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. vastract
The purpose of this s¢ufly was to simulate the possible
conomic effects of technology transfer from Alberta to ‘
cereal unit-farms in Heilongjiang Reclamatlon Area (HRA) |

Based on the production function and the concept of
birth cohort, a sgmulation model was bu11t—£o estimate the
possible effects of technology transter both from Alberta to
.GROUPH (high cap1tal/1abor ratio group of cereal farms) and
from GROUPH to GROUPL (1low, capital/labor rat1o group of
cereal farms) according to a predetermlned planning path.
| Four sceoarios were~investigated in‘the simulation
analysis.bThe first was to estiﬁate the effects of the
change in capital formation only; the second was to explofe
the effects of 5iﬁultaneous changes in capital formation and
.productlon elasticities; the third was to. explore further
the effects of simultaneous changes in capltal fo;;;21on,
production:elasticities and the price ratio of capitai to
labor; the final scenariq was to examine the effects of
changes in both capital formation and the price ratio.

The results of all soenarjos showed that the second
scenario produced relat1vely 51gn1f1cant effects in HRA
unit- farms in the short run; the third scenar1o would be -
appropriate to GROUPH s development in the long run. It
implies that Alberta technology embodied in capital
formatfon would promote cereal production in HRA but more

employment opportunity creation is required to accomodate a

great amount of ligggszSplacement by capital. These

/"/ \
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«
scenarios do not adyocate any g“pctive_technology téansfor
ffom GROUPH to GROUPL due‘to%theif similarity of technology
use. Adjustment of relatlve factor costs and capital
_formation :ould be more approprlate to production of GROUPL
than other alternat wes.

To avoid distortion of technology transfer, policy-
con51derat10ns should be underscored on efficient factor
use, especially capital and labor, and employment

, _

opportunity creation.

.
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1. Introduction

A, Problem Definition
| Technical change as a thrust of growth and development
in‘agciculture has drawn .considerable attention since the
Green Revolution took placqtin Asia. The rates of technology
advance are, however, still low in the low income countrie;”
(LIGs), which are in urgent need of advanced_technology!fof
expandipg'food production. Thus technology transfer as a |
source of technical change has long been in vogue. |

The transferability-of Alberta's technology in cereal_
production to Heilongjiang state farms in China is examined
in this thesis. The technology transfer faces at least two
serious conflicts. One concerns thertructural impact should
Alberta‘s capital-intensive nechanical technology be
transferred to the labor intensive structure of Heiicngjiané
‘state farm agriculthre. The second arises from differencf/
motivations for technology change in the two economic //
systems. For Alberta, one of the most remarkable motynatlons
is cost-saving. But for Hellongjlang, the motlvatlon is
production—increasing. To meet the basic need of the
expanding population by all means is the main purpose of
agrlcultural production in Heilongjiang.

Undoubtedly, labor release will be one of the most
proninent phenomena in Heilongjiang state farms if Alberta's
cereal techonology is transferred In the situation that

/
secondary and tertiary 1ndustr1es have not been dev&ﬁoped

v
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and "d1sgu1sed unemployment" or underemployment‘exlsts 1n

%

state farms, labor displacement by mechanical technology
from Alberta will Yikely exaeerbate'the employment 51tuation:
in Heilongjiang if there is no accommodation of the )
conflicts addressed in the preVious péragragh.-Hence, the
follow1ng question should be asked and answered: is the
technology transfer from Alberta appropriate to the
motlvatlonal context of Hellongjlang agr1cu1ture, espec1a11y
to its agrlcultural employment7

To avoid the negative impact ofikiberta technology:
transfer on Heilongjiang agriculture and te‘facilstete the
rate of technology change as well as to increése'grain
" production, it is important to understand the relatlonshlp
‘between technology and structural change. The focus of th1s.
study is to explore the possible economic effect:of |
technology transfer on the structure of the gra1n product1on
farming system in Hellongjlang state farms, spec1f1ca11y, on
labor use, capital labor ratio and labor product1v1ty.

| : b

B. Objectives and significance . .

To be more specific, the main objectives of this Eﬁhdy
)ase: ;

1. to exblore the differences in socioeconomic contexts
) between the two agricultures within the Heildngjiang

state farms and in Aibgrte; o

2. to estimate quantitatively the effect of various

scenarios for technology transfer on labor use and
s



the capital/labor ratio as well as labor
productivity in Heilongjiang state farm agriculture,
on the assumption that Heilongjiang grain technology
will catch up wikh the 1981 levels for Alberta in 20
years (1984-2004);

to propose some app:opriate‘conaitions for
successful Western technology franafer to

Heilongjiang state farms \aVKLa

eher
Y

The significance of thls study lies' in the 1nterest of

botb Hellongjlang and Alberta in attemptlng technology

transfer on gkaln production. By anticipating the influences

i
{

of technology trangfer in Heilongjiang, the results may

AY .
contribute to decision-making processes as well as
facilitate the agricultural cooperation of the two provinces

and their countries, Canada and China.

C. Organization of The Thesis

This thesis consists of six chapters. Chapter One

delineates the research problem, objectives and significance

of this study, and the organization of the the31s. Chapter

N\

TwO h1ghlxghts the state farm system in China, - prov1des the
natural and socioeconomic background of the Heilongjiang
reclamation area (HRA), and identifies the similar and
dissimilar characteristics betweén HRA and Alberta. Chapter
Three reviews relevant theoretical studies aad-fgéearch.
Chapter Four discusses research methodology and data

analysis. It reports the sampling process, builds up a



simulation model of technology transfer and explains the way
> .

of analysing the .collected data. Chapter Five presents and

_diécusses the results of simulation analysis. Chapter Six

provides policy implications and conclusion,
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II. Grain Agriculture: The State Farm System And Alberta
Family Farm
Clearly, the background of natural and socioeconomic

circumstances in HRA and Alberta’ is a prereguisite to
considering technology transfer. This chapter first provides
a brief overview of the state farm component of Chinese
agriculture, then turns to HRA's natural and socioeconomic
milieu. This chapter also compares the structures of HRA and
Alberta céreal systems. With these considerations and
comparisons, ‘the technology\gaps between Alberta and HRA are

revealed.
A. Overview: The State Farm System In China

Historicél Background

In 1949, China's.historical agricultural economy”of
semi-feudalism and semi-coloniélism came to end when the
Communist government came into power. A.new,agriculturai
ector has ;hereby gradually emerged. This sector is
composed of two systems: the collective and the state farm
systems. For the purpose of this reseérch, 6n1y the state
farm system is addressed.

The state farm system was established mainly on the
basis of land reclamation. From the viewpoint of both |
military defence and economic development, land reclamation

highly focused on the border provinces of northeast,

northwest, farvest and along the coast. The majority of
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gstate farms were sited on wasteland o§ uninhabitable land
subject to dréught or waterlogging, ¢n difficult alkaline or
vacid soils and in‘areas regularly hit gy sand and wind |
storms'. The earliest group of state farms was set up b§
army soldiers in 1947—1949 in Heilongjiang province. A
climax of’land reclamation and farm establishmeht was
reached in 1958-59. At that time,fthousands\of veterans and
youngsters came from all over the coﬁntry and settled down
in the marginal and inhospitable regions of the border
provinces like Heilongjiang, Yunnan, Guangdong and Xinjiang
Autonomous Regéon (A. R.). Stafé farhs used to have thev

characteristic of army organization, but now’ they are only

agricultural production enterprises.

State Farm Distribution

There are 2,048 state farms across the country (See
Figure II.1). These farms cover 27 million -hectares?® of
1and, 4.1 million heétares of which is cultibated’. Four
major reclamation areas contain 431 state farms of 2.9
million hectares of cu}tivated‘land and 0.34 million
hectares of rubber area;“Thé largest reclamation area is in
Heilongjiang province, which has 84 state farms’occupying |
1,78 million hectares of cultivated land. The seconé~1argest
is inikinjiang A. R, which'contains 169 state farms yéth
J

™

R

' T. R. Tregear, An Economic Geography of China, 1970, p.
45, - —

2 { ha.= 15 mu in Chinese unit measurement.

sBureau of Land Reclamation and Agriculture, Beijing(BLRA),
Statistics Yearbook, 1984.

P



1.06 million hectares of cultivatedvland. The third one,
xGuangdong province, 140 state farms with 61 thousand

hectares of cultivated 1ahd and 281 thousand\hectares of
rubber area. The fourth, Yunnan province, 38 state farms
having 13 thousand hectares of cultivated land and 60
thousand of rubbgr aera. According to 1984 statistics, those
four reclamation argas account for 21% of all state férms, '
62% of total‘factories, 50% of commerce, B87% of
trénsportation, 78% of construction, 46% of total

population, 47% of total employed worker§y7nd 45% of gross

output of agriculture and industry in the whole state farm

2

system (See Appendix A).
The reclamation areas of Heilongjiang and Xinjlang are
specialized in grain production; in the other two areas,
Guangdong and Yunnan, rubber production is most important.
State farms in the provinces other than those four major
reclamétion areas are allocated relatively small amount of
’ 1 .

land. Hence, their importance is not as great as those of

. . ' (
the four re&clamation areas mentioned above. *

Characteristics
The state farm system is one of the 'major components of
China's agricultural sector, and it is quite different from

the collective system in the following aspects.

sgven though the state farm system owns only 4.5% of China's
cultivated land, it plays an important role in the country's
food supply. This aspect is nicely presented in Pang and
Boer's article "Management Decentralization on China's State;:
Farms", in American Journal of Agrfcultural Economics, Nov.,’
1983. - : . - . -

L



Fiqure 11.1 Map of State Farm Distribution Nationwide.

i
B

1983 _
[G;?Z\ independent accounting unite
5“5/ arable land ( 0,000mu)

rubber ares ( 0,000ru)’

@‘

source: It is adapted from Stat ist ics Yearbook, 1983.
Beijing: General Bureau of Land Reclamation And Agriculture,
1984' p. 3. ’




(1) Property Ownership

State farms are wholly owned by the state. The farms
were built up mainly on reclaimed land and all their
production means and materials were allocated by the state;

The collective system was established on the basis of
agricultural cooperation and collectivization of ind;vidual
farmers who obtained land from the land reform in i959<and
had theip own other production means and materials. A&l £he

L
assets of a collective farm are owned in common by it§]

members?,

(ii) Onganfzation System :

The structure of the state .-farm systeﬁ&%&{sk@ﬁp{
Figure 11.2, which will give us an entire pi@tdre of ﬁ%@vnhe
state farm systems are organized across the natton.

