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Chapter 2. Econometric model for obtaining parameters of food supply and demand

1. Cereal and oil crop sector

(1) Input demand function of crop production

A farmer is assumed to produce four cereals, i.e., rice (R[),

wheat (WH), maize (MZ), and other cereals (XG) in

addition to two oil crops, i.e., soybeans (SB) and other oil

crops (XS). The relevant inputs are land, labor, capital, and

fertilizer. Labor and capital are fixed factors in this model.
Short-run profit is found by subtracting labor costs and

capital user costs from the variable profit as

nt=n" _Z(WL,iXL,i +wg i Xg i) 1-1)

where 7 is an index of crops including oil crops RI, WH,
MZ, XG, SB, and XS.
The variable profit maximization problem is

v
max. 7 =ZpiQi _Z(WA,I'XAJ + Wi Xy )
i i

(1-2)
st O =fo, (X0 Xy X1 s Xk 1) Vi, (1-3)
where 7% represents the short-run profit, 7" stands

for the variable profit, p; and Q; respectively denote farm
prices and production of the six crops, X4; and Xj;
respectively represent the planted area and fertilizer inputs
of the six crops, and X;; and Xy, respectively
denote the labor and capital inputs of the six crops. These
are fixed factors. In addition, wy;, wy;, wr;, and wg;
respectively represent land rents, fertilizer prices, wage
rates, and capital user costs of the six modes of crop
production.

Production functions (1-3) are specified as
Cobb—Douglas type functions, as shown below.

‘ i ak '
o =a05ij’lX%’l XL,ia lXK,ia LV (1-4)
Solving the maximization problem with these

constraints, the following Lagrangian function is set.

L= ZpiQi _Z(WA,iX a0 P Wi Xy )

1

i

ad,i yvaV,i al, ak,i
+z/1i(Qi_a0iXA,i Xy Xpo Xg,
i

(1-5)
The first-order conditions of the function (1-5) for
productions and inputs are given as shown below.

oL

_—= .+ﬂ,.=0 3/1.:—‘ VZ 1-6
) pi+ 4 i =D (1-6)

1

oL o
oX 4, A
_/Ati%iaA,inf’i_lX%’iZ,iamX_K,iaKJ =0 Vi
(1-7)
oL o
aXV’,' Vi
_;LiO‘OiO‘V,iXZf’iX%’HEauaam =0 Vi
(1-8)

Substituting equations (1-6) into equations (1-7) and (1-8)
gives the following equations.
P00 X Z;l ¢ 311/ ”'Em X = Wi Vi
(1-9)
yodi XaV,i—lX_aL’i X_O‘K Jd )
PiloiOy i A i Ay Li Ki Wi Vi
(1-10)
Taking the natural logarithm of each side of equations (1-
9) and (1-10) yields the following equations as
A+lna,; +(ay,;, ~DnX,; +a,; In X,

=lnw,; Vi (1-11)
A+lna; +a,;In X, +(a,; —D)nX,,;
=Inwy,; Vi (1-12)
where L L
4 =lnp, +Iney,; +oy; lnXL,l. +oy; ]nXK’I. , Vi
(1-13)

After solving equations (1-11) and (1-12) for InX; and
InXy;, one can multiply each side of equation (1-11) by
(axvi—1)as

(avi=Ddit(avi—Dnay

+(ayi— ) (a4~ 1) InXy
+ ayi(avi—)InXy;=(a y;i—1)Inwy; (1-14)
Then, multiplying each side of equation (1-12) by « v,
ayvid+ « V,ilna vit avia AJ]I])(AJ

tayvi(avi—1)InXy,= a yilnwy,. (1-15)
Subtracting equation (1-15) from (1-14), InXy; is
obtained:

—Adit(avi—)Ina 4;,—a vilna y;

H(a =) (o 4i—1)InXy;— a via 4:InXy;

=(avi—Dhwg— a yilnwy;

—Ait(ayi-)Ina 4,— avilha y;

+t(—avi—a 4+ 1) InXy;

:(a 1/,,'_1) h’IWA,,‘_ a vy IIIWK[

(l—avi—a 4;)InXy;

=4i—(avi—)Ina 4;+a vilna v;
+(a i) Inwg;i— a yilnwy,
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A+(A-ap)na,; +ay ;Inay;
InX,, = : : : :

l—ay; —ay;

o —(1-ay,;)In Wyi =y, In Wy i

(1-16)

l-ay; - Ay

Multiplying each side of equation (1-11) by « 4, one
obtains
a 4idit agilna 4+ o ai(a 4, —1) InXy;
+a g KilnXKiZ OCA,ianA,,'. (1—17)
In addition, multiplying each side of equation (1-12) by
(a 4;~1) gives the following expression.
(a4i—DAit (a4~ ) Ina y;
ta ai(a 4= ) InXgi+ (o 4= (e vi— 1) InXy;
:(0( Ai 1) lnwVJ- (1—18)
By subtracting equation (1-17) from (1-18), InXy; is
obtained.
—Ai— aqilna 4+ (a 4;,— ) Ina y;
(o= Wa =D InXyi—a o viInXy;
=—a 4ilnwg+ (a 4;— 1) Inwy;
—Adi—a 4ilna 4+ (a 4;— ) Ina y;
+(a ai—a yit 1) InXy;
=—a 4ilnwg+ (a4~ 1) Inwy;
(I—a 4i—a vi) InXy;
=Ai+ o 4ilna 4i— (a4~ DIna y
—o gilnwgi+ (a4~ 1) Inwy;

+a, . na, +(-a,.)na, .
IIIXV’[=A7 Al A ( A,l) Vi

l-a,, -a

i
»

o Oy In Wyi ™ (- Qy; )In Wy.i

(1-19)

l-—ay; - Ay,

Parameters of equations (1-16) and (1-19) can be replaced
with the following parameters.

Iney, +(1-a, ;) )he,; +o, , Inay, ;
lnﬂOA,i =

l—a,; —ay,

(1-20)

Ing,, + Ay, In ay;+ 1- aA’i)ln ay;

lnﬂOV,i: - P
0y Oy

i
>

(1-21)
Then, the following input demand functions of land and
fertilizer are obtained after substituting parameters (1-20)
and (1-21) and equation (1-13) into equations (1-16) and
(1-19).

