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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

QGiz =Y GitAGit, (6'1)
where Gi is an index of crops, i.e., RI, WH, MZ, or XG. In
addition, # denotes the year, Yg; represents the yield, and
A 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 + IMgi+ STGi1 — EXGie— ST Gits (6-2)
where Mgy stands for imports, S7Gi~1 denotes the
beginning stock, EXgi expresses exports, and STy
signifies the ending stock. Identity (6-2) can be rewritten
as

QDGit = QGit - NEXGit — ST CGit, (6'3)
where NEXGi = EXgi — IMay, 1.€. net exports, STCgi =
STei— STain1, 1.€. stock change.

The net exports are obtained from identity (6-3) as

NEXGi= Qci— QDgi — STCGii . (6-4)
The stock change of the crop is calculated as
STC, Git = STC, Gir-1 QGit B QGit—l (6—5)
QGit—l - QGit—2

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.

ODqir= QDF it + ODLgi+ QDScir

+ QDWGI‘t + QDP Git T QDOG,', + QDXG,'z (6-6)

Variables used in that identity are ODF; as food demand,
GDLg; as feed demand, QDS as seed demand, QDWW
as waste, ODPg; as process demand, ODOg; as other use,
and ODXg; 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.

GDP,
ODFGi= y,c; + ZIVGi,zplt“L v

t

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, / 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, pi represents the price of crop Gi.
Variables GDP;, POP; 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.

ODLei= GG + G jpit ), Sy (69)

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.

ODLGi= Y ,ODLg,

= 2,5065/ + 2,5641,_/1’_/: * ijk OGij kP

(6-9)

The seed supply of the crop is calculated using the
following equation.

ODScir= ODSGir1 Y

Git-1

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.

ODWai= ODWair1

(6-10)

9Daii_
Git-1
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.

(6-11)

GDP
ODPgii= QDPgir1 L (6-12)
GDE, ,
GDP,
ODOgir= ODOgir1 L (6-13)
GDP,,

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.

ODgii = ODF i+ ODLgi

+ ODSGir1 Qi
Git-1 Dii

GDP,
+ (ODPgir-1 + ODOgir-1) GD—Pt

t—1

QDF Git = QDGit - QDLGit
. D ..
B QGzt _ QDWGit—l Q Git
QGit—l QDGit—l
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GDP,
L —ODXgy

t—1

—(ODPgi-1+ ODOgir1)

(6-14)
By substituting (6-3) into (6-14), the following equation is
obtained.

QDSGilfl QGit

Git—1

ODFGi=—0ODLgi —

QDWG-”J
+| 1 ==——"— |(Qci— NEXGi— STCx)
( QD Git—1

GDP,

—(ODPgi-1 + ODOgir1) + ODXai
-1
ODFgi:+ ODLgy
_ [1 _ ODSgiy  QDWe ] 0
it
ODg; 4 Ogir1
DW....
_(1 — MJ (NEXG[[ + STCGiz)
QDG[t—l
GDP,

—(ODPgi1+ODOgir1)

L+ ODXgi (6-15)
t—1
Substituting the food demand function (6-7) and the
feed demand function (6-9) into equation (6-15) gives the
following equation.

Yogi + ZIJ’Gi,lpn

+Zj50c;ij +Zj50ij,jpjx +ijk5Gij,ksz
ODS;,., ODW,_

:[1_ Git-1 _ Git-1 QGjt

ODg; Qg1
DW,..
_(1 _ M] (NEXGiz+ STCGit)
ODg;;-
GDP,
—(ODPgi-1+ ODOgGir1) L +ODXgy
t—1
GDP,
- F— 6-16
Y MGi POP, (6-16)
Equation (6-16) consists of the four crop Gi: those of Rl,
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. NEXg; 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.
ODgi— ODWeir1- 226~ ODFy+ ODLa

