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The purpose of this study is to derive a Tinear model for food price
determination, rural-urban migration, and non-agricultural sector's
employment change. The linear model is used to analyse the effect of
employment policies on food price, internal migration and employment.

It is shown that the model can be conveniently used to translate macro-
economic policy effects into corresponding two-sectoral economic effects.
Although three equilibrium schedules, instead of two, éampvise the model,

its manipulation proves to be as flexible as the more familiar IS-LM

model in policy impact analysis.



Short Run Policy Analysis of Employment,

Food Price and Rural-Urban Migration for

a Labour-Abundant Developing Economy

Since Schultz commented on the possibility of foreign food aid having
a deterimental effect on recipient country's food output, through its
price éffect,,a substantial interest has been directed to the analysis
of the ecanamié effects of imparted fooed., This paper is another such
attempt but it adds both rural-urban migration and the urban labour

market as additional considerations.

Agriculture is defined to be the food-producing sector and non-
agriculture as all non-food producing activities. Food is used as a
symbolic product representing a group of essential wage goods produced
by agriculture: food, cotton, fire-wood, etc.. Commercialized
agriculture, producing mainly for exports, is re-classified into non-
agriculture. Land in agriculture is assumed to be largely owned by the
extended family system which uses family members to cultivate the land

and uses relatively negligible amount of modern capital goods.

Contrasting with the agricultural sector, the non-agricultural sector
uses both capital and hired labour service to produce output. lﬁs product
market is assumed internationally open, whereas domestic market for food
is assumed closed. Given the international price of non-food product,

food price is determined by domestic market forces only.
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Demand for Tabour in the non-agricultural sector is determined by
the equality condition between the marginal Tabour product and wage rate
which is expressed in terms of non-food product. Although wage rate is
assumed given in the short run, its compensatory response to changing

food price is allowed in the model.

The internal migration of the work force between the agricultural
and non-agricultural sectors is primarily governed by the expected earnings

differential and employment opportumities.

The model economy comprises three market relations: food market,
internal migration, and non-agricultural labour market. The model is
defined in Section II, and in Section IIT it is used to analyse policy
impacts of wage subsidy, direct employment, and food price support
policies. Relevance of the model for macroeconomic analysis is discussed

in Section IV. Section V examines economic effects of technological

progress.
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A conventional approach is taken to consider food price responding
to the difference between demand for and the marketable surplus of food,

with foreign food aid additively included in the supply side:
(1) & = DIlt.pl - siNpl - F

Square brackets [ 1 are used to indicate the existence of functional
relationships between the preceding variable and variables appearing

inside bracketls.

D = demand for food

L = non-agricultural employment

= the relative price of food {in terms of non-food product)
= domestic marketable surplus of food

= total population

= the guantity of food imported under foreign atd scheme

non-agriculttutal work force

= time derivative of p

oo, o= =
M!"t:ﬁ 1 o o
i

The r.h.s. expression of equality sign in Eq. {1) represents
excess demand (D-S-F) for food, and food price rises or falls in proportion
to the excess demand. For mathematical convenience the proportionality

factor (1) is assumed to be unity.

Demand for food is primarily determined by non-agricultural sector’s
wage rate and employment. Food being & principal wage good, its price
change may influence wage rate even in the short run: w = w [p]
with gg > 0. When such compensatory change of wage rate is not excessive

demand must be negatively affected by food price. Thus, demand for food
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is defined to be a negative function of price {§§~ < 0} and a positive

function of employment {é%, > 07,

AT agricultural work force is assumed to be productively engaged
in food production such that every worker produces at least as much
food as he consumes it. Given this assumption, marketable surplus of

food { §) becomes a pesitive function of agricultural work force (EE%§ZW§)3> 0 or

%é« < ). The surplus is a positive function of food price é%é > 0},
because food consumption per agricultural worker is expected to be
negatively affected by food price and food output may positively respond
to food price through the latter's favourable effect on work incentive

of agricultural workers.