InX,, =Ing,,,; +;ln D;

l-a,, —ay,;

l-ay, Ay i
- nw,, ————Inw,;
l-a,. —ay - ’ -, — 0y ’
A, V,i A, Vi
a I a -
L K,
+ d InX,, + ! In X,
1 Qu; =y 1 Qu; =0y
(1-22)
In Xy, = In ﬂOV,i + In p,
—O,; — Ay
Ay l-a,,
— Inw,; Inw,
l—-a,.—ay - ’ -, — 0y ’
A,i V., Ai Vi
a I a N
1 K
+ d InX,, + d In X,
1 Qu; — 0y 1 Au; =0y
(1-23)

The input demand functions of land and fertilizer for rice,
wheat, maize, other cereals, soybeans, and other oil crops
are functions in which suffixes of functions (1-22) and (1-
23) are replaced with RI, WH, MZ, XG, SB, and XS.

Substituting production functions (1-4) into equations
(1-9) and (1-10), respectively, gives the following
parameters of production functions.

o o = Wy Xy,
Ai = , Oy =
PO, PO
The parameters of input demand functions (1-22) and (1-
23) are calculated from these parameters of production
functions. However, the parameters of labor and capital,

which are fixed factors, are not obtained through this
procedure.

_ WXy

Vi (1-24)

(2) Supply function of crops

The supply function is obtained by substituting input
demand functions into the production function. The
production function produced by taking the logarithm of
the Cobb—Douglas short-run production function (1-4) is
the following,

InQ, =lnay +a,;,InX,; +a,,InX,;

toy, I X, oy In Xy, (1-25)

Substituting the input demand function of land (1-22) and
that of fertilizer (1-23) into (1-25) yields the equation
presented below.

InQ, =Ing,
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to | Infyy, + 1 In p;
—Qy;, Ay
l-ay; Qy ;
- Inw,, Inw,,
l-a,; —ay, Qyi —Qy
L K,i -
+ . InX,, + . In Xy,
l—a,; —ay,; Ay; =y
+aV1 lnﬂOVl + lnpl
Uy aV i
Ay 1 Qy,
- Inw,; Inwy, ,
l-a,. —ay a,. —, .
A,i V,i A,i V.
o - - , .
L K
L X, + L Xy,

l-a,,-ay;

‘o In X+ In X

=In Qo +ay, In /30/4,1‘ + In p,
Oy Ty
Ay, (- aV,i) QY
——Iw,, ——————hw,;
1- Ay — Oy 1- Qu;i =y
a0 _— a0 -
= InX,, + S In Xy,
l-a,; —ay, Oy =0y
+a,,Inf, . + L
Vi oV i 1 D;
4~y
L aQy, B aV,i(l_aA,i) I
1 A, nwy ;
Qu, =0y, —0,;
a, .o - o, o —
viCL v,iCK
+ ——InX,, + = In X,
1 Ay =y 1 Qu; =y
+ag; In XL,I. tag, In XKJ.
=lnay +a,;nfy,; +ay,Infy;
a,. +ay .
A,i Vi
| np
Oui — Oy
a, . a, .
A, Vv,
- ——Inw,, ——Inw,;
l-a,.—ay - a, . —Qy; ’
A,i V,i A Vi

ayap;+aya;;

oo+ In X, ;
l-—a,;, -ay,;

=lnay; +a,;Inf,,; +ay,;Infy,

Qi toy;

————In p;
1- (aA,i + aV,i)
Qyi Qy
_—1 Wyi— _1 Wy
—(ay;taoy;) —(ay; +oy;)
ar; ET Qg e
1 Xpi+ T o) K
—(ay; +ay;) —(ay,; +ay;)
(1-26)

Equation (1-26) is the supply function of crop i. The
supply functions of rice, wheat, maize, other cereals,
soybeans, and other oil crops are functions in which
suffixes of function (1-26) are replaced with RI, WH, MZ,
XG, SB, and XS.

(3) Supply response to changes in prices of other crops
A farmer is assumed to have a plan for planting rice (R)),
wheat (WH), maize (MZ), other cereals (XG), soybeans
(SB), and other oil crops (XS), respectively, on land areas
Xurr, Xawr, Xamz, Xaxc, Xass, and Xyxs. Next, it is
assumed that the farmer will expand the planted area of
crop j by an amount equal to A Xj;. In this case, the
elasticities of land demand for the output price of crop j
are approximated as
8lnXA,j _6XA,j D N AXA,j D

= ~ Vi, j,
Oln p, p; XA,j Ap; XA,j

(1-27)
where 7 is an index of crops such as RI, WH, MZ, XG, SB,
and XS.

If the total planted area is constant, then the increase in
planted area of crop j, i.e., A X4, is expected to be equal
to the sum of the decrease in planted areas of other crops:

DAY, =-AX,,, V] (1-28)

Multiplying each side of equation (1-28) by p;/ A p; gives
the equation presented below.

ZAXAJ Py _ Mop
i#j Apj XA,i
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Substituting equation (1-27) into equation (1-29) gives the
following equation of the relation of elasticities.

OolnX OlnX,;

Z XAJ = XA,j ’ V]

oy Olnp; Olnp;

(1-30)
Therein, j is an index of crops, i.e., RI, WH, MZ, XG, SB,
and XS.

The corresponding rate of decrease of the planted area
of other crops is assumed to be same if the crop j output
price is increased. The following equation presents this
relation:

AX,  AX

X, X

— A=A Wiz jk#j, ¥ (13])
bp,

After dividing each side of equation (1-31) by pj, the
equation of elasticities is

OlnX,, OlnX,,

olnp, olnp

J

NVi#E jk#j, V. (1-32)

Substituting equations (1-32) into equations (1-30)
produces the following equations of elasticities.

alnXAjl.:_alnXA’j Xy .

8lnpj ZXAJ

i#j

Olnp;

(1-33)

Using the above relation among elasticities, one can
consider the planted area response of crops in the short run.
The following two assumptions are used in this model.

(1) Total planted area is constant in the short run.

(2) Decreasing rates of planted area of the five crops
corresponding to increased planted areas of another
crop are equal.

By virtue of these assumptions, elasticities of supply for
prices of other crops can be inferred. Elasticities of supply
of rice for output prices of wheat, maize, other cereals,
soybeans, and other oil crops are acquired from the
production function (1-25) and equation (1-33) as

dlnQ, 0lnQ OlnX,,
Olmp, JOlnX,, onp,

omnX, . X, .
=—a,, 4.7 L iz LV,
Omp, X,r-X,;

(1-34)

where X, 7 ZZ;XAJ .