The ministry o% agriculture, animal husbandry and
fishery controls both the collective and the state farm
systems. The general bureau qf land reclamation and
agriculture, through the provincial general bureaus of state
. farms, controls all the state farms across the nation. In
some’provincés, like Heilongjiang, there is a level between
the general bureau and the étate farms, which is called the
sub-bureau of state farm management.

State farms are organised in three management levels:

at the top is overall farm management in state farms. The

- G - Y . - o

» Since 1978, family production has taken over in the
collective system, but the ownership of the production means
remains the same. ‘
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;
_basic production units used to be unig-farms. But now the
Jifferent family farms become the basic production units. So
under unit-farms there is a new family farm system.
Ssub-farms exist only if state farms are extremely large and
need to be further divided. Before 1978, the collective
agriculture system was organized by the following structu:
the Ministry of Agriculture, Animal Husbandryg-and Fishery
the highest authority for the collective system, through the
provincial agricultural bureaus and the county's
agricultural bureaus, controled communes all over the
‘nation. Then the commune system was organized in three
management levels: commune, brigade and production team.
Following the agricultural reform in 1978, this system
changed. Pamily production units no& constitute the main

the collective economy.

Management Features

Before 1978, the management features of state farms,
ompared with communes; can be distinguished by what
follows. First, state farm production decisions were made
mainly by the central 9overnment through provincial bureaus.
All farm profits went to the state and the state covered all
farm losses if there were any. By contrast, communes were
financially independent. Profits and losses were shared by
commune members.

Secondly, the central government was responsible for

every state farm investment expenditure. However, communes
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Figure 11.2 Organization of The State Farm System in China,

1985,
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had to fjnance their own investment expenditures except for
e N . . 3
govermment grants for basic irrigation.and drainage

.
construction.*
a

Thirdly, state farms employ permanent workers who are
paid by wages. Althouéh this "wage class system” has broken
down during the recent agricultural reform, the state
continues to offer substantial subsidy to permanent workérs
in some state farms. By contrast, communé memﬂérs used to be
paid according to "work point system"’; however, this system

has no longer been used since 1980.

(Iv) Mechanlzation’

State farms hold a safe lead in the procéss of China's
agficultural mechanization. For each 666 hectares ( ten
thousand mu) of cultivated land, they possess 416 horse
power of large and mediﬁm tractors, 2.4 graih combines, 3

transport vehicles and 60% of comprehensive m.chanization in

¢ Ibid. :

T "Work point" was a measurement of a commune member's
labor, which became the basis of labor's income from the
collective economy. The point scale was from 0 to 10. A male
worker's labor was measured by 10 points, while a female
vorker's job might be, on average, measured by 6-8 points a
day. By the end of a year, commune members had to convert \
their total work points into "work days”, which were
measured by total work points divided by 10. This meant that
a work day was worth 10 work points. After production teams
sold their products and subtracted their costs, they
obtained total incomes. Then using the total incomes to
divide by total work days, they got an exchange rate which
stated how much a work day was worth. The exchange rate
varied widely with different production teams in a commune.
Commune members accordingly figured out their own incomes
multiplying their total work days in a year by the exchange
rase-. ;
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farming”x contrast, the national average possession of
large and medium tractors is 216 horse power,-0.18 grain
combines, 0.9 transport vehicles, and 30% of comprehensive
mechanization in farming (see Table II.1). The degree of
mechanization in ti7/state farm system is twice as high as
that of average natibnal level. In other data (Peng and
Boer, 1983), it is documented that 9% of all large and
medium tractors, 70% of all combines and 25% of agricultural
trangport vehicles in the nation are controlled by state
farms. Obviously, these fafms blay a very important role 1n
extension of new technology, experimentation on scientific
farming and in the process of agricultural transformation.

At present, the newly-built family farm system, along
“with the responsibility syst%m, has brought about a change
in the production relationship in the state farm economy and
possibly presented a new strategy for development of state
farms in the near future. K

In summary, China's state farm system was established
mainly on the basis of land reclamation in the border
provinces.*The main reclamation areas are Heilongjiang,
Yunnan, Guangdong provinces and Xinjiang A.R.. The state
farm system and collective system differ in ownership,'
organization, management and mechanization. To some extent,
the agricultural reform movement has changed the original
organization and management features of the state farms
:_;;;;;z:;;;-;;—;;mprehensive mechanization in farming means

the ratio of the cultivated land tilled, seeded and
harvested by machinery to the total cultivated land.

3
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Table II.T™ Comparison of -Mechanization: State Farm
E - system And Nationwide (per 666 hectares
- | . cultivated land).

N

e '5.,\
large and - grain “degree of
medium combines ‘
tractor mechanical
_ S - farming
. (HP) ' (%)
State Farm System 416 2.4 60
Nationwide 216 0.18 30
: : . » —
Source: the material was provided by the Department of

Agricultural Engineering and Agricultural Modernization,
Heilongjiang "August Ist” Land Reclamation University,

China, 1983.

. system.

S,

B. Heilongjiang Reclamation Area (HRA)

Geogtéphical Background
wnd
Landfofm;
The Heilongjiang reclamation area’ (HRA) lies in
northeast China, 'State farms ocdppy'S.G,miliion hectares of
lahd,ugﬁretching from 123°40 (E) to 134°40'(E}, and

44°10 (N) to 50°20 (N). The northern end of the area'is the

- Black Dragon River., The.east is bounded by the Ussuri River.

~
Lx

The west is adjacent to Inner Mongolia A.R. and the southern
end is Jilin provihce. Thé,Heilongjiang reclamation area 1is
vast in territory. A variety of landforms is composed of

0
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mountains, hills and plains. A characteristic of this area
is that the land declines from the northwest to the
southeast. The majority of stat® farms in HRA are located on

T

the following five types of landforms:

- (i) Lesser Hingan Mountainous Area  S
This area is northwardly adjacent to the Great Hingan
Mountains, and eastwardly to the Black Dragon River. Its

elevations range from 600 to 1000 meters above sea level.

(ii) .Southeast Hilly Land
A part of the Changpa1 Mountains is in this area. The

elevations range from 400 to 1000 meters above sea level

(iii) Song-Nen Plains
a This area lies on the west Heilongjiang. It is an
alluvial‘plain of the Songhua Rlver and the Nenjiang R1ver
The elevation i§ from 150 to 200 meters above gea level. A

number of livestock farms are loéated in this area.

A

(iv) Low Three-River Plains

This area covers the delta of the Black Dragon River,
_the Songhua River ard the Ussuri River. The elevation is
from 40 to 90 meters above sea level. It has been largely
explored and reclaimed. It is a major base of grain food

~ production in the province.
.
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(v) Low Muxin Plains
It is a lake-alluvial plain. The elevation is from 60

to 80 meters above sea level.

Cl imate

The majority of- state farms in this reclamation area
| are dispersed in the frigid-temperate, continental monsoon
climate zone. Because the whole reclamatién area covers_G
degrees in“latitude from the south to the north, temperature
varies widely in the span of ﬁﬁe\region. The average of
annual temperatures runs from.—0;9°C to 3°C. The average of
may ipum_temperature in July is about- 20°C to 22°C. The
extreme temperatures in July were recorded historically at
about 37.6 - 38.5°C. The average minimum temperatures in
Jénuary is about -19 - -22°C. The extremely low bémperatures
in historical record were about -42 - -44°C.

Frost starts in late September, and ends in.the middle
of May in the east{ sta;ts in‘the middle of Sepfémber, and *
ends late in May in the north . Ffost—free periods range 120
to 140 days in the east; 100 to 120 days in the north. The
freezing period in a year 1is abouf 150 to 200 days. The
frozen lay;r of land can be as deep as 1.5 - 2.5 meters.

Daylight hours between April and September amount to
1300 to 1500; 500 hours in spring; 650 hours in summer; 250
“hours in fall. The thermal resource in Heilongjiang.prSVince
plentifully meets the need Qf growing aénual crops such as

wheat and soybean. The Three-River plains 1in the east is
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favourable for cultivating maize and rice’.

Rainfall in this reclamation area is relatively
plentiful. Annualvmean precipitation is 540 mm (from the
west to the east: 450 - 600 mm). Rainfall ﬁot only varies
widely from year to year but is also unevenly distribﬁted
through- a year. Sometimeé the extremes for a single year
range BOC to 300mm. More than 60-70% of the annual
rainfall occurs in the summer season from-June to August.,
This provides enough moisture for crops in farm fields, but
the rainy season does affect heavily the harvest time of
wheats. Only 10 to 15% of the annual rainfall comes between
the lafter part of May and the beginning of June. The early
summer drought does affect cggps, éspecially wheat
'prodhction. ‘

- Soil

There are five main types of soils in HRA'®. aa

First, brown soil is 16;2% of the total land and 9.5%
of the total cultivated lgnd in this area. This kind of soil
mainly ranges in the Lesser Hingan Mountains, eastern
mountains and hi%} zones, .

Secondly, plano-soil, one of the black soils, amoﬁnts
to 24.5% of the whole area, but éﬁ?y 0.13% of the cultivated
‘ land. This type of -soil is liable to drought and

waterlogging.

————— — —— . - — - — — a —

"Heilongjiang GYNCJJF2S bianXieZu, History of Economic
Development in Heilongjiang State Farms, 1984, p. 5.
1e1bid., pp. 8 - 10. - ‘



Thirdly, blaqk'soil occupies 16.4% of the total land
and 24.4% of the total cultivated land. This is the best
soil in HRA. It mainly ranges in hill zones.
| Fourthly, meadow 5011 takes 22.2% of the total land and
30.8% of the cultivated land. This is also a productive |
soil. Most of this type of earth is distributed in the

plains, lowlands and along rivers.