Rural-urban migration is defined to be a positive function of both
employment opportunity in the non-agricultural sector and the expected
earnings ratio of workers in the two sectors. The relationship is described
in general form so that it is reduced to a negative function of food prices'
& negative function of non-agricultural work force and a positive function

of employment.

(2)  F o= nlpML]

. s 8l 8l
With 3p < {}z Y ﬁs ot - A

Non-agricultural sector’s labour market is vepresented by:

dl. .
(3} il miLT - w [p]
m [L] is the marginal product of labour, which is negatively related to
employment variable {%?» < 0). Wage rate is positively or non-negatively

related to food price {§§ > 0},
¥
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When Tinearized, Eg. {1}, {2} and (3}

dp
Fram'at

dN
Fram~af

db
From 5{

where p,

marginal

are given bys

= 0 §11? + a, N o+ a, b o= Z, for food

= 0 a0 P+ oaN o+ oa, L o= Z, for migration
= 0 ax Pt oagN + ag b o= Z, for employment
N: L are at equilibrium, and a,, = (%gt - -gg} < 0
response of excess demand to ané price

812

dig

fgy

rond
s

i
3

oo fae
Jros g bree)

Cli
N

81

=
8l

v
o

marginal effect of rural-urban migration on
excess demand for food

marginal effect of non-agricultural employment
on excess demand for food

marginal effect of food price on rural-urban
migration

marginal effect of non-agricultural work
force on vural-urban migration

marginal effect of emplovment on rural-urban

migration

marginal effect of food price on excess

demand for labour in the non-agricultural sector

marginal effect of employment on marginal

A
e

Tabour product
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Hicksian

stability conditions are statisfied by:
‘> + E - O
@11 dz2 Baz| < U,
= : - - - oo |
Ayz = Jaze dez| > 0. Am o= i«'] fyy
i
i : >
0 & fasy  ass |
ap 812
Bgy = > 0
#2 oz
{all g1z 413 {
H
A= gfizz az2 &zsf <@
i
| |
EEt a3z |

Microeconomic Justification

Microeconomic justification for Eg. (1)

dp .
dat

L e Eﬁ5§§ ~ G- (N -y by - F

i

where C average food consumption per worker

in the non-agricultural sector

0 = food output
b = average food consumption per worker in the agricultural

sector.

Demand (D) s expressed as product of employment (L) and
censumption (C).
price and wage vrate which is positively affected by food
is reduced to be a function of employment and price: B

Total differentiation of D is expressed by:

o 1 P
dp = cdL o+ o6 4 oqEslyw 96 o
Cdl {%p { 57 D q€§§f dp  from
) F ¥

average food

Since the latter iz defined to be a function of food

price, demand

bfL,pl.

H



Where C = = >0 o € = a; > 0
3L _ .
ggf < {0, food and non-food product are substitutes
aC ‘ - - . f :
9{?3 >0, propensity to consume food is positive and Tess than one
g
oW W 5 . . .
g = é%fg' ¢ 1, by the non-excessive compensation assumption.

The brace-bracketed term on the r.h.s. expression for dD is negative

3 ,
baecause ¢ g§- <« Oand e ¢ 1. Therefore, we have: %§~ > 0 and
3D < 0. ' ‘
ap

Marketable surplus (S) is the difference between food output (Q)
and consumption within the agricultural sector {{N - N} b}. Output is
a positive function of agricultural work force {Eﬁég%”%E‘ > () and a
positive function of food price {§§~ > 0}. The latter relation represents
the psssibf?%;y of an increased work effort per agricultural worker
and increased use of non-Tabour inputs, excluding land which is fixed,

when food price rises,

Average food consumbion per agricultural worker (b) is a negative
function of food price and a positive function of average income. It

was assumed that everyworker produces food at least as much as he

| it w8 - ro 29 < is r

consumes it: SR CNY bz 0 or ¢ + b B G. This results
B 5

nog 0.