Land rent, fertilizer price, labor input, and capital input
for other crops are expected to affect the planted area of

the crop. Nevertheless, this model does not incorporate
these effects because the effects of cross-input prices and
input quantities are slight.

(4) Planted area functions of crops
Production is obtained from the following identity.

0y=Y Aiy (1-35)
In that expression, ; represents production, Y; denotes
yield, A; stands for the harvested area, i is the index of
crops, and ¢ denotes that the data are measured at time .

In this model, the yield function addresses the
technological change. The shock of climate change and
the planted area function are equivalent to the supply
function. This function is based on adaptive expectations,
as developed by Nerlove (1956).

The planted area function, i.e., supply function, can be
specified as the following linear function.

*
A4, =a + Zjbiip.it +u,,

Therein, A; signifies the planted area, which is equal to the
harvested area in this model. In addition, ; is a crop index
for the six grains and oil crops, p;* represents the expected
price of crop j, and u; is an error component.

Adaptive expectation relies on the assumption that the
update of the expectation responses to the previous error
is

(1-36)

pﬂ* _P/H* =1=A)@ *ij*). (1-37)
This equation can be rewritten as
pjx*—/ipjx—l*Z(l—ﬁ)piH. (1-38)

Then, by multiplying A to the one-year-lagged
function of (1-36), one obtains the following function.

Adyy = Aa; + Zjibljpjt’l* + Auy (1-39)

Subtracting function (1-39) from function (1-36) yields
the following function.
Ai— Adim=ai—aild

+z jbij (pjt* - ﬂvpjt—l* ) +uy

In addition, substituting equation (1-38) into equation (1-
40) yields the equation presented below.
Ay=a(1=1)+ A A

+ D by U= ) p g = Ay

Therefore, the explanatory variables of the planted area
function are the planted area of the prior year and prices
of grains and oil crops prices of the prior year.

The planted area function in this model is specified
based on linear function (1-41). Parameter by(1- 1) is
calculated from the elasticities, which were presented in
earlier sections. These are changed to slopes using the
average numbers in the initial year:

— Au,,_, (1-40)

(1-41)
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The parameters of the prior year, i.e., A, are assigned
0.8 as default values following those of the IFPSIM.

The planted area is assumed to be unaffected by climate
variables because the forecasted values of rainfall in each
country of the MIROCS are not so varied by 2060.

(5) Summary of elasticities
Table 2-1-1 presents elasticities of supply for output prices
of rice, wheat, maize, other cereals, soybeans, and other

oil crops. Supply function (1-26), input demand functions
(1-22) and (1-23), and cross price elasticities (1-34) are
used to compile this table. Table 2-1-2 presents elasticities
of supply for prices of variable inputs and for quantities of
fixed inputs.

Tables 2-1-3 —2-1-5 show elasticities of input demand.
Elasticities of variable input demand in the short run are
exhibited in Table 2-1-3. The variable inputs are land and
fertilizer. Elasticities of conditional and normal fixed input
demand in the long run are shown respectively in Tables
2-1-4 and 2-1-5. The fixed inputs are labor and capital.

Table 2-1-1. Elasticities of supply for output prices in the short run.

Producer price
Rice (R]) Wheat (WH)
RI Ayri T 1 —O R X 4w
1=(a p +y pr) L=y +aywy) Xar—Xqwn
WH —Qy wH Xgri Aywn +Qy wy
I=(ayptayp) Xor—X4r 1=(ypu +y )
MZ Oy Mz X iri Oy mz X i
Supol 1_(aA,R] +aV,R1) XA,T _XA,RI 1_(aA,WH +aV,WH) XA,T _XA,WH
i XG —Qy xG X 4R —Qy xG X g
I=(aypr+ay pr) Xug —X4m 1= pm +y ) Xagr =Xy
SB —C 4 5B X gri —O 4 5B X i
I=(ayptayp) Xor—Xap =y + ) Xar —Xawn
XS —Qy xs X 4R —Q Y xs X 4w

I=(ayptayp) Xyr—X4r

1=y +ayym) Xar —Xawn

Table 2-1-1. Elasticities of supply for output prices in the short run (continued).

Producer price
Maize (MZ) Other cereals (XG)
RI —Q Y RI XMz —CQ g RI X 4 xc
1=y mz toymz) Xar —Xamz l1=(ayx¢ +ar x6) Xar —Xuxc
WH Qg wH X AMZ Qg wH X A,XG
1=zt mz) Xar —Xamz I1—(ayx¢ +ay x¢) Xar —Xuxc
MZ Ay mz T uz XMz X4 x¢
Suool 1=y iz + % piz) I1=(ayxctay x¢) Xar —Xixc
i XG —Qy xG X ymz Ay xc % xc
1=zt pz) Xar —Xamz 1=(ay x¢ +ay x¢)
SB —O 58 X amz —Q 4 sB X A,XG
l1=(ymz + oy mz) Xur —Xamz I1=(ayx6 +ar x¢) Xur —Xuxc
XS —Oy xs X AMZ 0y xs X4 xo

l1=(ymz toymz) Xar —Xamz

l=(ayx¢ v x6) Xar —Xuxc
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Table 2-1-1. Elasticities of supply for output prices in the short run (continued).

Producer price
Soybeans (SB) Other oil crops (XS)

RI Qg Rl XA,SB Qg Rl XA,XS
I —(ay 55 +aysp) Xyr—X 45 I=(ayxs+ay xs) Xar —Xuxs

WH —CywH XA,SB Oy wH XA,XS
I1=(a 55ty s8) Xyr —Xusn I1=(ayxs +ay xs) Xar =X 4xs

MZ —Q g Mmz X 458 —Q g mz X 4 xs
Suppl l—(a 55 +aysp) Xar—X s I=(ayxs+ay xs) Xyr =X 4xs

il XG —0y xG X A,SB 0y xG X A,XS
I—(a 55 +aysg) Xyr— X5 I=(ayxs +y xs) Xyr =X 4 x5

SB X458ty sp —Q 4 5B X 4 xs
1-(a 5 +ay s5) I=(ayxs+ay xs) Xyr =X 4xs

XS —Qy x5 X 458 Ay xs Ty xs

l=(a 55 +aysp) Xyr —X s

1=(ay x5 +y xs)

Note: X, 7 =X, 0+ Xy + Xynz + Xaxe +Xasp+Xxs

Table 2-1-2. Elasticities of supply for input prices and fixed inputs.