Fifthly, marshy soil occupies 16.3% of the total land

and 3.63% of the cultivated land.
Socioeconomic Properties of HRA State Farms

-Populat ion and Labor

A population of 1.45 million inﬂ;;its the reclamation
area (1984). About 44.1% of the populatlon, or 640 thousand
people are employed as permanent workers in state farms
The proportion of population in this area to theitotal rural
"population in the Srovince is 7.68% '?, but the proportioh
of cultivated 1;5& to the total in the provirge is 22.4%.
"The mean raéio of land to man in the area is 52.3 mu (3.5
hectares) per person, while the rat1o in 'the whole province
is 20.87 mu (1.4 hectares)-per person'?’. Compared with other
provinces in China, the population-density in Heilangjiang

- ———— - ———— Mot W G - o

Heflongjlang Prov ince, 1985, p. 2.

v2 This fiqure is counted from Chlnese Stat istics Abstract,
1984, p. 16.

3 The number is figured from the total population and he
total land area in the province. See Chinese Statistics
Abstract, 1984, p. 16.
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province is remarkably low, much lower than the national
mean population density'‘. In spite of this, the population

' i
crude growth rate in this area is still relatively high,

which’is.5.16 per thousagé“. This rate of growth forms the
main source of labor for the coming decades. ‘ |
The labor supply in HRA, in general, exceeds its
demand. The total number of employed people in tﬁe HRA in
1984 was 640,000, but the whole labor force numbered
732,606. In the same year, the number ofgpeople'waiting for
employment was recorded at 61,516 in the whole HRA, but only
20,925 people obtained employment. The réte of labor‘
absorption each year is documented at around 50 percent of
the total job seekers. The rest of the laborers have to be
self employed. Normally, they are involved in some
collective enterprises or family farms or individual
businesses. By the end of f984, about 45,945 people worked

in collectivé enterprises and about 6,660 people were

engaged in individual businesses’®.

Organization of HRA State Farms #
The General Bureau of State Farms in Heilongjiang
(GBSFH) 1is the headquarteré of all state farms in

Heilongjiang province. Through nine sub-bureaus of
_________________ R

'+ National mean population density in China is 107 people
per square kilometer; while only 70 people per square
kilometer inhabit in Heilongjiang. Chlinese Stat istics
Abstract, 1984, p. 16.

s GBSFH: Statistics Yearbook, 1984.

‘¢ The above numbers are from my interviews in the labor and
vage division in GBSFH. '
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management, it controls 84 state farms, 24 factories,‘14_
commerc{al enterprises, 5 transportation enterprises and 9
'construction units'’ Each sub-bureau of management has 5-to
14 state farms. Organizations and functiéns in a state farm
have been noted in the previous section, so here, only new
organizations which have functioned since late 1984 are
emphasized. | »
Agricultural economic reform greatly influenced
un1t farm levels. Many unit-farms functioned as unique
\ 1pdependent accounting units until 1984. Starting from late
1984, Staff family farms were establ1shed These .family
f;rms play the same role as unit-farms and the unit-farms'
functions have béen”changed to some extent. By the end of
1985, most unit-farms in Heilongjiang had functioned as
production service stations which supply inguiry and

marketing services. The new-built family farm system in

unit-farm level can be categorized as the two major types:

1. Multi-family farms with some machinery and equipments
2."Individua1 family with or without machinery and

equipments

A multi-family farm is composed of a few families. It
has more labor, more land, more machlnery and equipment than

1nd1v1dual fam1ly farms. In general, it openates 67 - 133
N
hectares or more cultivated land and specializes in wheat

and soybean production. It owns its machinery and equipment,

- s - e A S - -

7 BLRA, Statistics Yearbook,1984.
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completing the whole production process with its‘own
machinery. This kind of farm can take-advantage of economies
of size. . |

Income distribution among the families in farms of this
sdrt ié a potential problém. All members ih‘the multi-family
farm réceive equal income for their work which may not be of
similar quality and/or quantity. Accordingly inefficiency of
labor use resulting from equalitarianism might occur in the
multi-family farms. '

An individual family farm is operated by one family.
The individual family normally does not own its machinery
~and equipment, and operates approximately 4 - 5 hectares of
cultivated land. This small type of farm cannot complete the
whole process of production wi;h its own resources. Labor
and machinery are hired when needed in the process.

Grain production is not the main occupation in this
type of small individual farms. Animal raising, service and
even construction are invo%ved'{n their production
activities and become more and more dominant over time.

It can also be found that the individual family farm
with machinery operates as much aé 67 - 133 hectares of
cultivated land. Its speci;iization is grain préduction. The
.owners, as operaters of this type of farms, are supposed to
have the most incgntive to become as efficient as posssible
because only owners Ere responsible for the best and the
worst of their production. However , there are not many of
this typé of farms at the present time.

,-;} o . : . r
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Increasing flexibility within the family farm system
does not mean that planning control by the state has been
completely annuled., Most production from family farms is
still arranged by commanding quotas, which determine
acreage, input levels, and the species of grain.

Gralin Production )

The agricultural economy in HRA mainly concentrates on
cfop production. The majority‘of crop production is grain,
wRere grain méans wheat, maize, barley, rice and soybeans.
In 1984, the area sown to grain was 91.8 percent of the
total area cropped; éash—crop, 2.4 percent; and other crops,
5.67 percent in the whole HRA (see Appendix B)., Normally
within grain production, wheat accounts for between 46% and
57%¥ of the total area cropped; soybean, 33.8 - 46.3%; maize,
3.5 - 7.8%; rice, 0.7 - 1%; and others, 1.2 - 2.3%. In the
period of time 1976 - 1983, yield of grain was 1522 kgs. per
hectare, up to 1627 kgs. per hectare in 1984; labor
productivity of grain was 11.7 tons per worker .a year; the
average commercial rate for»grain was 48.6%, which meant
that grain sales were 48.6% of grain production'*. The
balance of the grain was used within the state farms. In the
_best year 1980, output of grain was 3.4 million tons, which
vas 23% of the total output of grain in the whole province,
~and 44% of the total output of grain nationwide within the

state farm system. The amount of HRA state farm grain
\ ’

- G e . v o

'+ GBSFH: An Introduction to GBSFH, 1985, pp. 5-7.
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purchased by the state was 40% of the total state purchased
in the province'®, Obviously, grain production in HRA plays$
an important role in the supply of commercial food grain in
tﬁe province and the nation, Even though the area sown to

grain has decreésed a bit in the period of 1976-81, due to
changes in crop prices and rationalization by growing crops

suited to local conditions?°, the importance of grain

production in HRA is not dwindled.

Technology Employed

HRA is the most mechanized agficultural region in rural
China. It owns about 1.2 million mechanical horse pover,
which is 37.5% of the total mechanical horse power in the
state farm system; and 65% of combines of the total in the
national state farm system?', Apart from the state farm
system, compared with other provinces, Heilongjiang province
holds highest degree of mechanization. Around 70% of arable
land is tilled by machinery; 43% is sown by machinery; 22%
is harvested by mechinery (see table I1.2). Conseqguently,
the technology employed in agricultural production in HRA is
generally’morevmechanized than other places in the nation.

The.hajority of machinery hsed in HRA was imported from
the Soviet Union and other east European countries in the
1950's. A small part of the machinery employed was doméstic

products. Before 1970's, the kinds of combines used mainly

— - —— - — = =

'» Heilongjiang GYNCJJFZS bianxiezu: op.cit., 1984, p. 348.
1 pang and Boer: op.clt., 1983, pp. 662-3.
11 GBSFH, Statistics Yearbook, 1984,
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Table 11.2 Degree of Mechanization by Selected Provinces.

Province mechanized mechanized mechanized
tilling seeding harvesting
(%) (%) (%)
Heilongjiang 69.4 43.4 22.0
‘Sichuan 8.4 0.2 0.0 N
Shandong 59.5 19.0 2.3

Guangdong 38.0 0.1 0.2

"gource: the material is provided by Dept. of Agricultural
Engineering and Mechanization, August 1 Agricultural
Reclamation University, 1983. .
consisted of Russian CK-3 and CKn-4, Huﬁgarian ACD-330, and
Dongfeng'combines whicﬁ were produced domestically. The
number of imported tragtors a d combines has increased since
1976. Imported tractors'and combines, such as CK-5 from
Russia, E-512 and E-516 from East Germany, as well as nthers
from the Johq—Deeré machinery company in the United States,
have formed the most productive and updated part of
mechanical.technolody“ln HRA. Other self-propelled machinery
and traditional methods are still highly 'utilized in
post-harvesting process, transportation, and some other -
production fields.

In fact, the existing technology in HRA copsists of
mechanization, semi-mechanization and PYraditional means. In
terms of the Chinese agricultural reality, the mechanization
degrée in HRA has reached an important position. But it is

still poor by the Western standard. This situation implies
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that agricultural economy in HRA is still in the process of

transformation from its traditional agriculture to the

modern one,
,

Bottlenegks

T,yﬁyajor bottlenecks exist in the agricultural.

g%
1

developﬁent of rural China: (i) absorption of the flow of

surplus labor from agriculture, and (ii) financial basis for
technological advancement and agricultural development. No
doubt, HRA faces the same bottlenecks in its process of
development.

First of all, the shortage of capital to develop
agriculiural production technology and other industries is
relatively severe for many state farms. Since agricultural
reforms were implemented in 1978, farms have been
financially independent. However, it is difficult for most
Sstate farms to make large investment without any
gnvernment's aid, because most statefarms did not make any
reliable profits from their production except for deficits
before 1978.

Secondly, the structure of the agricultural economy is
based on crép monocultur;. Crop production accounts for
90.6% of the gross value of agricultural output (GVAO),
while the sum of forest, 1ive§tock, sideline and fishery is
less than 10% of the GVAO (see Appendix C). Siﬁce grain is

less profitable than cash-crops and industrial products, it

{s difficult for state farms to get reliable and adequate
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indome from this specialized output structure to enable
significant investment in technology for diversification.
This may become an obstacle to creating employment
opportunities for lurpius labor in the near future.

