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§ Ib understand the factors underlylng comparative advantage in
r' . .

_ ‘agricultural trade is of great importance for the less developed countries._i
;,;It is recognized that the export sector'may;place an effective constraint‘:;,g
lfffon economic development. In order for this not to be case. exports must ;ﬂdff

77‘Tgrow in order to pay for the increase in rmport demand that results from.fff;f

""’l "‘

'1}:‘econom1c development. The study of agricultural exports is 1mportant

fffgbecause historically the export of such products has been an important fc;.tf3

'”'source of exchange earnings for both advanced and low 1ncome countrieso'f?ffff

:”~"Of spec1a1 1mportance in light of their need" for exports as a source ofiij:f

**growth 1s the fact that LDC’s represent a declining share 1n the world 'f;f-F

Ihis study focuses on an analysis of the agricultural component of ffif‘

total exports. The objective is to increase our understanding of the

. .factors that affect the pattern of agricultural trade among countries.

'7].The maintained hYPOthesis of the study is that tha capabllity t° produce-{ﬁ;jj

 _f,and absorb new production technology is an 1mportant element determining ;af'i

:ff',comparative advantage. The specific objectives of the study are-' (l} to f',f

‘7;”develop a conceptual framework for understanding the prOblem of extendinglf;fﬂ

| '»?and adapting presently recelved theoryp (2) to obtain statistical esti~l*ff@xj

'if,mates for an 1nternational cross-sectional erport function for ;tfhnl-:"’




.‘ , -

-7Vfa9ricu1tural productsp and (3) to derive some general POliCY‘J3i'rﬁl?y;ﬁai;?dil
l:'i.. / The economic model 18 based on a two-sector*model of the economy

EATRT I &
"v_ﬁin which labor and land are viewed as primary factors of production. and

s

| “drinherently different from a secondary factor; capital- The stock of’land
-j-‘and labor of an eoonony are assumed to be wholly inert until they are
'flVlimproved by acts of investment-- On the assumption that factor‘marketsljil]df:

'f,i;do not‘have infinite speed of adjustment. changes in relative factor Q;l:L;,ji

f

'ffPrices are then hYPOthESlzed to induce the creation of newuproduction ;;ffffﬂ"

efr'technology The model postulated suggests that with the disequilibrium rff;fff

‘t:effect-jf'tl,[ﬂfa{fjf ;pfrfagf;f};*l%f77f5v RN

'fi.assumption, teohnical Progress will result in a.perverse Rybcynski ﬁ;}7f7;T

e ¥ -‘ = -|""."-. “.: A V"I‘- .
e d 5

The empirical model is derived from a comparative statics algebraic:;f:;i

| r;model. An international or foreign trade offer curve is defined simply

‘“;'Tas domestic production minus domestic consumption.; A positive differ-

- 7rence 1mp11es an export supply function, while a negative one implies an :}?!;p?

':flmport demand function.- A.reduced form equation forhthe foreign maruet

-.f{for agricultural products was first estimated by'ordinary least sauares-if7575“

7:ﬁjThen a stepw1se regreseion procedure was used to analyse the relative

‘importance of the specified variables-;p}qffpffflyf;fﬂffff’"a"J SR

The specification of the model assumed a general equilibrium frame-'ilf.ﬂ

\_"'i

'[d“°rk' thh conventional inputs entered to represent the production szde,_fi\l{

:li,along wlth proxies for human capital and 1nvestment in agricult“ral ..fdclﬁif

5fi3research and-exten51on.- Per capita income and population were entered

rfto take account of domestic demand considerations- And to take account

=ipof trade intervention factors a.policy variable waa explicitly included. fifT?z




. ——— - ey s,
. 51

a*;;of oountries to assess differences between net exporters and net

-He“been changes in structure over time for the net exporting countries.,gffgffw,f

ﬁ;l : The statistical results generated by‘the models generally supportlffj.}ﬂ

:'5irelﬁt1ve explanatory,pcwer for production. consumption and pclicy varl-fitiff;s

l

o~

f«.ables in explaining agricultural trade of exportlng and 1mporting

ttf'countries.u Production varlables are relatively 1mportant 1“ the net

's'more important 1n the net 1mport1ng group.; Desplte differences in

The same model was analyzed with data for fbur different groups }ivé_gr:f

lﬁwnimpoLters of agricultural produots and to determlne whether there had :Vlffii

the economc theory beh.lnd the models-_ The results suggest a different ;_-_{‘_‘.' '

exPOrtmg group and consumption and policy manlpulatmns are relatl"31¥

ffi-relatlve explanatory power' the technology variables are 1n general lffftlf

ff_:imPOrtant in both groups of countrieSo’rfilfigfoeffﬂ*ftfiffiff:fiﬁ";H

The oomparison over time points towards the_zncreased importance

- of investments in agricultural research and development as a factor

}fffdetermining comparative advantage-1 Furthermore; the nature of the tech-{“*iff‘

’;anIOgical change seems to have been 1n the—direction of easing the ifff;;;;;:i

'514 lying induced technical change model.fgqfﬁ.Tf?‘

7'constra1nts put on the country's production and trade by inelastic 31J_fjbj,“

supplies of land and labor tending. therefbre' to validate the underﬂ"ff¥*_7[i;
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It is well recognized that the export sector may-place an
,i'-

1‘f'feffect1ve constralnt on economic development.‘ In order for this not

T INTRODUCTION ec i e

. to be the caser cxports muet.groW'ln order to pay for the increase in ;7?'; -

inmport demand that reeults from economic developmentcl/,fifﬁ?ﬁ';

Although a great deal of attentlon hae been given to the analysls

.;dﬁ_of'import demand: much less attentlon has been gaven to the analysis of S

e L A .w.-u-. ,,ﬂ: : epiigs 4-?

'iﬁffexport SUPPly-d More specifically. only a lrmated amount of‘research has

‘.fdbeen done either to 1dentify and quantlfy the underlying econometrlc

,{=Jstructure that descrrbes export supply, or to identify the factors that 555f3

J'*7affect the quantlty of exports supplied.5,aff33?iff"~

e

The goal of tne present study is to increase.our xnowledge with

:'._'respect to the agricultural component of total exporhs. 'I'he study Of

**fd gricultural exports 1s important.because historically the export of

_,ifsuch products has been an important source of exchange earnlngs for-both

';"the advanced and low-incom countrles. In the perlod 1965-1969 the'o-f"'

v e

B ;dﬁaverage value of world trade in agricultural productS'was of the order

_fE__of US$49 billzon._/ whxch represented about.one-fxfth of the value

Bl

”-'al/ Unless. of . course, the terms of trade should shift in favor of"f”“:”

o exports..l,eie. . :
n‘d/ This and data in the followxng paragraph are taken from.Mackle'fgfffbfff~
(33)- I Tt AL ot AL W e DI o b
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| As a share of the totalp this represented a

jfx.of total world trade.
s _‘__" .
'decline from 50 percent in the 1920'3 and 1930'Sr and 32 percent in

by 1955.n;:u:->1f- x?ff.@,gg,ngkfﬂ,;i}77v*a
Of special 1mportance 1n laght of the importance of exports as a

L“.:J

£ g
'we'iﬁeans of financing a higher rate of economic growth 1s the fact that the
R R - | g oF, S - an,gtg,;
. “_”LDc'a represent a declining share in the world trade 1n agricultural 4{2;;;
tr;ﬂ”products._ For example, in 1955 the developed countries were responSLble

'for 32 percent of world trade in agracultural products. By 1965-69 thia pf;ff
The LDC's, on the other hand. were s

f;ftwfigure had risen to 42’percent-_
”respon31ble for 45 percent of agricultural exports in 1955, but.by‘the

si.:time of the 1965-69 period this share had declined to 34 percent of the |
i 'tota.l- . -‘ e SR o -,
'fif' The puzzle" 1n these data 15 that rany analysts believe that theiﬁd:hl
%'Jﬁ_lou-income countries should haveia national comparative advantage in ”?T&{{hev
in:l;agricultural products, phile the.advanced countrieeishould hate al ”'if;itli;ﬁ
lf}hcoﬁparative.advantage inindustrial‘products-:/ Ihe maintained hypoth-
fih.esis of the present study 1s that the capability to produce and distribute |
7f;'a new'production technology is an important basis fcr establishing and iiitf
'74ﬁ?mainta1ning a comparative advantage in agricultural products- If this Ir:rfel
-'1r;hypothesia is accepted. the failure of the 1oh 1ncome countries to s T
'maintain their share of‘world markete 1n agricultural producta may*be

due in part to their failure to invest 1n the capacity to produce an

"adequate flow of such new technology. S T ey TR

: 3/ For a contraating'view,_see'June"Flanders_(l3)¢ :




"Tgfare found to be con51stent wath the data; theY'maY PI‘:"“'lde a basis f°r f;;f-e;

1
'-i
¥
.‘_
;
b

:'g.hypothesize and support thh con31aerable empirical ev1dence the

Vgiprop051t10n that the hlgh productivlty of agrlculture 1n the developed

b:countries is based on: e:fjfﬁﬁ?-

_e;-.\

o) "the development‘ of a nonagriculture sector ceplablei‘of'."" T

ﬁ};i_in‘(for example: tractors and chemical fertillzers) and

.bil-the capacity of society to generate a‘continuous seQuence iﬁblhi.
. of technical innovations in agriculture which 1ncreases .
- the demand for the inputs supplied by the industrial

——

- ngr_,f?sector. ‘A continuous stream of new technical knowledge-jﬁffg:jf}Tf
- ‘and.a :£low of industrial inputs in.which the new knowledge'uffﬁjﬁﬂjg

. 1is embodied represents a necessary condition for modern
- agricultural development. This stream of new technlcal
. inputs must be complemented by -investments in general
- education and in production education-for- farmers and
. by efforts to transform.anstltutions to be consistent .
. “with the new growth potentidls if the full productive 9r7
. . potential of the new knowledge and the new 1nputs is to .
.‘”“F{wbe rea11zed "§/ ,: SR e e

L

The central focus of the;present study is to make an empirzcalfe;j;-ffﬁ
L:"osentlng dlfferences 1n technolog1cal oapabilxtles among countries. on. '1Qé;4bf

-_,ftbe international trade in agrzoultural products-; If suoh hypotheses

lbimproved polzcy wlth respect to agrxcultural trade: and perhaps eventu-i;ftfb

'i'ally Prov1de a basis for obtaining higher growth rates in both the j45,~-~-:f

:'Ha?ami and Rutt:an (16).

-see reviews by Johnston (23), Schudx (57), Sahota (52) and ;ﬁb:fe_”""
Sobuler (BL)e Lt R

Hayami and Ruttan.4/ ln thexr well—recexvedéf'recent book,zge'ojlﬂibdﬁ*ﬁ

 transmitting increased productivity to agriculture in tbefﬁf'f.ifff
. form of cheaper sources of power and plant nutrientsﬂuﬁ,aw*‘”*"“
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lesser-developed and the advanced countries. As an 1mportant.by.. ; ug,f

A

&f;;product, additional support may be provided for the 1mportance of new

;erCPrOductlon teohnology as a sonrce of economio growth-:«gtfifﬁf&ffffﬂfﬁf**"“f*'

ti}??ff{ﬂﬂﬂir?cjfif} T@chnoloov and Agrioultural Irade

Jij;‘g. Intuitively: 1t seems quite plausible that differences 1n the level

777 comparative advantage that a countrY has i“ “°r1& trade-; The lntrOGECtlon

of‘productlon technology should be an 1mportant determinant of the

};5 of new technology is generally-believed to 1norease aggregate resource f;?fﬂﬁ

{Qf.productivity. and higher produotivxty ie generally belleved to he a keyffffhfi

APV

%,ﬂielement in gaining an improved trade p031tlon.3;"”’
: S : ‘-‘;J 'sw

ff_ little empirical work designed to test hypotheses about the role of

Despite the intuitive plausabllity of this notion; very little

ﬁf;fprogress has been made in 1ntroducing teohnology into trade theoryo-ﬁhodifﬁffﬁﬁ

perhaps 1n 1arge part beoause of this defxciency: there has been very

technology 1n trade performanoe; or to test hypotheses about.the role

Qf of variables representing the technological capabilrty of oountrles 1n ig;fjﬂﬁf

.1:_:}

influenoing the exports or rmports of:agricultural produots.;Qgi}fﬁiffffﬂfi;;f;

Recent developments w1th models of induced technical change

*7f provide the basis for 1ntroduc1ng technology into trade theory-;

the field of agricultural development, Hayami and Ruttan have made

*fﬁ perhaps the most significant contribution to our knowledge about induced
7;f'teohnical change.- They adopt Hrcks"micro level factorfprioe 1nducement -:fgf?
flfjmodel to the aggregate agrioultural sector, and argue that changing

er}factorﬁprioe relations 1nduce particular kinds of teohnical change-gff]gkfﬁﬁtt“

fsznore SPECiflc311Yr a rise in the prxce of land ae a result of 1ne1astic‘;f[fg*f




'“:supply conditlons 1eads to the development of fertrlrzer-responsrve
:ghvarietles of crops and the 1ncreased use of fertlllzers._w1th the

{h_result that the constra1nt to output expansxon 1mposed by an inelastlc e

"fdgsupply curve of land is eased.r Simllarly. an increase 1n the price of

Hf]Llabor as a result of 1ne1astic supply condrtlons for thls faotor 1eads Lf-f}f

'"ni;to tha adoption of’mechanlcal 1nnovations; wlth the result that this

'ﬁ“d%fconstraznt to output growth 1s also eased. anffifﬁfﬁﬁﬁfﬁﬁfi““””"'"

Thas obviously'makes productlon technology an endogenous varaable'jfgtf

'f]fwithln the system; rather than a varlable that 1s determined exogenously;ijﬁ
7h:*lIn addltion it 1mp11es an efficlency.Path for technologlcal developmentr iihf

-df;'with.the impllcatlon that successful agr1oultura1 development Wlnl he ffi;ffo

'.ffffobtalned.by developlng that‘productlon technology whlch w111 ease the

'*‘ﬂjfprevailing constralnt to output expansion.” These constraints are gfhit;ffﬁf}

":‘f7def1ned in terms or the prlmary 1nputs. 1and and labor.; Capital. the R

'.'in supply.

. gVSecondary'input 1n this frameworkc is assumed to be relatively elastlc

* .,

In the present study thls model of 1nduced technical change 1s ;Eﬁﬂﬁjg;

“‘d‘introduced 1nto a'more general growth.model.'wlth the result that

"’-technology becomes an endogenous varlable wlthin the trade theory. ti“

"lThe model and the emparical research is an attempt to build on the :ft»fu'

;-s'flnsightful contrrbutrons of Hayami and Ruttan; and draws on their study

.{snfor an 1mportant part of the data used in testlng the mOdel.. The ;['f*.11""
,;u_ESSence of the model is to argue that the,presence of an lndlgenous

-;hffcapability to<produce and distrlbute new production technology'will

_'_5"a1ter a c0untry s natlonal comparative advantagec and make it a more

f;deffective competrtor in world markets, other things being equal.ﬂfﬂ.ﬂ.'”‘




Objectlves of the Study 'dffgfﬁg;ffflff;‘r~,fjfff_]

lhe general objeotive of this study is to improve our understandzng-ﬁ;;;

Z;"of'the factors determaning agrlcultural exports.: The speoiflc objeotavesfff[

A
. e

. of the study ave: Yt TR T b

~;fﬂ511)ﬁ to develop a conceptual framework for understandlng the problem 'if{;ljfe

=":""-'t..;_-lsj.r extendlng and adaptlng presently received theoryigﬁﬂiLG**”'

?f;z)trto obtain statlstioal estlmates of an international cross-seotlonal

'f?ﬁgﬁaexport functzon for agricultural products, and

'f;iB)l_to derive the economlc 1mp11catlons from the theoretioal and

'>7Cffemplrzoal results obtazned.:.;gj,i;{ﬂ;;ﬂf##“‘?fsﬁwﬂv.ﬂ~w~-~~~

lfﬂ;[ifjffjfff?iffd' General ?rocedures

‘.'."» v’

a.model will,be developed whloh.prov1des a.mnans of analyzrng the,i[ff*

rrf‘drole of natural factor endowments. domestlc demand conditions. and

ifod?_variebles representing teohnological capabilrty-ln determening a country s

llcomparatlve advantage 1n world markets-. Thzs model wlll be cast in the :“fti

\}.

id:?]tradition of a two-sector economy: and comblned'WLth a separaee wodel PO

'-*f,lwhioh w111 be employed to analyze the effects of exohange rateipolloles'ff""w

The two models wlll then be integrated and a 31mplified algebraieifdliﬁl

”V_model w111 be derived whlch.provxdes an export functlon that oan be

"f‘e_utillzed for the statistical ana1YSis.r The model‘will be tested wmth Lf*”””**

':_data from.a cross-sectlon of countrles.Z/. The estlmated coefficlents

L of thls functlon will be the elements upon whioh the economlc 1mpli- . f”""db"

.*dfcations will bn drawn-1]lf;mexf_de1‘jﬁﬁw'-JH-“'P"'..:.

"f_/ An 1mportant part of tne data are taken fror iajami end Ruttan 5 fﬁgffifﬁe
recent study (16)- The remalnder are taken from regular secondary 55ffV5f




Background. Theoretical Antecedents',:i:rsf}tje,.:-.«, ;

nunber of contributions to the theory'proVide the baSis for the

.,5conceptual‘model that is developed in the'next chapter. The objective‘

£ o b

:»-:of this section is to trace these developments in.order to show how the 5fﬁ_;]:

';'dnodel is related to the larger body of trade literature.i It starts withifgf;?

'hffthe contributions of the classical and neoclassical model; and shows howjffgft

fff'some of the assumptions or the latter'model have'been relaxed to provide 7f¢ff

| 7’a role for differences in technoloqy, differences in human capital. and

" the conditions of,product demand in explaining differences in comparative_gfffi

lﬁﬁladvantage and trade flows among countries.;e}fﬁ;ﬁﬁf?ffﬁﬁf*fff?&ffiaﬂtvff*f7*;7

RS -'.'

‘ff lhe theory of comparative advantage is primarily concerned with the”ffﬂﬁa

;lffdetermination of commodity prices at the pre-trade equilibrium.position. ;lfﬁ?j

ff;These prices in turn determine trade flows.;,f;}f?ftirdffi?fff7ﬁffff"“f'"'""

' The fbrces underlying the determination of comparative costs; the };]sﬁ;

:-"mejor element oehind comparative advantager explain both the international

r‘.. i

d_tdifferences in comparative costs and the inter-temporal differences in f?**‘f

;f;costs in any given economy.. There has been two basic approaches to thisliiéif

_iproblem. The first, in the Ricardian tradition, focuses upon the Effl“_iffﬁft

1'3,Ciency of productive'resources. The second, in the HecksherMOhlin :fif;dl";

;;totradition. focuses on the factorfproportions of the eCOnonles and ir_,--

SR P ' | | 8/ i
gﬁﬁ_stresses the importance of differences in their factor endowmentsc“(~;;5?,ja“m

The following discuSSion is cast in the context of the Hecksher-375i*hd¥*

f}nohlin tradition and contributions to the literature which have attempteag}FfV”

8/ For detalls see Caves (9). o . il
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to modrfy the restrrct:.ve assumptaons of that model.-_/ It should be

.fftlnoted in passmng however. that the introouction of technologrcal change

SRR ox technological differences among countrles in a very real sense lﬂ;jj;Tf':%

“-[dlrevitalizes the Ricardlan tradrtzon.lg/7;£;?ﬁ}ffif;i;;if}iViti"fitV”:'”;'

_;- . o T g e : AT =l B
Under the well known set of restrlotive assumptlons a strong versxon‘*;ﬁ

.;f_of the Hecksher-Ohlin theorem ststes that a country s ccmparatlve advan_;.ft

ll”f_tage lies in the,prOduction of commoditzes that.make relatively intensive égdn

'“ft_use of factors that are relatively'plentzful in that country Ihese f?;ljjefﬁ

'--I*-‘ =3 .- B ‘ B L

T"uffﬁe4-lfwhere is incomplete speclallzatlon in both countrles.:}giffl

: assumptions are:

':rﬂgfﬁdl.iractors of production are completely unrformmwithin councries

. and between them; all markets are perfectly competitive and

"‘ﬁ.fﬂhgz._fmhe'productlon functions are the same-4in. the two countries:fxlﬁ”? |

‘they evince constant' returns to scale and they can be ranked

,;5,;—~unique1y'by factor 1ntensrty. regardless of factor-prices._wgg;iﬁ~1}

:f??:fs.fpnemand condrtions are also alrke and yield unitary income ff*ff
*--;.elasticlty for all consumer goods. T AL

'fSQ_FThere exists free trade and absence of transport costs-gif&fig;i;f,f

Amano—ﬂ/ relaxed one of these restrrctlve assumptions by allowrng

'“;ifor'dlfferences or shlfts in the product1on funotrons. with the result d;f*t

'];that a country is expected to have a comparatlve advantag& rn the 11“3'?:i*:f:

;.»_.,,._-,....‘. «

LB s L
SR t', = .I'.1 ;

'ﬁﬁs_/ An ‘alternative group ‘of theories of internatlonal rnde is based on

‘ --/ Amano (2), iy

.+ the product cycle approach. Ihe;works of Vernon (70), Hirch (17)
- and Wells (71), among others, are representatlve of this approach.

