for the dairy beef rather than wagyu beef. The reduction in 
price leads to an immediate reduction in production and a subsequent increase 
in stocks. The response of stocks, however, does not appear to be as large 
as it is in the case of milk products. For each tonne increase in beef 
imports, there is an increase in beef stocks of .25 tonnes. 

The long-run impact of a sustained increase in imports is somewhat 
different to the short-term response. The first point to note is that 
New Zealand's share of the increased imports increases relative to that 
of Australia. Although it is still low in absolute terms, for each one 
per cent increase in beef imports, New Zealand's sharewould increase by 
1.16 per cent. In the long term the increase in beef consumption is even 
larger than it is in the short term, as the price of wagyu beef falls. It 
is also interesting to note the long-term response in beef stocks. The model 
results suggest that in the long term the level of stocks falls as imports 
increase. This response is presumably caused by the large increase in domestic 
consumption in relation to the reductions in production both of which are 
caused by the price falls. As would be expected the decrease in both beef 
and dairy cattle numbers leads to a reduetion in feed imports. In this 
case the long-term results a.re more sensible than for the dairy sector. 
The absolute multipliers suggest that for every tonne increase in beef 
imports, there is a reduction of 5.3 tonnes of imports of feed, as well 
as a substantial reduction in the domestic production of feed. 



7.10 Summary 

The discussion of the multipliers in the previous section has shown that 
most of the responses contained within the econometric model are not difficult 
to understand and are generally consistent with a-priori expectations. The 
results show that the policy variables and major exogenous variables exert 
considerable influence on the quantities produced and consumed, and on prices 
in the livestock market in Japan. The dynamic implications of the multipliers 
are also seen to be important in that the responses vary considerably over 
time. As would be expected the short-run responses are generally seen among 
closely related variables, while the longer-run responses are much more 
diverse and complex. 

From New Zealand's point of view, the results show that exports of 
New Zealand's agricultural products would benefit from a liberalisation of 
the import policy on both milk products and beef. The market-share relation- 
ships show that with liberalisation New Zealand's share of the import market 
would increase relative to Australia's. It must be remembered however, that 
New Zealand's share of the beef market is presently substantially lower than 
that of Australia. In the case of beef imports, and to a lesser extent 
dairy imports, the m.odel has shown the trade-off which exists between imports 
of finished products and livestock feeds. These trade-offs are important 
in any analysis of food security or self-sufficiency for Japan. 

The model also clearly demonstrates the implications of a policy which 
attempts to increase domestic prices. It was shown that for both beef and 
dairy products,a policy of increasing price support in an attempt to 
increase producer incomes, would cause production to expand and prices to 
fall. The long-run outcome of such a change would be an increase in stocks 
of these products and of course the termination of imports. Recent events 
in the dairy industry in Japan would appear to have followed this path, as 
increasing local production has led to a reduction in imports of traditional 
dairy products. 

A more detailed analysis of agricultural policy options for Japan 
would require the development of variables which measure the welfare of 
producers and consumers in Japan, as well as a method of accounting for 
the Government cost of the actual policy. This type of analysis is beyond 
the scope of the present study, but the multipliers and policy response 
measures derived in this study do provide the basis for such a study. 
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A P P E N D I C E S  





APPENDIX I 

Definitions of Variables Used in the Model 

(a) (Endogenous Variables) 

(~ame ) 

DRM 

QRM 

PRM 

NDC 

DMP 

QMP 

PMP 

NZ IMQ 

AS IMQ 

STKMP 

BFCON 

QWM 

QDM 

PWM 

PDM 

NBC 

NBMQ 

AB IMQ 

BDSTK 

MXFDQ 

FDCON 

FD IMP 

FDCROP 

NTC 

QBM 

demand for raw milk 

production of raw milk 

price of raw milk 

number of dairy cattle 

demand of milk product 

production of milk product 

price of milk product 

import of milk product from New Zealand 

import of milk product from Australia 

stock of milk product 

consumption of beef 

production of wagyu beef 

production of dairy cattle meat 

price of wagyu beef 

price of dairy cattle meat 

number of beef cattle 

import of beef from New Zealand 

import of beef from Australia 

stock of beef 

production of mixed feed 

consumption of feed grain 

import of feed grain 

production of feed grain 

number of total cattle (NDC + NBC) 

total beef production (QWM + QDM) 

(Unit > 
('000 tonne) 

('000 tonne) 

(yen/l) 

('000 head) 

('000 tonne) 

( ' 000 tonne 
(yen/l) 

('000 tonne) 

( '000 tonne) 

( '000 tonne) 

('000 tonne) 

( ' 000 tonne 
('000 tonne) 

(yen/kg) 

(yen/kg) 

('000 head) 

('000 tonne) 

('000 tonne) 

('000 tonne) 

('000 tonne) 

('000 tonne) 

( ' 000 tonne 
( ' 000 tonne ) 
('000 head) 

( '000 tonne) 



variables) 

(Name ) 

PCER = 

PG - - 

LMQ - - 
DOTH - - 
LSTK = 

BSP - - 
MP - - 
NZRMP = 

EXMP = 

ASDMP = 

BPSTB = 

BIMAPC = 

GBSTK = 

FDPR = 

NBMP - - 
ABMP - - 
TIME - - 
IMPRCW = 

BFEX - - 
IMMP - - 
BIMPQ = 

income level (personal consumption expenditure) 

government price for processing milk 

maximum quantity eligible for deficiency payment 

disposition of raw milk for other use 

stock of milk product by LIPC 

milk product stabilisation price 

import price 

import price of New Zealand milk product 

export of milk product 

import price of Australian milk product 

beef stabilisation price 

average import price of beef 

government stock of beef 

feed price/output price ratio 

import price of beef from New Zealand 

import price of beef from Australia 

time trend 

import price of feed grain/wholesale price 

export of beef 

import of milk products 

import of beef 

(Unit > 
( Index) 

(yen/kg) 

('000 tonne) 

('000 tonne) 

( ' 000 tonne ) 
(yen/kg) 

(yen/kg) 

(ratio) 

( 000 tonne) 

(yen/kg) 

(yen/kg) 

(yen/kg) 

( '000 tonne) 

( Index) 

(yen/kg) 

(yen/kg) 

( Index) 

('000 tonne) 

('000 tonne) 

('000 tonne) 

Note: BPSTB is derived by taking average of ceiling price and floor 
price with respect to the wagyu beef and the other meat. 



APPENDIX I1 

Validation of Selected Variables 
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