Thirdfy, rapid growth and irrational constitation of
the labor force provide a reserve army of labor. A tendency
of annually increasing labor by more than 40,000 people will
continue up to the yéar 3000”. But the capacity of
absorbing labor. each year is only about half of that number.
Mos!'of the newly-employed people are assigned in crop
sector. This sitpation has made the labor productivity
decline and the Qnderemployment rate increase in HRA,

Fourthly, tertiary industries in HRA, namely, service,
commerce, communication, and transportation, etc., are
relatively weak. The numger of the people engaged in this
sector are around 15.6% of the -total number of the workers,
like that in other low income countries. The relatively low
commercial rate and the poor marketing mechanism indicate an
underdeveloped commercial economy. The commercial rate for
grain averaged 49.7% in the period 1980-84%°; the commerc&al
rate for output of livestock, like pork; averaged 38.9%. The
existing marketing mechanism appears to limit considerably
the circulation of commodities in better harvest years, in
which producers find difficulty selling their products. Thus

commodity production is to some extent restricted by the

- — - —— - T . R S \

*31 The figure is from the author's discussion with of ficer
in the Division Labor and Wage in General Bureau of State’
Farms in Heilongjiang..

13 GBSFH, Statistics and Financlal Statement Book, 1984.
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-

capacity of the marketing mechanism.

In summary, the lack of capital, relatively
undiversified agricultural economy, irrational composition
of labor force and underdeveloped tertiary industries result
in underemployment and low productivity. And the combination
of these hinders the process of agricultural growth and

economic development in HRA.
C. Comparison of Two Agricultures: Alberta and HRA

Alberta Agriculture

Alberta agriéulture started with settlement of the
first immigrants from the east at the turn of the century.
It has experienced the transition from hunting and gathering
to one of the most productive and sophisticated type of ‘
agricultures in the world., At present, one-fifth of Canada's
total rural population, which amounts to 200,000 people,
inhabit Alberta} about 20% of Canada's total agricultural
output is produced by this province®*,

Alberta is one of the western prairie provinces 1in

o

canada. It covers an area of 660,411 square kilometers?®®,
which is 6.6% of the entire Canadian land. Approximately 28
million acres are classed as cultivated land for crop and
pasture. This accounts for 25% of the total cultivated land
in Canada; about 39 million acres are reserved as forest

1+ Byfield, T., The Atlas of Alberta, 1984, p. 142.
3% 1bid., p. 2%.

P
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land, which is 60%<o£ the land in Alberta?®°‘.

Cattle and grain are the leading sectors ln*Alberta
agriculture. "The provxnc1al farm income for the year 1981
was $3.9 billion, of which cattle accounted for 1.2 billion,
hogs a fifth of a billion, wheat 121 billion, and barley ,qq
almost half a billion, canola earned better than a quarter
billion dollars"”. Wheat, Alberta s domlnant/graln crop, is‘
largely exported making an important contribution to
' canada's balance of trade picture. Grain yields ‘have been
increasing over the paSt forty years. These increases have
resulted primarily from technological advances, such as the’
use of machinery, fertilizers, pesticides, more efficient
farm practices, and higher—yielding crop varietiesrcWith the
boom of the oil industry ln Alberta, labor”has been leaving
agricUlture.»It'resulted in" labor scarcity and generated |
substitutioo of . capltal and energy for labor. Slnce then,
Alberta farmlng ‘has rapldly shlfted 1nto the category of
energy- 1nten51ve and cap1tal intensive ag- 1ndustry

~Since the transferabil1ty.of grain production
technology from Alberta to HRA is under consideratioh, some
phy51cal “and soc1oeconom1c aspects of both agrlcultures

should be clar1£1ed

-

- T —— o — - - -

36" plberta Agrlculture, This Land of Alberta, 1977, Pp. 7.
21 pyfield, T., op.cit. p. 142. ,

{
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“eﬁsimila%nCharacter15t1cs : -~

Physiographically, Alberta and HRA have some

@

'characteylstlcs in common. As far as geographic location is
concesned, Alberta is 51tuated én the northwes{ern part of
North America between 49° (N) and 60° (N), 110°‘(w) and 120°
(W): while HRA lies in the very northeastern area of China
between 44° fN) and 50° (N), 123° (E) and 134° (E). There is

‘not much difference in their geographic positions in-north

latitude. Their similar latitudes provide a clue to

understanding their natural resource situations. Farming in
a northernly latitude in Alberta or HRA with a contlnental
- type of cllmate is strongly affected by a number of factors.

(,

Table 1I.3 summaries a numbér of. natural e?v1ronmenta1
features of the two agricultures. Temperature, . |
precfpitétiont frost-free period, growing degree days,
daylight'hours and major farming?soils, are very ‘much
similar. Their crop preduction is domiﬁgéed'by‘wheat. The
primary hazard to agriculture is drought and wate#loggingw
.Dissimilar Characteristics

Their socioeconomic aspeets are dissimilar relative to
their natural environmente ~aracteristics. A numbek‘of
distinguishing features indicated in Table II.4 give people
a general impress1on of the dlfference between the two
agrieultures. HRA, a part of Hellongjlang prov1nce%1n Ch1na,.

has a population of 1.4 million, which is 64.8 percent of .

that in whole Alberta, with 1.8 million hectares of ‘total

I
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Table II.3 Comparison of Natural Environment—and Crop.

Alberta HRA
Climate o frigid continental frigid continental
. monsoon )
Mean July Temp. ;
(max. °C) | 5 - 20 20 - 22
Mean Jan. Temp. |
(min. °C) | -15 - -25 -19 - -22
Annual Mean . | E
precipitation(mm) 350 - 650 : 450 - 600 |
Frost-free—éays 68 - 125 or over 120 - 140
Daylight (hrs) | 448% 480%%*
Growing degree day 2000 or more 1000 - 1800

Major farming soil brown, black soils brown, black soils

Major crop l wheat, barley wheat, soyabean
Natural hazard - hail, drought and drought, waterlog
waterlog

Source: Alberta's data from This Iéhd of Alberta, 1977, p.
13. and p..22.
HRA's data from History of Economlc Development in

Heilongjiang State Farms, 1984, pp. 3-6.
+ from a major grain area in Alberta in July.
*x HRA's average daylight hours in July.

\

arable land, which is only 15.8 pegcent of Alberta's. The
farm populatlo: in HRA'%gzunts to 1.3 million, which is 6.8
times more than Alberta's. The land—man-ratlo in terms of
" arable land in HRA is 1.3 hectares per person, while it u

amounts to 57.4 hectd&és per person in Alberta. The number

@
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of people employed in HRA agriculture is 11 times greater
than that in Alberta. Total outeut of grain production in
HRA reaches 2.4 million tons, which is 22.4 percent of that
in Alberta. Yield per hectare ih HRA is 1627 kilograms per
hectare, which is 85 pgrceﬁt of Alberta's. |
Four factors, such as farm organization, farm ‘size,
finance and capital fqrmation and partial proﬁuctivity are
singled out for our comparison of the th diffgrent

agricultural systems in detail.

Farm Organlzatlon of Alberta Grain Farms

Farm organizations in Alberta are ma1n1y classified - .—
into three categories: individual proprietorship,
partnershlp and corporatlon The majority of Alberta farms
are 1nd1v1dual proprietorships const1tut1gg 88% ;t the total
number of farms (see Table II.5). This phenomenon represents
a free indi,vidual economy controlled by‘ket institutions.
However, about 71% of the9fafms in HRA ar® under the state
farm system; and 29% of the f%tms are owned by collectivé
people who are nonemployed workers in state farms. This
situation reflects the state owﬂership and a central
planning control economy The difference in the economic and
soc1al institutions between the two provinces wlll

constitute -some difficulty in technology transfer érom

Alberta to HRA.

Farm Size
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The average farm sizes of different softé of farms are
shown in Table 11.6. The size of unit-farms in HRA is close
to that of family company farms in Alberta. The average farm
sizé provincewide in Alberta had increased from 277 improved
hectares in 1971 to 349 improved hectare5~in 1985“. The |
tendency of increase in farm size in Alberta still
continues. However, with management decentralization in the
state farm system, family farms graduallg replace parts of
functions of unit-farms, hence the scale‘operation tends to
be a smaller one. The largest scale of family farms in HRA
operates ébout 133 hectares. Perhaps the smallest size of
individual family farm in Alberta has the same scale. Farm
sizes over the provincial level of 3489 hectares are ﬁnder
our consideration of %echnology trénsfer. Our research
focuses on unit-farms rather than on family farms in HRA.
Finance And Capital .f—;or'mation

The financial sources of the state farms in HRA can be

D

approximately classified into four categories:

1. Finance allocation from the State. This allocation is

r\“mainly utilized in capitéi formaticn; like constrﬁction,
the purchase of machinery and equipments, reclamatioﬁ,
and irrigation projects, etc. Before 1985, production
activities in state farms heavily depended on it.
2. Bank loans or credits. Before 1985, due to finance
allocation directly from the State, there Qas not many

1+ Keir Packer, M.Sc. thesis, "structural Changes in Cereal

.oy

Agriculture”, University of Alberta, 1986, p. 68.



Table 11.6 Comparison of Farm

Alberta (1981),.

Size Between HRA (1984) And

Alberta

Ave, Farm
Size

(hectares)

HRA

Ave.,
Size
(hectares)

Farm

Individual farm 304 State Farm , 21,107
Partnership unit-farm . 146
-written 466 family farm 5 - 133
- -verbal 363

Cérporation

-family corp. 727 \

-other corp. 1,028 |
Provincewide 349%

Source: Commercial grain farms cross classified by type of
organization, Alberta, 1981 census. of Agriculture.

GBHSF: Statistics Yearbook 1984. Figure for state farms is
calculated from the total cultivated land divided by the
total state farms. The way of figuring out the average farm
‘size for unit-farm is similar. : ‘

sthis figure comes from Keir Packer, M.Sc. thesis,
"Structural Changes in Alberta Cereal Agrigulture Systems
Between 1971 and 1981", 1986, p. 69.

activities of bank loans or credits. It is required that
all capital constructions from 1985 have to be loaned by
construction banks. Therefore, capital formation in
state farms is no longer given by the State, but by
themselves. However, the ailocation from the State still
exists and reduced té a very 1imitéd extent.

own accumulations. This accumulétion comes

3. State farms'

from profit after quota, renewa  fund and private

4\..
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investment. This source was very little in the past
three decades because then they did not have
self-governed, right to determine their own financial
activities.