_ean_A discussion of these theories is omitted, however, because their VTfflff
~ yery nature makes them appropriate only to the explanation of trade g e

”rFﬁln manufactured products. Morral's interesting exposition in (44), W
. which attempts to reconcil the Hecksher-Ohlin and‘product cycle sggsj;ej{
._theorres is worth notlng: however.;e_3?;%€:f;“h_;_;{}ﬁw e o are

”;f /, For a discu331on, see Jones (26). ;;rf];f;fﬁgldjgﬁjiiﬁﬁf:j' Hhe!

‘“lfsythere is perfect internal mobilzty._wn¢;y.;mr..rb_,-_,.pu,,,_52f7




G of productlon in which it has a relative technoIOglcal advantage. fﬁ;neig; :

fdtnotes that thls tendency may'be strengthened or weakened by the nature
;_ﬂof the technOIOgical advantage; however; because a technlcal change not
|

zf?on the partlcular bras that 1t entalls-jfjliffffﬁ

; r

;7fonly affects factor{product1v1ty. but also factor 1ntenszt1es, dependxng

Amano also dropped the assumption of unrtary”ancomeselast_cxtyot
ff;idemahd for all consumer goods: and by means of general equllibrlum ;idiffei:
'dficonsideratlons showed that the effect of blased technological advantacen ”
:’lfupon factor prlces depends on the elastlcmty of substztutron 1n consump-fhdeéfff
,j;tion--compared'thh unlty., ThiS‘may-he illustrated as follows.5 Supposeum’

‘f}for the moment that the economy is composed of a laborulnten51ve and a “'ﬂ“

L .r._..,y‘ T

[ifcapxtal-intens1ve sector' and that relatlve factor~pr1ces are fixed at 'if

-gjllevels that prevalled.prlor to the asscmed technological change-"“Suppose

-ffffurther that a technologlcal change occurs 1n the capatal*intensive

"Asector- The 1mmed1ate consequence of the relatlve technological change ”f7

{i?ls an! 1ncrease 1n the quantlty produced of the commodlty whlch 1s assumed
':ffto be capatal-rntensxve (commodlty 2): and a relatlve decline 1n the '.;fijf”

fﬁffprice of that commodity relatlve to the other-; If the elasticxty-of

ﬂcfsubstltutlon in consumotxon 1s, sayc greater than “nlty’ this Will 1mcly S
a more proportronate increase in the quantity demanded relative t°;tf31€“

'?f;quantxty SUPPlled of commodlty 2- Therefore: factors must move from.':h;fﬁ}}f

'1f;1ndustry l to industry 2 1n order to clear the markets.f This leads to

'gfda shift of factor'prxces 1n favor of labor, since 1ndustry 2 1s caprtal
hpfinten51ve as. compared to 1ndustry l.r If the elasti,ity of*substztutron
'”ilin consumptlon 1s less than unaty. on the other'hand, the reverse wrll ? e

“_;__/ Jones (26) also dlscusses dlfferences in technology. Has findlngs
| however; are less penetratlng than Amano s.&wb:,_,_..x. G s T




Samueleonlé/ hae shown that assumptions (1); (2)' {4) and (5)

Fefgseffioe to prove the faotorﬁprlce egualization theorem. This theorem

ttfsays that gitenfthls more lamited set of assumptions. trade wxil equallzedt;'.
'f,dthe relative and absolute prices of factors between countries-z Were -
_nfactor&priee egual1zatlon to oconr,‘of oouree; all faotor'movements wouldtfii;d
" be precluded- P S N S | o

.'} Samuelson haslalso shoﬁnlg/ that‘if net saeings-oocurred‘in.oneof i;:frf
lldthe two countries'ta change in the terms of trade would malntain equalltyilt;;}
.ffiin interest rates among oountries, thereby precludrng any flow—of fnnds S
3}nffrom.the cnuntry with net savings to the other.git addltion. Hundell'

dt;fC02011ary"“‘ would apply-* when one country-levied a tarlff. no matter }difﬁfe”

doe et o
B

how small; all trade would cease- _:_.i_:'l:.__j 5 l 7

- It is worth notlng that the faotorﬁpraoe equalizatlon theoren‘ﬁiidlfi“;f;
dif.just mentioned does not imply global equality of 1ncomes per capita, d“f”'tiftﬁ
fjfd31nce dlfferences in 1abor force particaoation and 1n supplxes of capztéliofg”q

- ‘.‘ - h ) :

-.e;per'worker couldstill makefor dlfferences 1n real incomes-.”Buteven 2
;gt:when‘ooupled'with the-existenoe of tarlffs and traneport costs, these

}ﬁ:eteo differenoes in eoonomic strnoture do not provide a.systenatlc ﬁ;ﬁffifjgijirg
nrfexplanation for.the hnge varzatlone in 1noome;§er-oaplta anong-oonntrles”ifgfi;

that are a faot in the modern world..;nagfii;yj’*ﬁffigvii"%f-

: _/ Samuelson (54) . _- ij-.‘ Rl E ]
o 14/ Samuelson (56) . :, o o A] Gl B 2 A | ' |

“_F_dl Samuelson {45)-_;.-.ff;fff;:fiaf;tﬁj:agfjfi;f;f;r;;:ifedfﬁigf:ff"f5{vr;efi;f
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| In an 1mportant<paper Mrs;‘xrueger——/ states that:models focu31n§1e7?i;?;
foupoa teohnological differences among countries appear apéropriate only—iioi?f;‘:
]*;if differences in resource endowments explain little of the economicf,ﬁ;ffi”eﬁi
'> differences.-specifically 1hcoﬁe levels;facocgicountriee.  Since this

.ﬁrseems toibe the case;-and since‘we are interested in“overcoming the

. .

j;astatio characteristics of the comparative costs theory(xes): it is he;lixg RN
:otlieved aPPrOPriate to include broadiy defined technological changes (or f;ﬂ:iiir
t_differences) and human capital explicitly as magor shifters of such *'J;ntl
-; advantages- Support for this position is provided by the fbllOW1ng quotésu”

ff*from.Rosenberg.

: 1 would say that when we accord,a.more prominent role':“_ S O O SRS
,*‘to the effects of a dynamic technology. ‘comparative advantage ﬂﬂfad
. °. - appears in a somewhat different light-, It is no longer based
. . upon cost differences that are rooted in immutable forces of .
© .climate or geology. - Rather it is the continually changing’
.. result of human ingenuity and inventiveness, reflecting the
-+ .- different capacity of different countries to develop: technioues Sl
- which enable_ them to take advantage of opportunities which are _;gkﬁf§f7°g
- only implicit in their resource endowment. - The primacy of .~ ° -
. resource endowment recedes as an explanatory variable in a
- 7. country's economic- activrties.,(...)., The difference in AR
' emphasis, then, is far from trivial. It is the differences f_ﬁ: .
+ »'between emphasizing an unalterable national resource endowment
. as the prime determinant of economic performance and emphasizxng
ff'the level of technological sophxstlcation and. versatility- Foxr = - o
. the fact is that not only do different countries employ-differ-7;.5”m93
_-ent technologies; countries also vary considerably in their =
' ability to produce appropriate technical changes and to adopt
. and modify the technology of other countries to their own o
; requirements- . SEEEITIE e e e L

.__/ ROSenberg (50)' 1,’. 70. :. I R
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‘ Kenen 8 nses a concept of capital on the lines suggested by
Schultz—‘/ and Becserzg/ and is able to develop a two factor-two country
fhimodelg based on the same assumptlons as llsted above; Wthh yields the:;?ffj?f

"usJal results and yet overcomes two llmltatlons of the orxginal Hecksher— fi7,'
y e

f,;Ohlln,model.. One of these llmatations 1s that 1mposed by the unlformlty

_:?jof 1nterest rates that follows dlrectly from.the HecksherHOhlin modelf;_éliﬁfi

o fand which precludes capztal flows, and the other 1s the Mundell corcllary;iffﬁl

"?;whach argues that the presence of a tarsz would.preclude all trade.d;;a;}ff;jf
'f_{Hence' KEnen s model allows for forelgn lending or 1nvestment 1n theh.
L'f“scontext of capltal formatlon; and is not restrlcted to a non-tarlff ‘
,i“'worla.f"?f*”.5[?{ea;r,am~s:s'--- bRy B s el

L3 % ]

Another‘related strand of thooght, 1nxt1ated.by Keesllng——' in the.ffﬁii
-'.—.mid-1960's, builds upon the dichotomy of skilled and unskilled labor.
ht}-In an earller Paper-—* Keesxng had argued that by concentrating on jffhf]fuf}3ﬂ

-ermanufactures 1t is possible to elimlnate natural resources as a factor

ﬁhgnexplainzng trade‘patterns, and that; in as much as capltal noves lnter-‘;f;};g

..‘e ’_

57;'nationally at a,mmch lower cost than labor. the Sklll pattern cf an ;‘ﬁihff[ifﬂ

“af-economy is prone to change much more slowly than 1ts structure of‘physlcalﬂfff
- apital-~ This prov1ded the baszs for*introducing dlfferences 1n the 5ﬁﬁ}g

-F/ Xenen (30) and (a1,
:Schultz (sg).:_.tgefjiju,: L R B R

‘Y-Becker (6) ] .

_txee31ng (29), p_ 6..l

iYeesing (28).:__;o¥;:;'””

kL | 13,;. K

;He notes- that this wrll be especlally true if skllled labor is
y¢fneeded to traln more skilled labor or the same type.:~a;._,; “
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o stock of human capital 1nto trade models. and led to what has been

lf; called the Hecksher—Ohlin human capital models.—~/ It should be notedffchffffp

da'sin pa531ng that the introduction of human capital or labor skills. and:fj'lf-uf

0

"'natural resources into the HecksheruOhlin model also helps dispell the7ife;j3>f

'ereontief paradox.——/4—~/

'i7‘the original restrictive assumptions of the Hecksher—Ohlin model by B {"53;?}

e

Ny | | g Sk AR R TR A S B ST
f,jb_conclude, the evolution of thought has been such as to modifysggnigtji

‘:p

;introducing differences in production functions among countries. by

'”r-accounting for‘differences in endowments of human capital among countries;ff‘if

‘7con51ders differences in human capital anong countries; and which also

. prov1des results that are more general than those that follow from the

‘.:and by recognizing that demand conditions can influence the pattern of 'Iafﬁfc

e

'I,;trade among countries.; For the most part these models have treated the

'-.-" -
N T ~ a -'-‘.

”'Qdifferences in technology among countries as exogenously determined.-i,:f;ﬁfffﬂ

_however. In the next chapter an attempt w111 be made to 1ntroduce the

}concept of 1nduced technical change 1nto a recent growth,model that

:gforiglnal Hecksher-Ohlin formulation.}fiffq:;fl.fa L S Ry

iSee Morral (44),r.""‘”
-.Leontlef (34) and (35) . T

“For other explanations of the Leontief_paradox see Valavanis-veil
~(68) and (69), Jones (24),-Robinson (49) and Johnson (22). It

Q,-:i 'should be noted, however,. that Leontief's explanation in (34) 1s“
' "@'_Aﬁthe basis for keesing s 1abor skills theory-_; e e 2 el g g




G CHAPTER IX .o Eons ~
| THE CONCEPTUAL MODEL " 1.

Ihis chaPter is d1v1ded into three parts-; Ihe first part draws-j‘f”d' |

-fefon the theoretlcal antecedents dlscussed in the prevlous chapter ﬁD S

’f_;specify a generallzed hypothes:s about induced technological change

fefland its role in ccmparative advantage. This hyPOthesls is derived in 3?"d”“'?

-
-

'f¢hlarge part.by 1ntroducing the Hayamz-Ruttan 1nduced technlcal Change 1?:5$“”””"

r.~cmode1 1nto Xenen B two-sector'model- The second paxt dlscusses in a

:cﬁ§simp1e way the role of trade,policies an modifylng the comparative

1ii?advantage that a country'mlght have. or 1n 1n£luenc1ng 1ts expoxts.A Andtffiixf

'f,“the third and fznal part presents a ccmparatlve statlcs model that per-'f;f?;?;

S mits an analysn.s Of changes in comParative advantage that derive from

"I-q-

1i‘fchanges or dlfferences 1n technoloqy Ihls model leads to an offer g?ff;}ffff?

-_]tcurve whlch serves as the basxs fbr-the later emplrlcal work..;w{;aﬂ[ggf?ﬁ"*ff

Induced TEchnologlcal Change and Comparatlve fiffhii'ffje‘ffﬁfp

Advantage-' A HyPOthesxs “f;ji?iiffffiifjf;ﬂn

An underlylng objectlve of the Present study was to test or CRT N e T ey

fd,fevaluate Hayama and Ruttan s induced technical change hypothesas of

27/

'"ffagricultural developmentc"_ as a basis for explaining international c.déd;fAdL

'4f° omparative advantage in the trade of agrlcultural products. The j;*;af;"ﬁf .

£4s ,.;-_

27/ Hayami and Ruttan (16), Chse'd and 5. - -
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- means of doing this is to introduce Hayami and Ruttan s 1nducement

“ hypothesxs 1nto Kenen s two-sector model. / In thxs regard 1t rs

; e
interesting to note that both works treat 1abor-and land as primary ;5*ir¢l

'*'dz'ifactOrS of production that are 1nherent1y different from the secondary
l-"‘ factor; capital- |
Q{gl-!ﬁ'o Kenen treats ?'capltal' and 'nature as the aborlglnal agents °f

lﬂfﬂfproductlon.”—-/' He assumes that every country-has fixed stocks cf land

5d:(N1) and labor (Nz) (1ts natural endcwment): and that the stocks are ifg7‘ff

"hfljwholly inert-“ they must be 1mproved by acts of investment.before they ,?5

"‘uﬁ'can contrlbute to current productlon. fé?t:ff53t""";h'lﬁ

A 51ng1e capztal good or service is assumed to be used for all

"-h:;purposes.- It 1s held in a central 1can fund in each country., In ectual Mf

'””f;ffact, acts of ;nvestment could be expected.to dlfferentlate the natural

”iﬁgjendowment.. Kenen assumes that these are changes in factor auantlty rather

__/ Kenen (30) and (31). |

,,1~29/ Kenen (30 . p. 441--.*.vef49ﬁ:d{7“d?”?'°%”v°’i;

:"tthan changes in factor<qua11ty1 however, by'pretendlng that 1nvestment f:fﬁf

B ;:rin the natural endowment generates a single undlfferentlated factcr- tdff"
ht'”fV»service flow from land; and a second flow from‘labory and that these two 1‘

'f**fflows are the only inputs intc productlon. a?;fifffffi;rfij;;f””*' '

Investment of capital K in the "natural“'rescurces of labor and

’*i:.-fland is hypetheslzed by Kenen to evoke a flnite flcw of factor servxces
Ptf*dbper unlt of factor. Ehese flows are hypothesized to be steady whxle}f;f'sf
'-";they last. and 1nvestments are assumed to'depreciate by sudden death":”."“

v*TTwo constant-elasticity factor supply functlons are specifled for the




stocks of land and 1abor Whlch yield; respectively. flcws 21 and 22
of factor services.‘flg;f;jtf,gqf "

For a given level K of capital stock.a gross factor-service IR

frontier can be derived.; Such a frontier 15 shown in Figure 1 by the eﬂf?fiﬁidf

_ourve GG‘: If gross annual investment K is Optlnally allocat 30
| 1th9 Statlonary state,él/ gross annual 1ncomea as measured by‘factor .
'costs: will he at its max1mum“ "'_W.' “: | .: i r--r._. o
By defining a,linear homogeneous production function for the'
| capital good Kenen reduces the gross factor-service frontier to a net‘

factor-servxce frontier.; Ihis is done by subtracting the amount of Zl

» and Zz needed to produce the level of gross 1nvestment capital, x._ Thisffjfop

fsubtraction 1s illustrated in Figure 1 after the proper Krisoquant has

B been selected. It results in the net factor-service frontier‘NN.tﬁaff,flfffer

-

leen a.wage-rate ratio, W” Wl/Wzv three factor-servxce ratios 'i}gffgt:

:oan be 1dentified 1n Figure 1 that;play a strategic role in Kenen s_;ff'ffﬁf"ff'

,-.-"_vl RO ‘-"“_--,

| analysis'

ﬁ:i_.RG = 2*2/2*1: the gross factor ratio for the whole economYa;dffif::"?:"

'i-dnu = zzn/zlu. the net factor ratio for the»whole economy. and |
,1?RR- 22K/21Kr the factor ratlo of the capital good industrv.gg%gf”ﬁ

_ Kenen discusses the imoortance of the ordering of these ratios32/'on =y

'EL/ This assumes that each individual worker and landlord invests T

- optimal (income max1m121ng) quantities to develop their respecé zij-ﬁ'

'"VT;?tive resources-‘,:.,;;_ | <u.,‘@;~&i¢,"'*”*'

3/ In the stationery state gross annual investmentp K;is equal to R

... gross depreciation, which allows for the depreciation of human R
-capital as well as tangible capital, and is also equal’ to the
| real value,of news. annual lendiqg. '°'7v'~4¢;ﬁu;;w,*:- R

- 32/ It can be shown that these three-factor ratios are related. and |

. Hhat tidy can beoxaered.“niquelY.WhenevexgtwO‘thhem_are_hnoun.f5f"h
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'“ficapltal formationa the patterns of forelgn trade; and the direction of

*"ff[fOrelgn investment.. The following discussron concentrates on the ST

’-?“ﬂeffects on forelgn trade--the subject of the present.study--and neglects

:"‘zithe effects on capltal formatlon and the dlrection ot fOrelgn investment-;fef]p

The productlon of two goods; x and Y. is assumed, for whlch linear

';;h}homogeneous production functlons are specifred-_ Moreover, the usual

 that

5j{strong factor ordering thh 1ncomplete specialrzation lS assumed. such '1;fjj

s R._l - 221/211 > Ru > Zzz/zlz ol Rz

7ff‘where, for any glven w. R1 1s the factor inten51ty 1n the ith industry---"f55;l

l"'ofThe net factor-service frontler NN can thus be translated into a product

J--.-v‘ kl

'7f_ffspace.. The correspondrng product transformatron curve will have the

;- usual properties--:ﬁ/ ;:‘l l_. S |
s In a comparative statrcs framework. changes in the stcck variableSr’fEd?
'1:fN1c Nzt and K, will 1nduce systematrc changes 1n the economy- An Increase?j;o

e e N
©odin Ni can be regarded as an increase in the physical stock of land in the

'“1.;economy, whxle an increase in N2 can be 1nterpreted as an increase in the ;’lﬁV

'?fflabor force-- An increase 1n K represents net savings; and is equal to
“fthe 1ncrease in statlonary state replacement investment that corresponds jfjffa
"“.to a.permanent change 1n the stock of capztal —a/

Under the usual assumptlons of 1nstantaneous and perfect factor ..&;-"Q}{

*:fd:mobllityp a change in erther Nl or N2 Wlll result in a reductlon 1n the'fy"fj'

-f”ghabsolute output of the good which uses the 1ncreased factor relatively

'.‘f-/} That iSr it will be concave to the orlgin.ﬁf;ﬁ;ffﬁfl""“*:'

}"34/ Kenen (31). p. 108.,; T A e




t;’less. 1ntensivelg' en otder to-keep tne telatlge.price of-the gooes‘iigg_t?e7'““
gtconstant. In other*wordsp Rybczynskl's theorem-af would aPPIY*:;iniﬁJiejlfee*ﬁ”'
| ‘ we wxll, on the other hand. hypotheszve a dlsequillbrium.model 1nl
-f-chlch the factors of productlon are not 1nstantly moblle among industrles-éé/g;i
i:A change 1n the natural endowment; therefore. can be expected to alter'the
r.iwage-rate.ratiovia.achange in the relatzve guantity of factor-eervzces.
:?;supplied- "The net factor ratlo, RN' as well as RG and RK' will changefiﬁiittfi
'7accordingly.- The factor ratios 1n the new equllibrlum.wzll therefore be;}];if:
f}dlfferent than they’wocld be in case instant mobillty'were aseumed;cnnffi;?;?f}-
It is at this'point that Hayami and Ruttan s 1nduced technology f;i;:{wyﬁﬁ
Jf_hypotheszs comes. 1nto play.: Thelr hypothesxs 1sthat "a common basis forﬁl-fii

& sucoess in achieving rapid growth 1n agrlcultural.product1v1ty is the

. - LU “ ,’-_‘_

a..‘ o

‘ffcapaclty to generate an,ecologxcally adapted and economically Vlable ff; fﬂQfg1
-netechnology in each country or development reglon“-_of. This hYPOthe31s ls f%;z!_

'»f__/ Rybczynsk1 s theorem asserts that if the supplywof one factor in-.f“tni“lt_
. . creases with the supply of the other factor constant the absolute @ﬁ?f&LVT

'gj‘output of the good which uses the increased factor relatively- less :
SR 1ntensive1y should diminish in order to keep the (exogenously ' N
'-a;ifdetermined) relatzve przce ot the good constant-- See Ryczynskx (51).q,iﬂ,:

f‘§§/'fUn1ess a dlsequllibrium.model is postulatedf the factorfprice:model
. of induced technlcal change makes llttle.sense- 'As Salter hagsg ;:f*gx

'1‘p01nted out in commentlng on the Hicks micro-level model of 1nduced

~ technical change, in equ:.l:.brnm the MVP per unit of expenditure on"
- . each resource will be the same, with the result that the firm would S
“:afbe 1ndlfferent to whether it economized on the use of one resource e
- or the other.  (See Salter (53). - The analysms would appear to carry .
nj-f_over to the macro level: which is the context in which Hayami and .;r_gV

”'VRutan spec1fy their model.jg;;:- A A ey T U IR R

| / Hayami and Ruttan (16). p. 4._-;ejgffj“jiﬂi}fff




| 'FA requlsite for agrlcultural productivity growth is the.ff‘ 
e ¥ capacity'of the agricultural sector to adapt to a new set of
- factors and product przces- This adaptation involves not only f it ® g
..~ ‘the movement along a fixed production surface but also the ;ﬂ~-*”*””"”
- creation of a new production surface which is optimal for the - Ly
" ‘new set of Prlcea-o--__/ - In the short-run, in which substi- 3_3“5' N
/:atution among inputs is clrcumscrlbed by the rigidity of ,Irﬂ»_hu¢~;>
| existing capital and equipment, productlon relationships can f
. best be described by an activity with relatively fixed.factor—-
' factor and factor-rpoduct ratios. In the long-run, in which jll N
" .~ the constraints exercised by exlstiug'capital,disappear and
.. are replaced by the fund of available technical knowledge, .- -~ = 1
.. including all alternative feasible factor-factor and factor~ =
_ product combinations, production relationships can be adequately
- . described by the neoclassical production function. In the 254;.‘5
7 secular period of production, in which the constraints given =
" by the available fund of technical knowledge are further . = .
. released to admit all potentially dlscoverable possibilities- MR e
""" production relationships can be described by a metaproduction . = ..
- .- function which describes. all- concexvable technzcal alternatlves _Q’fl s
thhat'might be dlscovered.__/ | : o S S R

'?ijhe Hayaml-nuttan.metaproductxon function can thus be conceived as the "iﬁl;'

i-ffenvelope of the usual neocla551cal productlon functlon.ﬁg/jf;l*f*f?ﬁﬁ;_ -;,?.a

Tb illustrate the concept 1nthe context-of the Keoenluocelp conSLder?f:l
'J”?enexogenous.increese ln Nzl the.laud eudowuent...Thls.increese; uuder thev;f?f
llfdisequlllbrium assumptxon of lese than 1nstantaneous moblllcy of-factors,;?llff
qj;;Wlll result in a decrease-ln the prlcelof land services. relatrve to tce‘;_f%;f;
;flprice of labor.lThls shlftzn the factor'price ratlo.will encourage the :gl};j

ifo,substltutlon of land for 1abor.; Wlth flxed technology. however. there 1s

”“L-only 11m1ted potential for factor substrtutlon. If technoloqy'is allowed

1 to changer however. the elastlcity of factor substltutlon is lncreased,_luﬂre:;
l'alwlth the larger elastlcity of substltutlon embodled in the metaproductlon

'l:ﬂfunctzon.-'.yr"“

3_/ Ibid-, P- 32_ TP i
_39/ Ibido, Pp. 82"'830 5 e

-Vl'“_/ Brown ( ) and Appendrx A.,"lf_jﬁfi:*?




