
 

Chapter 3. Supply and demand of agricultural products 
 
1. Supply and demand of grains 
This model incorporates the following four crops: rice 
(RI), wheat (WH), maize (MZ), and other grains (XG). 
Crop Gi is investigated as described in this section. 

The production of crop Gi is calculated as 
QGit = YGit AGit,        (6-1) 

where Gi is an index of crops, i.e., RI, WH, MZ, or XG. In 
addition, t denotes the year, YGit represents the yield, and 
AGit stands for the planted area. For this model, the planted 
area is assumed as equal to the harvested area. 

The supply of crop Gi is obtained from the following 
identity as 

QDGit = QGit + IMGit + STGit−1 − EXGit − STGit,   (6-2) 
where IMGit stands for imports, STGit−1 denotes the 
beginning stock, EXGit expresses exports, and STGit 
signifies the ending stock. Identity (6-2) can be rewritten 
as 

QDGit = QGit – NEXGit − STCGit ,      (6-3) 
where NEXGit = EXGit – IMGit, i.e. net exports, STCGit = 
STGit – STGit-1, i.e. stock change. 

The net exports are obtained from identity (6-3) as 
NEXGit = QGit – QDGit − STCGit  .      (6-4) 

The stock change of the crop is calculated as 
STCGit = STCGit−1 1
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      (6-5) 

The rate of change of ending stock is assumed to be equal 
to that of production. 

The supply of crop Gi is also obtained from the 
following identity. 

QDGit = QDFGit + QDLGit + QDSGit 
+ QDWGit + QDPGit + QDOGit + QDXGit     (6-6) 

Variables used in that identity are QDFGit as food demand, 
GDLGit as feed demand, QDSGit as seed demand, QDWGit 
as waste, QDPGit as process demand, QDOGit as other use, 
and QDXGit as the error in FAOSTAT. 

For simplification, the food demand function for grains 
of crop Gi is specified as the following linear function in 
this section. 

QDFGit = 0 G i  + ,Gi ll
 plt + Mi t

t

GDP
POP

 (6-7) 

This demand function is based on the input demand 
function (5-9). A per-capita income term is added. In that 
function, l represents food goods, i.e., RI, WH, MZ, XG, 
soybeans (SB), other oil crops (XS), soybean oil (OS), 
other vegetable oil (OX), beef (BF), mutton (SH), pork 
(PK), poultry meat (PM), other meats (XM), poultry eggs 
(EG), and raw milk (MK), skim milk (SK), butter (BT), or 
cheese (CH); also, pit represents the price of crop Gi. 
Variables GDPt, POPt respectively denote the gross 
domestic products (GDP) and population of the country. 

The feed demand of crop Gi is specified as the 
following linear function. 

QDLGijt = 0Gij  + ,Gij j pjt + ,Gij kk
 pkt   (6-8) 

Therein, k can be any of feed crops and cakes, i.e., RI, WH, 
MZ, XG, SB, XS, soybean cake (CS), or other cakes (CX). 
Also, j is meats, eggs, and milk, i.e., beef (BF), mutton 
(SH), pork (PK), poultry meat (PM), other meats (XM), 
poultry eggs (EG), or raw milk (MK). 

The quantities of feed for livestock production are not 
apparent. Therefore, the following aggregated feed 
demand function is inferred. 

QDLGit = Gijtj
QDL  

0 , ,Gij Gij j jt Gij k ktj j j k
p p         

         (6-9) 
The seed supply of the crop is calculated using the 

following equation. 

QDSGit = QDSGit−1
1
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      (6-10) 

The rate of increase of seed supply is assumed to be equal 
to that of production. 

The quantity of crop waste is obtained using the 
following equation. 

QDWGit = QDWGit−1
1
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      (6-11) 

The rate of waste increase is assumed to be equal to that 
of the supply. 

The process supply and other use are calculated 
respectively using the following equations. 

QDPGit = QDPGit−1
1
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      (6-12) 

QDOGit = QDOGit−1
1
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      (6-13) 

The rate of increase of the process and other use are 
assumed to be equal to those of GDP. 

Substituting equations (6-10)−(6-13) into equation (6-
6) yields the equation shown below. 
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− (QDPGit−1 + QDOGit−1)
1

t

t
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        (6-14) 
By substituting (6-3) into (6-14), the following equation is 
obtained. 
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Substituting the food demand function (6-7) and the 
feed demand function (6-9) into equation (6-15) gives the 
following equation. 
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Equation (6-16) consists of the four crop Gi: those of RI, 
WH, MZ, and XG. 