4. ‘External investment. This source consists of investments
frém other state-owned, collective-owned and
individuai—owned enterprises, overseas Chinese and
foreign companies. As the oSen-door policy is being
implemented, this source will become more significant to
state farms.

In genefal, capital formation in state farms was hainly
financed by the State according to the practice of-
production in the past three decadés. In that period of -
time, the Chinese government had h;ae a great effort to
develop capital formation of those state farms. The
priorities given by the government allowed state farms to
purchase machinery and equipments‘constantlyL This priority
caused the phenomenon that some farms own relatively large
amount of capital regardleés of their poor return from
production. The economic reform seems to remove this kind of
priority and requires state farms to develop capital
formation with their own financial ability. However, their
present leve{§fbﬁrp;oduction may not sustain the present. -
growth rate of capital fo}mation. This would possibly cause
a decrease in the rate éfAcapital formation in a few years.

In contrast, agriculturé in Alberta is mainly financed

by ‘government financial institutions and banks. There



probably exist four ways of capital formation:

(i) Government financial institutions, like Farm Credig—
Corporation. Farm Credit Corporation (FCC) aims to assist
canadian farms to establish and develop viable farm
enterprises through the use. of long-term credit. The
' corporation also provides loans to groups or syndicates of
farmers in the purchase and use of farm machinery, buildings
and installed equipment”l (ii) Bank loan or credits, (iii)
manufacture trade and (iv) personal income. The first three
ways are involved 'in most far&ers' production activities due
to Alberta's highly-mechanized agr{;ulture. Most farmers
cannot finance their production%by their own financial
ab1l1ty and have to resort to loans from FCC and banks or
get big machlnery and equipments dlrectly from manufacturers
on credit. The loans of credits will be paid back.in
different tefme, like 5, 10 or 20 years.

Although government financial serviceéihave played an
1mportant role in Alberta agricultural capital formatlon, it

s very much different from the Chinese f1nanc1a1 allocatlon
by the state before the economic reforms carried out 1in
- China. The former malnly uses long-term loans or credits
through the f1nanc1al ‘market; the latter, however, largely
depended upon channels of the government admxnlstratlon.

The capital 'labor ratio and capital land ratio are
selected as the main indicators of the present capital
formation for beth HRA and Alberta. They gives us a picture

:» Farm Credit Corporation Canada, Annual Report, 1984/85, .
p. 29. ’
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of how different the technolodiesg employed in the two
agricultures really are. | |

As mentioned before, PlD€rta agricvlture is rapidly
becoming an energy or capital’ihtensive a3-ipdustry,
machinery cagital.labor,ratio has incred%®d by about 2.5
ﬁimes in the last decade, pamely incred%®d from 541,000 per
peréon in 1971 to $104,000 Per person ;M 1981 (in 1981
dollars). Machinery capital 180Q ratio P@S increased from
$165 per hectare in 1971 t© $328 per hect3re in 19812, Farm
machinery tends to be largéf ang jarqer+ TOr instance,
tillage equipment, seeding egUipment , sP*3Yers and combines
have all increased in size and capacity ®SPecially during
the last 10 years’'.

By contrast, the capiéal labor ratio in HRA is $T~860
per person year’?, which ;S aPProximateryY 1.8% of Alberta's;
cultivated land in HRA is 15.6% of Albefta's, but its
capital land ratio is only 0-2X of that N Alberta (see
Table II.7). This gap in capital formatiON, of course,

results in the gap of theif PfOduction?’

Partial Productivity IndeX
Some partial proguctivities 1like labor ang land

productivities, are used for Comparisgo” ©f their production
»s 1bid., pp. 80-82. . , |

31" G.C. zoerb, "Energy apd Machinery", '™ Prairie Production
Sympos ium: Plant Science 219 Technology' 1980, p. 19,

33 This fiqure uses the c2P1t3l yvalue inCluging machinery
and buildings in both agriculture ang 3M9Ustries in HRA due
to difficulty in data sep2fation, TherefOre, this capital
labor ratio is greater th20 that frop tP® sample of
unit-farms later on.

8



Table 11.7 Comparison of Capital Formation Between HRA
(1984) And Alberta (1981). ’

cap./labor ' cap./ha.
(ALTA: 1981 § - (ALTA:1981 3§
HRA: 1984 %) HRA: 1984 §)
Alberta 104,000 328
HRA* ' 1,859.5 67
HRA as % 1.8 0.2

ALTA

Source: Alberta's data are from Keir Packer's thesis, 1986,
p. 80, p. 82. .

* HRA's data are from Statistics Yearbook, 1984, GBHSF.
effic;ency.

Wwith an advanced technology, agricultural output in
Alberta is outstandingly high. In general, by 1881, a worker
per year could produce 242 tons of grain or 74,000 dollars
of sales. Sales per acre amount to 94 dollars, ’’. However,
the labor productivity in HRA is 3.2 - 3.3% of that in
Alpberta in terms of both output per person year of labor and
sales per person year of labor. The land productivity of HRA
was 28.7% of that of Alberta (see Table 11.8).

‘D, Summary 4

The findings of this chapter indir ste that HRA is one

-of the largest and £he most fmportant grain production bases

as well as the most mechanized agricultural regions in

I3 K., Packéf, op.cit, p. 83.
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Table 11.8 Comparison of Partial Productivity Index Between
HRA And Alberta.

output/labor sales/labor sales/acre
(tons) (Alta: 1980 §$ (Alta:1980 §$
HRA: 1984 §) HRA:1984 $)
Alberta 242+ 74,000 94
»
HRA* 7.8 2,800 27
HRA as ¥ Alta 3.2 3.3 28.7

Source: The sales/labor and sales/acre are quoted from Keir
Packer's thesis, 1986, p. 86.

*+ The data for HRA are calculated from Statistics Yearbook,
1984, GBHSF.

«x This data is calculated from gross output value of
agriculture djvided by labor in Alberta in 1980. Alberta
StatisticST**SBO.

China.

Compared with Alberta grain farming, HRA has a number
of natural environmental features similar to those in
'Alberta. Both of them are similar on natural resources, such
as temperature, precipitation, frost-free period, growing
degree days, daylight hours and major-farming soils, and
large scale of grain production. |

These two provinces differ, however, very much on
socio-economic context, like farm organization and market
machanism, and techniques of resource use, like capital
formation and labor participation. Low labor productivity
and low capital labor ratios are major features in HRA grain
production .compared with those in Alberta. HRA attempts to

improve its production efffciency, especially labor

productivity, by technology transfer from developed
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countries. However, capital shortage and labor surplus form
a major constraint in the process of technology change.

The similar characteristics of natural resources in
both HRA and Alberta provide a potential of technology
transfer from Alberta to HRA; while the dissimilar features,
like relatively cheap capital in Alberta but relatively
expensive capital i1n HRA, relatively expensive labor in
Alberta but relatively cheap labor in HRA, will possibly

constitute difficulty in the technology transfer.



111. Theoretical Background

Th1s chapter presents an overview of 1nternatlonal
techn\}ogy transfer in agrlculture, develops the concept of
technology transfer, discusses the determlnants and _
motivations of technology transfer and finally poxntsxout
the factors affecting success of -technology transfer. This
chapter lays.a theoretical foundation of interpretations in
Chapter Five and Cnapter Six.

t

_A. International Technology Transfer in Agriculture

 Overview
A great number of countries in the third world have
experienced increasing agricultural output during the last
two decades. Nevertheless, many of them, with a rapid rate
of populat1on growth have been confronted with persistent
— food shortages and wvidespread malnutrltlon. To solve this |
problem,'technological change has been identified as an
*engine of growth“ for developing countrles. The rates of
indigenous technological change in developing agrlcultures
have been low‘and variable due to economic, social and
polltlcal 1nstab111ty and unfavo;able ‘hatural conditions.
These c1rcumstances have induced an 1nternatlon§l technology

transfer An agrlculture, which has made it p0551ble for
\ I
developingvcountrles to achieve substantial gains in
_ | | @ >
agricultural productivity. ;@ﬁ” g

/gu

42
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International cereal technology transfer has been ’
contributing to increased food security and overall economic
growth in such developing countries or¥areas as Incdia,
Korea, Taiwan, and the Philippines. The new cereal
production technolbgy, whlch 15 employed in these countr1es,-
is a result of agrlcultural technology transfers between
different ecological zones through the exchange of -
scientific knowledge‘and the development of local
experimeﬁtal statioﬁ capacity’*. East Asian rice teéhnologyv‘
and Western wheat teéhnology were transferred succeésfuily
from the temperate‘to thé tropical and subtroepical ZOnes.
This cereal technology transfer ﬁés played an important rolé
in the.world's food productioniu

The early rice technolegy éransfer from Japan to Taiwan
and Korea oécurred during the T§20‘s and 1930's®*. The green
Revolution in Asi? and Latin Ameriéa reflects tg;“éereal
technology transfer worldwide. The term "Green ‘Revolution”
is most properly used to refer to the rapid development and
" diffusion of new early maturing, fertilizer FeSpon51%€h
varieties of wheatv‘rlce and other food grains throughout'
develbping countries in the troplcs and semietropics during
£he mid—1960's. Reports from India, Pakistan and the
Ph111pp1nes showed that yield potentlals of these new

varieties were double or triple the maxlmum y1elds of the

traditional varieties. Combined wlth favorable prices, good

————— ———— — -

© 34 Hayami & Ruttan, "Theor ies of Agricultural Development”
in Agricultural Development, 1985, p. 274. : '
s Ibid., p. 280.-
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weather and increased fertilizer supplies, food grain output
in these countries has risen well beyond the levels of the
preceding years". V. W. Ruttan p01nts out that the new HYV
wheat and rice technology has resulted in an increase in the
demand for labour, one effect of which has been a w1den1ng
wage and income differential among regions. The effect of
the technology transfer has been also to dampen the rate of
increase in food grain prices at the consumer level. Low
income consumers especially benefit from this situation?’.
Moreover, with introduction of the new cereal technology,
the demand for' fertilizers, pesticides, farm machinery and
more adequéte weter supplies 1is rieing sharplf overyprevious
expectations. Facilities for the production, storage,
ddistribution and‘marketing of inputs have to be expended to.
_meet these higher demands’*. This high pay-off tecnnology
has induced a change from traditional non-cash inoute to
high levels of cash inputs in those developing countries, s0
that their traditional agricultures began to face the modern
marketing linkage. n B

The success of the international~cereal technology
transfer was ggsed on three hajor advances:: (i) new
varieties and aSsotiated production technologieé were made
avallable to. farmers, and in turn, were adopted by these
gggmggﬁg,(11} soufces of chem1ca1 and f1nanc1al inputs; and
3¢ G M. Meier, Leadlng Issues in Economic Development .
Studies in International Poverty, 2nd edition, 1970, p. 452.
37 V. W. Ruttan, "The Green Revolution: Seven

Generalizations", IDR, 1977, pp. 16-20..™ -
38 G, M. Meier, op.cit, p. 453. ‘ "g .
&R °
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)

(iii) government polices were such as to make it profitable
for farmers to.adopt these varieties and associated
production‘technologiés”. In addition, international
research centres have contributed very much to the success

R
of technology transfer.