“."" IWD effects of this change wlll alter the relations ln the productf'fﬁffﬁif
‘;i s Al TR LR

;;space- First, the 1ncrease 1n Nlp the land endowment. will shxft the,xfr.frf‘ o

:;transformation curve outwards by v;rtue of the increase 1n the land- “ 2

}eservice supply function.. ihe outward Shlft of the transformatlon curve"*ffd“"

s '-.

ifWIll occux. all along the curve, but will,be more pronounced 1n the

Qﬁdlrectlon of the good whlch 13 relatlvely more 1ntensxve in the use of

o

3 1and serv1ces-7 Second, the development of a new‘productlon technology
N B

;jin responae to the changing factor prxce ratlo, and whlch in thls case_fiV;};igg;
1.Wi11 be 1ab°r-augmentlng'2l/'Vlll?lsoiéhift,th9;tranéformat1on functlon}fhit:r;:
_ This eecond effect; however, 1s limlted to thegood for whlch new'r=ff5:hfﬁ
%lte°h301°9Y is developed In the case of the other good, however. the |

'.5‘1_‘.---».,__

S .’5'.!‘,f-J..) Tebel
_ﬂtranstrmatzon curve w111 Shlft 1nwards because of a reverse Rybczynskx IR

ig/

;effect. 1 Fbr.#imp11C1tY's sake; wlthouthouever lrmxting the.generallty e
;fof the argument,'we assume that only'the agrxcultural sector, ao rQPre-c:;¥;V~
‘fsented by x' is dynamlc in thesense °f experien01ng technlcal Progress.glu;:s-'
immmmw 3W<  f3;:4w¢;w>f *
Theseleffects can-be showen graphically by'neanslof aLerﬁé;;Péarcé
rcdiagram (Fxgure 2)._ suopose R} rsltheenltlaldnet factoreeeruicé-gatlodl;’fﬁ.&ﬁf

1 el

.ffor the economy.h Accordlngly, Rl and Rz will be the factor service Vf,jfz,dolf-‘

B ratlos 1n the productlon of x and Y. Spectively, glven the factor prlcen;ff“-'hf'

"i--

5'rat10:;Pb'l nssuming 11near homogeneous productlon functlons for both

"_i/ The new technOIOgy is assumed to be of a factor-augmentlng klnd, 5[ I
B however blased 1t may be..u ‘;._‘ R L O EP S L
'__J/ Pathologlcal cases that result from such condltions as convex "Rt Tt
- “transformation curves are ruled out. For a treatment of such a =
-~ cases see Teubal (64). It should be noted, however, that the _'_.”_ = 5
. inducement mechanlsm.whlch TEubal uses is different than the one PR
:'g.postulated here. ‘ T PREEEI ST ST ST N

..
-
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'F'gOOdSr the isoquant‘map can be represented by any arbitrary 1S°q“ant'3ffffi*?;;
S S and Iy. for instance.a:n__ragcgw 4

_;/,

Fbr the factor-service endowment El' productlon will take PlaCQ;EQj;-:gJM

:“r?at;points xi and !1. Ihe effect.of_an increase 1n_Ni.w111 be to als-gt];f}f:ﬂff
lffplace the factor—service endowment to Ezl If relatlve factor priceSZ.eflrlxldll
-1?do not change' productlon would take place at‘polnts 12 and 22 In fact:f??ft:a
‘j;ghowever, production would take place at p01nts x; < xz and r% >-!é,1€}35? fff‘ﬁﬁ
-:;f(not shown 1n order to 51mp11fy the graph); because Eé would have moved

.'.;further to the right 1f relatlve factor'prrces did not change in reeponse;ffif;
f.ito the 1ncrease in the stook of land._ The posmtxon of E in the graph, i ‘

~?37assumes thls change in the factor'price ratlo (agarn in order to keep

P
Ve l R

.I-\l\ -y

. - .l N eu’a;_ .r‘;r.:, B

£, = ; AT R R S L

T S - v

'”;hthe graph as simple as posszble).;;jfthjf'
;f;'ii Wath no change in technology the factor-eerv1ce ratio.foraagrr—:?re;frki?;
i:;culture would be glven by_p01nt C‘” If, on the other hand, technology
-—':is allowed to change; thn substltutlon of factors of productron wlll takeh?léfft
'ffplace along what Ahmadﬂé/ descrlbes as’ the Innovatlon Possrollrty Curveeid;fl*h
iillPC ¢ Or along what Hayaml and Ruttan call the metaproductlon functron;"ﬁifhﬁﬂl
,t[lFactor proportlons for factorfprrce ratao p1 1s gaven by'point c on Ii _:Li;?of
-ifthe neW'medlum-run neoolas 1ca1 isoguant.ﬁ Productlon‘w1ll occur'at g 1;i;;ﬁif;

3

lf-polnts x3 and Y -: It can therefore be seen that the hypothesized
i technical chang° outwelghed the Rchzynskl effect.~q;a;7;fah iR

1

It is clear that thls wrll not always be the case: even under the
'”l;dlsequrlrbrlum.hypothe31s-_ It all deprnds on the degree of dlfference

:o'in the factor intensrty and the nature of the metaproduction functron.‘,?:T”'fff

43/ ahmad (1) R
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'"ﬁzinput.g--

-7“fThe,point that can be made. however. is that under the above assumptlons ROt
“"V}technlcal progress will always work agalnst the reductlon 1n output of Rt
'-..;F:
"[‘“the good that is less 1ntensive in the relatzvely cheaper'productlon

r” .

- -
: . -
-

L_?-E ﬁhe kind of technologleal change that is assumed above is one. for’ife;f;
.hg?exaople. which permits an’ 1ncrease in the area operated by‘a worker-Q Infhf;}ﬁh
'éliagriculture thlS lé usuelly achleﬁed throogh an increaeelln the‘lnteh51tyu
-f:eof mechanical power peo worker, which conceals the.comolementarity f
}:;hrelationship between land and Power. .The inoreesehln the landvendoomenf i;35;f;
-t;( ) that was POstulated above could thus'have brought about an 1ncréase.f§f7?f

L°flin mechanlcal equzpment,per worker., Thls would be a case of labor-sav1n9 iif-f

.ua "_ 1 -""‘""'"';q-_'.‘:c Epre g "r ! .. 3 s e B o B ."” “ .:. By e ki
: <k . B e J_' 0y g :' U T W -
bt 4

'thechnlcal change.ﬂffff%fffifflﬁ.fcg{;qﬁjf“‘
A similar example could be presented for 1ncreases 1n the labor
"‘{EOrce. Land-saving technzques would result in thls caseo through

=;?:improvements ‘in chemlcal-blolOglcal proceeses-— More speclfically. farcers.“h“=
;7hfcould be expected to adopt 1mproved varletlee theélhave a greater respohse- ?¢ﬁ
'c¥ to fertilxzer and make greeter use of chemical inputs such‘as commerclai hf;i@f
‘fihfertxlizers and peetccldec.gé/;eho{li,ﬁ'“5*wraq,1--- LITNSTE ISR AT _

7 i Sashane: ks S Sk o i b s -
5oeehdowment are “°t the only'means b?'which.changesih relatxvefactoﬁl?hfh”"iv
'%prlces aré brought about.- Changee in."thefaotoﬁ'-eerw.ce eoéplf functlons A

_could occur as a consequence of technical change 1n the supply 1ndustr1es;£ﬁ/l*-

hj:gﬁf For detalls regardzng the SPelelc techniques assoclated with
fm - particular factor-saving or factor-augmentlng innovations; see
‘F;;Hayami and Ruttan (16} ch. 6. R T T R e .

45 ‘fihchnical change in the *crtlllger induetry has been an lmportan?
. source of the. relative decline in the price of that input in the -~ .
.~ last decade, and has in turn 1nduced technical change in the agrin.‘,ﬁglcfg
eicultural sector- T I TR R PR Pl e e TR RS
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 as a consequence of technical change in the 1nvestment‘processp and so foﬁﬁﬁff*

:a_forth ! In addltlon.'changes 1n wage rates or factor prlces may result
o .w - % o | . - P il o P .
7iifrom>domestic or trade pollcles that change the factor pr1ces faced

% h further example that is relevant for the present study; although
Z;aomenhat extraneous to Hayami and Ruttan s basic model, arlses in the
;aecaselof the infant 1ndustry argument-; The adoption of an,lmport tarsz ffft%s
‘e?polaey cesagned to protect the nascent industry in many LDC's has as 1ts T Ry
I'._.:na,tural consequence the working of the stolper-Samuelson theorempﬁél L L M
1f)w1th the result that there 1s a domestac price increase of the relatltely
E?iscarce factor.of pmoductiona‘ If the 1nducement mechanism.herein aaqpted in?]}7
:;from.Hayami and Ruttan 1s to be credited.as general. the relevant techc fl?;:ff
Lg'nology to be pursued by the LDc‘s should 1n any case be one deszgned to.:ﬁ:

- The extension of thls productlon'modelto aﬂtrade model\can.he-.wa-l :
if-easily accompllshed.r If we 1ntroduce demand condltaons by‘neans ofnthet:fiaiif?
1{*usual homothetlc 1ndlfference curues; the nostulate;“changes1n.the”fihf3?fiiﬂ-ﬁ
:;[production technology w111 1nduce changes-ln the country s offer auiﬁé;h]g;§f[§*

a:,thereby tendlng to glve the country a comparatlve advantage 1n that sector %1

fﬂwhere technology is more dynamic.'nﬁﬁf“" :

- 2§/ The Stolper-Samuelson theorem asserts that unﬁer the flve assumptlons
-~ :mede on page , the price of the factor which is relatively scarce - )
. will increase in terms of the other, factor or in terms of the price
- of any good as a result.of the 1mposxtion of an import tarlff.,,See
'-Stolper-Samuelson (62).-1-~ Ok TP 0 el S

:;:EZ/?gihls i true, of ourse, -£or any change in- relative factor-price. f“
bl '.'regardless of any protectlona.stlc policy- LU T e S
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:To operationalize the model resort can be made to the usual

definition of the offer~curve as the difference between domestic produc-
" i
] I
tion and consumption. Factor-augmenting: induced technical change will

have the same kind of effects on expcrt supply as discussed for production.

'Were the assumption of unitary elastic1ty of substitution 1n demand to be
i

dropped. the same result.presented by Amano_i/ would be obtained.

I

P Trade Intervention Factors

I

In order to increase the contribution of agriculture to goals of
society other than of exchange earningsp countries at times place direct
and/br indirect restrictions on agricultural exports -/ Two common such

policies are exporthquotas and over-valuation of the exchange rate._b/

.!-! .,u.,‘. ‘

In the present section a relatively sxmple partial equilibrium‘model that

1

helps to understand the role of these 1nterven1ng“ factors is presented.——/
The fundamental assumption made in this section is the small country

assumption.——/ The domestic market for any tradeable ccmmodity such as

48/ ‘Discussed in the last sectlon of the-prev1ous chapter.
49/

For a comprehenszve treatment of trade 1ntervention 1n agricultural
products, and their inter-relation with domestio agricultural
policies, see Johnson (21).

50/ Exchange rate policies can also: of course; be used to promote agri-
cultural exports. The emphasis here is on the over-valuation case
because it has tended to be the more: common policy in- the post~war
period. ‘The analysis is symmetrical, ‘however, except that under-
valuation of the exohange rate w111 tend to increase exports rather
than decrease them.

51/ . For a discussion of an over-valued exchange rate in terms ot tbe
model presented here see Thompson (65) and Schuh (58). e &

52/ -The home country is assumed to be SO small relative to the rest of
the world that its economic activities have negligible repercussaons
on the foreign economies via trade. International economic activi-
ties, however, are assumed to have noticeable effects on the domestic
economy. In othex WOrd Sy this means,the home country is a.price takcr.




;'agricultural products can be described by the d,mandlschedule Db and‘the 2B
‘isupply!schedule SS. shown in Figure 3, which would deflne an EQUilibrium ;fﬁf;h*i
: price.'Po. and an equilibrium quantity. Q ' in the absence of trade-- The?Trhi{i
'-vertical axis in the Figure measures agriculturalprices in terms orithe';ig:_ii
ffdomestic currency. and the horizontai axis meaeures guantities.;i;eiixyu

o For a fixed exchange rate¢§§/ r. which translates.any foreign pricejg:iigi
th to, L-GOWGStlc Price; p. the foreign demand schedule. which is assumed

f}to be perfectly elastic due to the small country assumption,-can befi?ﬁ{fgfff”f
?irepresented by'PlF. corresponding toiprice PI; 1n the domeeticcurrency.;ﬁifffflf
L“Assume that r is the equilibrium—d/ exchange rate-; The foreign price, p,idﬂ!?fﬁ

f;will be translated into a domestic price P >'P' SO 1ong as the industry ;;FHB»--

-'P
‘)‘N l.:--g..‘_‘ P

: would be an export industry under equilibriuuﬂexchange rates and in the_i:ea?i]i-
;;absence of other trade interventions._ Under these conditions domestic “fir;f;ii]
® md“"ti"“ ”‘"m be at °Qz' dmestm consmption at 091: ana quantity 9192'7‘.':' ';
gwill be the Quantity of exports of this product from,the domestic economy;tii'h:
R Suppose, now, that the exchange rate is over-valued to level rl SRLE
_gnThe‘consequence of this ouer-valuationuaries'according to-whether it is;ehjgnr_
L{vzewed froma domestic or a foreign-standpoint.; Domesticallyr it°°r¥e“ri;ffégﬁ
f;sponds.to a downward Shlft of the foreign demand function to PzF'. with a’
chorresponding”reduction 1n the domestzc price (1n terms of the domestic:fjfg;;*'

,
"

"‘curency)-to P2.§ Internationally;jit_corresponds to_an;increase in thef:i_j;f'i

;‘ 3/ Defined as the ambey of Anlks of the domestxc currency required
u ___to purchase one unit of the foreign currency-,=~~~ S PR

54/ In line with Nur?se (46) ‘and Meade (40), an equilibrium exchange e i

. rate is defined as one that maintains a country's external account . -~

- dn equilibrium for a period of five to ten years without the need - -

- for wholesale unemployment at home, no restrictions on trade, and TR

- - an absence of temporary capital movements. . Later in this study a .
- JEER, "ideal" eqUilibrium exchange rate'will be defined.x,glla;_
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'4-7pr1ce of the product. thereby resulting 1n a reduction in the quantzty
‘ #

=;f'demanded __/‘ In terms of Figure 3 domestic prcduction w111 be OQa under
M |

[o“the changed conditions: domestlc consumptlon will be 093: and the quantlty ffffﬁ

rg;exported will be Q3Q4 ,-,;ff;hb;er,;_-;ev;j;-;;33;45;5;,_;;,g;~vh-‘—«
.__f}fh Tha magnitude of reduction in the quantity exported; as well as the
o

| ahreductmon in exchange earnxngs (the shaded area in Figure 3) and the ;;-:ﬁﬁ?;.';
;]i;reduction{in grcss income to the sector (area P1b92Q4eP2 in Flgure 3);
.hhfdepends on the magnitude of the cver-valuation and the elastxcxties of i":;;efg;
=;cﬂsupp1y and demand.. Should the devaluatlcn persist for a lcng perlodlof

7fjtxme, it is the long-run elastlcltles that are relevant-eggéfififjﬁdil';'hﬂ

e g e i ey
Expcrt.quotas and taxes can be studled 1n the same framework-__(vg]fffﬁ*?ﬁ

-"The usual reason for'imposxng enpcrt'ta;ee.or'guotas ie ‘to brevent.domeetaaijfrj
dh?prices frcm attaining 1nternationa1 1etelste A lump~sum tax applied to |

leexport.has'ln essence; the aame effect as an over-valuatlon of the ;&{iﬂf?'ffff
'rfexchange-rate: that is. 1t Shzfts.the foreegnddemand downwards.;hiif;nii;{:j;ﬁhif
| If the reduction in domestzc price were tc be obtained (net) by an

f;hegport quotap the same elastlcztles of supply and demand; or alternatlvely;h?fff
ignof expcrt supply: would have to be known. Figure 3 is of help in unaer_’;di"{!f
iifstandlng the reascns fcr thls._ The reductzon 1n domestlc price frcm Pll.f?éffdd

had BRSSO

- ——/ Observe that for a S“ffiC1entlY large over-valuaticn the inter- T'** ,
- - national price, as measured in terms of the domestic currency, will =~ =
-~ . fall below the domestic, autargic equilibrium price, P+ Under these ?hfff
. ‘conditions the domestic country will become a net impprter of agri-~ = = -
B cultural‘products. other things remalnlng equal. For the purpose of fjm3u5
- . the present analy51s it is assumed that the over—valuation of the .
.~ exchange rate is not suffxclently large to reverse the trade Pattern"dffff
.'?fThe argument; howeverf is perfectly general. R o i

'456/‘ In factp 1t is wcrth noting that an cver-valued exchange rate 1s an . 'gﬁifﬁf
v;mpllclt expcrt tax.g-;i;j-,- SR T CUPLS SR TR R




rfrto Pé eia an oeer;valuatlon;of tne.exchange rate resnltedlin aﬂrednotlon-v

i;;in the quantity exported Of Qlexﬂus 9492 | The same resultéz, would be ?ﬁefffe.
'i;achieved if. with flxed equllibrium.exchange rate r;.an export quota fde§4¢_;l.'
_equa,l to QBQ s had been estabuehea that reduced original expo,_.ts, Q Q ,
y It is thus ciear that desplte 1ts stmpllclty this approach enables ?ifided
““;one to reaoh interestlng results.d More complete results could, of courseeglffdw

' 'be dbtalned by a general equilibrium.analySLS. at the oost. howeverr of

f,“complicatlng 1ife considerably. ;;e

A Comparatmve statlcs Model

There have been two strands of thougntnan}the.above ddscnsseon.or Vil:_._
ir?oonceptual consideratlonse, The flrst was a model o; induced technical e
if'changep whzch was introduced into commonly accepted trade theory'by'means_iffid:
xdof'modifications to a model developed by'Kenen.:.The second‘ess a.con51der~fff;
"ﬁeation of trade interventions, especially the role;of‘the.erchange rate,';edcﬁ-;
‘e‘which act as intervening varlables to modify comparatlve advantages | i
e;ithet‘mlght be introduced by technoIOglcal change-mesitfrgfi;,fde;cdnﬁdﬁﬁ

L What is needed now 1s a.model that permits an analysis of ohanees“fplii;;f
fiinﬂcomparatlve advantage that derlve from changes-or‘differences in | |
3.technologyu A.model adapted basically from.Takayama-ﬁ/ is proposed 1n-;;ed;?2:

i e

fnd57/t'The "some results" refers only to the reductlon.in prlces. however.~;:f
' - Different forms of intervention may'have qulte dlfferent cost and
benefzts assoc1ated Wlth them-:e-_:e.:_ e i

d.§§/ :Takayama (63) chs. 8 and 9o._;7[3f7r*"