Since Q is positively affected by p and b is negatively affected by

p, S must be positively affected by p: -%g > 0.
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When above results are collected, Eq. {1} is obtained:

® = 0ipll - s Npl - F

; b 8
with ’55 < 0 - C » 0 3
35 EN -
_'B‘N“ < 0 N “é”g*j’ g

The time-rate of rural-urban migration is assumed to be determined
by the expected urban-rural income differential and the expected employment
opportunity in the non-agricultural sector. FExpected variables are
considered to be positively determined by their realized values. The

relationship is given in a general form:

g-% = 1 [U,8]
-g% < 0 and 2%’ > 0.

Where U = urban unemployment rate §¥%§}
¢ = urban-rural earnings ratioc é?}

From definition of notations, it is clear m%) < 0 and §%~ > 0.

Lo

fod

The average income per agricultural worker (y) is a decreasing {an
increasing} function of agricultural (nen-agricultural) work force for

a relatively labour-abundant rural economy in LDC's:

=]
H
e
§
2
2
=
&
=
Z
=
P
;3*

This makes the urban-rural income ratio () a decreasing function of
non-agricultural work force:

M 0 o
N ¥ N

fal
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The derivative of the income ratic with respect to food price

is given by:

-

since e < 1 and 3%» > 0 by assumption.

When the above results are collected, the functional expression for
rural-urban migration can be rewritten into a function of three basic

variables {(p, N, L):

di o
aF = Tlp. Ny L]

- aH )
with “?;a < 65 N
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The model system can be used to analyse the employment effect of
three policies: direct employment expansion by the government, wage
subsidy to the private sector, and food price support. For each policy
two cases are examined: one without dealing with how the policy is
financed, and another with its spending being entirely financed by the

proceeds of food imported under foreign food aid.

Notation G is the amount of resources appropriated in terms of
non-food product for employment promotion purpose, and pF is the proceeds
of foreign food, which is appropriated for the same purpose. For the

sake of comparability, & and pF are assumed to be equal in amount.

Direct employment expansion by the government is the situation in
which the government spends G to increase employment level, for instance

in the social overhead sector. The program is described by:

6 = wkp, with di = wdl, 1if G was zero prior to the application
of the new policy. L, denotes the employment in the government-financed

sector, and w denotes the ruling wage rate in terms of non-food product.

It the program is financed by the proceeds of foreign food aid the
relationship becomes: pF = wl,, with pdF = wdl, if originally

Fwas zero.

Lirnear system Eq. (4) in the preceding section is rewritten in an

incremental form to indicate equilibrium change:

(5} Adx = dz.
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tag O EEL

dp

dL

dfF

dz = 0| , dl.y = employment change in the private sector

Assume for mathematical simplicity that prior to the application
of employment policies F and G were both zero's. Policies are newly

being introduced.

When db, = §§~ and dL, = E§E~ are substituted for dL, in Eq. (5},

the shift vector {dz) becomes:

= 782 4e DAz
dz o dG o dF

w&ere C = ai The system can be solved for g%; ~§§3 g% and §§F5 §§F’ g%F,
Wage subsidy policy can be described by G = gL, where ¢ = total

subsidy outlay, g = the amount of subsidy per employee in the non-agricultural

sector. When G was zero prior to the application of the new policy,

the expression becomes: dG = L dg. If the subsidy is financed by the

proceeds of foreign food aid the policy becomes: pF = gl, with pdf = Ldg

when F was zerc originally.
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Substitution of these expressions for dg (t.e., dg :,§§ and dg = ng}

into Eq. (5} with an inclusion of wage subsidy {g) in employment equation

é%% = 0}, yields the following shift vectors {dz}:
i dF
dz = |0 Q
-~dG  -pdF
L i

No distinction is necessary in this case between government sector
employment and private sector employment. For government does not

directly change employment in this case.
Price support policy can be described by the following expression:
& = {p* - p)} S [N,p*].