Git-1

+0DSGi Lo

Git-1

GDP,
+(ODPgir1 + ODOGir-1) ————— + ODXai
(ODPgir1+ Q. GH)GDP ODXGir

t-1

DIV ..
ODg; (1 - Mj = ODF i+ QDL
QD Git—1
+ DS L
Git-1
GDP
+(ODPgir1 + ODOgi1) L+ ODXGi

t—1
QDGit—l

QDGit:
QDGit—l - QD WGit—I

i
x| ODFg;, + ODLg; + ODSg;, =
Ogir1

GDP,

+ (QDP i1 T ODO0g;, 4 )—G DP
-1

+0DX g, }
(6-17)

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.

Osit= Ysit Asit (7-1)
In that equation, Si is an index of oil crops, i.e., SB and X,
t represents the year, Ys; denotes yield, and Asy expresses
the planted area.

The supply equation is written as

QDSit = QSit —NEXsi— S TCSit, (7-2)
where NEXs; denotes net exports and STCs; denotes the
stock change.

The net exports are obtained from identity (7-2).

NEXg;= QSit - QDSit —STCg (7-3)

The stock change of the oil crop is calculated using the
following equation.

STCs:= STCsir1 QSit — QSit—l (7_4)
QSit—l - QS:‘I—Z
The supply of oil crop Si is obtained from the following
identity.
QDSit = QDF st QDLSit + QDSSit
+ ODWs;+ ODPs;+ ODOs; + OD Xt (7-5)

Therein, ODF; stands for food demand, QDLg; denotes
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feed demand, QDSs; represents seed demand, QDWs;
stands for waste, ODPs; denotes process demand, QDOs;
signifies other use, and ODXs; 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.

GDP,
ODFsi= yo5i + D Vs Put Fus WP’ (7-6)

t

Therein, / 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.

ODLg;, = 0y + Oy ;Pji + Z ‘ Osij k Pt

In that equation, k represents feed crops and cakes. j is
livestock products.
The aggregated feed demand is the following.

ODLsi= Y, ODLg;,

= Zjéosg + Zj5S[j,jpjt + ijk58ij,kpkt

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

ODSsii= ODSsir1 Osi

(7-7)

(7-9)
Sit-1

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.

ODWsi= QDWsir1 ODsi

ODyg,

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.

(7-10)

ODPs;i= Sosi Jrgswip@'f+ G i Dsit (7-11)

In that equation, poy signifies the oil price of the oil crop

Si; psi 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

D..
ODPyg;; = ODPs;| ODsi , (7-12)
Sit—1
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.

GDP,

ODO0Osir= ODOsi1 (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.

ODsir = ODFsii+ ODLsis + ODPsic

. D..
+ ODSsir1 Osi + ODWsir-1 ODs
Osir1 Sit-1
+ ODOsi 1 G;PPf +ODXs1 (7-14)

=
Rewriting (7-14) for food demand, and substituting (7-2)
yields the equation shown below.

ODFsi= QDsii— ODLsir— QDPsit

~ 0DSs 25— oD, Lsi
Sit—1 Sit—1
GDP,

— ODOsir-1 — ODXgy

1
o
Osi1 t
ODW,,_
‘f{l — =Sl (QSit - NEXg;, — STCSiz)
QDSit—l
DP
— ODOsi1 GDR ODXsi
DF,_,
_[1_9DSsi, _ ODWg
=1~ - QSit
QS[Z*] QDS[tfl

—(1 - %](NEXS” +STCg;, )
ODy;,

GDP
— ODOsir-1 L

— ODXs; (7-15)
t-1
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.