Input price . —
Land Fertilizer Labor input Capital input
Supply —Q 4 -ay . el
Ofcropi ]_(aA’i+aV’i) 1_(aA»i+aV,i) ]_(aA,i+aV,i) 1—(05A,i+0n/,i)

Note: i: index of crops: RI, WH, MZ, XG, SB, and XS.

Table 2-1-3. Elasticities of land and fertilizer input demand in the short run.

Input price
Output price — Labor input Capital input
tput p Land Fertilizer P P P
Land input of 1 l-ay; —Qy ap Ay ;
crop i l=(ay;+ay;) I-(ay;+ay;) I-(ay;+ay;) l-(ay;+ay;) l-(ay;+ay;)
Fertilizer input 1 —Qy; l-a,; ap Ak ;i
of crop i I=(ay,; +ay;) l-(a,;+ay;) l-(a,;+ay;) I-(ay;tay;) 1-(ay;+ay,;)

Note: i: index of crops RI, WH, MZ, XG, SB, and XS.

Table 2-1-4. Elasticity of conditional labor and capital input demand in the long run.

Input price
Output Land Fertilizer Labor Capital
Labor input 1 4 Ayi _[y_ow ki
of crop i 7; ;i U n; 7;
Capital input 1 4 Qi Xri _|1-%xi
of crop i n; n; 7; 7; i

Note: i: index of crops RI, WH, MZ, XG, SB, and XS.
=0y ta,+og+oy
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Table 2-1-5. Elasticity of labor and capital input demand in the long run.

. Input price
t o :
Output price Land Fertilizer Labor Capital
Labor input 1 _ O _ [y G _ O
of crop i 1-n; 1-173; 1-173; 1-7 1-7;
Capital input 1 _ i _ _ [y ki
of crop i -7, l-n l-n 1-7; 1-7;

Note: i: index of crops RI, WH, MZ, XG, SB, and XS.
=0y ta, o +ay

2. Meat, eggs, and milk products sector
(1) Feed input demand function of production of
meats, eggs, and milk
A farmer is assumed to produce seven livestock products:
beef (BF), sheep (SH), pork (PK), poultry (PM), other
meats (XM), eggs (EG), and raw milk (MK). For that
production, the inputs are rice for feed (R, livestock),
wheat for feed (WH, livestock), maize for feed (MZ,
livestock), other grains for feed (XG, livestock), soybeans
for feed (SB, livestock), other oil crops for feed (XS,
livestock), soybean cake (CS, livestock), cake of other oil
crops (CX, livestock), but also land (4), labor (L), and
capital (K). In this model, land, labor, and capital are fixed
factors.

The short-run profit is obtained by subtracting land rent,
labor costs, and capital user costs from the variable profit
as

S _ZWA”‘ X, _ZWL,iXL,i
—ZWK,iX K. (D)

where i denotes BF, SH, PK, PM, XM, EG, and MK, w.;
represents the land rent, wy,; stands for the wage rate, wk;
denotes capital user cost, X4; denotes the land area, Xz,
expresses labor input, Xx; signifies capital input, 7% is
the short-run profit,and 7" is the variable profit.

The variable profit maximization problem is

max. 7 ZZP,-Q- _Zzijj,i , (2-2)
i i

st Oi=fo; Krij, Xwrj Xz, XxG,,
Xspj, Xy, Xesjy Xexi X g0 Xy 15 Xy ) > Vi

(2-3)
where j can be RI, WH, MZ, XG, SB, XS, CS, or CX, and
where p; and Q; denote farm prices and farm production
quantities of the seven livestock products. In addtition,
Xeiiy Xoriiy Xuzis Xxai, Xsgin Xxsi, Xesi, and Xex;
respectively stand for feed inputs of the seven livestock
products. Also, X, , X;;,and X respectively
denote land, labor, and capital inputs of the seven

livestock products. These are fixed factors.
The production functions (2-3) are specified as the
Cobb—Douglas type function as

N ETE R T R

where i can represent BF, SH, PK, PM, XM, EG, or MK.
In addition, j can denote RI, WH, MZ, XG, SB, XS, CS, or
X

Solving the maximization problem with these
constraints, the following Lagrangian function is set.

L=zpiQi _zzijjl
i i

—ad,i—alL,i

+4| O - %iHXaj Ny Xy Xy @)
J
In that equation, i can be BF, SH, PK, PM, XM, EG, or
MK. The first-order conditions of function (2-5) for
production and inputs are

L
oL p,+4 =0 =4 =-p,, Vi, (2-6)
00;
where i can be BF, SH, PK, PM, XM, EG, or MK.
oL
0X ;. Pj
) amaj IH Xa/ zX X AJXL’,-&L’[XKJ&K’[
=0,Y,i 2-7)

In that equation, i is BF, SH, PK, PM, XM, EG, or MK; j
canbe RI, WH, MZ, XG, SB, XS, CS, or CX.

Substituting (2-6) into (2-7) produces the following
equation.

aA,i alL,i aK,i

Pi“Oiaj,iH X?,ii’iX}j'XA,i Xy,

=D (2-8)
Taking the logarithm of (2-8) and solving for each crop in
the same manner as that used for the crop sector yields the
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input demand functions for feed. The feed input demand
function of /" crop for " livestock production is

1
InX;, =Ing,,  + - In p,
a;
—| 1+ Inp, 2 lnpk
( - lj g k:tjl ﬂ
YA n X, X, + K|y Y
n +——In + nXg
l_ﬂ, A,i 1— ,B, L, 1— ﬂ, K.,i
29
where [, = Z a;;

The /™ crop and cake input demand function of the /
livestock products is obtained by replacement from j to R/,
WH, MZ, XG, SB, XS, CS, or CX and from i to BF, SH,
PK, PM, XM, EG, or MK in equation (2-9).

In the official statistics, crop supply for feed is not
divided according to the type of livestock production.
Therefore, the following aggregated feed input demand
function is used in the model.