When source of fipance is ignored;

i~
I
#*
§
3
547
ey
=
o
e
%
-

pE =

when source of finance is foreign food aid.

where p* > p

p* = producer food price

g = consumer food price

5 = marketable surplus of food,

f

P 3% Ak Py . . L ‘e .
with WS 0 and T 0 as defined in microeconomic justification.

o 4

With the assumption that prior to the application of the policies G

G

and pF were zevo's, the policies are described by:

L

dG

i
(]
[

=
%
H
73
o4,
]

pelF = Sdp* - Sdp

3
b
iy

When these are substituted into Fg. {5}, the shift vectors become:
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ap S (1 + S apf dF
- |~8r d6 -1 p
dz =1 -5 < w5 ¢
G 0
where -ég = apn o< 0

Complete sotutions for each policy are presented below:

Wage Subsidy Policy

with dF = 0 with df > 0
dp . ~{a1 8zs -813 A ) = 0 ap  _ dp + Bz 833 9
dG La ' pdF G pr Z

6) b . faw am -ap am) , | AN AN baawm e an) |

a6 LA < - pdfF dG pA z
doo clan ap cap ay) 0 d L odamoan g
a6 La ' pdF di pa

fan ap an| ag < 0, ap > 0, ap > O

|
where A mfaa B do3 < [ gz < 0, azm < 0, am > 0

| | _

§a31 0 agé ag <0, amw < 0

with dF = 0 with dF > 0
dp | (8w am -ap ap ) as dp dp dxp @m
dac Wi > pdF aG 7 pA 3 0
(7} dN _ {8y ax -ay am) as _— dN o AN f(am ag - 8 ag) | 0
dG WA z pdF d6 pa C
dh . (a; 8z -ap am) az _ dy . ody | oap ag g
dG WA ) pdF dG ph z
dl. {&3}_ o =iy &x ) dx N db . Eﬁig__ N B &z
G Wh 0 pdf = dG o> 0
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Price Support Policy

with dF = 0 with dF > 0
{  §§”

dp . (82 p * ap 3 ) 3w dp_ . 9p , 3z By

a6 5 ST -y e

N femdp ¥ ap ay) ag - (ay an + am 3p) ay | 0

G Sh g
dt o dN o (am am - a8y ag) 5
pdF d& pa <

. 3s
db | -{ap an + ap 33}&mﬁ§; dt . dl  ap  aegm > @
dG SA Y pdF di pa :

dp* 1o, dp
dt; S dG

it
{
e

|
v
Lo

dp* . 1, dp_
pdF = § F par 2 O

where «glg > 03 db o= diy, + dl,: € = ap

Examination of these solutions provides some interesting findings:

1) Wage subsidy and direct employment policies are similar in their
dp N
effect on food price (d& > 0}, direction of migration {dG 2 0}, and
dl

employment {dG6 > 0). In fact, both policies become quantitatively

: sagl
equivalent to each other in terms of their policy effects if  w = 1,
8 m [L]
where ag = 3L < 0. This is the case when the marginal product

éf tabour in the non-agricultural sector is unitarily elastic with

respect to employment. Th@‘e?asﬁiaity of marginal labour product with
respact to employment {ZégL& > 0} is expected to be relatively large
in an economy in which substitutability between labour and non-labour
inputs is significantly Vimited. In terms of employment effect, wage

subsidy policy has a stronger (weaker) positive effect than direct
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employment policy if the elasticity is Tess { Targer) than unitary.
i Y

awf L dy Aol . dpl |

That is, dGlws 2 dGIDE > 0 and dGlws % dG|DE > O according
B E R

o W 5 1, where suffix ws refers to the wage subsidy policy and

DE refers to the direct employment policy.

2} The size of am does net affect the numerators of the expressions

for wage subsidy effects, but it affects the numerators for direct

emplayment policy effects. If aw= 0, direct employment policy camnot

A

influence the total employment of the non-agricultural sector at all.

Nor can the policy influence the direction of migration nor the food
. . . . ; d&
price if as = 0. The direct employment (di, = Qw} created by the
government s completely off set by the same amount of reduction in
~dB

employment that occurs in the private sector: dby = ~§w»< 0. This

result arises from the perfect crowding effect of limited food supply

in relation to employment expansion. The crowding effect is nil when

an = 0; the total emplovment effect is equal to the initial increase
. ds

in government sector's employment: dL = dh, o This is indeed

the wmaximum employment effect that can be achieved by the direct employment

policy; total employment effect will be less than dl, if an < 0.