The left side of equation (6-16) is a summation of a part 
of the food demand function for which explanatory 
variables are the prices of the 18 food goods and the feed 
demand function for which explanatory variables are the 
prices of the six crops and two cakes. Therefore, this 
equation includes prices of all 20 goods, quantities such as 
production or net exports of the four crops, GDP, and 
population. Variables aside from prices are obtained as 
exogenous or predetermined variables. NEXGit is inferred 
from the world clearing condition. 

Solving the simultaneous equations requires 16 other 
functions. The respective functions for production of two 
oil crops, two oils, two cakes, five meats, one egg, one 

milk, and three dairy products are shown next. 
The supply equations of the four crops are summarized 

from equation (6-14) for convenience as presented below. 
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2. Supply and demand of oil crops 
The oil crops incorporated into this model consist of the 
following two crops: soybeans (SB) and other oil crops 
(XS). Oil crop Si is investigated in this section. 

The production of oil crop Si is calculated using the 
following equation. 

QSit = YSit ASit        (7-1) 
In that equation, Si is an index of oil crops, i.e., SB and XS, 
t represents the year, YSit denotes yield, and ASit expresses 
the planted area. 

The supply equation is written as 
QDSit = QSit – NEXSit − STCSit,       (7-2) 

where NEXSit denotes net exports and STCSit denotes the 
stock change. 

The net exports are obtained from identity (7-2). 
NEXSit = QSit – QDSit − STCSit       (7-3) 
The stock change of the oil crop is calculated using the 

following equation. 
STCSit = STCSit−1 1
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      (7-4) 

The supply of oil crop Si is obtained from the following 
identity. 

QDSit = QDFSit + QDLSit + QDSSit 
+ QDWSit + QDPSit + QDOSit + QDXSit      (7-5) 

Therein, QDFSit stands for food demand, QDLSit denotes 
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feed demand, QDSSit represents seed demand, QDWSit 
stands for waste, QDPSit denotes process demand, QDOSit 
signifies other use, and QDXSit expresses error in the 
FAOSTAT. 

For simplification, the food demand function of beans 
or seeds of oil crop Si is specified in this section as the 
following linear function. 

QDFSit = 0 S i  + ,Si ll
 plt + MSi t

t

GDP
POP

(7-6) 

Therein, l represents the 18 food goods in this model. 
The feed demand of oil crop Si is specified as the 

following linear function where the quantity is small. 

0 , ,Sijt Sij Sij j jt Sij k ktk
QDL p p        (7-7) 

In that equation, k represents feed crops and cakes. j is 
livestock products. 

The aggregated feed demand is the following. 

QDLSit = Sijtj
QDL  

0 , ,Sij Sij j jt Sij k ktj j j k
p p         

         (7-8) 
The seed supply of the oil crop is calculated using the 

following equation. 

QDSSit = QDSSit−1
1
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The rate of increase of the seed supply is assumed to be 
equal to that of production. 

The quantity of waste of the oil crop is obtained using 
the following equation. 

QDWSit = QDWSit−1
1
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       (7-10) 

The rate of increase of waste is assumed to be equal to that 
of the total supply. 

The oil crop input demand function of the oil 
production is specified as follows. In this case, oil alone is 
the processed product of the oil crop. 

QDPSit = 0 S i  + ,Si Oi pOit + ,S i i pSit      (7-11) 

In that equation, pOit signifies the oil price of the oil crop 
Si; pSit stands for the price of the oil crop. Labor and capital 
inputs for oil production are omitted for simplification. 

The process supply of the oil crop is calculated as 

QDPSit = QDPSit−1
1
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,       (7-12) 

The rates of increase of the process supply are assumed to 
be equal to that of the total supply. 

The other use of the oil crop is calculated using the 
following equation. 

QDOSit = QDOSit−1
1
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       (7-13) 

The rates of increase of other use are assumed to be equal 
to that of GDP. 

Substituting equations (7-9), (7-10), and (7-13) into 
equation (7-5) yields the equation shown below. 
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Rewriting (7-14) for food demand, and substituting (7-2) 
yields the equation shown below. 
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Substituting the food demand function (7-6), the feed 
demand function (7-8), and the process demand function 
(7-11) into equation (7-15) yields the equation shown 
below. 

0 ,Si Si l ltl
p   

0 , ,Sij Sij j jt Sij k ktj j j k
p p         

+ 0 S i + ,Si Oi pOit + ,S i i pSit 
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         (7-16) 
The left side of equation (7-16) includes prices of all 20 
goods. Quantities on the right side include of exogenous 
variables and predetermined variables of the two oil crops. 