Yosi t Zl}/Si,lplt
+Zj5osy' + Zj5sy,jpjz + ijk5Sij,kpkt

T Cosi T §Si,0ip0if+ G i Psit

21
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_ [1 _ ODSg;, _ ODWg;,_, J O,
it
Osis—1 ODg;,

DW,
—(1 —@J(NEX&, +S8TCy )

QDSit—l
GDP, GDP
~ ODOs;- L — ODXsi —7 5 ———
ODOsir-1 2 ODXsit =¥ ys: POP
(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).
ODsir= ODF sy + ODLgy

D, .
+ 0DPs 2251 4 opsg,, Lsi
Sit—1 QSit—l
D..
+QDWS[H& + ODOsir-1 GDPt
Sit—1 DPt_l
+ODXsi (7-17)
= ODFs;+ ODLg;
n ODPg;, | + QDWg,_, ODs:
ODy;,_,
+ oD s
Sit-1
+ 005 SP5 4 oD,
DPF,_,
QDSit—l B QDPSit—l _ QD WSit—l QDSit
ODyg;,_,
= ODFs;+ ODLsii + ODSsir-1 Osi
Sit-1
+ 00051 ZPE & oDy,
-1
D..
QDSit: Q Sit—1
QDSit—] - QDPSit—] - QD WSit—l
Oy
X[QDF si + ODLg, + ODSg;, | S
Osi1
GDP,
+0DO., . ———+0DX. 7-18
Q Sit—1 GDPt_l Q Sll] ( )

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.

Qoir = coir ODsir1 (8-1)
Therein, ODs; is the supply of oil crop Oi. If Oi is OS, then
Siis SB. If Oi is OX, then Si is XS.

The parameter cos is around 0.18. It is slightly different
by country and year. However, cox; 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.

Ooir = Qoir1 D5y (8-2)
Sit-1
Therein, QDs; is the supply of oil crop O.
The supply equation of vegetable oils is expressed as
QDOit = QOit —NEXoi— STCou, (8-3)
where NEXo; denotes net exports and STCo; represents
the stock change.
The net exports are obtained from identity (8-3) as
NEXoi: = Qoir— ODoir— STCox. 84)
The stock change of the oil crop is calculated using the
following equation just as it was for oil crops.

STCou=STCo1 201 = Qoi-t (8-5)
QOit—l - QOit—Z
The supply of vegetable oil i is obtained from the
following identity.
QDOit = QDF Oit
+ ODWoi+ ODPoi+ ODOoi + ODXoy (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.

GDP,

DFoir = -+ Pt Yo —— (87
ODFoi= 7,0, Z/a,zplr Y moi POP ®-7)

t

Therein, / represents the 18 food goods in this model.
The quantity of vegetable oil waste is obtained as

ODWoiu= ODWoir1 PDou_ (8-8)
Oit-1
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
ODP o= ODPoir-1 ODoy (8-9)
0it-1
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

ODOww=0D0u; 1 -2 PL

(8-10)
b
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.

ODoi= ODFois
D, D,
+ QDWO[[—] Q Oit + QDPO[[*I Q Oit
QDOtt—l QDOit—]
+ 00001 ZPE 1 oDX
DF,
D ...
ODFou=0Doy— ODWoy 12201
0it-1
— QDPOit—I Q Oit
0it-1
DP
— 0ODOoir1 GDF__ ODXoir
-1
— [1 _ QDWOit—l _ QDPOit—l ]QDOZ'[
QDOit—l QDOit—l
DP
— 0ODOoir1 GDF__ ODXoit (8-11)

-1
Substituting equation (8-3) into (8-11) produces the
equations shown below.
_ QD WOit—l _ QDP Oit-1 J

QDOit—l QDOit—l

X (QOit — NEXOit — STt COit)

ODFy, = (1

GDP,

~ 0DOoi1 ~ ODXoi (8-12)

t—1

Substituting the food demand function (8-7) and
production equation (8-2) into (8-12) produces the
equation shown below.

Yooi t Z, Yo0i1Pu
_ [1 _ODWoiy _ ODFoiry ]

QDOit—l QDOit—l
OQoir-
x =0it=1 [0) DSit
QDSit—l
n [1 _ODWyi,  ODFyiy J
QDOit—I QDOit—l
« (-NEXou— STCox)
GDP, GDP,
— 0DOoi- = ODXoi™ Yvoi pomr
ODOoir1 ODXoir= 7 moi POP

t—1 t

(8-13)

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).