3)  Price support policy is both dissimilar and similar in its effect

| dp*
to the other two policies. Whilst producer price rises (d6 > 0),
dp
consumer price falls (dG < 0} when price support policy is applied.

g _ :
Direction of migration is uncertain (dG 2 0}, and employment increases
dL
(d& > 0} as in the two other policies. However, the positive employment

effect of price support policy depends quantitatively on the pro-price wage
flexibility (@ < Q). If ay = 0, the employment effect hecomes zero égé = (0},
} o _
Lils

Price eff@ct’{ﬁg < (0 and aE 0) remains independent of ay. With asy = 0,
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the rural-urban migration is reversed in its direction:

. 38

d _ -fan + ) aa as . g

dG SA v ’
since an + 3 = op < 0.

In the special case of aa = 0, food output is likely to be positively
affected by the price support policy, for food output is defined to be
a positive function of both producer food price which rises and agricultural
work force which increases due to the reversal of rural-urban migration.
On the other hand, if ag = 0 zﬁéa31> 0, price support policy
cannot affect canguﬂ@r food price {5§Jm 0}, although producer price is
p?%r

still pulled up {dG > 0) by the policy. Employment increases but direction

of migration remains uncertain.

4} The above findings stress the importance of kaew?&dga about the magnitudes
of aa and as in designing policies. In the lTikelihood of such knowledge
not being available in a typical developing economy, neither the

direct employment policy nor the price support policy seems to be a

reliable policy for employment promotion purposes. . Emplovment effects

may meraly be zero in the critical situation such as am =0 for direct

employment policy and aa = 0 for price support policy.

Wage subsidy policy does not vequive az and am 1o be non-zero
for it to be effective in employment promotion. In the world of uncertainty,
wage subsidy policy would be preferable to the other two policies, at

Teast, in terms of employment impacts.

5

St

Foreign food aid has vemarkably the same quantitative effect in all



’ 8z 8w
three policies: 1t dampens the price rise { pA < 0}, accelerates
(an aw -am ) "
the rural-urban migration (- pA > {0}, and increases
=&x» 4z )

empioyment ( pA~ > 0).

Because of the price~dampening effect of foreign food aid

az amn
(TPET < 0), the price effect of both wage subsidy and direct employment

policies becomes indeterminate in its direction {5%? E 0} when foreign
food aid is used to finance these policies. Nonetheless, a rise in
food price remains a distinct possibility even in this situation: Food
price may rise deéspite food aid, which is a price-depressing factor,

if the employment (positive) effect of its utilization is stronger than

its supply effect.

For instance, the government may distribute C amount of food (the
average food consumption per non-agricultural worker} to the urban poor:
CL, = F, where L, = the number of the poor receiving food distribution.

In incremental terms, it becomes CdL, = dF, if F = 0 originally.

The aspiring rural migrants may interpret the free distribution of
food to the urban poor as an improvement in their survival chance if
they actually migrate. digiin this case can have the same effect as
an increase in urban employment: gg; dl, » 0. Migration is stimulated;

the migration schedule shifts upwards on the p-N plane.

If Cdi, = dF is wholly consumed by the urban poor for theirsubsistance,
the same amount will enter into both demand and supply terms in Eg. {1}
to cancel each other in their effect on excess demand for food. Food

schedule remains constant on the p-N plane.
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Py dp
food schedule {(dt = 0 curve)

. d
x\\\ migration schedule (dt = 0 curve]

g N

At a new equilibrium, food price is higher and rural-urban migration
has taken place. Because of the resulting higher orice of food the non-
agricultural employment is adversely affected; unemployment rises. On

the p-L plane,

B
. ;
; /.
> <
A
N/
‘ ; L
- employment schedule (dt = 0O curve)
0 L

equilibrium point moves along the existing employment schedule in the

north-western dirvection.