The supply equations of the two oil crops are 
summarized by substituting equations (7-9), (7-10), (7-
12), and (7-13) into equation (7-5). 
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3. Supply and demand of vegetable oils 
The vegetable oils incorporated into this model are of the 
two oil classifications: soybean oil (OS) and other 
vegetable oils (OX). Vegetable oil Oi is investigated in this 
section. 

Production of vegetable oil is a process supply of the oil 
crop multiplied using the coefficient shown below. 

QOit = cOit QDSit−1         (8-1) 
Therein, QDSit is the supply of oil crop Oi. If Oi is OS, then 
Si is SB. If Oi is OX, then Si is XS. 

The parameter cOSt is around 0.18. It is slightly different 
by country and year. However, cOXt exceeds one in many 
countries. Therefore, the weight of the produced oil is 
heavier than the raw material. Although the cause is 
unclear, the parameters calculated from data of the 
FAOSTAT are used in this model. 

The simulation results obtained using equation (8-1) 
are not good. Therefore, the following equation, which is 
the same as that in the IFPSIM, is used in the simulation. 

QOit = QOit−1
1
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Therein, QDSit is the supply of oil crop Oi. 
The supply equation of vegetable oils is expressed as 
QDOit = QOit – NEXOit − STCOit ,       (8-3) 

where NEXOit denotes net exports and STCOit represents 
the stock change. 

The net exports are obtained from identity (8-3) as 
NEXOit = QOit – QDOit − STCOit .       (8-4) 
The stock change of the oil crop is calculated using the 

following equation just as it was for oil crops. 
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1 2

Oit Oit

Oit Oit

Q Q
Q Q



 




       (8-5) 

The supply of vegetable oil i is obtained from the 
following identity. 

QDOit = QDFOit 
+ QDWOit + QDPOit + QDOOit + QDXOit       (8-6) 

Therein, the variables are the same as those used for oil 
crops. However, seed demand of vegetable oil has been 
deleted because that value is apparently zero. 

The food demand function of vegetable oil Oi is 
specified as the following linear function for 
simplification in this section. 

QDFOit = 0 O i + ,Oi ll
 plt + t
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t
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Therein, l represents the 18 food goods in this model. 
The quantity of vegetable oil waste is obtained as 

QDWOit = QDWOit−1
1
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.      (8-8) 

The rate of increase of supply of vegetable oil is assumed 
to be equal to that of the total supply. 

The process supply of the vegetable oil is calculated as 

QDPOit = QDPOit−1
1
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.       (8-9) 

The rates of increase of the supply of oil for process are 
assumed to be equal to that of the total supply. 
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The other use of vegetable oil is calculated as 

QDOOit = QDOOit−1
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The rate of increase of the other use of vegetable oil is 
assumed to be equal to that of GDP. 

Substituting equations (8-8)–(8-10) into equation (8-6) 
yields the equations shown below. 
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Substituting equation (8-3) into (8-11) produces the 
equations shown below. 
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Substituting the food demand function (8-7) and 
production equation (8-2) into (8-12) produces the 
equation shown below. 
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The left side of equation (8-13) includes prices of the 18 
food goods. The quantities on the right side are exogenous 
variables and predetermined variables of the two 
vegetable oils. 

The supply equations of the two vegetable oils are 
summarized for convenience by substituting equation (8-
2) into equation (8-11). 
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The vegetable oil food demand and oil crop supply are 
necessary to calculate the vegetable oil supply. 
 
4. Supply and demand of oil cakes 
The oil cakes in this model consist of the following two 
oil cake classifications: soybean cake (CS) and other oil 
cakes (CX). Oil cake Ci is investigated in this section. 

Production of oil cake is a process supply of the oil crop 
multiplied by a coefficient as shown below. 

QCit = (1 – cit – xit) QDSit−1        (9-1) 
Therein, QDSit is the oil crop supply. If Ci is CS, then Si is 
SB. If Ci is CX, then Si is XS. In addition, cit is the rate of 
oil production from oil crop Oi; xit is an adjustment factor. 

Substituting equation (8-1) for vegetable oil production 
into equation (9-1) produces the equation shown below. 

QCit = (1 – xit) QDSit − QOit        (9-2) 
Variables QOit denote the vegetable oil production from oil 
crop Oi. Adjustment factor xit absorbs the shock if 
parameter cit exceeds one. 

The demand of oil cakes is found using the following 
feed input demand of livestock products as 

0 , ,Cijt Cij Cij j jt Cij k ktk
QDL p p         (9-3) 

where k represents feed crops and cakes, i.e., RI, WH, MZ, 
XG, SB, XS, CS, CX, and where j represents livestock 
products BF, SH, PK, PM, XM, EG, and MK. 