.'0'




't;this section-n The model isa.neoclassical model where fullemployment

ig&is the natural and basic assumption to make.} Price is the key‘parameter”.aﬁ¥tjf
J::Of the SYStem-“oiffi.-_ L o ¥ g e e,

o The two countries are assuoedlto each'nave a fixedlstock of land, L:?_ffff
_"j; 11 and labor. Nzlii Giuen a central loan fund-in each country-with &l
r;icapital at 1evels i;lit.will be assuoed that two flows of factor‘services;.r:;i
_?}zli and 221 of land and labor serv1ces; respectively. will be generated |

-*lin each country in the mannerlproposed by Kenen 52/ and described briefly

| Let Ii and Yi denote the output of the jointly pmoduced goods x
;rfand ! in country i.w It is assumed that the production of the two goods

.F;;is obtained by combining land andﬂlaoo;waccording'to two respective meta-éotfiﬁr
iiproduction functions.t A specially conceived production transtrmation fgff;fiio
sttcurve inoorporating the effects of induced technological change is assuned;dfoi;
tnijto represent the joint production process.i;ifizipdfirfdftag[;;o”;;agar:po

| Following the neoclassical tradition. 1t is assumed that.production-diifeét
'f;takes place on the frontier- The relative price of the goods in each f7e"'zﬂd
V_{country determines the point on the respective transformation curue at
i;:whichkproduction takes place. The production in both countries can be oii}i;{;f

.”;-represented by .ﬁz;;fifi;;d' s
' "127-i'ia(Px1)ﬂ:‘ P e e e T S

59/ Kenmen (30) and (3L). . .




f;The aggregate output in country i in terms of good ! can be denoted as fy;:fﬁ;"

'iﬁﬁmi-ﬁvi P X +'Y (19)

o e e

Let c xi and C. yi denote the consumption demandso/ of goods x and !.,;s;'qJ
uf-reBPectively. in country 1. Adoptzng the usual aggregatlon assumptxon ?g“;"“
:f_that each country acts as though 1t were a single consumer. a utllity
function ’ i

s Can be maximized for each country subject to its respectiverﬂ?fﬂi
;“budge»constralnt-l That 1s, s AR N R |

Lo max | .U. (C i' C ) ‘,, e i U R
e, 1oy ok o Sl n'feﬁz}“fﬁ%?’f[wpfffﬁ?ﬁffiﬁﬁ;f“ﬁﬁifzo)y;*iﬁ"'7# o
s-,s----?icxi--f. it L

;t;where V is aggregate output 1n country 1' 1n terms of good Y'-dﬁ¥r¥i

Under the usual assumption that U 1s concave lt 1s 90551b1e to } N
'7fobta1n the demand functlons in terms of the parameters Pi and V1

.:_r.Qxiﬂ;*.QXi'(PifVi)dffii.ﬁ"i'frffjiﬁ;flgfjiff{gﬁf;iyrl‘?;?LEf{ff

.Fi“here (21) and (22) are homogeneouS'of'degree zero-y_Theioxoess supply ML Y

*t”functions are defxned as

;'__A/ ‘Money is not explrcxtly 1ntroduced in the model; despite our interestfjifjé
© .in the role of the exchange rate as a relatlve price. To do so would .
.~ complicate the model unnecessarily. It can be assumed however, that =

. money is the only means of storing value in the economy and that ~ -

" money yxelds no 1nterest.;-1n_this case money enters as a thira =
. .fcommodzty-- e A e T S I IR T 1, T

A VT




Eyi =y fp.a - Cy; tpi"' V) { tw
It 15 assumed that at any glven equzlibrlum; country 1 exports ;f{g7fg];

:ofgood x and imports good Y. That 1s, E w1 >> 0 ana Eyl <:0' respectively,  oe€,Q

.eiand country 2 accordlngly exports good Y and 1mports good x‘fjfrj?;f::J -T..-
The balance Of‘payments equation for country 1 in terms of oountrY e

-fﬁz‘s currency 15 iof r;-':' o

r:whlch; of coursep is zero in equllbrzumwééf'H3;¢iffg;fifQ;i;;ft} jf;7ff;fgfff*;}

; The world equxl:brlum of each good requlres that

; ._’j £ -‘i,'h} et e

gy + gyz '”'f-';ib'f}fafcfiff5:3?fff;;oqiﬁfﬁitzii?*i“e':”
Whe" (26) a“d/"r (273 are satlsf:.ed; eCIuilJ.brrmo in the‘blenueoe of

‘fgr,'fglfe.'o'w[_-..,:}v.;.,-.;.-e,>=‘ :'

qfxThe exchange rate E is deflned as the number of unzts of country 1- IR
‘;“currency requlred to,purchaae one unzt of country 213 currency-“'fgr;jyfrgt“;;>§

'.i"_-

-;7.:.‘5. ) & '7“\_
Semr . T s

6l / It & assimid Hast thére s ho cap1ta1 mobllity between countrles % el
| - 80 that the balance of‘paynents consmsts of the blanace of trade Q,;
alone', S~ i, T iy R e S e e i T




"For simplicity. E is asscmed to be equal to unity,nwhich 1mp11es.};iﬁioffihf;ﬂog
1/9 hd.Pdéf ;2 %h!?.' It should be.noted that sxnce money 1slnoﬁ- 0
'?explicitly introduced 1nto the model the exchange rate plays no signifl-"iyﬁb.iﬁi

‘_ | cant mze.ﬁ_i’/ »' ,' e .'ii" é_?' ;_?..", ’; ';jj_' ; e e
o Varxations of this model, with and thhout money explzcltly 1ntroe';”h?:
:fduced; and.based on the usual neoc1a551ca1 productxon functxon, are used t
{;by'Ihkayamaw the orlglnal'proponent of thenmodelp to analyze baSLc ourelcihhijef?
.gtrade questions such as the HarShall-Lerner conditlon; the exchange fl;rffffw:f
fhstabilitquuestlon; and the exchange devaluatlon problem-‘ Incorporated
'_'. wi.th the metaproduction funct:.on concept th:.s model maY Prove useful J.n
1fexplain1ng the effect of changes 1n technolcgy on trade patternsp 1n the ;fif?ffi
-;way'presented in the second sectlon of this'chapter.-fIn essence,-any ﬁt.pﬁféjizf
ifmovement along a.metaproductlon runctron shifts the'transformation curce;ulp

3(

;doutwards, thereby changlng the excess supply functlon.e3f}h:{f;jjﬁddd;~ffg'?hffff

_ﬁ/ If the economy is assumed to operate under a £iked exchange rate,;bf-.“
~ with fiat currency, the balance of payments of country 1 (B, as- = = -
.. defined in (26)) is not necessarily in equilibrium. Aan excess :;_;J_e;},,n
~ demand function for country l's currency must then be defined.' s
' Finally, it has to be assumed that a disequilibrium in the
_balance of payments does not interfere with each country's money B
. . supply. That is, if both countries adopt a comblete sterilization Jf3fﬂ,_n
. policy, then M$ (the money supply in country 1) can be con31dered R
'f'iif‘fxxed for both countrles.wxgwhnq ‘ o T R Frmebong g




'I‘HE EMPIRIC.AL I-DDEL' STATISTICAL PROCEDURES:

AND DESCRIP'I‘ION OF TﬂE DA’IPA.

.llhermodel descrxbed in the last section of the prev1ous Cheoter-ﬁﬁjitigfi;
_t-ellows for the simultaneous determination of the excess demand functxons'hjfsff
-Tiand the relatzve prices-; The focus of the present etﬁdy-ls not to test'fdeffdz
:;1that.mode1. however, since to do so 1t would be necessary to consider

]f“the.productlon and consumptxon Slde of both goods, whlch qoes beyond the:_ffdeﬁ

' .
'-.i ‘ ! , .l’—-n. '.‘

uiscope of the study., Rather. the research reported here had as 1ts pri-lﬁte;?ﬁfi
shtmary‘goal to evaluate the effects of dlfferences in technology upon o

| fcomparative advantage 1n agr1cu1tura1 trade-[fr thls endp the theoretxc%ﬁeffffe
;e{cal.model of Chapter II can be transformed by means of some simplifylng-f?fexhrf
5;;assumptlons into an emplrlcal model that 1s surtable for testing hypoth-ff????ft
f,;eses derived from the conceptual'model-_ This is done 1n sectlon one of ukhfii'
ff‘thrs chapter._ Section two presents-e descussron of the statlstlcal- |
taxprocedures to be used 1n the empxrical work.”end-secteon‘e a;sgg;beg"'
-'-__-'the data_u‘ m—— S R B

The Emplrlcal Model

The first sten 1s to restrlct the enalysrs to the agricultural fh;flffi
'u;sector. This in 1tself rarses some problems, however. since agrlculture 'dhf;3'

ft has tended to be 1gnored 1n previous studxes of Jnternatlonal trade-]ff“”cffe”’h
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Agriculture is usually deleted from trade studles for a number’of reasons.
Ball, for instancer argues ,_/ that agriculture

/ Lis too broad, whlle ‘some of every good may be
- produced in both countrles, the composition of agrx-
cultural output (share of each good) is manlfestly
i .. Qissimilar. The effect of divergent natural resource
conditions is least easxly ignored for agriculture, while
the assumption that ‘'available technological knowledge is
approximately the same everywhere' (Minhas, 1263, p. 15) may
be true for say. textiles, it is less so for agrlculture-
Measures of factor inputs may be least reliable in the case
i~ of agriculture. The relative efficiency of Japanese labor
(vs U. S. labor) has been shown to be least in agriculture, .
and an explanation has been offered that would also drsqualify
agriculture from the ranklngs test. The food industry may be

¢z.o © second to agrlculture in excessive breadth and dlSSlmllarlty
of content- / ;

Leontlef‘is,also incisive in deleting agriculture from trade

——

WAgriculture; both as a prbducer-of exports and

-~ ‘competitive imports and as an employer of labor presents a
special problem. Fluctuations in yield here and abroad--not
to speak of government 1nterventlon--affect foreign trade in
farm products to such an extent that the amounts of agr1cul~

+. . tural commodities exported and imported in one single year - -

can be expected to reflect 1ong-run conparatlve cost condltlons
muoh less than is the case for any other type of good “54/

- The criticmsm that the compositlcn of agrlcultural output is
greatly dlssrmllar among countrles is. difflcult to overcome; for 1t
.obv10usly 1s-_ Nonetheless, very pragmatic reasons such as the avall-

ab111ty of data and the fact that satlsfactory emplrlcal results

63/ Ball (5). pp. ?-78.

'_/ Leontief (35). p. 396.



'flfhave been obtained under this assumption in studies of other problems—‘/
'fjdmake this problem easier to live with.a In addition. the importance of
'V;fagricultural trade problems on the contemporary world scene pOints up

"d'the:potential oontributions of improved knowledge in this area.ﬁs/
i d

f[lstudies that were pointed out above'may. however, be objeoted to on a
-aeinumber of grounds-. In the first,place; the prevalence of differences in -ff?ﬁ A

trjnatural resource endowments should be taken into explicit account rather

'fifthan ignored by deleting agriculture from empirical studies.q-ihis lS-

”b:egpecially the case in view of the fact that the whole body of neoclass-”[fﬁr“

*;Ciical trade theory'is based on a conSideration of the natural endowment

The other restrictions to a conSideration of agriculture in trade ﬁjfﬁf

e, Of faCtors Of Pmductiono D s ey S B> R -a -. o ‘.".';-':E.f.a{f‘.“".‘" o s Il LY A

Second: differences in the level of technologies are the very

;f'ielement the present research PrQPoses to study.- PreVious studies of the :ﬁ?i
3rfrelative efficiency of labor, as discussed byxMinhas-_/ and Arrow,_j_;‘_,,, |

!i:et alo.-—’ for example. are based on computatlons USlng tangible capital- }r-

-
r;....

"fiAS has been pointed out by Kenenr—-/ they'make no allowance for invest-ulﬂfff

;ﬂhment-ln,me“‘- In addition, it should be noted that they disregard the

% JGS/ Hayaml and Ruttan; for example. have used aggregate data across - .

,.fcountries to test hypotheses about induced technical change and
"fagricultural developnent-j See (16).iugpve;y..eu,,,. o ‘

"_§§/'_Both Hayami and Ruttan and D. Gale Johnson have stressed ‘the ”P"igf”l}
. massive disequilibrium in world agriculture and the implications Rt

in terms of an ever-widening gap in per capita incomes among

- countries and the loss in produotion effioien~y that results-ugi;fli"

",‘-.-._--'Sea (16) and. @
Minas. (43).

61/
?¢§§/V5Arrcw et al-,(3)o
'gg/"”' Y, Pt .
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As for'Leontief' restrictioae;a.sufficieatiy 1a£§e”ééﬁple in”'*.-;*:i;,.
'?which differences in yieldslare notloaly stochastic but endogehous.aﬁd

:I.n whichdenough variation in factor markets exist; .nia}; éos-sn.blyeas.e 3

fthe difficultYIOf °btalnlng froduction coefficients for agriculture;-;c:ﬂ
feMoreoverp for certain kinds of questions multiple—yeaf gver;g;ng is“.

“ fedsible and may help reduce the problem of unsystematlc variations lh-

jfyield that are due to variatious in climatic conditicns;ta;tii?ffi:tfh;ﬁf~”"*7' 53
.': !he.restriction of the etudy to-a coasideratioaofloniylene sectgg

: should not 1mply that the anaIYSLs is limited to a.partial equilibrium el
hfframework.’ The relatively slmple comparative statics model presented at

:hthe.énd Of the previous chapter'makes clear the 51multaneous determinationi}ic:”
5:Of exportsand imports under the constraint of a, zero trade balan*eeiIn thi;l;fi
'ta.model Wlth 2 flexible exchang; fate-this w111 alwaYs be the case., Ifr,;'?}dﬁ7f
ilhowever, the mOdel is bullt featurlng a fixed exchange rate, the,rate haa;;f;iaf
fdto be EXOQEHOUS1Y‘manipu1ated; as a.policy variable, 1n order to eQUatehofodii'lp

lxexports and imports._ffﬁfﬁ_-l--~ {EEI

Nurkse s and Meadelsdefiaitionof au-equilibriua‘exchanée-rate;ﬁxf.~;r
:Lwhich wac referred to.above. is.a lese thaa.ldeal measure for.empiricai iliiiig;ﬁ
_ﬁwork;:Itudisregards the'aany'mauipulations.of thelforeign sector that iy

_1are undertaken in-order to achieve eome domeetlc-policf goal; usuallu
'“protection‘of a domestic industry.or iudustries.i Such.lnterventlous mayh“.J
;finvolve different combinations of tariffs, sub51d1ee,”and actual exchahge d;'pw”
.;getéemanipulations.; AS the System.of ProtECtIOn.ls alterea' togethcr iilﬁ_f_,,j;

| Wlth shifts in monetary and fiscal policies. the eqzlibrium exchange.a*?i_w_j;;;;

fvrate WIll 3150 change.__/ In fact; for each set or combination of policies':ffia




1there 18 a corresponding equillbrium exchange ratep and in the absence fff*f;;ffi7
'of appropriate shadow exchange rates, some proxy wlll have to be defined.flgi{jifj

A third coneideratlon refers to the da a to be ueed.. Although
5eithér txme-eeraes or cross-section data could be used: the latter have_ff,f?**””*
ieome advantages for the present study.e For example; srze and 1ncome

'levels among countries are‘practically uncorrelated and the effecte of
jthe two can easily be separated statretically- In addrtionf cross-eectzonal - |

;data among countries will typlcally'prov1de ample varlance 1n the data.;if_pi;ff;f

An imPOrtant.part of the data used fbr the,present study w111 be
:taken from Hayame and Ruttan 5 earller Study._ Thls has certaln advan“ ?ﬁfifﬂf‘:“l

ftages elnce the exlstence¢ 1n a statistlcal sense: of the metaproductaon

EX]
. & 'u

"‘- l "“*ha*‘-"’f" ﬂ.* Py
'4«»} v et '.'14

ffunction is basic to the model pogtuleted- Ihe Hayam1 and Ruttan study

1

:provzded support for such an underlyrng production function. By using

ptheir data for the relevant varlablee. 1t will be p0531b1e to re—test

Jthas hypotheszs for the various sub-sets of countrles that are used tofgiffffﬁfﬁ;ﬁ

A fourth assumptlon relates t° the tYPe of domestlc supply functron L R

jlmplxed by'the use of the metaproductron functron-;;?sxnce the metaproduc-éfﬁ??;f7
;tzon functxon zs the envelope of a famlly-of neoclaeeacal.productlon :lh! '

;functions. 1t implies a larger elastacxty—of substltutlon between factorslkw:-
gthan the functione it envelopee. Moreouer;.movements along the surface'ufti7i;
lof aﬁmetaproduction functlon conceal changes“in.productxon technology;:;f;”;ga;;
{As aresult. the supply relatlon derived from such a function dlffereI:hrﬂaﬁ}fffe

¢£rom,the usual supply function 1n the sense that technology now'becomes

1a varxable. The own price slope of the supply relatlonship derived from

the metaproduction function is thus expected to be smaller (and therefore f;[jfﬁ;f




:imore‘elastxci than that ot anpA common'”supplj fuuctioh.thet could be dhf{;hiiﬂﬁ
d.-derived from the enveloped neoclassrcal production functions;fei{éiflhf;f7f&“'7
| i3 The statistical model for testing purposes 1s derlved from the-
t;ucomparative statics model of the previcus chepter. thh.the role of
litechnology introduced through the Kenen model by'means of the Hayami-‘w-h
‘f‘;_'-inuttan model of 1nduced technical change.” It will be recalled ‘that the S
f;import demand fbr good r, agrxculture Products in the.present case,:byffi{' |
;hhcountry 2: Was specified as .theifhvft_j- T T BT e o E

8

dihile-the-éxPO?f_Sﬁh?lfibflgood'i byicountryhiiuescspecifiedhasfﬁ;“ﬁttﬂdh' '

' :i, .‘, ‘ --j: manELT S e TR B !'. g3 L A T

q-..".-. . -3 ..“,ﬂ.!k.‘-“.r‘-

&twith the world equllibrium conditlon belng iif;iii;?;75ﬁififﬂﬁ‘;y;;gj~ﬁﬁ“-f-m--
g a 0u) T 2 (el {brlun condbttan) § ot i r

B _-h"_

' The xi.refertc the outputs ot.the respectxve'egrlcultural sectors;.ena. :
.ﬁhare postulated to be a functron of p. the relatlve price of good x.h The ‘
”ci“ri refer to the domestlc consumptions of agricultural productsf.and are-;;ifﬁﬁ
;}Postulated to be a functlon of,p. the relatlve prxce of good.x. and total

,plnatlonal 1ncome. V;: whlch reflects both populatlon and per capita 1ncome.-;f_a_
_When the system is in equlllbriumr p=would be common among the countrles.ﬁcj?eif
” sWhen domestic output is 1ess than donestlc consumptron; the countvy ic

:'an importerc and vicn versa for an exporter-'ffff]gfffﬁfiﬁf{-f'"'”

This system could be studied either in terms of 1ts structural

=;equations; as’ imp11ed above (demand and supply equations), or 1n terns




‘_[of the reduced forms imp11ed by the system.ﬁ It wae’decided to focue‘ur;?..
'7'on the reduced froms, since to do s0 51mpllfies the statlstlcal probleme.b.\
l;whlleat the same time‘prorlding.a convenlent"neaneof teetlné.hnytheseslfflﬁl
1<about SPECifled demand and supply varrables”ou.;oth.exports and lmports.irlpigffa
'ifftu One advantage of{Proceedlng in thls way is that the analysis cani;idlflii;
i;focus on the quantity variables of exports and 1mports, while 1gnor1ng

h:the more dszicult problem of prxces. which.may'be dlstorted and difflcultﬁp;t?*
f—to interpret because or trade 1nterventlons and exchange rates that are .
ﬁfcet at non—equrlibrium levels;leEnce, as alfirst approxlmation, tradel

“_could be formulated as a fuhctlou of output and consumptlon of the’fﬁllffr

e HO s e tE e
) respectlve countries. But 1s desrred to conduct the analysis at a strll

L . o i
ta W i_".n.. “‘_ s

;.more detalled level of specifrcation in order thatimore detailed hypothe--iilﬁfn
r.ses can be tested- Hence. on,the productxon szde; output 1s replaced bY&fehdfff
E?thevlnputs-usea in agrrculture (by means'of thelproductlon functxon).ibﬁ:fﬁi}j*j
;athe consumptron 51de. the variable ls replacea,by two explanatory Varlableslgﬁiwr
""”P“la““ and per capita fneome. el o7
B The reduced fcrm eQuatloh for‘estimatiohal purposas 13.thé£eforé'f;t¥dff-f
jf;{”a; | Ex(z. s. W) e g nd o TR R P e M e e i ng
fiuhere Z refers to the varrables 1h the=aetaprcductlonfunctlon-ln\crder ff75”
_;.to test technology variablesaslrefers to the demand variables. and w ts.tiillh“
:ﬂa varlable designed to reflect dlfferehcee ln the degree of trade inter_f*jfa"
.iventlon (more speczflcally the degrea to Whlch the exchange rate ispf:;fffftf“”’
r“overe or‘under~valued)- An advantage of 1ncluding all the variables

.lfrom.the productron £unct10n is that this permits some analysis of the J‘*”l*

'f;role of eonventional 1nputs such as land and labor. as well as the rcle ffri:iai

:Of modern inputs such as fertillzer and,mechanrcal 1nputs and the purer“ hdﬂ‘~"




tQChn°1°9Y variables such as research and development inputs and i'f”"“"* A

S The.reduced form eqﬁationlshould:also.show.the.incone.variables.of“;ffft;al
| the-demanding country. It is impossible to specify such a variable wheni?fjfiiir
-..the supply equation is derived:fron;:oss-sectional data. however.z The f:;:;:fit
| difficulty stems from the inter-country-matrix of commerce;; Ihe countries :d%;f
represented in the cross-sectional data are trade.partners of eaeh othar-ﬂ;i:fdh'

| as well as of the rest of the world- Since the income and population f:iiif]?fQ

variables of the countries considered in the sample have a fairly 1arge

variance, and are likely correlated Wlth effective international demand ﬂﬂfiifi

conditions. it is likely that these two variables will capture at least

]—- - it - .
ta b e i '..5- i\n.'-'.‘_." ”r R i S 1
K.