§) For all three policies the unempioyment of the economy deciines

{increases} if (az + azm ) an - {an * aw } am is positive (negative),

di.  dN
as can be confirmed by deriving the expression for dG T dG for each
91
policy. The expression is positive if the absolute size of &, = N

3 v
and az = oL are sufficiently close. In all Tikelihood, these coefficients

are expected to be close enough, and also the remaining terms

{(-{ap + an ) az > 0} are all positive. Therefore, unemployment is



expected to decline if any of the three policies is applied.

rd22 83
7} The positive effect {  pd > 0} of foreign food aid on employment

is dependent upon pro-food price flexibility of wage rate (aa < 0.

If agw = 0, employment is not affected by foreign food aid.

Foretgn food aid always induces a rural-urban migration

~{ay 8% - 8p asm ) ) i ) . .
pa > O}, provided that labour market constraint is

binding, i.e., not both ag and ax are zero. The inducement for
' ’ Ay 8y

migration is injected by the price-dampening { pa < 0) which lowers
the average agricultural income per worker and the positive employment

. "8z %= e . s
effect {  pa >0} which improves employment opportunity. Implication
is that food aid will result in a reduction in the domestic food output
through its rural-urban migration effect and alsoc through its price

effect on output if the latter effect is negative:

N + < 0 ifdi > 0 anddp < 0O,

2
22
it

R -%g dp

q 20
where o < 0 and 2p > 0.
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The policy effect captured by Eq. {6), {7) and (8) have some macro-
sconomic velevance. Suppose that the government atiempts to improve
the country's employment situtation by resovrting to deficit-spending.
In addition to the usual macroeconomic pressures such as inflation, the
the employment policy is expected tocreate impacts on the endogencus
variables, depending on which particular policy option (direct empiaymeni
expansion, wage subsidy, or price support) is used, exactly in the same
way as described by Eq. (6}, (7} and (8). Thus, our method provides
policy-makers a convenient tool of examining two-sectoral impacts of

macroeconomic policies beforshand.

A general illustration would be the case when the governments’
expansionary policy resulted in an increase in demand for non~food
product. Let dM denote the initial increased demand arising from such
policy. As a result of the increased demand for non-food product,

di, = 2dM additional ‘employment is requived in the non=agricultural

sector, where g denctes employment/output ratio.

Fach of the additionally employed receives ruling wage vate w, and
consumes C amount of food {ruling average food consumption}. The shift

vector in Eq. {5) becomes:

[-C o d M|
§ 3t
dz = |-820 g d M|, where C© = ay, oL = &2
0

Solutions are given by:

dp lap @y =~ &;aiigﬁ £33 0
dM = : A ’
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where dly = secondary change in emplovment

=
¥
1
i
2
Pt
i
s
o
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o
e
e
.
oo

These solutions are exactly the same, except for proportionality factor
1
as solutions for direct employment policy, which has w as proportionality

This 1lustration demonstrates the usefulness of our model for
translating macroeconomic palicy effects into two-ssctoral effects on

food price, rural-urban wmigration, urban employment, and food osutput, ete.

The impacts of foriegn trade also can zagily be analysed by using
the results obtained for foreign d aid. Redefine F as the physical
amount of food imported, and write the balance of frade equation as:
= p,F, where p = the export price of non-food product, £ = the
physical amount of non-food product exporied, b, ® the import price of

food. For a small developing aconamy by and p, are given data, and

for sinplicity assume that X

ar the guantity of non-food product exporied changes:
xﬁgx = pad? if By

0 = Fdp_ 4+ p.dF i p

A s, . R P
dip, = p,df 1f X changas
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The impacts of these changes on domestic food price, rural-urban migration,

gnd employment are derived by simply multiplying through the effects

described by Eq. {6}, {7) and {8) by the following factors:

¥ P «
X » §  for change in Py

Pa

~pF . .