The aggregated feed demand is shown below. 

QDLCit = Cijtj
QDL  

0 , ,Cij Cij j jt Cij k ktj j j k
p p         

          (9-4) 
The other uses of oil cake are calculated using the 

following equation. 
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QDOCit = QDOCit−1
1

t

t

GDP
GDP 

        (9-5) 

The rates of increase of the other use of oil cake are 
assumed to be equal to that of GDP. 

The supply identity of oil cakes is 
QDCit = QCit – NEXCit − STCCit.       (9-6) 

Furthermore, the supply of oil cakes includes feed 
demand, other uses, and statistical error as 

QDCit = QDLCit + QDOCit + QDXCit.       (9-7) 
Substituting identity (9-6) into the other identity (9-7) 
yields the following equation for feed demand. 

QDLCit = QCit – NEXCit − STCCit 
− QDOCit − QDXCit        (9-8) 

If the oil cake production equation (9-1), the feed 
demand function (9-3), and other use equation (9-5) are 
substituted into equation (9-8), then the following 
function is obtained. 

0 , ,Cij Cij j jt Cij k ktj j j k
p p        

= (1 – cit – xit) QDPSit – NEXCit − STCCit 

− QDOCit−1
1

t

t

GDP
GDP 

− QDXCit       (9-9) 

The left side of equation (9-9) includes prices of four 
grains, two oil crops, two oil cakes, and seven livestock 
products. The right side of this equation includes the 
predetermined endogenous variables, exogenous 
variables, and the process supply of the oil crop. 

The supply equations of the two oil cakes are 
summarized by substituting equation (9-5) into equation 
(9-7) for convenience. 

QDCit = QDLCit + QDOCit−1
1

t

t

GDP
GDP 

+ QDXCit (9-10) 

 
5. Supply and demand of meats and eggs 
Meats and eggs in this model include the following six 
livestock products: beef (BF), mutton (SH), pork (PK), 
poultry meat (PM), other meats (XM), and poultry eggs 
(EG). Meats and eggs Mi is investigated as described in 
this section. 

Production of meats and eggs is the yield multiplied by 
the number of head of the livestock as 

QMit = YMit HMit,        (10-1) 
where YMit is the weight of meats or eggs per head and HMit 
is the number of slaughtered head animals or the number 
of hens.  

The supply equation of meats or eggs is 
QDMit = QMit – NEXMit − STCMit,      (10-2) 

where NEXMit represents net exports and STCMit stands for 
the stock change. 

The net exports are obtained from identity (10-2). 
NEXMit = QMit – QDMit − STCMit      (10-3) 

The stock change of the meats or eggs is calculated 
using the following equation similarly to other agricultural 
products. 

STCMit = STCMit−1
1

1 2

Mit Mit

Mit Mit

Q Q
Q Q



 




      (10-4) 

It is assumed that the change in the rate of increase of 
stock is equal to that of the rate of increased production.  

The supply of meats and eggs Mi is obtained from the 
following identity. 

QDMit = QDFMit + QDLMit + QDWMit + QDPMit 
+ QDOMit + QDXMit       (10-5) 

As shown there, QDFMit expresses food demand, QDLMit 
signifies feed demand, QDWMit represents waste, QDPMit 
denotes process demand, QDOMit denotes other use, and 
QDXMit stands for error in the FAOSTAT. 

For simplification, the food demand function of meats 
and eggs Mi is specified in this section as the following 
linear function. 

QDFMit = 0 Mi + ,Mi ll
 plt + Mi t

t

GDP
POP

 (10-6) 

In that equation, l is the 18 food goods used in this model. 
The feed supply of meats and eggs is obtained using the 

following equation, but the case in which meats or eggs 
are feed for other livestock production is rare. 

QDLMit = QDLMit−1
1

Mit

Mit

QD
QD 

       (10-7) 

The rates of increased feed supply of meats and eggs are 
assumed to be equal to that of the total supply. 

The quantity of waste of meats and eggs is obtained as 
shown below. 

QDWMit = QDWMit−1
1

Mit

Mit

QD
QD 

      (10-8) 

The rate of increase in the supply of meats and eggs is 
assumed to be equal to that of the total supply. 

The process supply of the meats and eggs is calculated 
using the following equation. 

QDPMit = QDPMit−1
1

t

t

GDP
GDP 

       (10-9) 

The rates of increase rates of supply of meats and eggs for 
process are assumed to be equal to that of GDP. Meats 
used for process food production are few in the FAOSTAT. 