[1 _ ODWo;_y _ ODF,,;_, ] oD,
it
QDOit—l QDOit—l
= ODFoi+ ODOoir-1 GDE_ . ODXou
t—1
ODoi= 0Dy,
QDOit—l - QD WOit—l - QDPOit—l

X{QDF@, +0D0,, - +QDX0”} (8-14)

=1
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.

QCiz = (1 —Cit *xit) QDSiz—l (9-1)
Therein, ODs; is the oil crop supply. If Ci is CS, then Si is
SB. If Ci is CX, then Si is XS. In addition, ¢; is the rate of
oil production from oil crop OF; x; is an adjustment factor.

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

Cit — (1 *Xiz) QDSit - QOiz (9'2)
Variables Qoi denote the vegetable oil production from oil
crop Oi. Adjustment factor x; absorbs the shock if
parameter c; exceeds one.

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

ODLyy, = 6ycyy +Ocy jPje + Z . Ocij k Pu 9-3)

where krepresents 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.

ODLG=Y ,ODLgy,

= zjgocy + Zj5cy,_/P_/z + ijkgCij,kpkt

-4
The other uses of oil cake are calculated using the
following equation.
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GDP,
GDP,_,
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 — ST CCit- (9'6)
Furthermore, the supply of oil cakes includes feed
demand, other uses, and statistical error as

ODcir= ODLcii+ QDOcir+ QDXcir. -7
Substituting identity (9-6) into the other identity (9-7)
yields the following equation for feed demand.

QDLCit = QCit — NEXci; — STCci

- 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.

Zj50Cii + Z,«5Cz:f,jl’jr + Z,Zkﬁcy,kmf
= (1 — c,-tfx,-t) QDPSl't*NEXC[t - STCCU
GDP,
L — QDXC”

t—1

ODOcir= ODOcir

©-5)

- QDOCit—I

©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.

_ GDP,

ODcir= QDLcy+ ODOci1 GDP,

+ ODXci (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

Owsir = Yasie Hysi, (10-1)
where Yy is the weight of meats or eggs per head and Hy
is the number of slaughtered head animals or the number
of hens.

The supply equation of meats or eggs is

ODyvir = Owviie— NEXsie — STC i, (10-2)
where NEX) represents net exports and S7Chyy stands for
the stock change.

The net exports are obtained from identity (10-2).

NEXvtie = Outie— ODwiie = STC e (10-3)

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

QMit - QMit—l

Mit-1 — QMit—Z

STCyi=STChsirs (104)

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.

ODwiv= ODF s + ODLasis + ODWg + ODPgi

+ QDOMU + QDXM,'t (10—5)

As shown there, ODF )z expresses food demand, QDL
signifies feed demand, QD Wy represents waste, OQDPy;
denotes process demand, QDO denotes other use, and
OD Xy stands for error in the FAOSTAT.

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

GDP,
QDFMIZ 70M[+217Mi,1 plt+ Vi

—L (10-6
POP (10-6)
In that equation, / 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.

ODLyir= ODLagir1 Oy
Mit—1
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.

(10-7)

ODyyi
Mit-1
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.

GDP,
ODPhviir= ODPhsir1 L

ODWir= ODWgir1

(10-8)

(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

GDP
ODOwir= ODOpir1 —.
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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ODwix= ODF i
. ., ODy,
+ (ODLygi1 + ODWig1) ———
Mit-1
GDP

GDP,

t—1

+ (ODPyji-1 + ODOpsir-1)

+ ODXosi (10-11)
Solving for food demand yields the following equation.
ODF i = ODwir
D, .
~ (ODLyis + ODWigyr)- 2201
Mit-1

GDP,
— (ODPysi-1 + ODOpir-1) !