—t— < 0 for change in p
Py &
ep.,

g~5f> 0 for change in X
&

For example, the employment effect becomes:

di oopX 4L dl. .

gg‘j““ = %M ba'?s@ 55? from Eq . (@:’ s {?} and {8}
i) x ¥ & ¥ 3

dly  _ pXk dl, dhy . -

é‘ﬁj‘ ot g; E}Egﬁg E}*&"%‘ TYrom EQ * (}"‘ }

L gF dl

G s e =g the same as above

dp, Py pd}

dly . _pF dby: the same as above

ot & i
i x gl ;
oY ® = ==t the same as above

> same as above
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Technological progress or the effect of non-labour inputs can be
introduced into the model through the following modification:

dL

Fo) technology index, for technological

= m {LtT} - W §§3> T =

factor in the non-agricultural sector, and

gE. P I 3
ét Q S pr wz RJ
g% = 1 [p, N, L, R], R = technology index in agriculture,

for the agricultural sector.

Direct impacts of progress are defined to be: o7 > 0, 3R > 0, 3R < 0.
31
The sign of 3R is negative because of the positive effect the technological

progress having on the average agricultural income. Shift vectors of

the system become:

{ = dR
o
: e fég
dz 3 R daR
mgﬁ .
i 0

The effects of these shifts on food price, migration and employment

are describad diagrammatically as follows:

&
%
\ dp
af =
5, . . {
*/ ()
S ]
~ gt = 0
AVERN
dft = ¢
L o N



(3)

o

Technological progress (g? dT > 0} in the non-argicultural sector
shifts employment schedule {g%'x 0 curve) upwards on the p-L plane
(diagram (1}). Other things being equal, employment must increase in
the same sector. This increase in employment causes a shift in food
schedule {§% = 0 curve) and migration schedule (§§53,§ curve) respectively
upwards (diagram (2)}. Price is pushed up by the upward shift of these
two schedules. At a new equilibrium on the p-L plane (dfagram (3)),
food price is higﬁ&? and employment is larger, but on the p-N plane
{diagram (2))} it is not clear whether the direction of migration is from

agriculture to non-agricluture or the other way around.

Other things being equal technological progress in the agricultural

ector causes a downward shift in both food schedule and wigration

L2y

schedule on the p-L plane {diagram (4)).

H
I / & B
i A
i
4 #
b7 (5)
[e
fx»f
. f -
s
&
&
L 0 L
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Due to ihg shift, food price is lowered and employment is increased

(diagram (5}}. On the p-N plane, a downward shift occurs in both food
schedule (due to gg'dR > 0} and wigration scheduie (due toigg'dﬁ > 0).
At equilibrium food price is Tower, but the direction of migration is

not clear (diagram (6)).

The above explanation demonstrates the convenience of using diagrams

for analyzing policy effects. Precise mathematical solutions are derived

below:
Technological progress in the non-agricultural sector
dp . fapam -ay ap) 3T |
dr A
am
(9) dN_ -lap an - 8y ay ) o1 0
dT A : z
d. | -(apayp -8y ay ) T o
a7 A |
Technoiogical progress in the agricultural sector
a5 all
(10} dp _ (ayp SR+ @&y, 9R) am < 5

dR A



o
o}

3 RS ek D
d¥ _ (ap B8R +ap oR) am - {ap 3R+ an 3R) ag s 0
dR , A ~ » z
as a1
di | -fap R+ap W) ag .
dR A

Solutions for the non-agricultural sector's (Eq. (9}) technological progress

are exactly the same as solutions for wage subsidy policy (Eq.(6)),
V am
ar > 0.

o

except for the propertional factor

Solutions for the agricultural sector's (g. {10)) technological progress are
exactly the same as sclutions for price aéppsrt policy (Eq. (8)), except thatin the
8S A as an
former 8p and D = ax are replaced with 3R and R,
Technological progess in the agricultural sector canncot affect
employment in the non-agricultural sector if ay = 0. But if ag < O,

di.
employment increases {dR > 0) since the wage rate falls. in response to a

fall in food prices.

When productivity improvement occurs in both sectors in a balanced
way, non-agricultural employment can éncrease significantly because non-
agricultural employment is positively affected by technological progress in
both sectors other than in the Hmiting core where ay; = 0. Effects of
technological progress on food prices are opposite between the two sectors
so that stable food price can be maintained if progress is balanced between
the two sectors. Unemployment may be reduced by the employment improvement,
especially since the direction of migration is not clear when techﬂaéagicai

progress occurs in hoth sectors.
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