The other use of meats and eggs is calculated as 

QDOMit = QDOMit−1
1

t

t

GDP
GDP 

.      

(10-10) 
The rates of increase of the other use of meats and eggs 
are assumed to be equal to that of GDP. 

A reduced form equation is producible using other 
equations. Substituting equations (10-7)–(10-10) into 
identity (10-5) yields the following equation. 
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QDMit = QDFMit 

+ (QDLMit−1 + QDWMit−1)
1

Mit

Mit

QD
QD 

 

+ (QDPMit−1 + QDOMit−1)
1

t

t

GDP
GDP 

 

+ QDXMit       (10-11) 
Solving for food demand yields the following equation. 

 
QDFMit = QDMit 

− (QDLMit−1 + QDWMit−1)
1

Mit

Mit

QD
QD 

 

− (QDPMit−1 + QDOMit−1)
1

t

t

GDP
GDP 

− QDXMit  

QDFMit
1 1

1
1 Mit Mit

Mit
Mit

QDL QDW QD
QD
 



 
  
 

 

− (QDPMit−1 + QDOMit−1)
1

t

t

GDP
GDP 

− QDXMit 

        (10-12) 
Substituting (10-2) into the equation produces the 
equation shown below. 

QDFMit 1 1

1
1 Mit Mit

Mit

QDL QDW
QD
 



 
  
 

 

 (QMit – NEXMit – STCMit) 

− (QDPMit−1 + QDOMit−1)
1

t

t

GDP
GDP 

− QDXMit 

        (10-13) 
By substituting demand function (10-6) into equation (10-
13), the following reduced form of the equation is 
obtained. 

0 ,Mi Mi l ltl
p   

1 1

1
1 Mit Mit

Mit

QDL QDW
QD
 



 
  
 

 

 (QMit – NEXMit – STCMit) 

− (QDPMit−1 + QDOMit−1)
1

t

t

GDP
GDP 

 

− QDXMit − t
Mi

t

GDP
POP

       (10-14) 

The left side of equation (10-14) includes the prices of the 
18 food goods. The right side of this equation comprises 
the predetermined endogenous variables and the 
exogenous variables. 

The supply equations of the five meats and one egg are 
summarized by solving the supply of equation (10-12). 

1 1

1
1 Mit Mit

Mit
Mit

QDL QDW QD
QD
 



 
 

 
 

= QDFMit + (QDPMit−1 + QDOMit−1)
1

t

t

GDP
GDP 

+ QDXMit 

QDMit = 1

1 1 1

Mit

Mit Mit Mit

QD
QD QDL QDW



   
 

 1 1
1

t
Mit Mit Mit

t

GDPQDF QDP QDO
GDP 




  


 

+ QDXMt]       (10-15) 
 
6. Supply and demand of raw milk 
Raw milk (MK) is investigated as described in this section. 
Production of raw milk is the yield multiplied by the 
number of cows as 

QMKt = YMKt HMKt,        (11-1) 
where YMKt represents the weight of raw milk and HMKt 
signifies the number of cows.  

The supply equation of raw milk is 
QDMKt = QMKt – NEXMKt − STCMKt,      (11-2) 

where NEXMKt represents net exports and STCMKt denotes 
the stock change. 

The net exports are obtained from identity (11-2) as 
NEXMKt = QMKt – QDMKt − STCMKt.      (11-3) 
The stock change of raw milk is calculated using the 

following equation similarly to other agricultural products. 

STCMKt = STCMKt−1
1

1 2

MKt MKt

MKt MKt

Q Q
Q Q



 




      (11-4) 

The rate of increase of the stock change is assumed to be 
equal to that of the rate of increase in change in production. 
The quantity of the ending stock is small because raw 
milk is perishable. 

The raw milk supply is obtained from the following 
identity. 

QDMKt = QDFMKt + QDLMKt + QDWMKt 
+ QDPMKt + QDOMKt + QDXMKt      (11-5) 

Therein, QDFMKt represents food demand, QDLMKt is 
feed demand, QDWMKt expresses waste, QDPMKt signifies 
process demand, QDOMKt denotes other use, and QDXMKt 
stands for error in the FAOSTAT. 

In this sense, for simplification, the food demand 
function of raw milk is specified as the following linear 
function. 

QDFMKt = 0MK + ,MK ll
 plt + t

M K
t

GDP
POP

  

          (11-6) 
Therein, l represents the 18 food goods in this model. 