}t somEEPart °f the intematmnal demand effects- As a conseQuence; the-fiidizﬁ‘uJ
interpretation of their respective coefficients Wlll.be Compllcated., Butiirqﬁg:

Since they are- the reduced form coefficients of an over-identified systemffffiff

the difficulty of interpretation is inherent.- It is not believed that

this will prejudice the analysis: however. since—the coefficients rele-‘aj;?ﬁt:d

vant to the present study are the ones related to the factors of _ifgffﬁfﬁia;”

Production.ifﬁgdif

I A o ,i_,a.;,.714 e
Fonr-models were specified for testing., / One model was tested

- with a pool of cross-section and time-series data for exporting countries. Qﬁxfie

A second model was tested with a Similar pool of data for importing

B countries-‘ And two models were tested for the exporting countries, eaoh ?f{ff]f

uSing cross-section data for'a different time period.' It should be noted;ypfp;,

/ Actually: what was done is the pooling of crossrsection data | S
for two different periods of timep 1957-61 and 1962-66 respectively.fffﬁif;




e

h‘that the data were scaled in such a way that the same signs would be;fdoeilioi?!
1iiexpected on the independent varlables independently of whether they L

.{*:were fitted with data from exportlng or 1mporting countries.s Hence;“a.';iediiﬁﬁ:
”'llafge talue of 1mports for an 1mport1ng country corresponds to a small‘h}yt’tf~ll

- fro R S PSP
TU;Value of exports for an exportlng Country‘?VVx;i?fosfﬂf*jpfﬁﬂﬁﬂ;ffffff»it"

‘.Since.all the varaablesnancluded as independent varlahles-ln themf;ltfﬁfq*;
i-'reduced form are presumably enogenous to the dependent variable. ordlnexy“iff't;“
ftileast‘squares is an approprlate estlmate procedure., The only varlable f%pfff;ff'
Efrﬁhich‘may violate this assumptlonhzn‘a setious'eayls the policy or trade:f;;ilf
de;intertentlon varlable.: Iwo of the three proxles trled for this variable fﬁéff"’

! .u...., ,,,'

iﬁfwere the balance of traderand the total balance (see below).. Obvlously.“ffff?:

;Lleither of these may be joxntly dependent with net agrlcultural exPorts'vatii;f%
:;:the dependent varlable. It will be shown below. howeverr that thls dld jhjg-r
CJgnot appear to be a serious érOblem."t7¥?fek;keii?;iﬁffjfii?ieijfﬁ;{lf:}”%i““'
o All.models are speCLfied to be linear 1n the logarithms to the-efﬁe';:'e_

;natural base-. This imPlies the statlstical assumptlon that the logarlthm
,:pof the errorvterms are nozmally dxstrlbuted w1th mean zero and tar;ancB ffiféia“.

72/

At a second phase of the analysxs a Stepwase Regressaon pro-i~‘

gd'cedure was used. It should be noted that thxs procedure was not,used to .f?;:

72/ Dreper and Smith {11), pp. .+
2 g




fselect variables for the models. but rather to select from among the
jvariables specified a priori those that had the higher explanatory'power.

iThe relative importance of the-independent variables 1nipredict1ng the

AR 7 R
. R k + : & s
3 ; ] . § 8 ke “ :
’ . L H

73/-

dependent variable is of conszderable value in understanding the thee-:fi@fﬁ;];_,v

“retical model presented in thls dissertation.:-.?~w~“-

In the Stepwzse Regress:on one varieble 1s entered in the equationvsf[;_ﬂiﬂ

9at each step., The order of entrance 1s determined by usmng the partial
dcorrelation coefficient as a measure ot the 1mportance of variables not
iyet in the equation., Ihe method,provxdes for the re-examination at

jevery stage or the ana1y515 of variables 1ncorporated 1nto the model 1n |

PrEViOusstages.: A variable Wthh may have been the best 51ngle variable_ﬁff:¥fi

._‘

,to enter at an earlier stage may: at a 1ater stagea be superfluouS'be-'itihffjfte

;cause of the relationships between it and other variables now in fhepﬁff“~ﬁ*

fregression.a The method prov1des. therefore: for an expeditious way of

'checking for multicollinearlty.p since multicollinearlty does not bias fjf[{;l_;q

| —

;the significance test. a sequential F test criterionnmay'be used to check ‘_fgi

feach variable for incluszoa or-deletion at a-Pre‘Selected\percentage 901nt hi;fﬁff

pof the appropriate F distribution-- The sequential F test measures the'?f?ffﬁ”ﬁﬁff

{contribution t° the regresszon sum.of squares ot each variable, given,i_ff-rz'f'

;that a set of zero to n variables are already 1n the equation.zls?;i_;_f,;:,~,J;¢

All four models tested have the same specification--:f??;fel*7”."i'

-Yj_ - d + Blixl + lele + B3ix33_ + B41X4 'l" lexsl '|" BG'XGi

e B"ix"’- .+ Ylizll + Y2 28 + S g * U'

_4/ The Stepweise Regression procedures were used only as a second phase.fff.»nﬁ

of the statlstical analy31s.,tghi__.,,_




where, for i cHl...4lgepregénflhg iﬁé.fourlaodélé.';?Ffirzd”d,E;ae:r:riﬁaeﬁ,-
.”5;?;dY'“dc?i net agricultural exports Bl

ﬂﬁ:'_wf'xlld* labor d‘. “ .”; tw
‘}d;'x;ii??djfertllizer ;;':T;‘~9 R TS

£ Xy = machinery

;'“5”7}:36-‘f-:genera1 educatzcn (tc represent the general stock offfbﬂlvfi;cgn,}j
~ human capztal in the economy) St o Lt AR L S T | o

"\f;fi§i°léf'techn1cal educatlon (to represent tne capablllty tc i
o ”gg“produce and distrlbute new‘prcductlcn technOIOgy)

w'i7i;zc ;déi_per capita income Jﬂfﬁﬂi.?;{?T?i?7fff;?fljéf7§fi5fﬁi93ﬂff]ifﬁiﬁagf
.““i;’zzi?ff.qupulatlon .,Aﬁvajﬁrﬂ"?fﬁsva
-ﬂfe;wll;?*,:polzcy variable

“,;iﬁu.de'gu;the random errcr term-jr@fﬁfﬁufﬁ§ﬂ§fffefﬁﬁfﬂ?};gfjigeﬂd“xﬁj., "

Descrrg;ion cf the Data QLT 7WéVI“TM~H””"“

The”countrres 1ac1uded in the various.samélea.are 1aeted-an iabiel.faiam?
‘a'The-varlableewere defrned as-followé;jja?ﬂ?Afe]7”@;fj%;?ddxriﬁ' e )
.dinet‘Agrlcultural Exports.edagricultural exéorte.(an.mllllon Usezdellars)
'dmanus agricultural 1mp0rts (1n.m111ion U S- dollars)-l.Countrles-WithIé.3;??frﬁi
'upositive balance were classified as net exporterso; Countrles wath.a“ ';}
'dnegatlve balance were c1a351f1ed as net 1mporters.-.F1ve bzlllon.U;s.lidajfj

‘4?dollars were added to all values as a llnear transformatlon 74/ the

j‘objectrve to make a11 values p051tive.- Data were taken frcm the United-f,ff-fgf

-__/ It should be cbserved that thls was done; of course. before the 5 B g
~ logarithm transformation is carried out. . This will not cause any R[55575'
~ difficulty in the analysis, however, because the relative size or
~ the - coefficients of the reduced fbrm are of no speclal interest
3in thls study.. ok [Py N ey FOE




'eNatlons Trade Yearbook and includes w1th1n the Standard Internatronal

derrade cla551f1cation (rev1sed) 0 (ten two dlgit entlres),_l (entry 11

fdionly), 2 (entries 21; 22. 231 1; 26 and 29)- and 4 (entrles 41' 42' and

.;243); The data are: measured as. frve year averages{,?7ﬂffi“;fife?ff‘-

e
@ Labor-75(

number °f”male w°rker5 1“ agrlculture (1 ooo's).- Déta‘jﬁ[‘i”

”-~“are for 1960 and 1965.

ﬁand-2§(

-“agrlcultural land area (1 000's hectares). Détéfarefiy_-{];+7v

“-]for 1950 and 1965. 7ﬁ_rﬁ¢; AT

E'ff Lrvestock*

?--dFertlllzer._gf

/ ;l 000 lxvestock unlts. Data are fbr 1960 and 1965.;?Q__;hj,”1-

fertillzer consumptxon (N + P 0 + KZO)'F 1 000 metrrc

‘i?gftons. Data are for 1960 and 1965-j3:;ﬂ;ff;;:ifffd;{i;;ff{{:A“:

g fngachinery __/

5 G General
; rffEducatlon._a/

tractor horspower, 1 000 hP-; Data are for 1960 and 1965.°f5;;f

LT . “ wl w
T W
-

school enrollment ratlo- Average data (1950; 55. and E}di*{'if

““?iso) for 1950 and (1955, so and 653 for 1965--:,;f7“_?f7

- Paucation: 1/

_inumber of Agrlcultural college graduates per 10'000

.“erfarm workers. ‘Average data (1958'52 for 1950 and (1963"';:id3?

:rnger”caPitaiud-.- -‘ . g R T T
| . Us S. dollars per caplta. The‘natidnal Indcme data e

Income: .

s =i-:All data are rounded to the neare;t $10 00-_;!5ff?{:@":'5”'

:ﬂ‘ijtllne 990) were taken from Internatlonal Flnanc1a1
':d.fStatlstlcs.\lveraged over the flve year perlods and dfjjaﬁ:-

‘"Q”{darvlaea by 1960 and 1955 1FS populatlon data {11ne 993)

L

75/ These data are taken from.Hayami and Ruttan (16)-_ A more detalled df}{f%}
descriptxon can be fOund in Appendlx A oﬁ their b°°k‘{x;; e 1oyt T e




Tab}-e 1 .

PerJ.OdSo _': :

Cbuntries Comp031ng the Sample, leferent Grouplngs and

Exportlng Countrles

Importing Countries

1957-61 and 1962 -65

VWONMUDdWN W

1957-61

- argentina = .
. Australia -
. Brazil . .
. Canada =~ :
 Ceylon ‘...
 Colombia
. Denmark
- . Greece . . .
- India fwf';
;,5Ireland
> Mexico i
Netherlands
- New Zealand = =
. Noxrway . .
- Pakistan ;5[*§¢ q;j,;
“Peru.
 Philippines . B
. South Africa f ””’
_“Spain - .
. Syria -
~ fTaivan .
" Turkey R L T SR Uy

. .. Argentina - .
HV,Australia=f
- Brazil
. Canada gﬁ* .
 colombia
. Demmark ..
. Greece il

~ Ireland” -
a;;;‘Mexlco S
ER Netherlands“ﬂ{ff -y
" New Zealand = ...
©..  Noxway . . .
. Pakistan - o

.. south Afrlca

T Syria
__j Ta1wan A
- Purkey '?**'""°“?Germany
7 ‘United Arab Republxc

United States =

1962-66_

rhilippines S

R Belglum-Luxemburg~\f;]ﬁl*

"ﬁﬁFinland.
... France

Chile .

 Finlama -
‘o France - o i
f&:Germany~"%""
,Israel
o Ttaly

;f;;Japan_ :
- Sweden

Swltzeriana

- . United ngdom" B R
aVenezuela AT
oo mmstrda oo
¢4fithelglum-Lu?emburgf*“13]*3”
-7 - Chile" RPN S

_:#VIsrael \
% e Italy
R
,ff&;Portugual Ll
_ﬁ,ggg~sweden R R SRR

" United Klngdom E N UL S




t .
pow % s

-f.Populatlon.drffo in millxon 1nhabitants.n Data are taken from IFS

: ";f."_' 3

(llne 992) for 1960 and 1955_1;;;‘1Hj,;f;io Lo¢.,_,

| Trade variab1e~d Three alternatlve variables were used~*‘T ﬁ'd¢;dﬁ : “TM:

- oo, T
v, e

'.;;:izﬁz)d.

' {ure1evant periods and normalzzed by mean World Reserves/Wbrld “iifﬁ“f

Trade Balance-” Cbmmodity exports (in'milllon U.S. dollars)

'“3fd;minus commodity Imports (1n mlllxon U S* 50113r5)'91“5 3

._fﬂ;fxu.n. Trade Yea:book were averaged. (1957"51) for 1950 and

e (1962-66) for 1955. R

‘Reserves Over Imports'a IFS data.were averaged over the 'ml_;_faf-.5

= Tl”fd,Imports for the correspondlng perlod. g;;ﬁ;iif;;ff;;:fFﬁg‘if"'

"A-{ffdﬁifd
lﬁdfifor the relevaot.perlods;_ IMF Balanoe of Payments Yearbook ff:;ff}5v7
| i.;was-osed as the sourco.1T;ff;f;;gfjfj¥ﬁfffd;ﬁf{on#y;g_ar-ﬁ-.~..I

. All the data-used 1n estlmotlng the statlstlcal models dre reportedddi{?;d

Total Balance., Includéé b@iance of goods and services averaged,ﬂgfdff

- .
k)

: “id*]ﬁ;;1148‘?_°"'

ff{gmiilion U s. dollars to:make all values‘9031t1ve.f Data from =i\ff557
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| ./' R e LN L4 M o TS By BN I AN L TE R L

-1 . ANALYSIS AND DISCUSSION OF THE RESULTS =~ = . .

This chapter reports the statlstical results and attempts t°'fg{;;th3fo“‘

;t5Provide an economic: interpretation of them in llght cf what is set iﬁ:iff*ffﬂ*i“

5fOrth in the theoretical framework presented earller.; The chapter 1s
i;dlvided 1nto three basxc parts.~ In the first part estlmates of the

ijpostulated'metaproductlon functlons are presented for the countrres

er]included in the sample.l Thls was presumed to.be usefhl since the f¥?77*1'n

';tsamples are baszcally sub-sets of the larger Hayaml—Ruttan semple. and ]hf“j;if,’

~s1nce knowledge of the parameters for the sub-sets may'prove useful in ﬁ'of *i¥

'»einterpretlng the statistrcal tests of our own model., In the second partJff?pr

y'the results for the exportlng and 1mporting countrles are presented,
'*'with the dlscussxon focusxng on the dlfference in results obtalned for

-t7the two groups- The thlrd part presents results for the exporting

"”countries in Wh1Ch a comparlson was made-between models estxmated wlth“:fff-ﬁi*

data from the 1957-61 period and models estimated'with.data from the'f:°*%~ﬁy_a

_'1962-66 perlod. Ihe chapter termlnates wrth,some concludxng comments.:}fe*;;ff

-~

The Metaproductlon Functions

Ihe economlc model developed in Chapter II'presumes the exlstencefffﬁ'jfl

of an innovation p0851b111ty curve (IPC)-_ In empirioal terms this

o'hypothesized IPc may be assumed to be approximated by a metaproductlonfffﬁﬂ'-lh




functlom which is the envelope of a family of neo-classical prod (Aténgo" N

] functions.g Such a functlon 1ncorporat1ng general educatlcn and .

Lcal education as Shlft variables was assumed to exist,by Hayami ani'

B 76/ . . ' | R ' L
‘t Ruftanff‘/ who obtained statistical estimates of it fo: an 1nternational IR

b . , .
'oross-section of'42 countries. Tb check the propriety of testing the

;:hypothesis advanced 1n the present study with the data ﬁor the group oflffi:fqr
-ifcountries described 1n Chapter III. the same specification of the meta-'fpp* Eh

ffproduction function used by Hayami and RuttanZZ/ was fitted with dataspcgh;%gﬁ

1from each group.,-d":ﬁ'b

The existence of the metaproduction function is part.of the'main_ ;ﬂffﬁﬂn

_fjtained hYPOth5515 underlylng the emplrical model.; If this assumption'f:ﬂ-*;'*”"

.1.,

.,’1s not:made, however; the alternative of‘a conventional production f_fffﬁf_Fﬁi.*

ffunction that does not 1nc1ude variables such as education and research flss';@a

rland development variables 1s likely to be nothing'mnre than a bogus
Jlequation. because it does not seem‘plausible that all countries face the o

_fsame agricultural production function excluding these variables., But

.
"l-

f_one of‘the reasons for estimating the metaproduction function directly ﬁ\'ﬁ;},

jiis to test the Pla“51b111ty Of the malntalned hYPOtheSLs.ngvsf:e?iff;sgﬁlﬁ”i't

The statistical fittzng of the metaproduction function to the_fj;f-.,

'ldifferent groups allowed two additional hypotheses to be tested.

L Tt T e o
o8 L

Hayam:. and Ruttan (16), Ch- 4‘ ‘. P

fFor the mathematical derivation of a funotional form for a family lﬁ;.,~
. . of production functions which have a C.E.S. type envelope functlon;;ni |
ﬂﬁmigsee Hu (18)0u 0 S S R P T T o o

iy

.uIbldo' page 93, Table 5-1, SPECiflcatlon Q_B.“Jn_;f;??nitﬁ;;e?idi_1;h




;;first was the only one regression equatlon could be used for'both
fp-groups Of net 1mporters and exporters of agrzcultural products.- The

o second was that the aggregation of the observations over time was

7,aPTerriate. In other words. 1t was desired to test whether it was ?fﬁ_ifiwrf5”

- lappropriate to assume that the process of technolog:.cal Change in RS,

’dfagriculture is sufficiently general to permit the aggregation of all

:.‘countries. regardless of whether they'were net exporters or net 1mporters
'Lfof agrioultural products.' Furthermore. it was desrred.to test,whether_ld"g};hrr
'}dthis process of technical change was stable over time.;;g?;}ffgfffff;f?fflffﬁh};

"f;; For both hypotheses the data dld not permit the regectron of the f'fgfjh;

tainull hypothesrs that one regressron relationship conld represent both

,rgnet exporters and net importers 1n,favor of an alternative hyPOthQSIS'Qeg:?r;Q;

’*“l

e;{that specific relationshlps were needed-, Chow SZE/ test for the first "lrlj;

- hypothesrs yielded an observed P value of 1.32 to be compared to an

;'expected F( 05' 8 54) = 2 11.. For the aggregation of the net exporting

jfcountries§9/ over time (perlods 1957-61 and 1962-66) the observed r value
.l}was .454 against an expected F( 05' 8, 26) 2 32. The possibility of f?j_:ia?
'daggregatron of net 1mporting countries over time was assumed. for the jf[}f;f;;

if:degrees of freedom in each.period were not sufficient to permit a ;,5* e

————

"rstatistical test.,qt;ifi=f;&;i"'

The estlmated coefficrents and related statistics for the meta-n-;g[-Tff

'j‘production functions are presented 1n Table 2, together wrth Hayami

'u;and Ruttan s estimates for the perrod 1957-62., The overall results are.;ﬁif:ﬁh

*__/ Chow (10) and alternatlvely Fisher (14). =

'“:80/ All references to exporters and 1mporters are made w1th respect
to agricultural trade alone. L77v*u?,ze“' . - fme @ Y vy g B

gty
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”l;judged to be reasonably satlsfactory.m Ihe sum.of squares due to SEEER

?lregre551on tend to be hlgh relatlve to the respectlve total sum of
| _‘1 ,1_ _ - ¥ MR o
’.“squares. as 1ndxcated by the hlgh Rz's after correctlon for degrees

'afof freedom., All of the coeff1c1ents of determxnatlon are smgnlflcantly

f;idifferent from zero at the .01 level. The indivmdual coeff1c1ents are f{ﬁffﬁf;

"ifreasonably stable over the dlfferent Perlods and over'the two sub"groupsofflllia

7e;qhe coeff1c1ent for land. Whlch 1s statistzcally srgnlflcant at 1ess P{_7i“leﬁ

:”tthan the .15 1eve1 Wlth the Hayaml-Ruttan sample; 1s markedly weaker 1n ;a‘m:ffi

"feach of the flve equatlons estrmated fbr our sub-groups and the pool,.f.-~"'"‘

’.and shows no statrstlcal szgnlfrcance at all exther for the pooled ;&QQ,J;J;

'7fimport1ng countrles or for the 1mport1ng countries 1n the perlod 1957-66.1{flf;;

1.

flﬂFor the sample of 1mport1ng countries the coefficlents of the Shlft

' :

: avariables: general educatlon and techn1ca1 educatlon. show a large Eﬁi;iefi;f;Q
"acomponent of chance.‘ For tne exportlng countrles coeff1c1ent3 of B 1227*~"¥V
,..fertzlizer an& general educatlon appear w1th null and low Slgnlflcance..:,?;{r;;

'-‘respectlvelyo DESPltB these problemsa howeverp 1t appears that the data AR

.,
r h-

fiare apprqpraate for further analysrs.v Hence, the Orlglnal SPElelcatlon:.;}-fﬁ

:fldiscussed 1n Chapter III was estlmated for each of the four samples.q,wjfffj}?