Concept of Technology Transfer

Apedail¢ defines technology as the way-things are done

SV

jon-making and accounting to

Y

ahlch rangespf;gb%?sftmw
manufacturing andtﬁ?ébfﬁg crops‘® He divides technology into
three categaries:

nMechanical technology has been the best known form
in which technology is embodied in capital equipment
such as ploughs, milking machines, biogas digestors
and mills. Technology is also inherent in genetic
material such as new rice varieties or animal
embryos transplants. Biotech is extending into N
genetic engineering with ways of recombining genes hfkqgg
to generate new life with prescribed specifications.
Infotech is evident in the information content of

services and economic decisions. Infotech is

exploding the capability to store, process and

analyse large quantities of data and logic to
generate information on demand. " *'

i

What is presented above by Apedaile is appropriate for the
present research. However, the focus of the research 1is on
mechanical technology and its transfer.

It is generally held that the term of technology‘

‘transfer designates the compiex pfocess by which applied

** 'N. C. Brady, "International Technology Transfer" in
Transferring Food Production Technology to Developing

Nat fons, edited by J. J. Molnar and H. A. Clonts, X Westview
Replica Edition, 1983, p. 19, : .

+o Apedaile, L.P., "Appropriate Technology and.Aid: The Case -
of ‘Rural Transport in Nepal", an unpublished paper, Dept. of
Rural Economy, University of Alberta, .June 1984, p. 3.

¢* Ibid., p. 3. : . : .
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scientific princ¢iples, technologjes and practices move or
flo& from their originapd@ﬁ to users*? The practical
application by farmers of new machines, chemicals and
production technigues and management skills developed by
;esearchers,is considered as technology transfer. Cohcepts
related to teéhnology transfer are often desigqated by the
terms "adoption”, aﬁd "di}fusion" etc.*’. The origiﬁal
meanlng of technology transfer has been extended to
1nternat10nal agricultural development as 1nterdependence of
_countries in the world has been strengthened.

Hlstorlcally, technologxcal transfer has been carrled
out in various forms. Hayami and Ruttan have summar deed them
as three phases: (1) material transfer, (2) design transfer,
and (3) capacity transfer*?‘. Mate®ial transfer involves
_transfefring from more developed countries such mater;als as
seeds, plants, mach1nery, pest1c1des and fertilizers. Th1s
phase was remarked in the early history of agricultural
development. However, many developlng countr1es contlnue.to
be actively engaged in this phase. In the second phase the
de51gns, blueprlnts, formulas and books UtlllZEG‘Ly
scientists and technologlsts are‘transferred. Design
transfer also involves domestic multiplication of plant
materials, expanded local production of machihefy, parts and

' building, and strength%ning experiment stations. Capacity
’f\fraﬂsfer is a more advanced phase., It requires the transfer .

———————-——————v—-———

ﬂ’ evelopment Pollcy, Agriculture Canada, Wérking Paper:
Technology Transfer in Agr'icultur'e, 1984,

\Ibid. ,
44 Hayam1 & Ruttan, op.cit.;/ pp. 260-2.
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of scientific knowledge and capacity which enatle
international technology to be adaptable and viable in local
places. The migration of agricultural scientists such as is
beginning to occur between China and the West becomes an |
1mportant indicator in the process of capac1ty transfer
However, like in other. develop1ng countries, material
utransfer is greatly involved in China. As for HRA, material
transfer like modern ﬁachinery, HYV's sekds and pesticides
are preferable to others at present. Alberta's technology
transter is considered a sort of matetial transfer by many
people. However, according to most scientists' opinion, the
technology transfer from Alberta to HRA should be emphasized
on design transfer and capacity transfer as to develop and
use effiehtly-HRA's indigenous resourcss.

| Robert D. Stevens*® argues that in many developing
countries, low cost labor and high cost capitél make the
highly capital- intensive agricultural technologies ftom more
developed/nations unprofitable in less developed nations.
The reason is that the different ratios between the cost‘of
varied resources used in agricultu;al,areas around the world
cause varied technologies to be profitaple in diverse
locations. Different technologies are induced by dissimilar
relative prices in the various economic environments.
Spec1f1cally, in many developing countries with low labor

costs relative to capital costs, labor-intensive

—~ ——— - —————— — ——

+3 gtevens, "Inducing Develoopment at The Mictro-Level:
Theory and Implications For Technology Transfer Strategies”
‘n Molnar & Clonts (edited), op.cit., pp. 67-84.
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technologies are more profitable than capital-intensive
technologies., Thus he questions how technology transfer
activities can aid in develop1ng the most profitable,

labor-intensive technologies. In his opinion, design

transfer would have opportunities for a higher return. A
large number of technologies~which would b;)profitable in
low labor cost developing countries have probably not been
developed due to a low level of domesticwdesign capacity
both in experimental stations and in agricultural input
industries. Moreover,whe holds that capacity transfer is the
longer range high pay-off objective of technology transfer.
Planning for and carrying out some activity in this phase of
technology transfer at this t1me is llkel§ to be highlymﬁ
productive. This act1v1ty w1ll 1nc1ude selected overseag

doctoral-level training or its equivalent. 3 g

B. Labor Surplus And Absorption
One of the acute probiems of LIC's is rural
unemployment arising fromva.growing labor surplus in
agriculture. This.problem may occur as visible 5} open
unemployment, underemployment or "disguised unemployment"”.
In rural China, dpen unemployment is largely absent and does
not appear as part of the headache issue either before or
after 1949. However, unégremployment is prevalent in the
rural areas. China's labor force rose at a rate equal to, or
perhaps slightly greate: than the rate of population growth.

This rise produced a lezr = increase in the supply of labor,



‘s

most of which occurred in the countryside**. Consquently,
with a relatively slower grouth in agricultural output,
labor productivity has declined since 1952, and is likely to
continue to decline in the decade ahead as more people join
the work fbrqe". /

Underemployment is defined, in terms of low éa;nings,
as an indication of the excessive size of the labor force
relative to complementary factors of production*®. L. Squire
classifies underemployment into two categories: one 1is
visible underemployment defined to incluée those who are
employea but would likg to work longer hours; the other oné
is invisible unde:employment generally defined to include
those whose eérnings lie below a aiven levei. He thinks that
visible underemployment reflects labor market imperfections
and invisible underemployment is considered as a méasure of
poverty.*’

Evidenées on underemployment in HRA will be produced
later on.

leyd G. Refnql@s uses labor "surplus" to describe
either underemp169ﬁent or "disguised unémpfoyment". He
defines the supposed labor "éurplus“,in at least six types
of ways®®:

— ———————— o —————— —

«¢ 7. G. Rawski, Economic Growth And Employment- in China,
Oxford University Press, 1976, p. 36.

+7 Randolph Barker, et al, A Brief Overview of Major
Developments And Future Prospects For the Chingse
Agricultural Economy, A.E. Research 82-16, Dept. of
Agricultural Economics, Cornell University, 1982, p. 9.

4% L. Squire, Employment Policy In Developing Countrles: a
survey of Iissures and ev ldece, 981, p. 74.

+* 1bid., p. 69. .

so loyd G. Reynolds, Agricultural in Development Theory: An

%,
o L
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Type One is that people are working fewer hours than
they would be willing to work if demand for labor were
highér. This type is similar to Squire's visible
underemplojmént.

Type Two is that the curve of labor supply to the
industrial sector is perfectly elastic at a constant real
_wage. This is what Lewis calls "unlimited supplies of
labor” |

Type Three is that the private marginal productivity of
labor in agriculture is zero. This is the "redundant labor”
of the Fei-Ranis model.

Type Four is that the prlvate marginal product of a
man-hour of labor is below the hourly return to labor. The
chse of a divergence between earnings and marginal product
~is often termgd "disguised unemployment”, which means that
Qorkers' productivity in their current employment is below
their potential productivity on their regular job. There is
a hidden labor potential which can be activated as demand
rises when the economy gets better. |

Type Five is that given the soc1al objective of
maxinmizing the value of current income, the combination of
techniques and resources is such that the shadow wage Snd
hence the social marginal productivity of labor is zero.

The final type is that surplus labor exists if workers
can be withdrawn from the agricultural sector without

reducing. agricultural output. This type of labor surplus‘can

- . fm— G . — .

se(cont’d) Overview, Yale University Press, 1975, pp. 11-3,
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be found ﬁbr HBA in the simulation later on.