Zi:lan,i :Zilnﬂoj,i+zl_l
_Z HH ]lnpj ];ik;i In p,

In p,
B

a RS
+Z[ lnXAl+1 7 lnXL,i
Ao - .
+—Elnx, (2-10)
-5 ’

(2) Supply function of meats, eggs, and milk

The supply function is obtained by substituting input
demand functions into the production function. The
production function for which the logarithm is taken for
the Cobb—Douglas short-run production function of i
livestock products is

InQ, =lna,, +Zaj,i1nX
J

ta,,InX, +a, , InX;; +ag, InXy,;,(2-11)

where i can be BF, SH, PK, PM, XM, EG, or MK, and
where j can be RI, WH, MZ, XG, SB, XS, CS, or CX. In
addition, Xj;, X4, Xz, and Xx; respectively denote feed,
land, labor, and capital inputs for livestock product i.
Substituting the input demand functions of feed (2-9)
into the production function (2-11) yields the equations

presented below.
InQ;, =lna,

+z a;; In ﬂOj,i + %m D;
j -

B;
o
_Zj: a;; Ml + -

Yo, [

Oy _
+—= lnXKi}

Inp.+ Inp
ﬂ] ’;l—ﬂ ‘

1

lnXAl+1 lnXL,

i

i

+a,,InX,  +a;, ,InX; . +ar, InX,.

=lngy, + Zaj,i lnﬁo_j,i + %lnpi
; ;

zk¢j ki

—Zaﬂ 1npj+z ln Dk
k¢]
o R
+ﬂ’ A’lnXAl+'B L’lnXLl.
1-5 1-45 ’
a [
ﬂ Kzl XKi
1 B ’
+tay, In Xyitag, In Xpitog, In Xk
=lna0i+2aj’iln,80j’i+ b In p,
Jj _/Bi
o.
—z 2 np
j
7 1A
A,i i T
+—=—InX,. + InX, .
l_ﬂi A,i "y L,
Ki 1. o
¢ Oy (2-12)

In fact, equation (2-12) is the supply function of i
livestock products. The explanatory variables of these
supply functions of the livestock products are the output
price, prices of crops and cakes, and the fixed factors: land,
labor, and capital inputs.

(3) Head function of meats, eggs, and milk
The production is obtained from the following identity,
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Qit =Y: Hy, (2-13)
where Q; stands for production, ¥; denotes yield, i.e.,
production per head, H; is the number of livestock, and i
is an index of livestock products: BF, SH, PK, PM, XM,
EG, or MK.

In this model, the yield function incorporates the
technological change. The head function is equivalent to
the supply function. This function is based on the adaptive
expectations similarly to the grain and oil crop section.

One can specify the planted area function, i.e., the
supply function, to the following linear function as

Hy=ai+bipi + Zjcipi +u, (2-14)
where Hj represents the number of head of livestock, i is
a livestock index for the seven domestic animals, p;
signifies the expected price of the animal i,/ is a feed index,
pji stands for the expected price of the feed j, and u; is an
error term.

Adaptive expectation relies on the assumption of the
update of expectation responses to the previous error as

pit —pir1 == 2)@ir1—pir1)- (2-15)
This equation can be rewritten as
pit = Api =(1=2) pir1. (2-16)

Multiplying A by the one-year-lagged function of (2-
14) yields the following function.

AHi1= dai+bidpe + Zj c; At

+ At @-17)
Then, subtracting function (2-17) from function (2-14)
produces the following function.

Hy— A Hi1=ai(1= A1)+ bi(pi’ — A pi1")

+Z ; Cij (pjt* - ;ijt—l* ) +uy, — Auy,y (2-18)

Substituting equation (2-16) into equation (2-18)
produces the following equation.
Hy=a;(1-1)+ AHr1+bi(1=1) pirt

+Zi ¢y (L= )Py + 1ty = Aty (2-19)

Therefore, the explanatory variables of the head function
are the number of head of the prior year, price of the
animal of the prior year, grains, and prices of feed of the
prior year.

(4) Summary of elasticities
Table 2-2-1 presents elasticities of feed input demand for
output prices of the seven products, i.e., beef, sheep, pork,
poultry, other meats, eggs, and raw milk and for input
price of the six crops and two cakes, i.e., rice, wheat,
maize, other cereals, soybeans, other oil crops, soybean
cake and other cakes and for the three input quantities.
Table 2-2-2 shows elasticities of supply for input prices
of the six crops and cakes. It includes the input quantities
of land, labor, and capital.

Table 2-2-1. Elasticities of input demand for livestock production.

Output price Input price
Products i Rice Wheat Maize Other grain
RI 1 - ARri _%yn i _ Pmz.i X xG,i
1-5 1-5; 1- 5, 1-p; 1-p;
1 ARy, Ayh i Az i A xG,i
WH - _ , 11— : _ . _ :
l_ﬂi l_ﬂi ]_ﬁi l_ﬂi ]_ﬂi
1 Ap a a : A ye
MZ _ RI,i _ WH i 1 MZ i _ XG,i
1-5 1-p; 1- B, 1- 5 1-p;
XG 1 _ QR _QwH.i _ Pumz.i ~1 % xG i
Input 1- 5 -8 1- B, 1-8; 1- B
demand SB 1 ARy, Ay i A yz.i X xG.i
1- 5 1-p; 1- 5, 1-p; 1-p;
XS 1 Qg _ Qwni Az AxG,i
1-5 1- 4 1- 5, 1-p; 1-p;
csS 1 Qg _ Qwni Az _ Oxg,i
1-5 1-p 1- 5, 1-p; 1-p;
X 1 Oy _%wH.i _Qumz.i _Axa,i
l_ﬂi 1_ﬁi 1_ﬂ[ 1_ﬂi l_ﬂi

Note: i, index of livestock products BF, SH, PK, PM, XM, EG, and XS.
B = Zjaj,i , Where j is RI, WH, MZ, XG, SB, XS, CS, and CX.

11
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Table 2-2-1. Elasticities of input demand for livestock production (continued).