The feed supply of raw milk is obtained as 
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QDLMKt = QDLMKt−1
1

MKt

MKt

QD
QD 

.      (11-7) 

Rates of increase of the feed supply of raw milk are 
assumed as equal to that of the total supply. The quantity 
of raw milk for feed is large, although cases in which 
meats are feed for other livestock production are rare. 

The quantity of waste of raw milk is obtained as 

QDWMKt = QDWMKt−1
1

MKt

MKt

QD
QD 

.      (11-8) 

The rate of increase in the supply of raw milk is assumed 
to be equal to that of the total supply. 

Next, the demand function is set for raw milk for dairy 
products Di in this model, which includes skimmed milk 
(SK), butter (BT), and cheese (CH). The input demand 
function of raw milk of these dairy products is specified 
as the following linear functions. 

QDPMK,Dit = 0MKDi + ,MKDi Di pDit 
+ ,M K D i M K pMKt       (11-9) 

The price of the dairy products and the price of raw milk 
are variables of the input demand function. Labor and 
capital inputs are omitted for simplification. 

The total process demand of raw milk is obtained by 
summation for Di of (11-9) as 

0 ,MKt MKDi MKDi Di DitDi Di
QDP p     

,MKDi MK MKtDi
p .      (11-10) 

The other use of raw milk is calculated using the 
following equation. 

QDOMKt = QDOMKt−1
1

t

t

GDP
GDP 

     (11-11) 

The rates of increase of the other use of raw milk are 
assumed to be equal to that of GDP. 

Substituting equations (11-7), (11-8), and (11-11) into 
equation (11-5) produces the equation shown below. 

QDFMKt + QDPMKt = QDMKt − QDLMKt 
− QDWMKt – QDOMKt − QDXMKt 

= QDMKt – QDLMKt−1
1

MKt

MKt

QD
QD 

 

− QDWMKt−1
1

MKt

MKt

QD
QD 

 

− QDOMKt−1
1

t

t

GDP
GDP 

− QDXMKt 

1 1

1
1 MKt MKt

MKt
MKt

QDL QDW QD
QD
 



 
  
 

 

− QDOMKt−1
1

t

t

GDP
GDP 

− QDXMKt     (11-12) 

0 ,MK MK l ltl
p   

0 ,MKDi MKDi Di DitDi Di
p     

,MKDi MK MKtDi
p  

1 1

1
1 MKt MKt

MKt

QDL QDW
QD
 



 
  
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 (QMKt – NEXMKt – STCMKt) 

− QDOMKt−1
1

t

t

GDP
GDP 

− QDXMKt + t
M K

t

GDP
POP

  

        (11-13) 
The left side of this equation includes the prices of the 18 
food goods. The right side of this equation has 
predetermined endogenous variables and exogenous 
variables. 

The supply equation of raw milk is summarized by 
solving the supply of equation (11-13). 

1 1
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1 MKt MKt

MKt
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QDL QDW QD
QD
 



 
 

 
 

= QDFMKt + QDPMKt 

+ QDOMKt−1
1
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t

GDP
GDP 

+ QDXMKt 

QDMKt = 1

1 1 1
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QD QDL QDW


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 [QDFMKt + QDPMKt  

1
1

t
MKt MKt

t

GDPQDO QDX
GDP




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
     (11-14) 

 
7. Supply and demand of dairy products 
This model covers the following three dairy products: 
skimmed milk (SK), butter (BT), and cheese (CH). The 
conversion rates to raw milk of these dairy products are 
presented in Table 3-1. 

Dairy products are produced from raw milk through 
processing by separation, fermentation, and condensation. 
All raw milk in this model is assumed to be used for the 
processing and production of skimmed milk, butter, or 
cheese. Dairy products Di are investigated as explained in 
this section. 
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It is possible to set a reduced form equation of raw milk 

supply and demand. Substituting the food demand 
function (11-6), input demand function of production of 
dairy products (11-10), and the supply equation (11-2) 
into equation (11-12) yields the equation below. 



 

 
Table 3-1. Conversion rates of raw milk to dairy 
products. 
Dairy product Variable name Conversion rate 
Raw milk CMK 1.00 
Skimmed milk CSK 6.48 
Butter CBT 12.34 
Cheese CCH 12.66 

Source: Japan Dairy Industry Yearbook, 2018 
 

The production of dairy products Di is obtained using 
the quantity of raw milk for processing multiplied by the 
following conversion rate. 

QDit = (1/cDit) QDMKt       (12-1) 
The supply equation of dairy products Di is 
QDDit = QDit – NEXDit − STCDit .      (12-2) 

Therein, NEXDit denotes net exports; STCDit is the stock 
change. 