One §£ thege concepts does not necessarily imply the
others. One or more of them can be true without.all being
true. d

Mobilization of unutilized labor potential requires
mainly an intensification of demand for labor. First, within
the agricultural sector, intensificatfon of demand means:
mainly technical changes that shift the labor productivity
curves upward. Second, technical change would be needed in
any event io compensate workers who are being asked to work
harder and‘who}will demand a reward in terms of‘hiéher
consumptidn, including higher food consumption®'. Adequate
food supply is the first condition for labor surPlus
transfgg'from'agriculture. Reynolds proposes an internal}y
consistent mbdel of labor'transfer which may "involve
populéfion growth of 3 pefcent, agricultural output rising
at 5 percent, and direct;farm labor requirements rising at 2
percent"®*?. Under this condition rural-urban migration would
be allowed beccuse of the adequate food supply. On the other
hand, such migration is required to avert inbreasing ;ural
underemployment. |

In reality, however, rurali-urban migration in
deve10pinq\countries does not really solve the problem-of
.redundant iabor. Conversely it brings some troubles in urban
employment. This urban problem may be caused by the fact
that industrial employment lags behind growth in industrial

——— - — e T

1 Ibid., p. 14.
2 1bid., p. 15. -
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output, and behind growth of the urban population. Thus the
urban industrial sector absorbs only a portion of the annual
increase in the urban labor force®’. High rates of urban
unemployment correspond to migration rates in excess of
urban job opportunity growth rates. This indicates that
rural-urban migratioﬁ-is not a perfect solution to the
growing rural underemployment;

In HRA, as in most places of developing countries,
rapid population growth and lack of nonfarm employment
opportunities form two major obstacles to the absorption of
labor surplus in agriculture. Limited creation of employment
outside agriculture forces much of labor absorption onte the

rural economic sectors. The magnitude of labor absorption

*

heavily depends on the growth rate of rural nonfarm -
employment and intensification of demand for labor in the
agricultural sector instead of the rural-urban migration.

As Reynolds mentions, intensification of demand for
labor means mainly technical change that promotés labor
productivity®*. Creation of nonférm employment also depends
upon technical change. Consequently, technical change is a
crucial factor ﬁo absorption of labor surplus. But what type
of technical change should be designed for labor surplus
economies? This ques;ioh leads us to explore appropriate‘
technologies for those developing countries with labor
surplus problems.

“s3 G. M. Meier, op.cit., 1976, pp. 170-6.

s+ Reynolds, op.cit., p. 14.



53

C. Determinants and Motivation

Theoretically, determinants of technology transfer come
from three aspects: physical difference, economic difference
and institutional difference®®. Not surprisingly, the
technology transferred from advanced countries to less
advanced countries is of some inappropriate nature, because
it is produced according to the economic environments in the
advanced countries, so it is conditioned by temperate
physical conditions, capital-intensive production, and
competitive market institutions. By contrast, the third
world is different with tropical physical conditions, iébour
surplus, low income level, and imperfectly competitive
market institutions. These different physical and economic
as well as institutional environments in the third world
possibly distort the impacts of technologies transferred
from advanced nations. I1f technologies are directly
transferred without any accommodation cf these
contradictions, recipient countries in - .ird world would
suffer the traps of unemployment, underenployment and T
worsening inequality of income distributions. The questioug?ﬁsm
is how ts avoid the traps. This question also forms an %ﬁm“
essential part of discussion of ﬁhe determinants of
technology transfer /choice, which directs attention towards
the appropriateness of technology for developing regions and

countries.,
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o What is an appropriate technology? W. G. Matlock
provides the following definition:

"An appropriate technology is one which meets the
perceived needs or desires, makes the fullest
possible use of locally available resources for
construction, operation and maintenance, minimizes

) secondary problems of environmental degradation, and
( : is compatible with social, political and economic
constraints of both men and women users, and their

community."**
Further, Clarence D. Long terms appropriate technology as

"light-capital", which should include the éollowing three

aspects:

1. "It is not primitive or obsolete, but 1is
economic, ‘culturalﬁy congenial' and ingenious
in its design; & '

2. It should represent the 'least-cost’ solution,
taking into account the factor cost of
production;

3. It is defined by low capital investment per
worker, preferably in.small enterprises that can
be managed with local talents.”®’

From many descriptions of appropriate technology,
it may be concluded tﬁat’the essence of appropriate
technology discussion is fixed insofar as thebterms of
labour-iatensiveness or capital-intensiveness, which
emphasizes Fhe employment factor in technology choice.

Evans & Adler®® think that magimyzapiqugf'ng;

e

national output and income has been a priméé@évelgpment

objective historically and conventidpqllyghnﬁieoﬁkr :

‘maximization of consumption is assumed to be.the .
*¢ W, G. Matlock, "Problems And Solutions in Agritultural
Technology Change or Transfer” in InteﬁnatYOnaL;yOunnaIé or
Development Technology, vol. 2, 1984, ppi 93-105. 7 2 7.
»* Evans & Adler, Appropriate Technology ifor Development : A"~
Discussion And Case Histories, 1979, pp.343-9.v =~ = - % |
's Bvans & Adler, op.cit. : I A "

s

B O
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economic goal. Labour-intensiveness is thus considered
as a criterion of appropriateness reflecting this basic
requirement. However, some different views bppear in G,
M. Meier's account of this issue. He points out that if
the policy objective in a labor surplus economy is to
maximize the growth rate, it will choose more )
capital-intensive technology than when the 56&igy{

L
objective is to maximize immediate output per unit of

&8
investment: if the objective is "something intermediate
beteen the maximization of immediate output and

max imization of the growth rate"*®®, it may choose some
kind of intermediate technology.

Peter Hall's views on this issue almost support
Meier's points. He believes that a relati&ely
labour-intensive technique wouid improve employment,
income distributﬁdn and poverty in the short-run, but
with less saving and less growth in the future.
Important developmental objectives seem to be met in a
short time with labor intensive technology, while the
relatively capital-intensive approach would result 1in
less employment, dgreater inequality of income
distribution, less cogﬁumg;ion, more saving and
cbnsequently more growth %3 future*°. In both Meier and

Hall's opinion, the choice of technology affects not

only the achievement of today;s objectives but the

s Meier, G. M., Leading Issues In Economic Development,
third edition, 1976, p. 442.
‘o peter Hall, Growth And Development, 1983, pp. 126-31.



potential for achieving them in the future. An
appropriate technology ‘to be adopted for a labor surplus
‘economyﬂhighly depends'upen "the urgency with which an
LDC wishes to achieve one type of objective rather than
another and the constraints it believes to be operating
upon it."*! ‘

This topic has been a classic dilemma. Thirlwall
points out that the conflicts between employment and

+ saving, and between employment and output in the choice.
of new technology have been exaggerateé% He argues that
in both practice and theory there is probably not such a
sharp conflict as theoretical research would suggest if
output is redefined by givgng different weights to the
investmrent and consumpt1on components of ouput using
shadow prices. In his op1n1on, technlqhes can be more
labor intensive as long as the Jevel of the investible
‘surplus or the 1e9é1 of outpﬁt is unimpaired. The
direqtion that development strategy for'maximization of
the gene;ai welfare ought to move is more rural-based
labor-iptensive projects".\

These determinants contribute to a developing
country's motivatipns for technology transfer. To
increase national technology capacity, improve the
balance of paywents, redﬁce techndlogical dependence

\
W

‘abroad, reduce unemployment and support certain values

1 Ibid. |
¢1 Thirlwall, A..P., Growth And Development, 2nd edition,
1977, pp. 203 -211. ' : - :
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or sectors of the population are some of the possible
components of motivatiohs in -international technology
transfer. *¢?

ey
The determinants whicgSM#ribute to HRA's

motivations for'technolog“”~ ‘nger from Alberta should
be (i) their'similar natural resource envircnments, (ii)

‘maximization of output or labor productivity on
unit—farms and (iii) promotion of cereal production
technology on unit-farms.

However, othet determinants, such as labor surplusl
low income level and imperfect market ‘institutions,
especially pricing system in HRA, possibly constituﬁe an

" obstacle ﬁo the technology transfer and diSto;t‘the
impacts of technology transferred from Alberta.

An appropriate technology for HRA hay be an
intermediate technology which can.ébsorb more 1gpor and'
make a choice between immediate output maximization and

.growth rate maximization in the‘short fun. However, an
appropriate technology for HRA in the'peiétively long

run should be eméhasized on growth rate maxim}zation,

D. Factors Affecting Success
In order to gain a successful technology transfer, a
number of factors influencihg the success should be clearly

| understood. Hayaml and Ruttan** conclude that the

$23 Derakhshanl, Shidan. "Factors Affectlng Success, in
International Trapsfers of Technology , The Developing
Economies, 1984, p. 28. "~ - ¢ :
¢¢ 1bid., p. 264

q



development and diffusion Of new cereal technolegy in

e ' :
last several decades ¥ere Made possible bY @'Series of
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the

institutional innovationS iM tpe-organization, management

and financing of agricultural research in developing

countries,

Shidan Derakhshani StreSSes more specifically the

following factors: *°

1. The epvironmental characteristics 1M Treceiving

[a]

supplying countries. Those include: K

"market size, absence ¢©f factor price distortions
, the recipient countrly, the existence of a good” |

——— infrastructure, SiMilarity of recipient and suyppli
environments in £€rMS Of gych characteristics as
skills, factor priceS: engowments, .-:: F€Cipient
country science and technglogy base, the social
value system, mobillt¥, working traditions and
pabits, government SUPPort and regulation, effecti
organization structUre of recipient firm and its
size and experience:""* '

In any case, any one ©F numbey of those factors could

and

in

er

ve

decide

the féVOrable or unfavorable nature of teChnolOgy tran‘sfer’

=
i

conditions.

—_— -

2. The nature and SOPhigtication of the technology. The

following patures or Characg
. 4 Y4 _ (e

more weight: product characteristics, manufacturing process.

characteristics, marketing Characteristics, Capital
intensity ang R and D intensity, Those ®SPects are
recognized as major £2CtOrs in the requirement of a

successful technology t¥ansfer,

- — -G "~ —— o —————

¢* 1bid., pp. 30-39.
*« 1bidl; p. 30.

wa



3. The importance,of transfer mechanisms. The
mechanlsms of technology transfer usually are presented as:
ntransfer of publlshed materials; transfer of machineby and
intermediate inputs; the movement of personnel; personal
~ interaction;, various forms Of legal arragements between the
recipient and supplier; and turnkey contracts among others."

‘Derakhshani beliéves thae transfer of technology
mechanisms should be classified according to these four
pasic characteristics: "the location'ef control, the level
of persenal interection; the level of initial supplier
involvement and the stabiLity of the relationship between
the recipient and the supplier.