Input price
Soybeans Other oil crops Soybean cake Other cake
RI _ Xsp.i _ Oxs.i _ Qs _ %cxi
1-p 1-5; 1-5; 1-5;
XsB.i _Oxs.i _ %cs.i _ CGcxi
ARy 4, 4, 4,
XsB.i _Oxs.i _ %cs.i _ CGcxi
M2 T 4, 4, 4,
XsB,i X xs,i Xcs,i Xcx,i
XG —_ _— _—_ _—_
Input 1-5; 1- 5 1-5; 1- 4
demand oy a ys Acs i Ay
SB 1o ZSB.E _ZXS _ZCst _Zext
l_ﬁi 1_ﬂ[ 1_ﬂt l_ﬂz
Asp.i A xs,i acs,i Ay i
1 . - _
xS -, 5 4 4
XsB,i X xs,i Xcs,i Xy,
1= —
CS l_ﬂl l_ﬂz l_ﬂl l_ﬁl
XsB,i X xs,i Xcs,i Xcx,i
2 2 — -] - —"
X = = = -5,
Table 2-2-1. Elasticities of input demand for livestock production (continued).
Input quantity
Land Labor Capital
d d C d cake i Xy, Ay Ok i
Input deman rop and cake j - i~ g - B
Table 2-2-2. Elasticities of supply for livestock products.
Output price Input price
Product i Rice Wheat Maize Other grain ~ Soybeans
Supply of livestock Bi _ Qgi,i _ Qwh.i _ Quz,i _ Oxq,i _ Ui
products i 1- 5, 1- B 1- B, 1- 4, 1- B 1- 4
Note: same as Table 2-2-1
Table 2-2-2. Elasticities of supply for livestock products (continued).
Input price Input quantity
Other oil crop  Soybean cake ~ Other cake Land Labor Capital
Supply of livestock _ Oxs,i Acs,i Aexi Qg Ap,i ki

products i 1- 4, -8 1B 1- 5, 1- 5, 1- 5,
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3. Vegetable oil and cake sector

(1) Supply function of vegetable oils

A vegetable oil company is assumed to produce oil by
investing soybeans or other oil crops, labor, and capital,
where the latter two inputs are fixed factors. In this case,
the short-run profit of soybean oil production is found by
subtracting labor costs and capital user costs from the
variable profit.

G-

In that equation, wy, os signifies the wage rate, X, os stands
for labor input, wk os denotes capital user costs, and Xx os
represents the capital input.

Therefore, the variable profit maximization problem of
soybean oil production is the following.

max. ”J(;s = PosQos — Psp@Dsp

oy
”gs =Tos ~WeosX1.0s —Wx.0s Xk .08

(3-2)

st Ops =/, 0,08 (QDSB’XL,OS ) XK,OS)

In those expressions, pos signifies the price of soybean oil,
Qosexpresses the soybean oil output, psg denotes the price
of soybeans, ODsg stands for supply of soybeans which is
equivalent to the supply of processed products.
Presumably, the production function is specified as
Cobb—Douglas type.

_ asB,OSy, eL.OS
Ops =% 0sODgp X105 Xk os

(3-3)

aK,08

G4
Solving the maximization problem with these
constraints, the following Lagrangian function is set.
L= Pos Qos—pss ODs

SB,0S
+os (Qos = a,059Dgp

al,08 akK,0S

xX| os K,08 (3-5)
The first-order conditions are the following.
oL
= pos +Aos =0 = Aos = —Pos (3-6)

aQ()S

oL «SB,0S-1
————=—DPsg —Aos%.05%p.0sODsp"
00Dy

aL,0S aK,08
xX| os K,08 =0 (3-7)

Substituting (3-6) into (3-7), one obtains the following.

aSB,0S-1
Posaty o5 sp o5 ODss

aL,0S

aK,0S
XX} os K,0S

= Pss

1-aSB,0S _ -
ODg; =(Q,05%s5,05 ) Pos Pss

aL,0S
xX | 0s Xk os (3-8)

Taking the logarithm of (3-8), the soybean input demand
function of soybean oil production is obtained as shown
below.

(I- Asp 0s )In QD

aK,08

= ln(ao,osaszz,os )+1n pog —1n pgy

+ay os N X o5 + g o5 In X o5

111(“0,05“&9,05 )

InODg, = ”
—Usp os
1

+—1 In pos — 1 In pgp

—Usp 0s —Usp0s

a I a I

1,08 K,08
+————InX, o + ———In X, ,c 39)
1—ag o5 — Usp os

The other oil crops input demand function for other
vegetable oil production is obtained similarly to soybean
oil production. In this case, the production function is
specified as presented below.

_ aXS,0X
Oox =% oxODys Xi.ox

al,0X aK,0X

K,0x

(3-10)
In that expression, Qox represents the output of other
vegetable oil, ODxs represents the input of other oil crops,
and Xzox and Xxox respectively denote the labor and
capital inputs of other vegetable oil production. The other
oil crop input demand function is the following.

_ In(@ ox A ys.0x )

InOD g =
l—ays ox
1
+ o Inpoy — In pyg
~Uxs.0x —Uxs.0x
A ox e Ak ox
+—l In Xiox+ In X ox
—Oxs.0x —Oxs.0x

(3-11)
As shown there, pox is price of other vegetable oils; pxs is
the price of other oil crops.

The supply functions of soybean oil and other
vegetable oils are obtained by substituting input demand
functions of soybeans and other oil crops into the oil
production functions. First, taking the logarithm of
production functions (3-4) and (3-10) yields the following

13
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functions.

InQps =Iney o5 + g 05 INODgy

+ay o5 IN X o5 + g o5 In X o5 (3-12)
InQpy =Inag oy + Axs ox N ODys
+tap ox N X} ox + g ox In Xg o (3-13)

Second, substituting input demand functions (3-9) and
(3-11), respectively, into production functions (3-12) and
(3-13) yields the following supply functions.

| CIney o5 +ag o5 Inagg og
nQps =

l—ag o5
Usp.0s I $B.0S 4
1 N Pos — N Pgp
Usp.0s Asp 0s
a
1,08 K,08
+ InX, o5 + In Xy o6
1 Asp 0s Asp os
(3-14)
nQ,, Inag oy +axs ox Moy ox
ox = 1
—COxs ox
Uxs.0x I XS.0X
+ 1 N Ppox — npyg
A xs.0x A xs.0x
1,0X K,0X
+ InX, ox + In Xy ox
l—ays ox —Oxs ox
(3-15)

(2) Expectation model of supply of vegetable oil and
oil cake
One can specify the supply function to the following
linear function with expected prices as

Qo= aoi+ bopoi + copsi’ + o (3-16)
where Qo denotes the supply of oil 7, po;” represents the
expected price of oil or oil cake i, ps; is the variable for
the expected price of oil crop #, and u; denotes error.

Table 2-3-1. Elasticity of input demand for vegetable oil.