The net exports are obtained from identity (12-2) as 
NEXDit = QDit – QDDit − STCDit .      (12-3) 
The stock change of the dairy products is calculated 

similarly to other agricultural products using the following 
equation. 

STCDit = STCDit−1
1

1 2

Dit Dit

Dit Dit

Q Q
Q Q



 




      (12-4) 

The rate of increase of the stock change is assumed to be 
equal to that of the rate of increase of the changes in 
production. 

The supply of dairy products is obtained from the 
following identity. 

QDDit = QDFDit + QDLDit + QDWDit 
+ QDODit + QDXDit       (12-5) 

In that equation, QDFDit signifies food demand, QDLDit 
stands for feed demand, QDWDit denotes waste, QDODit 
expresses other use, and QDXDit is the error term reflecting 
error in the FAOSTAT. 

For simplicity, the food demand function of the dairy 
products is specified as the following linear function for 
this section. 

QDFDit = 0 D i + ,Di ll
 plt + t

Di
t

GDP
POP

  

         (12-6) 
Therein, l denotes the 18 food goods in this model. 

The feed supply of the dairy products is obtained as 

QDLDit = QDLDit−1
1

Dit

Dit

QD
QD 

.       (12-7) 

The rates of increase of the feed supply of the dairy 
products are assumed to be equal to that of the total supply. 
Skimmed milk is used as feed in many countries. Butter 
is used only rarely as feed in some countries. 

The quantity of waste of dairy products is obtained as 
shown below. 

QDWDit = QDWDit−1
1

Dit

Dit

QD
QD 

       (12-8) 

The rate of increase of the supply of the dairy products is 
assumed to be equal to that of the total supply. 

The other use of dairy products is calculated as 

QDODit = QDODit−1
1

t

t

GDP
GDP 

.       (12-9) 

The rate of increase of the other use of the dairy products 
is assumed to be equal to that of GDP. 

A reduced form of the equation of dairy products can 
be made. By substituting (12-7)–(12-9) into equation (12-
5), the following equation is obtained. 

QDFDit = QDDit – QDLDit − QDWDit− QDODit − QDXDit 
= QDDit 

− QDLDit−1
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Dit
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− QDODit−1
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 − QDXDit     (12-10) 

Substituting the food demand function (12-6) and the 
supply equation (12-2) into equation (12-10), the 
following equation is obtained. 
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POP
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        (12-11) 
The left side of this equation includes the prices of the 18 
food goods. The right side of this equation comprises 
predetermined endogenous variables and exogenous 
variables. 

The dairy product supply equation is summarized by 
solving the supply of equation (12-10). 
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        (12-12) 
 
8. Calculation routine 
Table 3-2 shows the calculation routine, functions and 
corresponding equation numbers. Before starting of the 
routine, yields of crops and productions of livestock per 
head are calculated according to the yield functions. 

Derivation of yield functions of cereals and oil crops are 
written in the next chapter. Yield functions of meats, egg, 
and raw milk are estimated linearly using only the time 
trend. 

In the yearly loop, first, planted areas of crops and the 
number of head of livestock are estimated. These are 
equivalent to the supply functions. Production of the crops 

and the livestock products is calculated using the 
estimated yields and the areas or the number of head of 
livestock. Supply of vegetable oils, oil cakes, and dairy 
products are estimated directly using by the supply 
functions. These area or head functions and supply 
functions are specified as the adaptive expectation model. 
The explanatory variables are the area, number of animals, 
supply quantities, and output prices of the prior year. 

In the price convergence loop, food demand, feed 
demand, supply, production of dairy products, stock 
changes, net exports, and equilibrium prices are calculated 
in the iteration for the convergence. 

After exiting the convergence loop, seeds, processes, 
other uses, and wastes are calculated using the obtained 
supply and production values. 

Figure 3-1 portrays a flowchart of the crop sector. The 
macroeconomic and climate variables are exogenous 
variables. Feed demand is determined in the livestock 
sector. 

 
 

 
 
 
 
 
  

 
Figure 3-1. Flowchart of the crop sector. 
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Structure of other countries are the same as that of the 
leader country, except for the price determinant procedure.
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Table 3-2. Calculation routine and functions. 