— OD X

-1

_ODLy;  +ODWyy
ODyir

GDP,

ODFyu= (1 JQDMz’t

— (ODPyir-1 + ODOwsi-1) — ODXwvi

t—1
(10-12)
Substituting (10-2) into the equation produces the
equation shown below.

_ODLy;,_, + ODW,y;_, j
QD/\/Iitfl

x (Omir — NEXpis— STC i)

DP
GDF, — ODXvie

t-1

— (ODPyji-1 + ODOpsir-1)

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

Yomi ZlyMi,lplt
_ (1 _ ODLyy  + ODWy J

QDMiz—l
X (QMzt — NEXMit — STt CMzt)

GDP
— (ODPysi-1 + ODOpir-1) !
1-1
GDP,
— ODXisi— 7y et 10-14
ODXyiit = ¥ yy; POP, ( )

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 _ ODLy, +ODWy
QDMit—l

= ODFuir+ (ODPui1 + ODOpsir1)

o

GDP,
L+ ODXysi

t—1

OD i
QDMit—l - QDLMit—l - QD WMit—l

ODwyi=

GDP,
X|:QDFA/m + (QDPMiz—I + QDOM:’H )GD—Btl

+ ODXi] (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

Owxe= Yo Hvc, (11-1)
where Yux: represents the weight of raw milk and Hax;
signifies the number of cows.

The supply equation of raw milk is

ODwyix: = Qe — NEXye — STChux, (11-2)
where NEXyx; represents net exports and STCyx; denotes
the stock change.

The net exports are obtained from identity (11-2) as

NEXviki = Oure— QD — STC k. (11-3)

The stock change of raw milk is calculated using the
following equation similarly to other agricultural products.

STChx:= STCrixi-1 Ouki = Quki
MKt-1 — QMKt—Z

(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.

ODwxr= ODFuixs + ODLyii +~ ODWke

+ ODPu: + ODOwmg: + OD Xy (11-5)

Therein, ODFux; represents food demand, ODLyk; is
feed demand, QD Wy, expresses waste, ODPu; signifies
process demand, QDO denotes other use, and OD Xy
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.

GDP
ODFyx: = 70MK+ZI7/MK,lplt+ Y MK

t
POP,
(11-6)
Therein, / represents the 18 food goods in this model.
The feed supply of raw milk is obtained as
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Dk

OD i,

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

ODWii= ODWhki1 ODukr .
Q D MKt-1
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.

ODPykpi= &oppi+ S mkpi,piPDit

+ S mkpi vk PMKE (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

ODPyy, = 2 Dy SomkDi + z i S MKDiDi PDit

ODLyii= ODLyki1 (11-7)

(11-8)

+ZDi§MKDi,MKPMKz : (11-10)

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

GDP,

GDP,,

ODOvii= ODOyigi1 (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.
QDF MK+ QDPMK; = QDMKt — QDLMKt
— ODWhks— ODOwvixi — OD Xy

D
= ODwxi — QDL M
MKt-1
D
— ODWk1 m
QDMthl
GDP,
— ODOwx1 — — ODXy:
t—1
_ [1 _ODLyy  + ODWyy JQDMK
t
OD)
GDP,
— ODOwixi1 L — ODXux: (11-12)

t—1

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.

Yomk + Z,?’MKJPI:
+Z i Somkpi + Z i S MKDIDi PDit

"‘Z i & kDI MK P

_ [1 _ODLyyy +ODWy j
ODy ;-

x (Omk: — NEXyis — STC v

GDP, GDP

~ DOk L ODXgi+ 7y ot
(@) MKzlGDPH ODXuki+ 7 ik 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 _ ODLyy;y + ODWypy
ODyi

= ODFyxi+ ODPyxi

j ODyx,

GDP,
+ ODOykr- L+ ODX,
(@) MKIIGDP ODXyvx:

t-1

QDMKt—l
QDMKt—l - QDLMKt—l - QD WMKt—l

x [ODFyi: + ODPux:

QDMKt =

GDP
+0DO0, GD—Pt +0DX ), }

t-1

(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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Table 3-1. Conversion rates of raw milk to dairy
products.