; Estamates of the Export Equathns:A_;,;f:;ej‘"

In estlmatlng the export GQuatlons an 1nit1a1 experrment was e*';fgl““'

"i

‘a‘conducted to- 6301de whlch of the three policy variables would be more

‘lapprqpriate to use-' trade balance, reserves as a proportlon of 1mport

".or total external balance.- The results of thrs experrment are presented?;lfl5”5

:5in Appendlx B.; Reserves over imports and total balance falled to yield *foi3f

satxsfactory result Se either in an ec0n0mlc or statlstlcal sense- Fori-5f3




CE R B

t?chapter is the trade balance-;lfh'°:5;’:“;?ﬁﬂ”un'ﬁj'}l
N It should be noted that there is a.p0551ble srmultaneity problem
:;between the trade balance and the dependent variable, net agricultural BC
)fexports.} In,terms of the tests of hyPOtheses to be made herein; thls tjf;'f?
_~shculd not create serious problems. 81nce the focus of thelstudy is not. 7lili1f$ﬁ
v-jﬁkto evaluate the effect of over- or under-;taluation of the exchange ratea_l/ o
iior agricultural trade- Rather, therreason for including this variable Lgfir?fft-
f;was merely to take trade‘policy or interventions 1nto.account, thereby :Itﬁ;g;;;i
biattemptlng to control for their effect on international comparative :ffi;;f?fokﬁ'
_fadvantage- Moreover, lt should be noted that the statistical resultsli;ffﬁxw
_fto-be‘presented below do.not suggest that the 51multaneity-problem'was...t}j?;i;
i.important empirically._gr?i;fiﬁﬁiiegf;fbl}:;geffff;;1f59“97fﬁxi*" S
Once more Chow s test was 1nstrunenta11n‘testing two aggregatxon li;'?}f}j

fihypotheses-- first; that the data for the exporting countries couldebe 1-ﬁff}fff-r

fiaggregated over the two periodsz and. second, that desplte the USE °f 'p*lf”ﬁi
r_identically specified functions. exportlng and importing countries do :fn?gf}
:not constitute a homogenous group insofar as each group has a set of |

};coefficients for the regressmon equation that are statistically dif-- .~:-¢~-.

fferent. The respective observed F-values for the two tests were .454 o

lw(compared to a tabled F(.Ol 8, 26) 3 29) and 13 28 (compared t°_ffﬁ'”'”'” .l q

- % 01’ 11. 50) . 2 62-_ Accordingly. the null hypothe51s that only-one';;‘;oj;ff

;rregreSSion could rightfully represent both periods could nct be ‘;lfffu'ifpiipx

.-‘

: / For different but 1nterest1ng attempts to do so theoretlcally. e e T |
. see Ridler and Yandle (47) and Schuh (58).: Foxr empirical _;Lj‘f,jf~jj{Mﬁ i
estimates see, for 1nstance Ihompson (65)-;*;}?ix‘g;¢~;w-,}j“ﬁﬁffw"”g5f.f:+




.areJected for the case of aggregatlon over tlme of the exporting countrles ffff;f“

_nrdata. For the case of aggregatlon Of exportlng and 1mpOrting countrles:”fa”f'

.frthe test led to the acceptance of the alternative hypothesxs that the ; llffi_ﬁi

B aggregatlon could not be made-;u.l;fpliii?“vfinrff;ffffﬁffff"'
The statistical results (Teble 3) do not.prov1de strong support

-_'for the full model- Varaables hypothesxzed to appear 1n the equation

‘[fdo not have uniformly strong statlstlcal support; and some have slgns | |
ffthat are ccntrary'to a.prlori erpectatlons.i The stat15t1cal results do
f?provide; at least general support for the overall hypothe51s advancedc

; that technological factors are at 1east,part1ally assoc1ated wlth

B internatn.onal comparatzve advantage-
o Ihe statist1ca1 results Wlll betdlscussed 1n more'detall on a

7}step by step basls. The results for the exportlng countrles wlth data
;'Pooled for the 1957-61 and 1962-66 perlods w111 be considered flrst.», L
i*Ihe results for the importang countrxes for the same perzods wxll then

i'be discussed and compared to the ones for the exportlng countrzes.: And

-

iltwo groups will be analYZed-;.,-”'ff,ifd”‘*f-=f**1"

f'Net Erporters?:h"‘

Equation (l) ln Table 3 1s for the exportang countrles thh data.rl

fffrom the 1957—61 and 1962-66 tlme period pcoled. The 1nc1uded varlables;ﬁ};ﬁ;;;w

lfexplalned sllghtly over 60 percent of the variance 1n the dependent

:f;variable after correction for the degrees of freedom._ Ihe F-test was-'

1fsignif1cant at the .01 level. whlch 1ndicates that one can be 99 percent ﬂff;;fl

_cconfldent that not all coeffzclents are equal to zero._ Analysis of the ]Ugirfif;




incivadual coefficients by-meahs cfStucent-Flsher t-tests.andrcates fc;”jf:-fkift
that51x varlables have coeffrcients that arelsrgnrflcantly dlfferect-
frcc zerc at meanancful slgnrflcancellevels:: labor at the .01 level of
tsignxficance; land at the -02 level- 1ivestock at..OOI- machinery at .10;?;:ﬁfef:ﬁ

‘general education at -05: and technical educaticn at the .15 level-. All

'of the variables frcm the metaproductmn functicn except fertil:.zer have

coeffzclents that are larger than their standarﬁ errcrs.f_ 11 are SLgnlfl-e;e;frf”
fcantly'drfferent frcm,zerc at usually accepted levels except fcr fertl-'.:éi~g_ﬂf,
;lizer and techn1cal educatxon._ Nerther of the denand varlables; per

Icapita lnccme or*population; have coefflcients that are s1gn1f1cantly

'dszerent from zero at usually accepted levels. nor dces the pcllcy

vanable- R T IS AP s P PO N R
- | R L e e B T R e L el e T e e

Ehe ccefflclents for labor and machlnery have 51gns that are

\
|
\
:ccntrary to a,prlcrl‘excectatlchs.~ The results for 1aborrarecons1stentf'tllifT‘
Qwith the hypothesxs that the exportlng countrles have excess labor 1n:%.§-4"i
_thelr agrlcultural sectcr._ We are reluctant to accept thxs 1nterpreta-';f;hrﬁfffw
ftzon. hcwever: for‘there 15 scfficlect ev1dence.1n the llterature tc | n

;render thlS explanatlon at least dubious.——/ An alternatlve explanatlcn ;‘{ﬁ;f;r

;is that there is some errcr ln the spec1ficatlon cf the varlable, but ";11f51fi

_thls also éoes nct acpear to be aplaus1b1e explanatmon;.grven-that the _5 ;ff?f:
varlab1e1perfcrmed welllln the estlmateslof the underlylng productlca}?ti_eJ
functlon._f. - e S ~ o L | |

vThe level of slgnlflcance cf the ccefflclent 1n bothlequaticns (1)
fand‘(2) and the sign in each of the‘three equatlons fcr expcrtlng };jwf~”*""'

,countrres make 1t dlfflcult to attrlbute the negatlve slgn to chcnce"'f:;f“’ff‘m

182/ - See Kacfetral;,(27)yf3_:;37;23‘53 ;*ffftffi*fhfatlﬁifﬁff:?jfff'}bf;}f'i;gﬂffi

: PR
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lhélone. One reasonable 90551b111ty: however. is that the labor varlable fﬁ”nnﬁwl
‘?“15 plcklng up some demand effects.v It should be—noted that per caplta

h'1ncome and populatlon were included in the model ln order to take account

;;Of domestlc demand cons:deratlons.¢ However, 51nce neither of these two 5;”ﬂ55u'w

leareables have coeff1c1ents that are-51gnaf1cantly;different from zero ibfﬁjiV;Jf
1fat usually accepted levels, the p0531b111ty that the 1abor variable 15:fleiliff?f
j;plcklng up demand con51derat1ons is at least plau31ble. Ihe slmple e
;Acorrelatlon-a/ between 1abor and the populatlon and per caplta 1ncome‘€ff;;{;rf1g
itvarmables is hlgh ( 89 and ~.68, respectively). It should be noted thatTQ;of?;n;Q

fdthe smze of the agrecultural labor force wlll‘be at least‘partially

[

aadetermaned by the stage of development of the economy and 1n turn by ”ufff:ﬂTﬁ

;_the level of per capita 1ncome.:-i@+£eﬁ;;jﬁ?fk"

. .. e
. :._".‘, --'--»

Another'plau51ble explanatlon 1s that there are problems of-multi"~a,“°"'

l”collznearlty between land and labor.j The}sxmple correlatlons are .44.-:{fj"'°ﬁ“
i;Multicolllnearlty can so dlsturb the results as to canse“an ancorrect o
1 The stativtzcal ev1dencefor afnegative.coeffic1ent on eachlnery )
;fls not as’ strong as that for labor.l waever. data-W1ll be presented ‘trﬁ,,frf;f'

}beIOW'Whlch suggests that the‘problem 1n thls case 1s due to inter— fff’fffffﬁlﬁ

facorrelatlon.. Further dlSCUSSlon’Of thls coeff1c1ent‘w111 be postponed
j'until the data for exporters is dlsaggregated lnto two perxods.. Nhen‘
tthat is done the effect of multlcolllnearity 1s madekmore e'v:n.de-i.'lrz,t:..;_.:',._'I.:;._"-'-f:'-.'f'"-'=
-.It;; It-shoeld be‘noted that the cceff1c1ente for 1and and llvestock.;;i;fgfff;?

ﬁiare smgnlflcantly dszerent from zero at the .02 and -001 levels:f;eflf;dfiai”p?

|
83/ The correlation coefficient tables are shown in Appendix C. = . =




;;respectlvely. and have the expected pos1tive signs.l These results lsifﬂf’?”‘"h

f'support the neoclasslcal or Heckscher~0h11n theory of trade. since it

tfturns out that countries included 1n the sample of net exportlng coun~ 35”‘

k'tries are more well-endowed w1th land and livestook., The means of these fb;gfhf’

'ftwo varlables are 79.637 heotares and 26 308 anlmal units for exportzng
'7countries; as aga1nst 18 182 heotares and 14 865 anlmal unlts for the

itimportlng countries. Slnce agricultural productlon tends to be based

frprimarlly-on land and on the size of the lavestock hera. the Heck cher-? ﬂifﬁlf*h

 0h11n theory would predlct that agracultural exports would tend to oome

75from.count1res that are more well-endowed with land and 11vestock,_~/

_and that such varlables woula have a Statistlcally signxflcant coeff1-5;J”ji'

_;cient 1n models desxgned to explaln agricultural exports.as/

J e ed

R

The statistlcal results fOr the general education and technlcal ?fﬁof*{

-"

7:educatlon varlables suggest that more than the factor endowment of

f‘conventional‘resources is importantfuhowever._ Both coefflcients have

*fthe expected sign and the coefflclent of general eduoatlon is sxgnifl-'fiﬁfvlj”

5fcantly dszerent from zero at better than the 5 percent 1eve1.~ qhe sa‘«jggg.ﬁlh

f'coeffxcient for techn1ca1 educatlon 1s not as strong statxsticallY; but fﬁlbb-f

f”it is signlficantly dlfferent from zero at better than the 15 percent

'"1evel. Hence: the statlstloal results for'these two varlables provxde

;7suPPort for—the malntained hypothe51s that dlfferences in the level of lg”l;;ﬁif

f'technology: as represented by the levels of general educatlon and
technical educatn.on. are determ.nants of the level of agrlcultural

"'8“/ ©On a qvant:-ty baBls- SRNEE LA Sl

8 / It should be noted that livestock products are an 1mportant il e s e
- component of the exports of the net exportlng countries. *j{?ga;;- ;




The findingthat these Variables help e#plaln the level of agrie lffiﬂ:fﬂ&‘
tlcultural exports is consistent wlth other tesearch whlch has found that g
?ithé seme s comparable Varlables are important determanants cf agrl-tf_fl:'i
f_cultural output.ss/_ Ia:additioa;it ls.con51steatw1th the-general 'l";gpc,;_”.

.J' -

lgflndlngs of cther researchers who haee-studied trade in industrial o
| Tﬁe lack cf directstatlstlcal supéort fcr the dceestlc demend
.jgvariables. per capltallnccme and populaticn; suggests that in the.caseafj;liffa'
i'of exportlng countrxes the productlon s1de outweighs dcmestlc demand g

'fccnsiderataons._ However. thls 1nference mnst be quallfled, SlnCe as ;i;;iﬁf;'g“«
fjnoted earlaer, the agricultural labor fOrce varlable‘may'be plcking up =

f'the effects of domestic demand.-,,;QZfﬁ;;j;E;ngﬁﬂg}iﬁ;#Q;ﬁﬁﬁﬁj?gff;gﬁj,ﬁh;,_ﬁng
sy b '.'. ,'..'- ?,’A-'.i' g .--'- . ..F_; oL e v ‘ o TR :-_ 5." 3 - - - i - |
ot hd yatai gt wpdes BRI B

The coefficient of the polacy varlable (the trade balance) wa5=feﬁlffﬁi.;l
l;nct signxfacantly dafferent frcm.zerc at usually accepted 1evels.; Thls

:'suggests that at least in thecase of‘countrxes that eere net agrl-i*lf'_-“'"ﬁ”"
”fcultural exportefs, trade ébllcy Washﬁét an lﬁportant determlaant of
l}agricultural exports. The lack of 51gnif1cance of ﬁhelcoeffacaent-oél :
afthls varlable also suggests that the expressed concern abcut the.;;;f]fV;l‘;;i;fl

l problem Of sxmultanelty-between the trade balance and the level cf et

Qxagricultural expcrts may not be a serxcus 1ssue-v?l;”fxffT?i;f%ﬂt;ﬁjﬁi““'

. / See anaml and Ruttan (16)r Grilxches (15) and Emerscn and
o sler (12).g-nggg‘i5,”_ SR ST e PR

l'_d/ For example; Keesing (28)45555129); Balifts)eéﬁdeﬂﬁrfcltk44)if,3j‘* A




© Net Ifnpérters § Sty

Before discussing the results for the 1mport1ng countries it shouldfnﬁz”'

= be recalled that the dependent variable was defined in such.a way that

B the analysxs of the individual ooefficients can be done 1n the ‘same way

ST

gffas for net exporting countries., Net exports was defined as the value iff'-f_(~

_jfof agricultural exports (in millions of U.s. dollars) minus the value of _-«fﬂ!g“

f;}agricultural imports (in millaons of U S- dollars) plus 5000'million u. s.;?f;fyff

.

'tid°llar3 ‘t° make 311 Values Posltlve)-. Hence. net exports are a continu-;'lT~"‘

-fious variabler with the total sample div1ded aocording to whether—the

;“'countries were net exporters or net 1mporters. As a result' the ooeffi- e

f“”cients in the equation desoribing the behaYior of the 1mport1ng countrieS'fTillai

' . N - .
.'. v 1 .-‘.“-' = t.‘ ,_‘_,; ‘l . T

-;*would have the same expected 51gns ae in the equation describing the RO

' 'behavior of the net exporting countnes. N UL

The results for the net importing countries with the data for the l.l;f_a*

'”ftwo time'periods pooled areipresented as equation (4) 1“ Table 3’f

'ﬁishould he noted that the Rz corrected for degrees of freedom lS substan-lﬂf}ff:i

'7ftially larger than was the case 1n the equatlon for net exporters, and-.f_.?y;;f

,ﬂis also signlficantly different from zero by the F-test at better thanr;,zf-'

,[the one-percent level'fﬁﬁuffﬁlif

43.- The statistical resulte for the 1ndiv1dual variables Present an'f7l5'f“

T
‘i

~:f1nterest1ng contrast to those obtained for the equation desoribing the ggfjjva;;

jfexports of the net exporting countries.. On the prodnction side the_f_f_'_7

lfCOEffiCient of labor has the expected Slgn and is highly sanificant.dt”f'

‘ihThe coefficient of land is contrary'to expectation ; on. the other hand.-_f:ffjr"

3'_although it 15 not 51gn1ficantly different from zero at usually accepted d!fhffﬁ
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-lerele-ﬁ Also contrary to the results with the equation for net

: 1, .

;exporters. the coefficlent for the lxvestock variable 1s not sxgnificantly.
differeJt frcm reroat usually accepted 1evels. while the coefficient for- .;#ffila
fertxlxzer ie signifzcantly different from zero and.has the expected.. e
.signs. The coefflcient of machlnerycontlnues to have a.81gn that'lc.ﬁ
;contrary to eroectatlons and a relatlvelyweak level of sxgnifacance.a;:d{{fifff*

| The technology varlables are also contrary to those obtazned for:.“'
exoortlng countries:_.General education has a sagn that is contrary'to :
”expectatlons, although 1t is not signlficantly dafferent from zero at
‘usually accepted levels.; Ehe coefflcient of techn1cal educatlon. on the indiiL;ﬁi
.other hand, is strongly‘51gn1f1cant and has the expected sign.;:ef;;ifi:if;iflf}f;

Ay 'v

The two demand varmables have coefficlents that are sagnlfacantiy .

fdifferent fron zero at usuallyﬁaccepted 1evels; and thic also is in ;:f;dfiftd.*ti

:contrast.to the resnlts in the equataonﬂfor net exporters;} It should

jbe noted. however,lthat the coeffrclent of per capltallncone has.a.51gn.{i:ff;éf*

.that aslcontrary to.a prior1 expectatacnsea;;g;fi;::ffei;ﬁ;fo?;?i;of;ftigf;:;k,T,

The coeffaclent of the policy variable 13 hlghly sagniflcant and

has the expected szgn- Ihe rataonale for thls variable was that a ;ftﬁ;'d;.faadf“

flarge trade balance,:other thangs belng equal,‘would reflect a tendency‘

‘for ‘the exchange rate to be under-valued, and vlce-versa;Hence. a. r._

'direct effect would be expected hetween the trade balance and the net.- )
exporté4' 'l*fz_Lﬁ fz';'-fflff?f};irs7ﬁ?;;!;ff;ii?‘.;?i;?*uﬁi}t'fiﬂ:?3<3?*fa;;fltf
| | ihe statistlcalresuite with thie.varaableare in agreemant wath-ljjiigft;d~

‘theoretical expectataons thh regard to the devaluatlon problem-_ If the




‘Roblnson-Metzler-Bzckerdlke conditlon——/ 1ssatasfiea,a detaluation.i?ifei?l?fl”:i
‘is expected to 1ncrease exports and reduce imports-l.Thete1s‘no‘reason{lﬁf;tiij;f
to belleve that the necessary and sufflclent condltionslare not met in iffff”;'"”'
theieneral case.lTherefore,.we can have'some-confldence‘that the traae leejlffoﬁf
fbalance is an a?pfobrzate pfcxyfto nse tor eschangewtate (and associated.-

.trade 1ntervention) Pollcy- It should be remembered, however. that there slti:wf
may be a problem of simultanelty bias WLth the coeffaclent of this varl-f*jgi??ff
.able, since the trade balance may'be large becauseunetagrlcultural 4 "
;exports are large.e In the btesent context;”however; the varlable 1s:

used primarlly as a .control" varlable to take account of trade policy

when analyzlng the effects of other varlables.; The s1ze of the coeffl-lfif"flffia

‘c1ent 1s therefore of no partlcular importance--;t

1 I“"‘_ I‘q“' ‘-_ - 1.
- L] .
. B ; l L :

Ihere appear to be at least two problems of 1nter-correlatlon in e

‘the equatlon for net 1mporters. Ihe flrst 1s between land and labor-jfifffffﬁf"~
The coeffzclent of correlataon netween these two varlables 1s .85. Hence;_f:}'ff?fé
the labor varlable may'be plcklng up the effects of land, and_p0551bly fhei;fgjb;;

effects of llvestock. s1nce the latter tends to be land*intens;ve.fjfl**‘

Slmilarly, there may'be a problem between educatlon and per caplta

lncome. The coefficxent ot correlatlon between these two varlables 13 "»f”'*jf
.71.. Hence. the fact that the per capeta 1ncome varlable has the wrong B
sign may be a result of lts‘picklng up the effects of general educati°“*ffﬁfﬂszfj

s "r'-» et :
. P

88/nf (1+ 4)

+ f(‘d-l}“ ~when 77 are demand and ~ are supply elasticxtles BN
=d +'nf - nd +v-f “.and f and d stand for foreic¢n: and domestic s
o | | ~ countires, respectively. - ”f'*}ijfﬂ S
"7 For detalls see Metzler (41), Robinson (49), Bickerdike (7), Jones T
(24) and Takayama (63), ch. 9. " | ‘- ol BT L e




'“'hegjfﬁtwﬂ

:ffThis would explaln the lack of 51gn1f1cance of‘the coeffic1ent on generali;fgf}~

-{education and also the failure to obtain the expected smgn for it.
"5‘1 P0551b1y because of the‘problem of inter-correlation between land

“.?andflabor. the statistical results do not provide strong support for the

_deecksher—Ohlin theory., The coefficients of neither land nor livestock hflffff

"are statlstically-significant: which would be consistent w1th the theory.-:tffl"

.eiHowever. if the coefficient of labor is Picklng up the effects Of thesg {j;itig;r

",other variables, that ev1dence may be con31derably'weakened-} In the same ;fﬁg'f

| ein, however, the szgniflcance of the labor varieble may reflect the'f;;-'
Ah.relative factor endowments and the composztion of trade of the countries

:ffthat are net importers-, It was declded not to pursue thxs hypcthe51s 1n

LY - ,"-n.‘ Tyee

' e
"'1"*...‘.‘ "4

_f:the‘present study 51nce it goes'beyodd the central thrust of the research.;ﬁ-fﬁfi

Do

;L;However: it merlts further study. lﬁih.j+‘5%4~ yvy*if

""'5l Ihere is support agaln for the technology variables in the equation itlff'l

}j_for importers. The coefficient for technical education is strong and hasiiooo

thhe expected 31gn-_ The coeffzczent for general education has the wrong

}”fsign; however. and 1s statistically weak:_ But it should be ren.mbered

‘;‘that there may'be problems of’multicollinearity'between education and “il;ﬁ?;d'

';the Per caplta income variable.i,;ff_?;71553'577X7Hh'-.