Adaptive expectation dictates that the expectation
responses are updated by prior error as presented below.

poir —poir1. =1 =A)poi-1—poirt”) (3-17)
This equation can be rewritten as

poic = Apoict” = (1 = Dpoir. (3-18)
The equation for oil crop i is derived similarly.

psi — Apsi” = (1 = A)psi (3-19)

By multiplying A to the one-year-lagged function of
(3-16), the following function is obtained.
AQoi1= Aaoi+ boiApoit” + coiApsii” + Auoi
(3-20)
Subtracting function (3-20) from function (3-16) yields
the function presented below.
Qoir— ﬂQOit—l =api(1— ﬂ)
+ boi (poi’ —Apoi1’)
+coi (psi —Apsic1) +uon— Ao (3-21)
Substituting equations (3-18) and (3-19) into equation (3-
21) yields the equation presented below.
Qoi=aoi(1 - ﬂ) + ﬂvQOitfl
+ boi (1 _ﬂ)poﬁ_l
+coi (1 = A) psic1 + uoi— Auoirt (3-22)
Therefore, the explanatory variables of the supply
function are the supply of the prior year, price of the
vegetable oil of the prior year, and price of the oil crop of
the prior year.
In the same manner, the supply function of oil cakes
based on the adaptive expectation is
Oci=ac(1-A)+ AQcim
+baci(1-A) paimi
+eai(1=A) psir +uci— Aucie, (3-23)
where Qc; stands for the supply of oil cake 7, pci denotes
the price of oil cake i, and ps; represents the price of the
oil crop.

(3) Summary of elasticities

Table 2-3-1 presents elasticities of the crop input demand
of production of soybean and other vegetable oils for the
output price, for the crop input price, and for the two
inputs based on functions (3-9) and (3-11). Furthermore,
Table 2-3-2 shows elasticities of vegetable oils supply for
the output price, for the crop input price, and for the two
inputs based on functions (3-14) and (3-15).

Oil output price Crop input price Labor input Capital input
Crop input demand of 1 B .05 Ak, 0s
soybean oil I=agp o5 1=-agp o5 I-agp o5 I-agp o5
Crop input demand of 1 3 A1,0x Ak ox
other vegetable oils I=axs ox I-ays ox 1-ays ox I-ax ox
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Table 2-3-2. Elasticity of supply for vegetable oil.

Oil output price Crop input price Labor input Capital input

Supply of soybean sB,0s __9%sBos 21,05 k.08

oil l-agp0s I=agp o5 I=agp 05 I-agp 05

Supply of other  xs5,0x _ Oxsox A10x Ak ox

vegetable oils I=ays ox I—ays ox I-ays ox I=ays ox
4. Dairy products sector MK il ——@Lji——aK.i
Dairy product manufacturers are assumed to produce A iy ODPye 7 Xy X =0
skimmed milk (SK), butter (butter and ghee) (B7), and @-7)
ch.ees.e (CH) from raw milk (thle milk) (MK). Drinking Substituting (4-6) into (4-7), one obtains the following.
milk is a food category of raw milk.

. . ——alLii K.i

(1) Supply function of dairy products D Qe [ ODPyie ™1 X [a ' . ot
A manufacturer of dairy products (DP: SK, BT, and CH)
is assumed to produce butter by investing raw milk, labor, = PMK
and capital. The latter two inputs are fixed factors. In this ODP,, 1K
case, the short-run profit of dairy product production is MK
found by subtracting labor costs and capital user costs | ——aLi——aK,i
from the variable profit. =@, 0k )PPk X1 Xk (4-8)

7riS = 7ZI~V —wirilXri— wiiXk 4-1)
In that equation, i is an index of dairy products: SK, BT,
and CH. In addition, wz,; represents the wage rate, wg;
signifies the capital user cost, Xz,; denotes the labor input,
and Xk; stands for the capital input.

The variable profit maximization problem of dairy
products production is

max. 7, =pQi—pukQDPuk; (4-2)

st 0i=foi(ODPuxi, Xp;, Xk;),  (43)
where p; denotes the dairy product price, Q; stands for the
dairy product output, p; signifies the raw milk price, and
ODPy; denotes the raw milk supply necessary for
producing the dairy products. The production function is
assumed to be Cobb—Douglas type.

—al,i—akK,i

O, =a,,0DF, M[(,iaMK’i X Xk ’ 4-4)

Solving the maximization problem with these
constraints, the following Lagrangian function is set.

L=p:Qi—pux ODPu;;
MK iy, oL
+4| O, — a4y ,ODB, MK,ia X Xy,

akK,i

(4-5)
The first-order conditions are those presented below.
oL
—=p,+A4=0 = 4 =-p, 4-6
20, pit4 i =D (4-6)
_o __
O0ODP  ; Pk

Taking the logarithm of (4-8), the raw milk input demand
function of the dairy products production is obtained as
presented below.

(1 - MKi) anDPm,'

=In(ay ;o) +Inp, —Inpy e
+ag; lnXL,l. +ag; In XK,i

In(ay;apx ;)

QDB ; = T
MK.i
1

+ Inp, — Inp,«

l—ayy, — ki

a; — oy, —

+— X, +———InX,,  (49)

I=ayy; Ak i

The supply functions of the dairy products are obtained
by substituting the input demand function of raw milk into
the production function of the dairy products. First, taking
the logarithm of production functions (4-4), the related
functions are obtained as presented below.

In Q,':hl(l 0j Tt MK_jll’l QDP]\ﬂ{_i

+ay X, +oy, InXy, (4-10)

Second, by substituting input demand functions (4-9) into
the production functions (4-10), the supply function is
obtained as presented below.
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Ay (@ ;@ )

Ay NODFyy ; =

~ Oy i
Qe O
MK MK
- “—Inp, — “—In py
l_aMK,i — Oy
Oy Oy ;  —— Oy Opr ;. ———
MK i %L MK i Ok
+—InX, , +——"In Xy,
1- Ak i — Oy i
Oy -
MK,
InQ =Ina; + —(Iney, +Inay, ;)
— Qi i
+ —Inp, - —In py
1 Ay i — Ok
MK
+ 1+ L la, In X,
Ak i
a .
MK
1+ ————|ag,; In X,
l—a g,

1 MK i
anz'Zl Ing, Ina,
— Oy i Y&

Qe Oy
‘MK i ‘MK ,i
+1 In i_l In p
Ok i Ay i
ar ki S
X, X, @11
1- Ak i — Oy,

(2) Expectations model of supply of dairy products
The supply function is specified as the following linear
function with expected prices of

Opir= api+ bpppi + copyi’ + upis, 4-12)
where Opy represents the supply of dairy products Di, ppi”
denotes the expected price of dairy products Di, pux’

Table 2-4-1. Elasticity of input demand for raw milk.

signifies the expected price of raw milk, and up; is the
error term.