Dairy product ~ Variablename  Conversion rate
Raw milk Cux 1.00
Skimmed milk Csx 648
Butter Car 12.34
Cheese Ccn 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.

Opir= (1/cpir) ODyixi (12-1)
The supply equation of dairy products Di is
ODpir= Opir— NEXpis — STCpi. (12-2)

Therein, NEXp;; denotes net exports; STCpy is the stock
change.
The net exports are obtained from identity (12-2) as
NEXpir = Opir— ODpir— STCbpi. (12-3)
The stock change of the dairy products is calculated
similarly to other agricultural products using the following
equation.

STCpir = STCpir1 M

(124)
Dit-1 — QDit—z

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.

ODpir= ODFpis+ ODLpy+ OQDWp;;

+ ODOpi+ ODXpir (12-5)

In that equation, QDFp; signifies food demand, ODLp;
stands for feed demand, QDWp;; denotes waste, ODOpjy
expresses other use, and QD Xp; 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.

GDP
QDFDlt: 7ODj+zl7/Di,lplt+ 7Dl' .

POP,
(12-6)

Therein, / denotes the 18 food goods in this model.

The feed supply of the dairy products is obtained as

ODLpi= QODLpir1 ODpi (12-7)

Dit-1

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.

ODp,
ODp;; 4
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

GDP
ODOpir= QODOpir-1 L.
GDP,
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.

QDF Dit— QDDit - QDLDit - QD Wpir— QD Opir— QDXDit

ODWpi= QDWpir1

(12-8)

(12-9)

= QDDit
D ... D ...
DL 2P0 oy, LP0i
QDDitfl QDDl'tfl
DP
— ODOpir1 L —ODXpy
GDF,
)DL ,,.. , + ODW,,.
= {1 _ Q Dll—ll) Q Dit—1 JQDDQ
ODp;_y
GDP
— ODOpis GDPI; — ODXo (12-10)

Substituting the food demand function (12-6) and the
supply equation (12-2) into equation (12-10), the
following equation is obtained.

Yopi T Z/Di,lph

_ (1 _ODLp;,  + ODWp,, J
ODp; 4

x (Qpir— NEXpi—STCpi)

GDP, GDP,

— ODOpi L — ODXry— Tt

Q Dit—1 DP[_I Q Dit }/Dl POR
(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).

DL,.. . + ODW,,.
(I—Q it £0 D”-‘jQDDn - ODF,
QDDit—l
GDP,
+ ODOpir-1 GDPZ + ODXpis

t-1
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D= 0Dy,
QDDit—l - QDLDit—] - QD WDit—]
GDP
x| ODF}, +0DO,, ,——~—+Q0DX,
[Q Dit Q Dit—1 GD[‘;_I Q DIIJ

(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.

one year later
Leader Stock
C ountry / change
v v
Crop
model |— Yield Harvested Prf)duc Supply W(?ﬂd «» Demand |
param. area tion price
: : World Net
ﬁ Net Export
Harvested area, demand Dom
countries of other countries price
Structure of other countries are the same as that of the
leader country, except for the price determinant procedure.

: Exogenous variable []: Endogenous variable

: From other sector

Figure 3-1. Flowchart of the crop sector.
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Table 3-2. Calculation routine and functions.