It should be noted that there 1s another 1nteresting aspect to the fs}ffﬁ”'

S _,-"s

nistatistlcal results. Fertllizer and machinery are "modern"'inputs in thatif_fgf

githey tend to be associated w1th an agriculture that uses more advanced

fslevels of technology._ It is 1nterest1ng to note that fertllizer has‘efg‘l;1:-\

- the expected sign and is significantly different fxom.zero 1n the equ&“:ﬁ?*“””“‘

‘gftion for 1mporters. and this 1n the presence of a strong technical

,f,,educat:.on var:_Lable.‘ - ‘In th_e_"‘e.quat;_on _for expprfterSt,,'Qn_ t_he_ other hend, o




o 7?13%;.7*""”f*i”ﬁﬁ:*-ff- f.i?7579;fff5ﬁfﬁ“lif7}th{fff*“qu7-557J'

stnelther varlable had a statlstlcally strong coefflcient, although there‘ig,;g;=wg

_7was some supPOrt for the technlcal educatlon varlable. Ihis suggests ;fiff**+f*f

ithat there may be some relationship between the 1nvestment in research.??fift e

-,and development and the 1mportance,of fertallzer as a determlnant of
net exports

Finally, it should be noted that demand and trade pollcy are

.”relatively-lmportant varlables in explalnlng net agrlcultural exports ;_7}7‘3T~7*

;fof import1ng countries-¢ Both the coeffzcxents cf‘populataon and trade'?hfi*7ffif

L'balance have the expected s19n and are hlghly signiflcant- The fact

.‘that these varlables would'tend to be strong in the case of countries QITE*“f'“'

f.that are net 1mporters. and that the production variables wculd tend lj:a;fhff;:_E

feto be strong in the case of countrles that are net exporters: has a

7tcerta1n degree of 1ntu1t1ve appeal. and—Plauslbillty.,;ei;;-ff[V“'.

ffsteDWise Regre551on Results MicirR st

: In order to gaxn some 1n31ght WLth respect to the relatlve 1mpor- j;d"ﬂ

%

ﬂ}tance-of the explanatory varlables; the data.were also analyzed by means-_ffaﬂi*i?

hof stepwise regre351on. As Was noted earlier thls procedure was not ueed;f7,*"--

:-to “hunt" for explanatory varlables that might enter the equatlon.."'m

'fRather; 1t was carried out as a second step of the analyszs; with the fij}ﬂvf}df
'_goal belng 13!961Y to gazn 1nsights into the relatlve explanatory power Sl

.Of the ind1v1dua1 variables- It turned out that the use of the pro_rlr,,J.-..

-

J cedure provxded 1n319hts as to when there were Problems of multlcol-?ﬁ5-

:;linearity.

The results fron usxng the stepwlse procedure for the pooled data-zfl;}ewfw

_for ndrt exporters are,presented in Table 4-‘ The sxngle most-lmportant._fﬁnaﬂﬁﬂi
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*'gexplanatory varlable was 1and;.with an F-value (for the sequent1a1
TF~t?sf} 31gn1ficant at a less than l-percent level.; It should be noted
‘7.:that approxlmately 38 percent or the total varzation 1n the dependent

'**uvarlables is accounted for'bY the land varlable alone. Ihls provrdesffd?flz-'

..’.-l .

'~.;L

l'128 percent of the variation left unexplalned‘by landp and provrdes

.;ﬂrelatlvely strong support for the Hecksher-Ohlln theory-due:fi'l“”tf”:a:'

" Once land is already 1n the equatlon; the next:most.rnportent | ;Hd};fﬁhj
*iéveriable ls general education. As a proxy for human”oepltal.oeneral. :
’ffeducation adds another‘la percent to the R? uncorrected.for degrees:of

-J:'freedom. and enters at asxonlrlcance level.smaller than lfpercentotﬁgftldﬁfif;;

;;;_This suggests that general educatlon explalns 1n the nelghborhood of '"j‘fjff

Jifirelatxvely strong support for the basxc malntalned hypothe31s or the ﬂ;iﬁffiifii

;Jppresent study. | |
_ Labor 1s thenext varrable to enter the equatzon; butlt adds very'”ulh“?
ildlittle to the explanatory'power of the‘model*; It.has a-negatlve °°effim';7?{o;f
;.gcient. suggestrng-as was noted earller--thac-lt 1suprckin§.np semé ;fnll-l

l*f;the demand effects, althoughilts level of statrstloelvslgnlflcance 1S Alf;fﬁfﬁT

relat:.vely low.

'l‘ leestock la the nextfvarlable t enter- he?equatlon: and contrl-

'“;fbutes some 5 percent to thelcoerflclent,of mnlt pleﬁdetermxnatronm Ihe 5

al)sequentlal F-test indlcates a strongly signiflcant varlable.e;,f37iiﬁﬁlﬁ734fﬂfﬁ
Tho effect ofﬂlzve tock on,the srze of*thc coefflcren s or landgfmijr'*5“

if;;labor and general educatlon should be noted; as.well ae lts effect on g;ﬁ

%ﬁgthe 1eve1 of 51gn1£1cance of the othcr variable AﬁThe~scquentia‘ rnffffiﬁﬁfé

‘rfEteSt-lndlcatesja?deolrnejlnﬂthe1evolﬁo£?51gnifrcanca for§”§36}$ﬁ§?fgz_

- general education, while the level of significance for labor increases




‘fmarkedly.; Thlé sﬁgge#ﬁséprobleﬁ;of in£ei;;;¥f;lat;onmﬁétwééﬁ4tﬂese .; ff5.f‘7
 ;var1ab1es; although to this POint 1t cannot be regarded as too serioug;." 5f;Fff;
  The four varlables now included are respons;ble for 64 Percent of the ﬁfﬂff7ﬁ”
 'var%atioﬁ1n‘agr1cultﬁr§l expo?fs.  [:ii{éi;;;;;%i;;;f:;;i;i;;'g!g KR

P I'. Machlnery was the fifth varlable to enter‘the equatzonn“at\the H;i;i;i?;;ﬁi

'f8fpercent level of signzflcance. and contrlbuted roughly -03 tO the

:fmultiple R?.. It has a negatlve coeff1c1ent sxm;lar to that-whlch was }§ fif:f”“

yfobtalned with the full model. TEchnxcal education was the next varlable}f;;ﬁi H

I A >

j;to enter the equatlon,_thh an F-value ind1cating a not unreasonable 'fff€:3¢;}
ﬂf.ls level of signlflcance.- The R? was 1ncrease& by another 2 percent.gf&ﬁjfﬁibj

Ihe remainlng variables. per caplta 1nccme. populatlon. the pollcy3f}*iffi 

.....

:"of chance and,contrlbuted. altcgetner,-only .004 to thn R?. "hese APEIER

[fvarlables entered the equation at the cost.of reducing the KQQIESolOR
:foverall P-value by one—third due, at least 1n part, to the re&uchlon

f;in degrees of freedom of the r951duals-3f;ﬁ ﬁfﬁgiif“'“u‘u?'ﬁw“ |

e
. h E

Tb conclude: the result with the stepwxse regressznn.prccedures_
f{applied to the equatxon for exporters prcvzde relatlvely qtrong supportgiﬂgﬁﬁﬁfi'

f;for both the bavmc hypothesxs of thls study and‘thekﬂeck her“Ohian,

f;theory.; Land 1¢ the flr 3o varlable to eﬂter-thﬂ equatﬁon anﬁ contrx-‘jtff ﬁ_P;ﬁ
?ibutes alwost half Qf the ultlmate explanatory'pawer'o¢ the-moael. Ab
j*the same tlme. however; general Lducatlon was the seccnd varlahlo bu .¥ﬁL1?¥fr;

g*enter; and contr*buted a relatlvely large arcunt tc the exnlanath1

:;pcwnr of the model.; Moreover. tha cceffxclent.ef tﬁe genera? educatxumfﬁﬁﬁ¢f;gf

gfvaxiablc wao relatxvely table through the var*au thbs ai ﬁhn aﬁ&lyﬂlﬁ;




S o ot aelpn gl Sheess il sty =

One Step- - 7‘ O ) ‘

The other technology varlable, technlcal educatlon, dld not.perform ek

fﬁas well; however: although when lt first entered thb equatlon 1ts 1eve1
]1of statlstlcal SLgnlflcance was a not unreasonable 15 percent.and 1t
f;had the expected sxgn-; Aa addltlonal varlables entered<the equatlon

lgthe level of 51gn1f1cance decllned substantlally'because of problems of

”flnter-correlation; although the size of the coeffic1ent remalned rela-'55?;pﬁhjfi

;tivelY stable-_ff;j:;ff"fffﬂ*v~«;,u-a~~

An 1nteresting fzndlng ln light of the earller dlscu531on about

~?the fertxllzer variable 1s that there does appear tc be an 1nteract10n o

_Ebetween the fertzllzer variable and ﬁnchnlcal e&ucatlon.ﬁ The fert111zer 7

;and has ve*y 11ﬁt1e e?planatory ﬁowar.




S

[" "‘

"The same procedures were used for an analysxs cf the pooled data ]

= for the countries that were net importers.- The results are presented

S B _
'eﬂin Table 5. The single mcst important varlable explalnlng the varlations

ffzin the net (negatlve) exports of the 1mport1ng countrles 1s the pollcy }5ffziff
.fcvarlable-”1Approx1mately 51 percent of the total varlatlcn ln the |
alldeéendent variable ls explalned bY variatlon51n this rarlable-:-;:ffillgﬁfaﬁjT
;'laﬂf It'wlll be remembered that the prlnc;pal reason fcr 1ncludrng.
‘:thls-varlable in the ana1y51s was to account for dlfferences 1nexchan§e?_lfl&f7
i;_rate P011c168: although 1t JS clear that the trade'balance varzable thatfgeilﬂ;?
'fais used as a.proxy for this var:able embcdzes much.more than that.- More??f?bfii

fldspecifzcalljr the 31ze or the trade balance may reflect the structure ofﬁffﬁti“

. . % .
'_‘- 3 .,|--w-l." -

?ﬂ“tarlffs: 1ocatlcna1 advantages and dlsadvantageér and cther faCtQIdcbtfiglj“ebll
*5,wh1ch.mlght affect the coﬂpetltlve posmtion OI a countr?°v Awaas‘ncted:ﬁ*ﬁtiiyl

:ﬁ“in chapter III; however; there exlsts an exchange.ra e whlch equates

“ - ,'

ff~expcrts and 1mport evenfln*the‘presenceﬁofﬁsuchnre trlctluna. The

-

’;19031tive coefflcaent for che trade balance varlable 1nu11es that the

ll;lower the trade def1c1t (or,the hlgher*the trade surplus)}wthe smaller ;T“q” l

ﬁl*the amount °f agrlcultural zmports. other thingsrbelng equal. R

Au has been»ﬁotﬂﬂ:earaiarf;hoeevet. 1tucuu1a.ba;axgaaa toit thahﬁlﬁ_
;t&contrary;.i.e.; that;the caLsalltylflows.anka?reueree.alrectlon-f Thl“
i?iwculd 1mply an the c se cf the equatacn for impcrters that agrlcultural ii%jjjii
f?ﬁlnﬂcrt are the determinnnt“cf tctal trade GGEXCltu- ﬁhxe may'well.be :

if&the case fcr a few under*develcped countries enlch are nct aelf

sufflclent in fcod proauctacn and whach*mustgperacalcally ;npcrt

fcodstuffs to reecue thelr mopu atlon frcm taxvatlcn. An examanatrcn |
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ggnof thp countrles that comprise our sample,__/ however, suggests that

-;,this is not 11kely the case. With only a very few exceptions they are

:fail developea countries wlth high per caplta 1ncome levels and relativelf
5otlow}rates o: populatlon growth Glﬁen therelatlteiy iow inoome elas-'7'n;?77nﬁ'
f-;tlcity of demand for agrzcultural products that would be expeoted 1n-“”

”}"those countries, it is unllkely that agrzcultural lmports consmstently
'l;canee large Ornper51stent trade de 1c1ts-g Even 1f ollmatlc restrictlonS etf]i};ﬁ
;”'are adm*tted that cause most.oonntrles 1n-the sample to 1mport the bulk |

;1of thelr trqplcal agrzcultural products, it is not 1ikely that countries?nenf:ffl

gf'would,puroue a persmstent deficlt on thlS account, especxally in vmew offfi.fffiﬁ

- the fact that some of these countries have qulte hlgh levels of’produc—ifiiff” ef

n.-:: ’J'MJ‘&I.-

" _‘\._.. ’a

In lxght of thls reasonlng it appears plaus1b1e to assumo that thef;f:j?fﬁ

WP & e s e p s e .

” -traae:ba1ance 1s reflectlng at least partlally exchange rate and other iw”’*uy

ior the most part 1n a manner exogenous to-the agrlcultural vector.g

fﬁfhen e th°'PrOb1em”01 301nt determlnet.onhls no* llk lY?VQ%%Q?ﬁfW” Lo

iéithe -Oo level of conf&dence.;f

5,89/~ Table’d; ChaptersIIT.



i . " E— - . . _

Two explanatlons are generally offered for a negatlve coeffxcient ‘j;ﬂ”

!

-
_._! c |
'-fff r a Pqpulatlon varlable 1n trade models, with both based on an oppor~7?5¥d;ff

".tuniFy cost theory of trade-, Learner and Stern
'_with greater'populatlon wlll have heavy demands for home goods sxnce

L

5iffore1gn goods are dlspensed wrth 1n order to feed, clothe, and shelter'}?;ff-"f*

d@gthe inhebltants“;3 Thls was the basic logrc behrnd the introduction of

;_nthe variebles in the present study- Llnnemann;-—’ however: has argued :iﬁ;:?

*;;that the varlable reflects economres of scale 1n productlon and if'

d::signlficant barrlers to trade-'jef;if“ﬂﬁffﬁfﬁiﬁﬁffﬁffvf%7-’

The results obtalned here are consistent w1th.both interpretations.:ddflf;

Jffsince a reconczliation of the two P081t10n5 would requrre further

“fﬂresearch and is’ bEYOnd the scope of the‘present StUdYr no attempt was .ifi%:fi

ar a .
.-a. l I—-m. “ P"j, ~I

Nt¢ '-"

'ffmade to provrde evrdence 1n support of elther'anterpretatron._ For ks

ff;present PurPOses 1t sufflces to note that the two demand varlables have h{f;?m

}j@crent of per caoita 1ncome 1

":5that a substentlal change occurs 1n the cxze of‘the eoefflclent of fgfgqujﬂ;

?{QPOQQIatron._

90/ ﬁntarnerwana Stern fasl”;

-—/ Linne}nann (39) x P- 15-

S e T g IR L
* . - N o N . R L
S e T ot e e AR o

’ T S o i '

29/ argued that coontries \hp;

eversed when thls varxeble entersp and iffﬁffff

The multicolllnearrty among there“variables_is_therefore - 'fﬁijhf




an;bb§1¢ﬁ§;f Moreoverltappears that en addltionto the ooe31bllity of.

'"?a collinearity problem between general educatlon and per caplta 1ncome ?‘ZMC‘
_;rthat was noted earllerp.there 1s-a problen between'agrlcultural Ianor t;;fefiit:ﬂ
* ;and per-capltatlncome;. It rhould also be noted that agr1cultural l&bor ;itlf;ﬁﬁf
lttwes the flrst vatiableto enter on the productlon sidea~ Thls reletxve'iffietfi
tffstrength sugports the argument.presented ear11er that thlswarlahle'ﬁw
't?WaS Probably'plcking up the effect of other productlon varxables._iilfgfﬁri
| Land 15 the fzfth varlable to enter the equation; and 1t does so.ffx

”;with a negatlve coeffxcxent smmllar to that 1t had 1n the full model._?;;;;i@;ijl

? MWhen 1t first enters 1t ls hlghly szgniflcant- It should also be noted

?ﬁlthat the coeffzclent of thn per cao*ta 1ncome varlable changes substanw:ffjeEg

B ,',
"' L:*'." I-u-,k { - . ‘
ut . .‘ ,,.}

.”otially when the 1and varlable entersﬁ suggesting another'problen of

";inter-correlatlon.tf}?ﬁ?]?fq

The next varlable Lo enter theieaunilon was fert1114e31 one o£ Lne

' Tmodern inpute.a Its level of szgnzfioanoe wae rela Lve y hlghr elthough.

?};it anded relatxvely 11ttle:t':the unaﬁguwtea sum‘oﬁ Squares-:ﬂxnls-waa ;;jili_;m;

';ffolowed by technlcel education'jaachlnery

was theineht varlahle,to

;$§be noteﬂ haL bothﬁthe, ;aegoxFiheJooefflcnent

ff“ana ltq level of qign "ance 1norease wnen tha nachlnery variehlu entereef

The next to last varlable to enter eae general eduoetlone an& tha

iﬁ;laet the llvestoch va“lublek?é

ffclent llke 1t had 1n tne—full model, a though lt is not etatz tnoalivﬁfdi

;ﬁgéignif”cant at ueuelly'mcoQQLLdelevels eeenawﬁe'gnt ftrst entete»fﬁﬁfj;

Tb conclude; the stepwmve anulySL provmder supportefor-the

;iconclu51on° drawn 1n thn anal ynls of the null{model.tr/"";: axs




tclearr for example;.that thé pdl¥?y.varia51e ahd.é;méétlc deﬁaﬁd
_cons%deratlons domlﬁate 1n eﬁplalﬁlng °r°ss;¢OUAtf§'§ar1ailong.15 tﬁe {?F.”L,I
. net (négatzve) exports of 1mport1ng ccuntrles.‘}The"conventipnal.7  J.‘
-fproductlon varlables are the next.most lmportant, w1th rather—strong

1

: ev1dence that the 1abor varlable tends to plck up some of the effects

: l_ .

. of the othex productlon varlables.l A.modern 1nput, fertlllzer, enterstﬁi‘ "iffff

prior to elther of the more ba51c teChnOlOgY variables. with technicalf;i;j*"'

-feducation variable the next to enterofﬁgf:ﬁ*,cfmiéﬁg*“>ﬁif'Eﬁ1=*¥v
525  It should be noted that colllnearlty appears to be more common '

,ln the case of the equatlon for importlng COUﬂtIlES: thh a consider-:iﬁ? :;‘

’

uuuuuu

;fable amount of 1nstab111ty 1n the coefflcxents belng the result. How-;jggshw,“

. H -
H \-. . i *;‘_:A‘-._ ,._‘._ ‘-13 .,7 :
. 'l»-u N " gt LA -'.

7ever; thls does not alter the earller conclusxons draWﬁf 31nce the Rl

r ¥

;ﬁ"hlu prov1de Sugpovtfib'fbﬂth.tha HacksherNOhlln;theary

'JOEE‘QVPI‘.‘:

I;the POllcy variable and:the varlableq representlngdorestic'demandare'i




\Lthe dominant varlables explainlng variatlons ln net (negatlve) exports

"in the equation for net importers-

'A Temporal -Combaris:on for the ol T

= YEREE e ey

/ A AR Exportmg Equations

It was. also desmred to make—separate tests of the model for

:_separate txme periods 1n order to detect whether any change 1n structure jf”i”fvﬂ-

';had occurred.- This was fea51b1e only 1n the case of net exporters; sxnce

'the number of net amportlng countraes was too small to prov1de a sultable

mumber of dogrees of fresdom.