ACCOrding‘tO him, location of control refers to who
makes decisions regarding«the various aspects of the
operation. He also stresses that increased foreign control
and unrestricted freedom of the technology supplier would
result in decapitalization of the host economy; transfer of

inappropriate technology; economic dependence and disruption
of local income distribution.*® ¢

Personal interaction refers to face-to-face contacgé"
between supplier and recipient personnel. Thus it requires

&
international mobility of Suppller and/or rec1p1ent

[

personnel ,

N

Initial supplier 1nvolvement is defined to include

»

prelnvestment stud1es, prd“eg@,ch01ce eng1neer1ng design,

¢’ Ibid., p. 31.
¢* Ibid., p. 34. \ ;

7]
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‘imPfOVeme"ts to products and processSes,

An 1mportant potent1a1 cost to the rec1p1ent cah resylt
from an ex09551Vely unstable relationship with the suppller
nguch instability would disrupt the flow of 1nformat1°“ from

the supplier and also discourage the supplier from providing
optimal SUPPOTt for the operat1on.

The envirOnmental characteristics and transfer

mechanism in HRA are extremely important to the success of

Alberta technology transfer. This is because the technology
transfer 1S mainlf involved in factor priées, finance
ability, 18POT skills and market conditions, as well 25 More
person to Person contacts. The differences in socials
eq%n%mlc and Political characteristics between HRA and
alberta may Provige some unfavorable conditions for the
success of te€Chnology transfer, such as inflexible caPital
and labor markets relatively lo¥ labor skills and iMP€Tfect
transfer mechanisy in HRA. DerakhShan1 s opinion will
contribute to a theoret1cal foundation for 1nterpreta,t'i°n of

the results from this study later on. .-

P
PN

7
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IV. Research M;!thodology And Data Analysis

A simulation approach is used to €Stimate
quantitatively the effects of transferring mechanical
technology on agricultural output, labor use, capital labor
ratios and labor productivities. Randomly based samplinguis‘
employed to provide the basis for inference from the results
of the simulation. Three Qections are discussed in this
chapter: simulation method, sampling Procedure and data
analysis. The first section skims theoretically the’
simulation method, and builds simula’ti»c;n models for the
technology transfer from Alberta to HRA. In the second
sec£i§n, thé instrument of collecting data in HRA is

explained. The third section highlights an analysis of the

- collected data.

A. sijmulation Method

Concept of Simulation

Economic phenomena are so complicated that any
experiments with the real economic SyStem, as in the
physical or biological sciences, areé almost impossible. The
suitable way for economists to deal with the matter is toO
substitute experiments on models for €Xperiments on the real
system. BY definition, a model is a0 abstraction of an
~ economic environment or relationshiP- A series of rules for

7

manipulation of the model is called simulation.”®

- e

7% James, L.M., Siﬂulation Gam,ng For Manmemnt ;%”Tﬁﬁ

61



Specifically, simulation is a numberical technique for
solving complex”socio-economic models. The analytic
technique of model solution attempts to deduce general
relationships that express endogenous variables in terms of
the given parameters and exogenous variables. Models which
consist of sets of mathematicél equations and logical
identities dealing with the dynamic behavior of economic

) ;ystems over time are usua'lly involved in simulatioﬁ.‘Thus a
model solved by the simulation method is named a simulation

model **°

simulation models have been long used by economists in

~

at least three areas: (1) dynamic macroécpnomics,
particularly business cycle theory and "cobweb theory"; (2)
operations research and management science; and (3) theory
of ecoﬁomic decision-making (Clarkson and Simon, 1960) .
Although simuiation is not always thé best technique for
studing an economic system, it does %rovide the following

advantages:

1. "It enables the study of systems where real-life
experimentation would be either impossible,
inordinately costly or disruptive. )

2. By synthesising systems in model-form, 1t
permits the exploration of systems that do not
exist. ' 3

3. It permits the study of leng-term effects since
the time horizon over which a model is run is
within the control of the model-builder.

4. It forces those concerned with building the

simulation model to examine the system

objectively and consequently undertake a

thorough and critical review of knowledge

concerning the system. The enlightenment that

11 yeady et al, "A Simulation Model For Agricultural
Policy," in Fu‘-%’r;e Farm Programs, 1972, p, 276.

% 5! "m
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this process provides i8 often. surprising.”’’

There exis£ at least, two approaches to gimulation
ﬁodels- One is largely based on econometric features. This
ty;ﬂé‘ﬁof simulatjon mo’ is composed of simultaneous
ﬂequationS'WhiCh are estimated using standard econometric
technigues.

For instance, Tyner and-Tweeten (1968) constructed a
recursive economic model to slmulate the productlon process
of agricultural firms. They established a set of regressions
“for pre-input factors which influenced input factors in the
production, ang thbn upon those pre-input equations, @ Set
of input~ equat10n5 on the economEtrlc base were built.
Finally, those input‘equatlons were ;1nked with output
equations DY econometric means. Although some accounting
relationships were used in their model, the econometric
features were dominant in the study. The major feature of
their study was constructing @ simulation model of a set of
regreSSiONS Whiéh wgre estimafed from a time-series of
1930-60 data. They used the simulation model to simulate
firms' Production béhaviors in the same period of time to‘
test varlous hypotheses about the impact of commodltY
program5 on farming” eff1c1ency

Anoth,r-approach ig called the data-less approach,

thch 311°"S~va1ues for coeffients to be spcified 0

_._.....——_
_——-— ——————

. 11.
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in that a simulation model may be formed without the use of
econometric estimation. For example, some variables are
unobservable and unmeasurable, like attitudinalAparameters
in socxologlca; models; or the variable may be observable,
but data possibly have never been collected. Or even if data
were available, they might be continuous only for a short
t1me perlod These situations often arise in developing
countries. Under these circumstances, a set of hypothetical
relationships should be specified into models, while in the
case of an econometric model, those relationships would be
estimated and tested by fitting them to available data. The
study by Denton and Spencer (1973) utilizes the approach. It
establishes a 51mulat10n model by a set of hypothetical and
behavior relatlonshlp;: and uses the artificial data to
predict the impact of changes in some variables on -the
_behavior of the economic system. |

The data-leés approach is convenient to use for a
simulation model, but it may cause some problems with
predicting results. One of the problems of the data-less
approach is that there 13 no standard check provided on the
reasonableness of the individual relatlonshlps that make up
the model. This drawback does reduce the ability to validate

the model as a whole’’. Therefore, it is important that this

approach be used with great caution.

& 44

- - —— o = =

73 ‘pPindyck and Rubinfeld, Econometr ic ModeAs and Economic
Forecasts, 198%, p. 379. on
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The Technology Transfer Model

General Characteristics of The Model

To explofe the impacts of a mechanical technology
transfer from Alberta to unit-farms in HRA on cereal
production, especially on labor use, capital/labor ratios
and labor productivities} a simulation model is used. The
model simulates mainly labor demand aﬁd supply,
cap1tal/labor ratios, surplus labor and labor productivities
accordlng to a predeterm1ned planning horizon.

The model consists of two submodels: labor demand and
labor supply. The labor démand submodel is based on the
conventional production economics theory. The linear,
Cobb4Dougi@s, guadratic, and trans-log production forms were
tried. TheQCobb—Douglas proauction function produced the
best estlmates for the two farm groups in HRA. Conseguently,
the Cobb-Douglas form was selected to simulate the
production process of grain on unit-farms in HRA. From the
production function, a labor demand function is derived.

The labor Supply submodel is built upon the concept of
birth cohort in which a group of persons born in a given
time period is followed through a span of life. It is
supposed that the natural population grewth rate and labor
participation rate remain constant over a certain period of
time. This cohort approach generétes a stream of labor.
supplies. It is also applied to the process of capital
formation and may be applied to other economic processes

(Denton & Spencer, 1973).
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Labor Demand Submodel

Acbording to tﬁe classic theory of production
economics, an input demand function can be derived from a
given production function. Where Y is a function of input
factors, capital K, labor Nd, and fertilizer F. For the

Cobb-Douglas form of function, the following relation holds:

(1) v, = A K th‘ﬁn F,h

where B,, B, and B, are production elasticity 9
parameters estimated with the cross-section data from the
HRA unit-farms and Alberta large farms respectively. The
subscript, t, represents the dynamic sense.of the function
for later use in‘the simulation. The symbol Nd indicates
labor demand to distinguish it from labor supply expressed
by Ns in the simulation. | .

Land input was not included in this function because of
the assumption that land in HRA is not constrained. With
more land reclamation, arable land in HRA may increase.. In
our §imulation model, fertilizer was assumed to grow at an
annual rate of 7% for both groups. Therefore, changes in
capital formétion, labor demand and fertilizer use imply an
increase in land area for output growth in both groups.

In general, deriving demand functions for inputs

follows the/rule:

s 3
X'U 0
N

n n

0 e
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MVP,, = Pyn

' Solving the equations simultaneously for inputs X1, X2
... Xn, where MVP _ is the marginal value of pfoddct of
input Xn.

In this case, only the labor demand function is ¢o be
aerived. However due to the importance of investigating the
substitution between capital and labor in this study, an |
equation of marginal rate of substitution between capital
and labor is selected as a starting point. Thus the

following relation holds:

(2) MpPP,/MPP_ = B, /P = v'°

where MPP, is the marginal physical product of capital
and MPP_ is the marginal physical product of labor’*. P, is
the capital price and P , the lébor price. y represents the
price ratio of capital and labor.

MPP, and MPP_ can be obtained by the partial derivative
of equation (1) with respect to K, and Nd, respectively. A

little arithmetic produces equation (3).

(3) y = (B /B,) (N& /K.

The price ratio y is obtained using the initial data

for labor use from equation (1) in equation (3).

— o ——— - - =

Applications, 1984, p. 139. '
75 pue to our production function in value term, there 1s no
difference between MPP and MVP.
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Now, the labor demand is a function of the prxce riﬁxo

't

of capital to labor, ratio of elasticities of labqr to_\ﬁi ‘{"2
capital and of capital formation. All thgse_str&%gdral fh
variables are expressed in dynamic terms. \ _ -
To investigate the impact of chanées n capltal * \Q% A
formation alone on labor demand, suppose capltal formatlon , i
of unit-farms in HRA (K.)