Routine and function Equation no.
Yield of grains: Yg; = f(climate variables, etc. for the crop model, GDP;, POP;) (13-46), (13-47)
Yield of oil crops: Ys;=f(climate variables, etc. for the crop model, GDP,, POP)) (13-46), (13-47)
Yield of meats and egg: Yy =f(time trend), Yield of raw milk: Yy =f(time trend)
Year loop

Planted area function of grains: Acir=f(AGi-1, Pri-1, PWH1, PMZ1, DXG15 PSB-15 PXS-1) (141)

Planted area function of oil crops: Asi = f (Asir1, PRi-1, PWH1, PMZi-15 PXGi-1, PSBi-15 PXS-1) (141)

Slaughtered head and hen function: Has = f (Huysi1, Pri-1, PWH1, PMz-1, PXG-1, PSB-1s PX5-1, - (2-19)

PCSH1, PCXi-1)

Cow head function: Hyk: = f (Huki-1, PRit-1, PWHe-1> PMzi-1, PXGe1> PSBr-1, PXst-1, Pes-1, pexe-1) - (2-19)

Production of grains: Qai= Yai Aci, Production of oil crops: Osiy = Ysi Asi 6-1),(7-1)

Production of meats and egg: Qv = Yas Hym, Production of milk: Oy = Yam: Hu (10-1), (11-1)

Supply function for oil: Qoir = f(Qoir-1, Poi-1, Psic-1) (3-22)

Supply function for cake: Ocir=f(Qcir-1, Pcir-1, Psic-1) (3-23)

Supply function for dairy products: Opi: = (Obit-1, ppir-1, Puki-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 (p;): International price (pw;) + margin
Food demand: ODF = foor (pri, -+ , pcri, GDPi, POP) (59

Feed demand: ODL; = fopr (Dsrs, -+ » PMKss PRI"*+ > PCXE)
Supply of grains: QDG[[ = fQDG (QDF Gits QDLG[[, QDXG[,, GDP,, QDGiH,
ODSGir-1, ODWir-1, ODPair-1, ODOgGir-1, GDPr-1)

(6-9), (7-8), (9-3)
(6-17)

Supply of oil Crops: QDSjt = fQDS (QDF Sits QDLSit, QDXgi;, GDPt, QDGit—l, (7—14)
ODSsi-1, ODWsie-1, ODPsir-1, ODOsi-1, GDPy-1)
Supply OfOﬂS: QDOII‘ = fQDO (QDF Oits QDXO[;, GDP ts QDOit—] , QD Wit—], QDP i1, (8-14)
ODOji1, GDP)
Supply of cakes: QDCI‘[ = fQDc (QDLCit, QDXCI‘[, GDP[, QDOC[[— 1 GDPH) (9—10)
Supply of meats and egg: ODwi = foom (ODF i, ODXos, GDPry ODpir-1, (10-15)
ODLysi-1, ODWigi1, OQDPrgie-1, ODOwti-1, GDPi-1)
Supply of milk: QDMK; = fQDMK (QDF MKts QDPMK;, QDXMK;, GDP;, QDMK;, (1 1—14)
ODLis1, ODWiii1, ODOwyigi1, GDPr1)
Supply of dairy products: ODpi: = fopp (ODFpir, ODXpir, GDP1, ODpir-1, (12-12)
ODLpir1, ODWpi1, ODOpi-1, GDPy-1)
Dairy products production: Opi: = f (ODx:) (12-1)
Stock change: STC;;=f(STCi-1, O, Oir-1, Oir2) (6-5), etc.
International price (pw;): equilibrium price of the leader country
Net exports: NEXiy = fnex (Oi ODi, STCi) (6-4), etc.
Summation of net exports >0 - decrease in the international price (pw;)
Summation of net exports <0 = increase in the international price (pw;)
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: QDS = fops (ODSir-1, O, Qi-1) (6-10), etc.
Process demand: QDP; = fopp (ODPi-1, GDP,, GDPr) (6-12), etc.
Other use: ODO; = fopo (ODOj-1, GDPy, GDPr1) (6-13), etc.
Feed demand of livestock products: QDL = f opr, (ODLi-1, ODj, QDi-1) (12-7), etc.
Wastes: QDW= f opw(ODWi-1, ODi, ODir-1) (6-11), etc.

End of year loop
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