Routine and function Equation no. 
Yield of grains: YGi = f (climate variables, etc. for the crop model, GDPt, POPt) (13-46), (13-47) 
Yield of oil crops: YSi = f (climate variables, etc. for the crop model, GDPt, POPt) (13-46), (13-47) 
Yield of meats and egg: YMi = f (time trend), Yield of raw milk: YMK = f (time trend)  
Year loop  
 Planted area function of grains: AGit = f (AGit−1, pRIt−1, pWHt−1, pMZt−1, pXGt−1, pSBt−1, pXSt−1) (1-41) 
 Planted area function of oil crops: ASit = f (ASit−1, pRIt−1, pWHt−1, pMZt−1, pXGt−1, pSBt−1, pXSt−1) (1-41) 
 Slaughtered head and hen function: HMit = f (HMit−1, pRIt−1, pWHt−1, pMZt−1, pXGt−1, pSBt−1, pXSt−1, 

pCSt−1, pCXt−1) 
(2-19) 

 Cow head function: HMKt = f (HMKt−1, pRIt−1, pWHt−1, pMZt−1, pXGt−1, pSBt−1, pXSt−1, pCSt−1, pCXt−1) (2-19) 
 Production of grains: QGit = YGit AGit, Production of oil crops: QSit = YSit ASit (6-1), (7-1) 
 Production of meats and egg: QMit = YMit HMit, Production of milk: QMKt = YMKt HMKt (10-1), (11-1) 
 Supply function for oil: QOit = f (QOit−1, pOit−1, pSit−1) (3-22) 
 Supply function for cake: QCit = f (QCit−1, pCit−1, pSit−1) (3-23) 
 Supply function for dairy products: QDit = f (QDit−1, pDit−1, pMKt−1) (4-18) 
 International equilibrium price recalculation loop  
  Goods loop for the 20 commodities, Gauss−Seidel iteration  
   International price loop for the 140 countries  
    Domestic price (pi): International price (pwi) + margin  
    Food demand: QDFit = fQDF (pRIt,  , pCHt, GDPt, POPt) (5-9) 
    Feed demand: QDLi = fQDL (pBFt,  , pMKt, pRIt, , pCXt) (6-9), (7-8), (9-3) 
    Supply of grains: QDGit = fQDG (QDFGit, QDLGit, QDXGit, GDPt, QDGit−1, 

QDSGit−1, QDWGit−1, QDPGit−1, QDOGit−1, GDPt−1) 
(6-17) 

    Supply of oil crops: QDSit = fQDS (QDFSit, QDLSit, QDXSit, GDPt, QDGit−1, 
QDSSit−1, QDWSit−1, QDPSit−1, QDOSit−1, GDPt−1) 

(7-14) 

    Supply of oils: QDOit = fQDO (QDFOit, QDXOit, GDPt, QDOit−1, QDWit−1, QDPit−1, 
QDOit−1, GDPt−1) 

(8-14) 

    Supply of cakes: QDCit = fQDC (QDLCit, QDXCit, GDPt, QDOCit−1, GDPt−1) (9-10) 
    Supply of meats and egg: QDMit = fQDM (QDFMit, QDXMit, GDPt, QDMit−1, 

QDLMit−1, QDWMit−1, QDPMit−1, QDOMit−1, GDPt−1) 
(10-15) 

    Supply of milk: QDMKt = fQDMK (QDFMKt, QDPMKt, QDXMKt, GDPt, QDMKt, 
QDLMKt−1, QDWMKt−1, QDOMKt−1, GDPt−1) 

(11-14) 

    Supply of dairy products: QDDit = fQDD (QDFDit, QDXDit, GDPt, QDDit−1, 
QDLDit−1, QDWDit−1, QDODit−1, GDPt−1) 

(12-12) 

    Dairy products production: QDit = f (QDMKt) (12-1) 
    Stock change: STCit = f (STCit−1, Qit, Qit−1, Qit−2) (6-5), etc. 
    International price (pwi): equilibrium price of the leader country  
    Net exports: NEXit = fNEX (Qit, QDit, STCit) (6-4), etc. 
    Summation of net exports > 0  decrease in the international price (pwi)  
    Summation of net exports < 0  increase in the international price (pwi)  
    Summation of net exports 0   exit from the loop  
   End of the international price loop  
  End of the goods loop  
  Recalculation of food and feed demand using the equilibrium price  
 End of recalculation equilibrium price  
 Seed demand: QDSit = fQDS (QDSit−1, Qit, Qit−1) (6-10), etc. 
 Process demand: QDPit = fQDP (QDPit−1, GDPt, GDPt−1) (6-12), etc. 
 Other use: QDOit = fQDO (QDOit−1, GDPt, GDPt−1) (6-13), etc. 
 Feed demand of livestock products: QDLit = f QDL (QDLit−1, QDit, QDit−1) (12-7), etc. 
 Wastes: QDWit = f QDW (QDWit−1, QDit, QDit−1) (6-11), etc. 
End of year loop  
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