Adaptive expectations entail the assumption that the
update of expectation responses to prior error occurs as

poic. —poirt’ = (=24 Yppir1 —ppic1)- (4-13)
This equation can be rewritten as
poic — A poic1’ = (1= 2 )ppir. (4-14)

In the same manner, the following equation for raw milk
is derived.
pM[g* _lpMthl* :(1 -1 )pMKH (4'15)
Multiplying A by the one year lagged function of (4-
12) produces the following ﬁmction
A Opir1= A api+bpi A ppirt” +¢
+ A upim (4—16)
Subsequently, subtracting function (4-16) from function
(4-12) gives the following function.
Opii— A Opir1 =api (1= A )+ bpi (ppii. — A ppie1”)
+cpi (P — A puki1”) + upis = Aupir1 @-17)
Substituting equations (4-14) and (4-15) into equation (4-
17) yields the equation presented below.
Opir=api (1 =A) +AQpi1+ bpi (1 =) ppir1
+cpi (1 _ﬂ) PMK-1 T UDit _ﬂu[),‘;q (4-18)
Therefore, the explanatory variables of the supply
function are the supply of the prior year, the price of dairy
products of the prior year, and the price of raw milk of the
prior year.

cpi A pvkit”

(3) Summary of elasticities

Table 2-4-1 presents elasticities of input demand of milk
production for the output price, for the milk price, and for
the two inputs based on function (4-9). In the same
manner, Table 2-4-2 shows elasticities of dairy product
supply for output price, for milk price, and for the two
inputs, based on function (4-11).

Dairy product Raw milk Labor input Capital input
output price input price
Raw milk input demand 1 1 a5 pp Ak pp
of dairy products I—ayi pp I—ayi pp 1—ayi pp I—ayi pp
DP: SK, BT, and CH
Table 2-4-2. Elasticity of supply for dairy products.
Dairy product Raw milk Labor input Capital input
output price input price
Supply of dairy products Ay pp k. pp ar pp Ok pp
I=ayi pp I=ayk pp I=ayk pp I=ay pp

DP: SK, BT, and CH
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5. Demand sector

The consumption section is assumed to include 18 goods.
Regarding the demand of agricultural products, retail
prices of rice reflects consumption of steam rice after
cooking purchased milled rice. However, no retail prices
of wheat and other cereals exist in many cases because
consumers eat those processed foods such as bread or
noodles. Therefore, in consumer demand analyses, the
substitutes of rice are not as wheat but bread or noodles.
Retail prices of these processed foods are included as
variables of the demand functions.

Results that are closer to the true figures will be
obtained using the model if the processing stage of these
crops is included in this model. However, if one were to
include only the processing industry of wheat, then many
related industries such as bread, noodles, flour, and cakes
would also be included. The resultant model can be
expected to become exceedingly complex. In
consideration of this tendency, input demand functions of
crops for the respective industries will be derived.

(1) Derivation of a short-run input demand function
Input demand functions of agricultural goods for food
production can be derived. The demand function in this
sector is the conditional input demand function, for which
the food production is given because foods are necessity
goods. They will be produced around a rational quantity.
The variable cost minimization problem of a food
producer is set as follows. Variable inputs of this model
are six crops (RI, WH, MZ, XG, SB, and XS), two oils (OS
and OX), five meats (BF, SH, PK, PM, and XM), eggs
(EG), and four dairy products (MK, SK, BT, and CH). The
fixed inputs are labor and capital.

C=C" +w X, +w Xy (5-1)
min. " =) pODF, (5-2)

s.t OF= folODFry,-+- , ODFcr, X1, Xg)  (5-3)
Therein, C signifies the total cost, C represents the
variable cost, and i is an index of agricultural products for
inputs of food production of RI, WH, MZ, XG, SB, XS, OS,
OX, BF, SH, PK, PM, XM, EG, MK, SK, BT, and CH. In
addition, p; is an input price such as the wholesale price of
the products, QDF; is an input quantity of the products,
OF represents dishes that are placed on a table, wz and wx
respectively denote the wage rate and capital user costs,
and Xz and Xk are labor and capital inputs for the food
production company.

The production function (5-3) is specified as the
following Cobb—Douglas type.

OF = | [ ODF“ X, X “* (54)

Solving the minimization problem with these constraints,
the following Lagrangian function is set.

L=) pODF,

1

_A(QF _ aOHQDF;aiXLaXLXKaXKJ (5_5)

arL
O0DF,

p;
_/fiaoanDFjaj—IHQD iaiXLaXLXKaXK =0
i#]
vj (5-6)
Substituting (5-4) into (5-6), one obtains the following.

p; =, 0DF;"'OF
= AQF =a;"'p,ODF, v (5-7)

Function (5-7) holds for k = j :
o p.ODF, =a;”' p,ODF,

ODF, zaj_lakpjpk_lQDFj Vk#j, Vj

(5-8)
Substituting (5-8) into production function (5-4) produces
the following function.

QF — QOHQDF;aiXLaXLXKaXK

i} i} aRl
:(O‘j OpiP;iPri QDF,)

| | aCH
XX (O‘j AcyPiPcy QDF,- )

aXL aXK
xoy X" X

OF = QDF;.“RI ++aCH pjaRI +-t+qCH

—aRl—-—aCH —aRl —-aCH
X, Prr “"Pcr

aRI aCH aXL aXK
XQp, Oy oy X", Xk

Substituting g = ay, + - + ay into the equation

above, the following function is obtained.

QDF/H =QF 'Pj_ﬂa jﬂpRlaR] "'pCHaCH
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—aRl -aCH _ -1 —-aXL -aXK
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Table 2-5-1 Conditional price elasticity of input demand.

Table 2-5-1 presents elasticities of input demand for
food of equation (5-9).

The parameters of the production functions are
obtained by solving the profit maximization problem. The
profit is

T = pF“oH QDEmX

_Z b QD E :
The first-order condition of the problem is
or OF
a;pr
6QDF ODF,
Therefore,

_ p;ODF;
l prOF

aXL aXK
X K

-—P; =

Vi, (5-10)

Z p.ODF,
p= za prOF ’

where pr represents the price of food.

(5-11)

Outout Input price
tpu RI WH CH
RI 1 |+ 2R L7 A
B B B B
1 Opy %y Ay
WH — — —1+—= —=
Input B B B
demand
1 Ori Oy %
CH — —1+—
B B B B