The statxstxcal results wzth the extended model are.presented in

able 3 1n order to facmlltate a comparlson.wrth the pooled datamglf.;?fiff;?fﬂw

b .,V,c)_. Ny

-fThe results for the two dlsaggregatedperiods”are'broadly 51m11ar'to

0’

'.those Obtazned with the pooled data.__There are a: oouple_offlnterestinglfi?ﬂfjﬁf

i_dlfferences, however.ﬁ In_the fzrst place.the ad;ustedknrizs?smaller 1nffffv

::the early‘perlod than 1n the 1aterfperlod. Moreoverp the,teohnloal

evefhecome;moregimportent over“

;;agrlcultural researth and developmenteh

;',:;_: tme . _. i

rﬂne same stepwxse analy51 performedffor the”two-pernoos

.'20 countries for whlch data” were avarlable'ror both perrods.g;
;LSee note to Tables~6ﬁand 7,r;
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i also breadly sxmllar to those obtalned w1th the pooled data. Productlon
variables tend to entertﬂmaequatlon flrst, fbllowed by the technoloqy

variables- The domestlc denand and pollcy varlables tend to enter last:

f'althéugh thelr order cbanges between the two Perxods-fe;'fzﬁfi;fﬂ}ji-ff4”f;;51?“7

f_ There are agaln some 1nterest1ng dlfferencesp however- In the

early perlod land was the first varzable to enter the equatlon._ In the ff;fflf?

latter'perlod.machlnery; a.modern 1nput, was the flrst to enterp and

expla;ned a.much larger fractlon (1n terms of the unad3usted Rz) of the_etj ;j}ff?

variance J.n the dependent varlable. :-:-f__.iEducatlon came :m at step 5 in the |
first,perlod; and asxde from its 1nter-corre1atxon thh per capita 1ncome, e

had a reaaonably stable,coeff1c1ent.§,30th fertillzer and technlcal

l

education entered the equatlon 1n the last steps-_fffﬂ“?f]ﬁ”;}j&?ﬁf,“““”“'f'?"”

In the latter perlod; howeverf technical educatlon entered at the ffifff?ﬁ

third step; and malntalned a relatzvely hlgh level Oa sxgnafecanee through 'ti?f

each sten, wlth the lntroductlon of the remalnlng varmables. What 1sf;ff*;ﬁ5¢'fjf

peczaely'pleaalng 1e“the “tablllty oz the ceeffmceeﬂt aS’aﬁﬁmtlonal

"ar’-ables ale added to the equation””’

Tﬁe coeffeCLGnt of”the machlnerylvarlabletis auite unstable ln thefﬁj;

p*e ence of the alternatlve_specxflcatlena. feuffer a chenge 1n gn*%75

éﬂin vtep 4 when llvestock entersgthe_equateon-_

\et*step 5 uhe eqnatlon conta;ne.:itf;'

'ﬁfzve varlables that explaln aa percent cf the varzence ln the dependent }}ftlilfzf

¢fvar1eble.u Two of these ere cmnventlonel preductlen variablea. ana two

??are Lhe teﬂhnd*chWVaregblee '7f:fra1 edueutmerfdees net have a

ggcoeff1c1ent that 15 signlficant at usually aﬂceptable levels.tfEygn;iqiftijiﬂfg?WJ

reesonablyﬁstreng-

fﬁthat caser the coefficment 15




'I‘he basis of the change :Ln results between the tw0 periods mera.ts ‘
some adda.tional analys:.s. | 'Ib thJ.s end the means of ‘some varlables and .
' relevant average pmductlvity measures are presented :Ln Table 8, together

_-I -

‘ witl{ an est:.mate of their percentage change between the two per:.ods-;- It
shonld be noted that labor, 1and and 1J.vestock, the convent:.onal inputs
incrased somewhat between the two perzl.ods.h Fertil:.zer and machinery. ]
however, the two modern llnp’uts. in.crea.sled .very substant:.ally between the
two periods. _with technical educatlon, ’whlch serves as a proxy for invest'-
| ment :ln agricultural research,‘ rncreasa.ng -even- nore. ;-l 'Ihe level of general‘
Ieducatz.on increased somemvhat m the\ exportmg coentreesr butﬂlnot on near : |

-\*'-‘

the scale as the other modern 1nputs and the technology Varlable. '.‘--"

,»
- ﬂ-""\-l...,,m ‘, .-JU._ “._,

Hence; the reason for the J.ncreased mportance cr techm.cal edu~

catlon :Ln the more recent perlod :.s rather obvn.ous. Agr.xculture :m the
net export:.ng countr:.es was becomng_,a.ncreasmg y based on modem .mouts

and research and development.-. Although educatm-; was obvlously ° f some ,._._-_,;;;-_

.“

ng ‘malntemed'i-:nypoth
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In addltlon, when it was 90531b1e to dlsaggregate the data by

ttxme,period, as was the case wlth exporters. the varlable representxng

-1nvestments in agricultural research and evelopment 15 fOund to be Ff’°'”
jstronger in the more recent perlod,; This is conszstent Wlth the notlon,;_fei_1;5a

-

galso supported bY CUIOllary data: that agrzculture around the world ls;fﬁ~r“5ﬁﬁd'

;becoming 1ncreas:ngly dependent on neW*production technology It would

ibe expected therefore. that 1nvestments in agr1cu1tura1 research would ;
jplay a larger role in explainlng varlatlons 1n agricultural trade 1n -
2 | P -gj«;eZﬁ;ﬁfﬂfjj'*ij};3¥1d?ffffoJldeﬁﬁfi
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S CHAPTERV L

SUMMAR!, COVCLUSIONS; AND SUGGESTIGNS

BDR‘ADDITEONAL RESEARCH

Despite recent contrlbutions trade theory is Stlll cast 1n elther
ffone or the other of two ba51c streams of thought- the Rloardlan H”}of°;ﬂ!ﬁ;ﬂ5f}

fftradltion or the Hecﬁscher-Ohlln tradltlon.i The present study renresents -ffTTfrf

o

5}an attempt to 1ntegrate both annroaches by 1ntroduc1ng the technologlcal

R _.-u ‘y
'- "' =4 Jam ‘l
!

u...}.,...

ifdlfferences that are basxc to the compa*atlve cost theory lnto the neo~"?’{igf?5i

jjclassmcal approach whlch assures that all countrlee fece the same flfj7£o“3f”fr”

ffproducelon functions.,;*i

The &eckscheerhlln model 1rnlxes factorfprlce cquallzaemon.;_Horefﬁ”ﬁ““*”*

;;aporonrlatelyp e snbeet of the'assumntxons neces,_,ary,:'ifor the Hecpsche*“ff:*h“J°l

;iohlln.mo&el sufflces 'to,p ove_faceo* g zce equalxzmatlon.;_For whatﬂver

}greasons, hownver, equa’aee& factor“prlces are not a charaeterl tlc of

&fthn real t xl&. Wor ﬂoes :e.emieehﬁology ssemptlon'anpo . “o have

f;much.emplrloal relevanoe-;‘wf

In devolopxng the conoeotua1 model ior the.presenﬁ study an attempt 'fliwa

fﬂwao nade to ob aen greaeer“descrzptlve realxty byrincoﬁporat ng the

fialfxerent1a1 factox'p ;ce *atlos 1neo a.rodel of growth and trade. It
_5weg hvbgthbuiﬂﬂd thet ohange 1n facte Tprmee lLlaLﬁVEa would 1nduce f»jﬁ{i“’

the creatlon anﬂ adontlon of a new technology ehat 1 optxmal'for Lhe




net set of relatwe prn.ces- Subst:.tutn.on among factors of productmn :("_5.5'-._}1‘ oy
is assumed to take place along a metaproductlon functlon, whlch is

deflned as - the envelope of a serles of neoclassz.cal produotlon funct:.ons.

.« oy

'Ihe-conoept of a metaproductlon funct:.on -was then :Lntroduced into
f:he oas:.c structure of Kenen s two seotor model._;_-” Kenen s.mod.el 1s‘based
on the v:orks of Vanek, Schult:z land Becker. .' Vanek postulates -a comple-
men‘car:.ty between cap:.tal and land. Schultz and Becker postulate a '3
complementar:.ty betwen ca,pltal and 1abor. Kenen comb:x.nes these sugges-,—“;’if_.-}_
t:.ons m a formal model in wh:.ch he treats each.in-put. the factoi:-servxdé
flows from land and labor. as though they were produced by acts of | V

»

1nvestments-~;;a7*n”ééaﬁ?ﬁii¢ﬁi;;ﬁ{&%;gﬁivﬁw]y!

e -'" o

Y -\"'l..Q \-* sl - ‘ s
-t R -"' -'.F"-l ‘\-.,; S e
lu'. ,. bu

Kenen’s approach is cons:l.stent wlth Hayam:. and Ruttan s model, of | .ﬁff :,'.}:::_."}:r-"ﬁ' L
agr:.cultural development. and permts a more comprehens:.ve e:rplanat:.on -

of 1nternat:t.onal dirferences J.n real 1ncomes than had prev:r.ously been

ava:l.lable. | It :LS well-recognlzed that fzee trade ws.ll equala..ze the

B

pr:.ce of ft..ctor-serw.ces: but w:.ll not always equall‘.e net "fac::or J.ncones._@"\-'f":

Income d:.fferences can be exolalned by reso::t:.ng to the d:r.fferences J.n

supply of t;.ng:.ble cap::.tal per worker and _d:.fferences; ndlabor force

oaz:tn.c:ma.uon, whlcn aro i'.hn usual e.m..ana.m,on- ‘"":?tho@e,qglmlaﬁlon

ca.n also be found J.n d:x.ffe*'ences '::.n thn stoc}*c- of hunan'oanitc.l_and J.n

the qual:.ty of the natural endowments-.-szhx.ch have both 'heen uuproved by

1nvestment.ig3;377~hxfi;f"‘”

In adda.t:.on, the general model is assumed Jto_,‘be a dlsequlllbrium S o

e ,:_‘__nst_ant: n:obi ;x.ty m':nng

'1naagtries., If thl asgumption?isdﬁoﬁﬁmgdesaiChangériﬁ}the;ecoﬁdﬁié55p s

avan.lam.lz.ty °f any factor would re._.ultr in a reallooatlon of J:actors b




T Lt a1

'“réf7f For the empirlcal work an 1nternatlona1 or forelgn trade offer 'Qf;_;ﬁetf'

J

'Vfcurve was defined simplj as domestlc production manus domestlc con-rﬁiﬁfﬁ““"l

:eSumption._ A positlve dlffe*ence 1mplies an export supply functlon.e.fltnf

I

ﬁiwhile a negative one inplles an 1mport demand funct*ons- A reduced fbrm}iedf}fﬁje

;7;equat10n for the foreign market for agricultural productsr which 15 -
.f‘described by the above supply and demand functlons; was estimated by

f;ordlnary least squares--;*}ﬁfﬁ~ﬁsffwxﬁ~“f\

o | el BRI e B S f~;wr,a-,~a»
'-'A general equ1libr1um framework was assumed thh conventlonal L
if.inputs entered to represent the Productxon.51de. along withaprox1es forlé¢,je57ﬂf

'#ehuman capltal and 1nvestment 1n research and extenszona Hbre specifxcally.ifﬂfﬁ*

fj'the varlables on the productlon sxde ;ncluded 1abor. landr llvestock:

- 'L. ;
f
. e ,IJ \v
N ﬂ-.thp “-"1‘*

?ﬂfertillzer: machlneryp general educatxon and technological educatlcn. \

" S
‘-o, ‘

q;Per capita 1ncome and populatlon weve entered to take account.of dcmestlc

ifﬁdemand con51deratzons. And to take accountkof 90751b1e interferences to Piﬁfki'




between 1ndustr1es' wlth no effect cn factergprice relatlves,_:ﬁﬁaeffei;iiyf-w.

this assumptlon. and under the'hYPOthe51zed inaucement mechanlsm. 1t i

is shown that the effect of a technologlcal change 1n Productlon due toff?Ff;FfQ;;ﬂ

a change 1n factor-prlce relatives is 1n.the opposxte dlrectzon of thef;5hi*f-”"'

'effect outwelghs the Rybckzynskl effect depenas cn the nature of the

relevant productlcn functions.geifﬁi:;ceg-

It ls also hypothesxzea; almost tautologlcally. that fbr the
l

fexporting countries the productlon 51de Outwelghsthe consumptlon 81de'-v‘“"““

'and vice versa for the case of the 1mport1ng countrlesoﬂ The same 1nduce-f*:;_

’ment'mechanlsm and consequent techncloglcal effect remaln, hcwever :

'In addltlon, 1t was hypothesmzed that the&exchangefrate and;trade T




o Four models are analyzed-' one for exporting countries where

1edata for the two periods. 1957~Gl and 1962-66' were pooled together;

Cer e

iione for net importing countrieSr w1th the data pooled in the same way.p;ei{fd”i;f

f’and finally. separate tests for the two time periods for net agricultural 7Hi”?5#

1ﬁexpoft5' with the ob]ectlve of determining whether there had been any

ifchange 1“ the 1mportance °f the variables over time- In addition to jff?hff"”'”

fiestlmating these nodels with ordinary least squares::a stepwise regre551cni¢ij¥;i:

;,procedure was used w1th the same specified variables in order to assess‘ﬁfxpy,‘_J

fthe relative importance of the 1ndependent variables 1n explalning the'ﬁfgfﬁfﬁffp

}ivariations 1n the dependent variables.;;;f;f}ffsfﬁ31?fﬁ*7*”" s

COnclusions :

N ) e '. '—_ ." | . S . P
i . % ‘ > - - ’
e RN . d
. x 'g ~,¥} s
w l'.. i

The statistical results provade reasonably'strong support for both

:dthe Heckscher-Ohlin theory and the underlying-maintalned hypothesis.of

‘fthis study that human capital and 1nvestments 1n technolcgy affect 1nterﬁidﬁfjlvf

| national corparative advantage 1n agricultural trade.-zndditionallj the

:fresults suggesc a different relative exolanatory poeer for productzon:l?i}j;;f;ﬁ;_

3}consumption, and pOlicy variables in explaining varlations on net ._igielfir'hﬁ

'ﬂ(POSLtive) exPorts of exportlng countries and net fnegative) exports 3ﬁl¢u

;sof inoorting countries.,;fg

. _.-—
»

The production and technology variablesfare relatively importanLﬁffnpf,s;g;

;ﬁin the equations for net erporters of agricultural productss and relawilf;fiffff'

*%tively less imoortant 1n the equation xor'net 1mporters.' The nollcy

févariable and the domestic demand variablns show relatively llttle Lf{fihv'lé.-

plana ory power_“n fhe cquation for exportez"a while these same 1f'fﬁff¢fftﬁf

;{variables dominate in explaining cross country variations of the,net

(negative) exoorts of tne imoorting countries-;ff*}”ifufili “"I’”J




e

Despitedlfferences in relatate explanatory'poaer} theﬁarlahles
;aused to represent technology are in general important 1n both groups.of '"jyi[fi
ﬁaoountries; net exporters and net 1mporters;‘ Investments 1n technolooy
.?tend[to 1ncrease.erportslin the former group.and’tend to.reduce 1mports'f;;iidgg:

“-_.,

5jin the latter.

The analysis of the models for the exportlng countrles for separate
ﬁ:tine perlods suggests that there has been some change 1n strocture over fﬁ?iggff"
;:time-i It.points towards the rncreased importanceof 1nvestments-1n | |
| agrzcultnral research and devélopment és a factox: detemm;_ng : c-oﬁpéi:;tlve

?fadvantage-- This is consmstent with the notzon that as tlme passes agrlriﬂw“t

..

?chlture becomes 1ncreasxngly dependent.on new product:on technology,

S \;7. |-¢« "‘INA':.”I

S
am

mn,"

5sin contrast to belng based on the ”natural" resources 1nherent in the:f;fégr:ﬁfj
;agrlcultural sector.ﬁ Trade in agrlcultural produets.thatmmay haye at one Ffﬁff“;

p'time been the result of a natural resource based comparatlve advantage “v”':

~;appears to be grow1ng ever 1ess eo.;ﬁg__;, '

The general hvpotneses or ﬁh1° study are. therafore; reasonabl;

f;well supported by the data-f Human capltal and 1nwestments 1n‘agrrcultural 15

?qresearch and development anpear to be relatlvely'lmnortant elemants 1n

plamnmng Lradexln agrlcultural producta ‘frthexaorer tﬁn naeure of

f?the technologlcal change seems to have heen 1n,tha dlreetlon‘of easang

'ythe constralnts put on the countrle productlen and trade:hy-laelastlc

-----

Tilnduced change m;ChaniSm-luthﬁﬁpm”“T

S




Suqqestions fbr Addltlonal Research

b The research reported hereln suggests addltional research actxvxtles ffff?if
| N
.that‘mlght be productlvely pursued., For example, addltxonal 1n31ghts

:might be gainea by applﬁ’ing the same. me"‘-mdology to the analys:.s of data

;covering perlods of tlme dxfferent fron the ones studled here.; The

;analy31s of data for a period prlor to 1957-61 and fbr one more recent _?.{u'*~_“

ﬂthan 1962-66. for 1nstance. could be useful 1n checklng the patterns r‘;H‘”HH‘-

observed for the two perlods studled.:'The emplrlcalueV1denoe which.showelt

jthe 1ncreased importance over tlme of teohnology in explalnlng trade;ln

fagrxcultural products could be verlfzed by the analyszs of such,additlonal ';;Ei

-time periods-; i ;

The emplrical testlng of the exlstence of’the metaproductxon functlon Sty
i i ; i oL '-‘." “! .fﬁw '“' BN o "lwo-s.~--_.' : : . . L - AN

1ié-not 1n itgelf an exercmse 1n internatlonal trade-; However) the-lnpor-735f"w"'

.‘- "".'."-

ftance of’the ooncept for the research reported.here and for“develo“ment  *;f5f;f;

}nodels 1n geweral make the empirical tEat‘OF the concept very 1m“ortant.;3r}i¢;rfp

Ihe induced change nechanlsm.that waS-postulate& was only'marglnal y

- 2,0

Etested 1n thzv dresertatloni;;jrﬁ  ﬁtUﬂlES have-yet to offer exehor a:'

éd&aiﬂlte qpec1flcatlon of hh process orevery“muohfeupportrng'ev&dence.f

iThe 1mp0Ytanu role that Lhe underlymng 1ndueed'teohn1cel changetmechanzsmﬁ

aya xn Lhie stnuy oallq for furth rmtee J ,'*f;_;eﬁ§r cal relevanceﬁﬁﬁ

A

.o

ﬁhe aggregatlon or agrlcultural eroort iﬁﬁofe. 1ngle variahle;

"'

;aséﬁaﬁﬁdgnaglnqﬁbrsndl serterxon. nay ba responsxble for the int“oﬁuct101 7;;?;;;;'

ibfﬁﬁﬁd{ﬁé#{iﬁﬁ@he tatlutmoal analysls‘ fFuvrhermore: Lhe abstractron or  ‘?3;}'p

}i-,pboauot).m':"._':{%-;-'c‘:o‘ﬁei,de'ration_s'f‘l;'r{ll:f'_.y‘-’f;:-f-in*;;‘sqs‘;e?’zt":fase‘g; ,*r;;mn:;-_ealﬁatﬁeiaeffe;f:faf‘~r;'_';i«"';-* |

OI*' :

;drfferencevvor chanﬂes: n'te .noloew ﬂonnaratrve-aﬁvantaoediaiﬁi" :

1 ay be csp°c1ally the oase wrth Lhe aggregatroneof llve tqqkj?ﬁdf'



iagricultural Products; whlch clearly have a different productlon base-}ff“j“ﬁt:”-'

:ﬂIn addxtlon some‘products are cllmate Sp&lelC and comparatlve advantage
'ewill 1n'1arge part be based on nature.s Attempts could be made to over-7:_f;ffﬁj}ﬁ

.ocome these llmltatl°ns t° the Present study-;jﬁ?’f"" |

“'\" Case studles of indivxdual countrles or groups of simllar coun-¥+7;{51§f:w
' trles. especlally in a tlme series approach, would_possibly'extend v

the understandlng of the effects of changes ln technology upon 1nter-f?f%’3sﬁg*ﬁmﬂ
IR NE . - . i > - - R TR
’jnational comparatlve advantage-- If 1ndiv1dual countrles were studled.vs;fr~ff*""

eit*might be,possible to investlgate the specific dlrection technologlcal

. Progress has taken over tlme.; This could then be related to the under-fii

lying changes in factor'markets and to exports of agrlcultural products,.ﬁiﬂ:f??fﬁ

‘ ',-r.h

.either in the aggregate or for sgeciflp'broducts*~"'“‘Eﬁfff&*l

Finally. a related'pcxnt 1s the spec*flcatlon of export supply | R

tfunctions. Very llttle.has been'ﬁone in® thls areai and whaL has been :

‘5done ezther for agrxcultural or'other;products, hes consistently failed

' that the 1ntroduct10n of prcx”es'for h?§¥?~ lgrtal-and technolcgy nay'”

provlde a useful means of 1wprov1ng Lhe‘specxfxcatxon of export supply 5E?_ .fF“i

\;f;:Eunct:?\-on-s‘e | ;J'Lf— SR ;i." ‘;‘-f. S
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Rubens Valentini was born 1n Sao Paulo, Bracil, On-Aprll l, 1945,nut“”

fiIn March 1964 he enrolled at the Escola Superlor de Agrxcultura "Luxz

[dde Queirozc“ Unxversxdade de Sao Paulo, and graduated in Januaryflgsg
”fw1tn a ‘Ba S. in Agriculture (Engenhelro Agronomo) wlth a majcr ln

ﬂ.Agrlcultural Econom;cs.nl_ﬁ

In Mardh 1969 he jolned the staff of the Unlver51dade do Sao Paulofl;3f;,ij
;fas an Instructor 1n Agrlcultural Econcmzcs-; In.December 1970 hejjj;fffff?“”'”'wf

}.recelved the degree of Doueor em Agronomea from the Unlver51dade de

:. Sao Paulo .

f _-,.-

In.February 1971 he entered Purdue Unrverszty. Departnentucf

fngrlcultural Economecs: and completed the requxrements fcr the degreef{?fﬁﬁffﬁﬁﬂj

*;of Doctor of Phllceonhy 1n May 1974.
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